




REVISIONS  AND  CORRECTIONS 

AREA  Proceedings,  Volume  39  (1938) 

Changes  in  the  text  for  the  correction  of  typographical  errors,  and  to  take  account 
of  revisions,  deletions  and  additions  requested  by  committees  in  presenting  their  reports. 

Page    90,  references  to  "Engineering  News"  should  read  "Engineering  News-Record." 

Page  135,  last  line  of  (3)  (e),  change  "Research  Division"  to  "Engineering  Research 
Advisory  Committee." 

Page  145,  third  line,  same  correction  as  above. 

Page  147,  second  line  of  7  (a) ,  delete  "that"  after  "Engineer." 

Page  153,  second  hne  of  2,  change  "ASTM  Committee  A-1  on  Steel"  to  "American 
Welding  Society." 

Page  153,  for  other  revisions  and  corrections  of  the  report  of  Committee  XV-Iron  and 
Steel  Structures,  see  supplemental  report,  pp.  172a  to  I72d  inclusive. 

Page  179,  Rule  741,  in  right  column,  change  to  read:  "Track  walkers,  where  employed, 
must  be  properly  instructed  to  look  for  broken  or  defective  rails,  and  report  them 
to  the  Section  Foreman  as  soon  as  discovered.   .   ." 

Page  198,  Appendix  D,  second  line  of  second  paragraph,  change  "argument"  to  "augment." 

Page  244,  last  line  of  3  (d),  change  "line"  to  "lane." 

Page  265,  delete  the  footnote  under  the  roster  of  committee. 

Page  357,  next  to  last  line  of  footnote,  change  "or"  in  front  of  "curve"  to  "on." 

Page  361,  under  Rails  Investigation,  third  line,  next  to  last  word.     Change  "to"  to  "two." 

Page  368,  Failures  in  1936,  in  column  "Original  Track  MUes"  next  to  last  line,  change 
"1995.86"  to  "1993.86." 

Page  419,  in  first  conclusion,  delete  all  words  after  "economical"  in  second  line. 

Page  436,  next  to  last  line,  insert  "two"  in  front  of  "lights"  at  end  of  line;  last  line, 
change  "for"  to  "in." 

Page  444,  end  of  first  paragraph  after  Description  of  Short  Cut  Method,  change  "drives" 
to  "driver." 

Page  498,  all  figures  for  Superelevation  and  Rate  of  Rise  are  Less  than  10.  Insert  deci- 
mal point  after  first  figure  in  all  cases  except  where  vulgar  fractions  are  used. 

Page  523,  revise  equations  at  bottom  of  page  to  read  as  follows: 

"Column  4  ($1.73)  X  Percentage  Column  15   (0.0186)  X  3.8  =  $0,122 
Column  4  ($1.73)   X  Percentage  Column  17  (0.0607)  X  3.8  =  $0,398 

Page  594,  Conclusion  3,  insert  "use"  after  "maximum." 

Page  612,  add  foUowdng  to  last  paragraph: 

"As  the  figures  are  not  factual  data  and  are  shown  irrespective  of  specific  account- 
ing requirements,  they  are  submitted  simply  to  serve  as  a  basis  for  further  detailed 

study." 

Page  616,  add  following  just  below  table: 

"Attention  is  called  to  the  fact  that  in  the  depreciation  percentages,  given  in  the 
above  table,  no  allowances  are  made  for  salvage  recovered,  this  being  largely  de- 

pendent on  the  nature  of  the  individual  piece  of  equipment,  and  the  conditions  of  its 
use.    This  should  be  considered  in  each  case." 

Page  635,  second  line  of  2.    Asphalt  Emulsion,  change  "Section  6"  to  "Section  203." 

Page  636,  second  line,  first  paragraph,  change  "weight"  to  "volume."     In  "Note"  third 
line,  change  "flask"  to  "trap." 
In  second  line  of  H,  change  "D  466-34T"  to  "D  466-37T." 
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CONSTITUTION 
Revised  to  June  1,  1938 

Article  I 

Name,  Object  and  Location 1.  Name 

The  name  of  this  Association  shall  be  the  AMERICAN  RAILWAY  ENGINEERING 

ASSOCIATION. 

2.  Object 

The  object  of  the  Association  shall  be  the  advancement  of  knowledge  pertaining 

to  the  scientific  and  economic  location,  construction,  operation  and  maintenance  of 
railways. 

3.  Means  to  be  Used 

The  means  to  be  used  for  this  purpose  shall  be: 

(a)  The  investigation  of  matters  pertaining  to  the  object  of  the  Association 
through  Standing  and  Special  Committees. 

(b)  Meetings  for  discussion  of  reports  and  papers. 

(c)  The  publication  of  papers,  reports  and  discussions. 

(d)  The  maintenance  of  a  library. 

4.  Conclusions 

The  conclusions  reached  shall  be  recommendatory. 

5.  Location 

The  of&ce  of  the  Association  shall  be  located  in  Chicago,  Illinois. 

Article  II 

^,  Membership 1.  Classes 

The  membership  of  this  Association  shall  be  divided  into  four  classes;  Members, 

Life  Members,  Honorary  Members  and  Associates. 

2.  Qualifications 

A.  General 

(a)  An  applicant  to  be  eUgible  for  membership  in  any  class  shall  be  not  less  than 

twenty-five  (25)  years  of  age. 

(b)  To  be  eligible  for  election  to  or  retention  of  membership  as  a  Member  or  an 

Associate,  a  person  shall  not  be  engaged  directly  and  primarily  in  the  sale  to  railways 
of  appliances,  supplies,  patents  or  patented  services. 

B.  Member 

A  Member  shall  be: 

(a)  An  Engineer  or  Officer  in  the  service  or  on  the  retired  list  of  a  railway  cor- 

poration who  has  had  not  less  than  five  (S)  years'  of  experience  in  the  location,  con- 
struction, operation  or  maintenance  of  railways, 
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Graduation  in  engineering  from  a  school  of  recognized  standing  shall  be  considered 

as  equivalent  to  three  (3)  years  of  active  practice,  and  the  satisfactory  completion  of 
each  year  of  work  in  such  school,  without  graduation,  shall  be  considered  as  equivalent 

to  one-half  year  of  active  practice. 

(b)  A  Professor  of  Engineering  in  a  university  or  college  of  recognized  standing. 

(c)  An  Engineer  or  Member  of  a  public  board  or  commission  who  in  the  discharge 
of  his  regular  duties  deals  primarily  with  railway  problems. 

(d)  An  Engineering  Editor  of  a  magazine  which  deals  primarily  with  railway 
matters. 

C.  Lite  Member 

A  Life  Member  shall  be  a  Member  who  has  paid  dues  for  thirty-five  (35)  years,  or 
who  has  been  retired  under  a  recognized  retirement  practice  and  has  paid  dues  for  not 

less  than  twenty-five  (25)  years. 

D.  Honorary  Member 

(a)  An  Honorary  Member  shall  be  a  person  of  acknowledged  eminence  in  railway 
engineering  or  management. 

(b)  The  number  of  Honorary  Members  shall  be  limited  to  ten  (10). 

E.  Associate 

An  Associate  shall  be: 

(a)  An  Engineer  of  a  railway  which  b  essentially  an  adjunct  of  an  industry  or 

which  is  used  primarily  to  transport  the  products  and  materials  of  an  industry  to  and 
from  a  railway  which  is  a  common  carrier. 

(b)  A  person  quahfied  by  training  and  experience  to  co-operate  with  Members 
in  the  object  of  this  Association  but  who  is  not  qualified  to  become  a  Member. 

3.  Transfers 

The  Board  of  Direction  shall  transfer  from  one  class  of  membership  to  another, 

or  may  remove  from  membership  any  person  whose  qualifications  so  change  as  to 
warrant  such  action. 

4.  Rights 

(a)  Members  and  Life  Members  shall  have  all  the  rights  and  privileges  of  the 
Association. 

(b)  Honorary  Members  shall  have  all  the  rights  and  privileges  of  the  Association 
except  those  of  holding  elective  office,  provided,  however,  that  Members  or  Life  Members 
who  are  elected  Honorary  Members  shall  retain  all  the  rights  and  privileges  of  the 
Association. 

(c)  Associates  shall  have  all  the  rights  and  privileges  of  the  Association  except 

those  of  voting  and  holding  elective  office. 

Article  III 

Admission,  Resignation,  Expulsion  and  Reinstatement 

1.     Charter  Membership  ' 

The  Charter  Membership  of  this  Association  consists  of  all  persons  elected  to  mem- 
bership before  March  15tb,  1900. 
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2.  Application  for  Membership 

(a)  A  person  desirous  of  membership  in  this  Association  shall  make  application 
upon  the  form  prescribed  by  the  Board  of  Direction. 

(b)  The  applicant  shall  give  the  names  of  at  least  three  Members  of  this  Asso- 
ciation to  whom  personally  known.  Each  of  such  Members  shall  be  requested  by  the 

Secretary  of  the  Association  to  certify  to  a  personal  knowledge  of  the  applicant  with  an 

opinion  of  the  applicant's  fitness  or  otherwise  for  membership. 

(c)  If  an  applicant  is  not  personally  known  to  three  Members  of  this  Association, 
the  names  of  at  least  three  well  known  persons  engaged  in  railway  or  allied  professional 

work  to  whom  personally  known  shall  be  given  instead.  Each  of  such  persons  shall  be 

requested  by  the  Secretary  of  the  Association  to  certify  to  a  personal  knowledge  of  the 

applicant  with  an  opinion  of  the  applicant's  fitness  or  otherwise  for  membership. 

(d)  No  further  action  shall  be  taken  upon  the  application  until  replies  have  been 
received  from  at  least  three  of  the  persons  named  by  the  applicant  as  references. 

3.  Election  to  Membership 

(a)  Upon  completion  of  the  application  in  accordance  with  Section  2  of  this  Article 

the  Board  of  Direction  through  its  Membership  Committee  shall  consider  the  application 
and  make  such  investigation  as  it  may  consider  desirable  or  necessary. 

(b)  Upon  completion  of  such  consideration  and  investigation,  each  member  of  the 
Board  of  Direction  shall  be  supplied  with  all  the  information  obtained,  together  with  the 

recommendation  of  the  Membership  Committee  as  to  the  class  of  membership,  if  any, 

to  which  the  applicant  is  eligible  and  the  admission  of  the  applicant  shall  be  canvassed  by 

letter  ballot  among  the  members  of  the  Board  of  Direction. 

(c)  In  the  event  that  an  application  has  been  made  under  the  provisions  of  Section  2, 

Paragraphs  (a)  and  (b)  of  this  Article,  a  two-thirds  affirmative  vote  of  the  entire  Board 
of  Direction  shall  be  required  for  election. 

(d)  In  the  event  that  an  application  has  been  made  under  the  provisions  of  Section  2, 

Paragraphs  (a)  and  (c)  of  this  Article,  a  unanimous  affirmative  vote  of  the  entire  Board 
of  Direction  shall  be  required  for  election. 

4.  Subscription  to  the  Constitution 

A  person  elected  to  membership  in  this  Association  shall  subscribe  to  its  Constitution 

on  the  form  prescribed  by  the  Board  of  Direction.  If  this  provision  has  not  been  com- 
plied with  within  six  months  of  notice  of  election  the  election  shall  be  considered  null 

and  void. 

5.  Honorary  Member 

A  proposal  for  Honorary  Membership  shall  be  endorsed  by  ten  or  more  Members  of 
the  Association  and  a  copy  furnished  each  member  of  the  Board  of  Direction.  The 

nominee  shall  be  declared  an  Honorary  Member  upon  receiving  a  unanimous  vote  of  the 
entire  Board  of  Direction. 

6.  Resignation 

The  Board  of  Direction  shall  accept  the  resignation,  tendered  in  writing,  of  any 
person  holding  membership  in  the  Association  whose  obligations  to  the  Association  have 
been  fully  met. 
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7.  Expulsion 

Charges  may  be  preferred  in  writing  by  ten  or  more  Members  against  a  person  hold- 
ing membership  in  the  Association.  The  person  complained  of  shall  be  served  with  a 

copy  of  such  charges  and  shall  be  given  an  opportunity  to  answer  them  to  the  Board  of 

Direction.  After  such  opportunity  has  been  given,  the  Board  of  Direction  shall  take 

final  action.  A  two-thirds  affirmative  vote  of  the  entire  Board  of  Direction  shall  be 
required  for  expulsion. 

8.  Reinstatement 

(a)  A  person  having  been  a  Member  or  an  Associate  of  this  Association  and  having 

resigned  such  membership  while  in  good  standing  may  be  reinstated  by  a  two-thirds 
affirmative  vote  of  the  entire  Board  of  Direction. 

(b)  A  person  having  been  a  Member  or  an  Associate  of  this  Association  and  having 

forfeited  membership  under  the  provisions  of  Article  IV,  Section  3,  may,  upon  such  condi- 
tions as  may  be  fixed  by  the  Board,  be  reinstated  by  a  two-thirds  affirmative  vote  of  the 

entire  Board  of  Direction. 

Article  IV 

Dues 

1.  Entrance  Fee 

An  entrance  fee  of  ten  dollars  ($10.00)  shall  be  payable  to  the  Association  with 

each  application  for  membership.  This  sum  shall  be  returned  to  an  applicant  not 
elected. 

2.  Annual  Dues 

(a)  The  annual  dues  shall  be  ten  dollars  ($10.00) 

(b)  Life  Members  and  Honorary  Members  shall  be  exempt  from  the  payment 
of  dues. 

3.  Arrears 

A  person  whose  dues  are  not  paid  before  April  1st  of  the  current  year  shall  be 

notified  by  the  Secretary.  If  the  dues  are  still  unpaid  on  July  1st  further  notice  shall 
be  given  and  a  delinquent  Member  shall  lose  the  right  to  vote.  If  the  dues  remain 

unpaid  October  1st  the  person  shall  be  notified  on  the  form  prescribed  by  the  Board  of 
Direction,  and  shall  no  longer  receive  the  publications  of  the  Association.  If  the  dues 

are  not  paid  by  December  31st,  the  person  shall  forfeit  membership  without  further  action 
or  notice,  except  as  provided  for  in  Section  4  of  this  Article. 

4.  Remission  of  Dues 

The  Board  of  Direction  may  extend  the  time  of  payment  of  dues,  and  may  remit 

the  dues  of  any  Member  or  Associate  who,  for  good  reason  is  unable  to  pay  them. 
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Article  V 

Officers 
1.  Officers 

(a)  The  officers  of  the  Association  shall  be  a  President,  two  Vice-Presidents,  nine 
Directors,  a  Secretary  and  a  Treasurer. 

(b)  The  President,  the  Vice-Presidents  and  the  Directors,  together  with  the  five 

latest  living  Past-Presidents  continuing  to  be  Members,  shall  constitute  the  Board  of 
Direction,  in  which  the  government  of  the  Association  shall  be  vested,  and  shall  act  as 

Trustees  and  have  the  custody  of  all  property  belonging  to  the  Association.  The 

President,  the  Vice-Presidents  and  the  Directors  shall  be  Members. 

(c)  The  Secretary  and  the  Treasurer  shall  be  appointed  by  the  Board  of  Direction. 

2.  Term  of  Office 

The  term  of  office  of  the  President  shall  be  one  year,  of  the  Vice-Presidents  two 
years  and  of  the  Directors  three  years.  The  term  of  each  shall  begin  at  the  close  of 
the  Annual  Convention  at  which  elected  and  continue  until  a  successor  is  qualified. 

All  other  officers  and  employees  shall  hold  office  or  position  during  the  pleasure  of  the 
Board  of  Direction. 

3.  Officers  Elected  Annually 

(a)  There  shall  be  elected  at  each  Annual  Convention  a  President,  one  Vice- 
President  and  three  Directors. 

(b)  The  candidates  for  President  and  for  Vice-President  shall  be  selected  from 
the  members  or  past  members  of  the  Board  of  Direction. 

4.  Conditions  of  Re-election  of  Officers 

A  President  shall  be  ineligible  for  re-election.  Vice-Presidents  and  Directors  shall 

not  be  eligible  for  re-election  to  the  same  olffice  until  at  least  one  full  term  has  elapsed 
after  the  end  of  their  respective  terms. 

5.  Vacancies  in  Offices 

(a)  When  a  vacancy  occurs  in  the  office  of  President  the  duties  shall  be  performed 

by  the  senior  Vice-President. 

(b)  When  a  vacancy  occurs  in  the  office  of  either  Vice-President  the  Board  of 

Direction  shall  select  a  Vice-President  from  among  the  Directors.  A  Vice-Presidency 
shall  not  be  considered  vacant  when  one  of  the  Vice-Presidents  is  filling  a  vacancy  in 
the  Presidency. 

(c)  A  vacancy  in  the  office  of  Director  shall  be  filled  by  the  Board  of  Direction. 

(d)  An  incumbent  in  any  office  for  an  unexpired  term  shall  be  eligible  for  re- 
election to  the  office  held;  provided  however,  that  anyone  appointed  to  fill  a  vacancy  as 

Director  within  six  months  after  the  term  commences  shall  be  considered  as  coming 
within  the  provisions  of  Article  V,  Section  4. 

6.  Vacation  of  Office 

(a)  When  an  elected  officer  ceases  to  be  a  Member  of  the  Association,  as  provided 
in  Article  II,  the  office  shall  be  vacated. 

(b)  In  case  of  the  disability  of  or  neglect  in  the  performance  of  duty  by  an  officer, 

the  Board  of  Direction,  by  a  two-thirds  affirmative  vote  of  the  entire  Board,  shall  have 
the  power  to  declare  the  office  vacant. 
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Article  VI 

Nomination  and  Election  of  Officers 

1.  Nominating  Committee 

(a)  There  shall  be  a  Nominating  Committee  composed  of  the  five  latest  living 

Past-Presidents  of  the  Association,  who  are  Members,  and  five  Members  who  are  not 
officers. 

(b)  The  five  Members  who  are  not  officers  shall  be  elected  annually  for  a  term 
of  one  year,  when  the  officers  of  the  Association  are  elected. 

(c)  The  senior  Past-President  who  is  a  member  of  the  Committee  shall  be  the 
Chairman  of  the  Committee.  In  the  absence  of  the  senior  Past-President  from  a  meet- 

ing of  the  Committee  the  Past-President  next  in  seniority  present  shall  act  as  Chairman. 

2.  Method  of  Nominating 

(a)  Prior  to  December  1st  of  each  year  the  Chairman  shall  call  a  meeting  of  the 

Committee  at  a  convenient  place,  at  which  nominees  for  the  various  elective  offices 
shall  be  selected  as  follows: 

Number  of  Candi- 
Number  of  Candi-  dates  to  be 
dates  to  be  named  elected  at  the 
by  the  Nominating       Annual  Election 

Office  to  be  Filled  Committee.  of  Officers. 

President       1  1 

Vi'.c-President        1 "  1 
Diiectors       9  3 
Nominating    Committee       10  5 

(b)  The  Chairman  of  the  Nominating  Committee  shall  send  the  names  of  the 

nominees  to  the  President  and  Secretary  not  later  than  December  ISth  of  the  same  year, 

and  the  Secretary  shall  report  them  to  the  members  of  the  Association  on  a  printed 
slip  not  later  than  January  1st  following. 

(c)  At  any  time  between  January  1st  and  February  1st  any  ten  or  more  Members 
may  send  to  the  Secretary  additional  nominations  for  any  elective  office  for  the  ensuing 

year  signed  by  such  Members. 

(d)  If  any  person  nominated  shall  be  found  by  the  Board  of  Direction  to  be 

ix'.elgible  for  the  office  for  which  nominated,  or  should  a  nominee  decline  such  nomination, 
the  name  shall  be  withdrawn.  The  Board  of  Direction  may  fill  any  vacancies  that  may 

occur  in  the  list  of  nominees  up  to  the  time  the  ballots  are  sent  out. 

3.  Ballots  Issued 

Not  less  than  thirty  days  prior  to  each  Annual  Convention,  the  Secretary  shall  issue 

a  ballot  to  each  voting  member  of  record  in  good  standing,  listing  the  several  candidates 
to  be  voted  upon.  When  there  is  more  than  one  candidate  for  any  office,  the  names 

shall  be  arranged  on  the  ballot  in  the  order  that  shall  be  determined  by  lot  by  the 

Nominating  Committee.  The  ballot  shall  be  accompanied  by  a  statement  giving  for 
each  candidate,  his  record  of  membership  and  activities  in  this  Association. 

4.  Substitution  of  Names 

Members  may  erase  names  from  the  printed  ballot  list  and  may  substitute  the  name 

or  names  of  any  other  person  or  persons  eligible  for  any  office,  but  the  number  of  names 
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voted  for  each  office  on  the  ballot  must  not  exceed  the  number  to  be  elected  at  that 
time  to  such  office. 

5.  Ballots 

(a)  Ballots  shall  be  placed  in  an  envelope,  sealed  and  endorsed  with  the  name  of 
the  voter,  and  mailed  to  or  deposited  with  the  Secretary  at  any  time  previous  to  the 
closure  of  the  polls. 

(b)  A  voter  may  withdraw  a  ballot,  and  cast  another,  at  any  time  before  the  polls 
close. 

(c)  Ballots  not  endorsed  or  from  persons  not  qualified  to  vote  shall  not  be  counted. 

(d)  The  ballots  and  envelopes  shall  be  preserved  for  not  less  than  ten  days  after 
the  vote  is  canvassed. 

6.  Closure  of  Polls 

The  polls  shall  be  closed  at  twelve  o'clock  noon  on  the  second  day  of  the  Annual 
Convention,  and  the  ballots  shall  be  counted  by  tellers  appointed  by  the  Presiding 
Officer. 

7.  Election 

(a)  The  persons  who  shall  receive  the  highest  number  of  votes  for  the  offices  for 
which  they  are  candidates  shall  be  declared  elected. 

(b)  In  case  of  a  tie  between  two  or  more  candidates  for  the  same  office,  the 
Members  present  at  the  Annual  Convention  shall  elect  the  officer  by  ballot  from  the 
candidates  so  tied. 

(c)  The  Presiding  Officer  shall  announce  at  the  convention  the  names  of  the 
officers  elected  in  accordance  with  this  Article. 

Article  VII 

Management 

1.  President 

The  President  shall  have  general  supervision  of  the  affairs  of  the  Association,  shall 
preside  at  meetings  of  the  Association  and  of  the  Board  of  Direction,  and  shall  be 

ex-officio  a  member  of  all  committees,  except  the  Nominating  Committee. 

2.  Vice-Presidents 

The  Vice-Presidents,  in  order  of  seniority,  shall  preside  at  meetings  in  the  absence 
of  the  President  and  shall  discharge  the  duties  in  case  of  a  vacancy  in  the  office. 

3.  Treasurer 

The  Treasurer  shall  receive  all  monies,  deposit  the  same  in  the  name  of  the 
Association,  receipt  to  the  Secretary  therefor  and  invest  all  funds  not  needed  for  current 
disbursements  as  shall  be  ordered  by  the  Board  of  Direction.  The  Treasurer  shall  pay 
all  bills,  when  properly  certified  and  audited  by  the  Finance  Committee,  and  make  such 
reports  as  may  be  called  for  by  the  Board  of  Direction. 
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4.  Secretary 

The  Secretary,  shall  be  under  the  direction  of  the  President  and  Board  of  Direction, 
the  Executive  Officer  of  the  Association  and  shall  attend  the  meetings  of  the  Association 

and  of  the  Board  of  Direction,  prepare  the  business  therefor,  and  duly  record  the 

proceedings  thereof.  The  Secretary  shall  see  that  the  monies  due  the  Association  are 
collected  and  without  loss  transferred  to  the  custody  of  the  Treasurer,  and  shall  personally 

certify  to  the  accuracy  of  all  bills  or  vouchers  on  which  money  is  to  be  paid.  The  Sec- 
retary is  to  conduct  the  correspondence  of  the  Association,  keep  proper  record  thereof, 

and  perform  such  other  duties  as  the  Board  of  Direction  may  prescribe. 

5.  Auditing  of  Accounts 

The  accounts  of  the  Treasurer  and  of  the  Secretary  shall  be  audited  annually  by 
an  approved  accountant  under  the  direction  of  the  Finance  Committee  of  the  Board 
of  Direction. 

6.  Board  of  Direction 

(a)  The  Board  of  Direction  shall  manage  the  affairs  of  the  Association,  and  shall 
have  full  power  to  control  and  regulate  all  matters  not  otherwise  provided  in  the 
Constitution. 

(b)  The  Board  of  Direction  shall  meet  within  thirty  days  after  each  Annual 
Convention,  and  at  such  other  times  as  the  President  may  direct.  Special  meetings 
shall  be  called  on  request,  in  writing,  of  five  members  of  the  Board  of  Direction. 

(c)  Seven  members  of  the  Board  of  Direction  shall  constitute  a  quorum. 
(d)  At  the  first  meeting  of  the  Board  of  Direction  after  the  Annual  Convention, 

the  following  committees,  each  consisting  of  not  less  than  three  members,  shall  be 

appointed  by  the  President  from  the  Board  of  Direction  and  they  shall  report  to  and 
perform  their  duties  under  the  supervision  of  the  Board  of  Direction. 

Finance 

Publication 
Library 

Outline  of  Work  of  Committees 

Personnel  of  Committees 

Membership 
Manual 

7.  Duties  of  the  Committees  of  the  Board  of  Direction 

(a)  Finance  Committee 

The  Finance  Committee  shall  have  immediate  supervision  of  the  accounts  and 

financial  affairs  of  the  Association;  shall  approve  all  bills  before  payment,  and  shall 
make  recommendations  to  the  Board  of  Direction  as  to  the  investment  of  monies  and 

other  financial  matters.  The  Finance  Committee  shall  not  have  the  power  to  incur 
debts  or  other  obligations  binding  the  Association,  nor  authorize  the  payment  of  money 

other  than  the  amounts  necessary  to  meet  ordinary  current  expenses  of  the  Association, 
except  by  authority  of  the  Board  of  Direction. 

(b)  Publication  Committee 

The  Publication  Committee  shall  have  general  supervision  of  the  publications  of 
the  Association.  The  Publication  Committee  shall  not  have  the  power  to  incur  debts 

or  other  obligations  binding  the  Association,  nor  authorize  the  payment  of  money  except 
by  authority  of  the  Board  of  Direction. 
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(c)  Library  Committee 

The  Library  Committee  shall  have  general  supervision  of  the  Library  and  the 

property  therein,  shall  make  recommendations  to  the  Board  of  Direction  with  reference 

thereto,  and  shall  direct  the  expenditures  for  books  and  other  articles  of  permanent  value, 
from  such  sums  as  may  be  appropriated  for  these  purposes. 

(d)  Committee  on  Outline  of  Work  of  Committees 

The  Committee  on  Outline  of  Work  of  Committees  shall  prepare  and  present  to  the 

Board  of  Direction  a  report  of  the  subjects  to  be  investigated,  considered  and  reported 

upon  by  the  standing  and  special  committees  of  the  Association  during  the  ensuing  year. 

(e)  Committee  on  Personnel  of  Committees 

The  Committee  on  Personnel  of  Committees  shall  prepare  and  present  to  the  Board 

of  Direction  a  list  of  chairman,  vice-chairmen  and  members  of  the  standing  and  special 
committees  of  the  Association  for  the  ensuing  year. 

(f)  Membership  Committee 

The  Membership  Committee  shall  make  investigation  of  applicants  for  membership 
and  shall  make  recommendations  to  the  Board  of  Direction  with  reference  thereto, 

(g)  Manual  Committee 

The  Manual  Committee  shall  study  and  recommend  to  the  Board  of  Direction  as. 
to  the  manner  in  which  the  material  adopted  for  addition  or  deletion  from  the  Manual 
shall  be  handled. 

8.  Standing  Committees 

The  Board  of  Direction  may  appoint  standing  committees  to  investigate,  consider 

and  report  upon  questions  pertaining  to  railway  location,  construction,  operation  and 
maintenance. 

9.  Special  Committees 

The  Board  of  Direction  may  appoint  special  committees  to  examine  into  and 

report  upon  any  subject  connected  with  the  objects  of  this  Association. 

10.  Discussion  by  Non-Members 

The  Board  of  Direction  may  invite  discussions  of  reports  from  persons  not  members 
of  the  Association. 

11.  Sanction  of  Act  of  Board  of  Direction 

An  act  of  the  Board  of  Direction  which  shall  have  received  the  expressed  or  implied 
sanction  of  the  membership  at  the  next  annual  convention  of  the  Association  shall  be 
deemed  to  be  the  act  of  the  Association. 

Article  VIII 

Meetings  ' 
1.     Annual  Convention 

(a)  The  Annual  Convention  of  the  Association  shall  be  held  in  the  City  ol 
Chicago,  Illinois.  The  convention  shall  open  on  a  Tuesday  in  the  month  of  March  to 
be  determined  by  the  President. 

(b)  The  Secretary  shall  notify  all  members  of  the  Association  of  the  time  and 
place  of  the  Annual  Convention  at  least  thirty  (30)  days  in  advance  thereof. 
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(c)  The  order  of  business  at  the  Annual  Convention  of  the  Association  shall  be: 

Reading  of  the  Minutes  of  the  last  meeting 
Address  of  the  President 

Reports  of  the  Secretary  and  the  Treasurer 

Reports  of  Committees 
Unfinished   Business 
New  Business 

Installation  of  Officers 

Adjournment 

(d)  This  order  of  business  may  be  changed  by  a  majority  vote  of  Members  present. 

(e)  The  proceedings  shall  be  governed  by  "Robert's  Rules  of  Order"  except  as 
otherwise  herein  provided. 

(f)  Discussions  shall  be  limited  to  members  and  to  those  others  invited  by  the 

Presiding  Officer  to  speak. 

2.  Special  Meetings 

Special  meetings  of  the  Association  may  be  called  by  the  Board  of  Direction  and 

special  meetings  shall  be  so  called  by  the  Board  of  Direction  upon  written  request  of 
thirty  Members.    The  request  shall  state  the  purpose  of  such  meeting. 

The  call  for  such  special  meeting  shall  be  issued  not  less  than  ten  (10)  days  in 

advance  and  shall  state  the  purpose  and  place  of  the  meeting.  No  other  business  shall 
be  taken  up  at  such  meeting. 

3.  Quorum 

Twenty-five  (25)  Members  shall  constitute  a  quorum  at  all  meetings  of  the 
Association. 

Article  IX 

Amendment 
1.     Amendment 

Proposed  Amendment  of  this  Constitution  shall  be  made  in  writing,  shall  be  signed 

by  not  less  than  ten  Members  and  shall  be  acted  upon  in  the  following  manner: 

The  amendment  shall  be  presented  to  the  Secretary,  who  shall  send  a  copy  to  each 
member  of  the  Board  of  Direction  as  soon  as  received.  If  a  majority  of  the  entire 

Board  of  Direction  so  votes  the  matter  shall  be  submitted  to  the  Association  by  letter- 
ballot. 

The  Board  of  Direction  shall  canvass  the  ballots  which  have  been  received  within 

sixty  days  after  the  date  of  issue  of  the  letter-ballot  and  if  two-thirds  (%)  of  the  votes 
so  received  are  in  the  affirmative  the  amendment  shall  be  declared  adopted  and  shall 
become  immediately  effective. 

The  result  shall  be  announced  at  the  next  Annual  Convention. 
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GENERAL  INFORMATION 

(Subject  to  change  from  time  to  time  by  Board  of  Direction) 

GENERAL  RULES  FOR  THE  PREPARATION,  PUBLICATION  AND 

CONSIDERATION  OF  COMMITTEE  REPORTS 

(A)     Appointment  of  Committees  and  Outline  of  Work 

Standing  Committees 

1.  *The  following  are  Standing  Committees: 

I.  Roadway  and  Ballast. 
III.  Ties. 
IV.  Rail. 
V.  Track, 
VI.  Buildings. 
VII.  Wood  Bridges  and  Trestles. 
VIII.  Masonry. 
IX.  Highways. 
X.  Signals  and  Interlocking. 
XI.  Records  and  Accounts. 
XII.  Rules  and  Organization. 
XIII.  Water  Service,  Fire  Protection  and  Sanitation. 
XIV.  Yards  and  Terminals. 
XV.  Iron  and  Steel  Structures. 
XVI.  Economics  of  Railway  Location  and  Operation. 
XVII.  Wood  Preservation. 
XVIII.  Electricity. 

XX.  Uniform  General  Contract  Forms. 
XXII.  Economics  of  Railway  Labor. 
XXV.  Waterways  and  Harbors. 
XXVI.  Standardization. 
XXVII.  Maintenance  of  Way  Work  Equipment. 

Special  Committees 

2.  Special  Committees  will  be  appointed  from  time  to  time,  as  may  be  deemed  ex- 
pedient, in  the  manner  prescribed  by  Article  VII,  Section  9,  of  the  Constitution. 

The  following  are  Special  Committees: 

Stresses  in  Railroad  Track. 
Clearances. 
Waterproofing  of  Railway  Structures. 
Economics  of  Bridges  and  Trestles. 
Complete  Roadway  and  Track  Structure. 
Impact. 

Personnel  of  Committees 

3.  The  personnel  of  all  committees  will  continue  from  year  to  year,  except  when 

changes  are  announced  by  the  Board  of  Direction.  Ten  percent  of  the  membership 
of  each  committee  shall  be  changed  each  year. 

Members  of  committees  who  do  not  attend  meetings  of  committees  during  the 

year  or  render  service  by  correspondence  will  be  relieved  and  the  vacancies  filled  by  the 
Board  at  the  succeeding  annual  convention. 

*  By  action  of  the  Board  of  Direction  on  December  8,  1937,  Committee  II — Ballast  was  con- 
siilifiatcfl  with  C'ommillrc  I — Roadway;  Committee  XXI — Economics  of  Railway  Operation  was 
consolidated  with  Committee  XVI — Economics  of  Railway  Location,  and  Committee  XXIII — Shops 
and   Locomotive    Terminals   was    abolished. 
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Outline  of  Work 

4.  As  soon  as  practicable  after  January  1st  of  each  year  the  Board  of  Direction 

will  assign  to  each  committee  the  subjects  which,  in  its  judgment,  should  preferably 
be  considered  during  the  current  year.  Committees  are  privileged  to  present  the  results 

of  any  special  study  or  investigation  they  may  be  engaged  upon  or  that  may  be  considered 
of  sufficient  importance  to  warrant  presentation, 

(B)    Preparation  op  Committee  Reports 
General 

5.  The  collection  and  compilation  of  data  and  subsequent  analysis  in  the  form  of 

arguments  and  criticism  is  a  necessary  and  valuable  preliminary  element  of  committee- 
work. 

Collection  of  Data 

6.  Committees  are  privileged  to  obtain  data  or  information  in  any  proper  way. 

If  desired,  the  secretary  will  issue  circulars  of  inquiry,  which  should  be  brief  and  con- 
cise. The  questions  asked  should  be  specific  and  pertinent,  and  not  of  such  general  or 

involved  character  as  to  preclude  the  possibility  of  obtaining  satisfactory  and  prompt 

responses.  They  should  specify  to  whom  answers  are  to  be  sent,  and  should  be  in  such 

form  that  copies  can  be  retained  by  persons  replying  either  by  typewriter  or  blueprint. 

Plan  of  Reports 

7.  Committee  reports  should  be  prepared  as  far  as  practicable  to  conform  to  the 
following  general  plan: 

(a)'  It  is  extremely  important  that  every  committee  should  examine  its  own  sub- 
ject-matter in  the  Manual  prior  to  each  annual  convention,  and  revise  and  supplement 

it,  if  deemed  desirable,  giving  the  necessary  notice  of  any  recommended  changes  in  ac- 
cordance with  Section  6  (a)  of  the  General  Rules  for  the  Publication  of  the  Manual. 

If  no  changes  are  recommended,  statement  should  be  made  accordingly. 

(b)  When  deemed  necessary,  the  previous  report  should  be  reviewed. 

(c)  Subjects  presented  in  previous  reports  on  which  no  action  was  taken  should 
be  resubmitted,  stating  concisely  the  action  desired.  It  may  not  be  necessary  to  repeat 

the  original  text  in  the  report,  reference  to  former  pubUcation  being  sufficient,  unless 

changes  in  the  previously  published  version  are  extensive.  Minor  changes  can  be  ex- 
plained in  the  text  of  the  report. 

Definitions 

(d)  Technical  terms  used  in  the  report,  the  meaning  of  which  is  not  clearly  estab- 
lished, should  be  defined,  but  defined  only  from  a  technical  standpoint.  Ordinary  terms, 

universally  understood,  need  not  be  defined. 

History 

(e)  If  necessary,  a  brief  history  of  the  subject-matter  under  discussion,  with  an 
outline  of  its  origin  and  development,  should  be  given. 

Analysis 

(f)  An  analysis  of  the  most  important  elements  of  the  subject-matter  should  be 
given. 
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Argument 

(g)  The  disadvantages  of  the  present  practices  and  the  advantages  of  the  recom- 
mended practices  should  be  set  forth. 

Illustrations 

(h)     Illustrations  accompanying  reports  should  be  prepared  so   that  they  can  be 
reproduced  on  one  page.     The  use  of  inserts  should  be  avoided  as  much  as  possible, 
on  account  of  the  increased  expense   and  inconvenience  in   referring  to   them.     Plans 

showing  current  practice,  or  necessary  for  illustration  are  admissible,  but  those  showing 
proposed  definite  design  or  practice  should  be  excluded.  Recommendations  should  be 

confined  to  governing  principles. 

Conclusions 

(i)  The  conclusions  of  the  committee  which  are  recommended  for  publication  in 

the  Manual  should  be  stated  in  concise  language,  logical  sequence,  and  grouped  together, 

setting  forth  the  principles,  specifications,  definitions,  forms,  tables  and  formulas  in- 
cluded in  the  recommendation.  Portions  of  the  text  of  the  report  which  are  essential 

to  a  clear  interpretation  and  understanding  of  the  conclusions,  should  be  included  as  an 
integral  part  thereof. 

(C)     Publication  of  Committee  Reports 

Reports  Required 

8.  (a)  Reports  will  be  required  from  each  of  the  standing  and  special  committees 
each  year. 

(b)  Although  several  subjects  may  be  assigned  to  each  committee  by  the  Board 
of  Direction,  a  full  report  on  only  one  subject  is  expected  at  each  annual  convention, 
but  the  preliminary  work  on  some  of  the  remaining  subjects  should  be  in  progress,  and. 

when  deemed  advisable,  partial  reports  of  progress  should  also  be  presented.  This 

method  allows  time  for  their  proper  preparation  and  consideration. 

Date  of  Filing  Reports 

9.  Committee  reports  to  come  before  the  succeeding  convention  for  discussion 

should  be  filed  with  the  secretary  on  or  before  the  dates  specified  in  the  schedule  pre- 
pared by  the  publication  committee,  copies  of  which  will  be  furnished  the  committee 

chairman. 

10.  Committees  engaged  upon  subjects  involving  an  extended  investigation  and 

study  are  privileged  to  present  progress  reports,  giving  a  brief  statement  of  the  work 

accomplished,  and,  if  deemed  expedient,  a  forecast  of  the  final  report  to  be  presented. 

Publication  of  Reports 

11.  Committee  reports  will  be  published  in  the  bulletin  in  such  sequence  as  the 

Board  of  Direction  may  determine,  for  consideration  at  the  succeeding  convention. 

Reports  will  be  published  in  the  form  presented  by  the  respective  committees.  Altera- 
tions ordered  by  the  convention  will  be  printed  as  an  appendix  to  the  report. 

Written  Discussions 

12.  Committees  should  endeavor  to  secure  written  discussions  of  published  reports. 
Written  discussions  will  be  transmitted  to  the  respective  committees,  and  if  deemed  de- 

sirable by  the  committee,  the  discussions  will  be  published  prior  to  the  convention  and 
be  considered  in  connection  with  the  report. 
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Verbal  Discussions 

13.  E^ch  speaker's  remarks  will  be  submitted  to  him  in  writing  before  publication 
in  the  proceedings,  for  the  correction  of  diction  and  errors  of  reporting,  but  not  for 
the  elimination  of  remarks. 

(D)       CONSmERATION   OF   COMMITTEE   REPORTS 

Sequence 

14.  The  sequence  in  which  committee  reports  will  be  considered  by  the  convention 
will  be  determined  by  the  Board  of  Direction. 

Method 

15.  The  method  of  consideration  of  committee  reports  will  be  one  of  the  following: 
(a)  Reading  by  title. 
(b)  Reading,  discussing  and  acting  upon  each  conclusion  separately. 
(c)  By  majority  vote,  discussion  will  be  had  on  each  item.    Clauses  not  objected 

to  when  read  will  be  considered  as  voted  upon  and  adopted. 

Final  Action 

16.  Action  by  the  convention  on  committee  reports  will  be  one  of  the  following, 
after  discussion  is  closed: 

(a)  Receiving  as  information. 
(b)  Receiving  as  a  progress  report. 
(c)  Adoption    of    a    part    complete    in    itself    and    referring    remainder    back    to 

committee. 
(d)  Adoption  as  a  whole. 
(e)  Recommittal  with  or  without  instructions. 
(f)  Adoption  as  a  whole. 
(g)  Recommendation  to  publish  in  the  Manual. 

Note. — An  amendment  which  affects  underlying  principles,  if  adopted,  shall  of  it- 
self constitute  a  recommittal  of  such  part  of  the  report  as  the  committee  considers 

affected. 

The  Chair  will  decline  to  entertain  amendments  which  in  his  opinion  lie  entirely 
within  the  duties  of  the  editor. 

(E)     Publication  of  Abstracts  by  Technical  Journals 

The  following  rules  will  govern  the  releasing  of  matter  for  publication  in  technical 

journals: 

Committee  reports,  requiring  action  by  the  Association  at  the  annual  convention,  will 
not  be  released  until  after  presentation  to  the  convention;  special  articles,  contributed 

by  members  and  others,  on  which  no  action  by  the  Association  is  necessary,  are  to  be 

released  for  publication  by  the  technical  journals  after  issuance  in  the  Bulletin;  pro- 
vided, application  therefor  is  made  in  writing  and  proper  credit  be  given  the  Association, 

authors  or  committees  presenting  such  material. 



PROCEEDINGS 

The  object  of  this  Association  is  the  advancement  of  knowledge  pertaining  to  the  scientific 
and  economic  location,  construction  and  maintenance  of  railways.     Its  action 

is  not  binding  upon  its  members. 

TUESDAY,  MARCH  15,  1938 

MORNING  SESSION 

The  thirty-ninth  annual  convention  of  the  American  Railway  Engineering  Associa- 
tion was  called  to  order  in  the  Grand  Ball  Room  of  the  Palmer  House,  Chicago,  111., 

by  the  President,  Mr.  J.  C.  Irwin,  Valuation  Engineer,  Boston  &  Albany  Railroad 
.(N.Y.C.R.R.). 

President  Irwin: — The  meeting  will  please  come  to  order.  This  is  the  thirty-ninth 
annual  convention  of  the  American  Railway  Engineering  Association.  It  is  now  declared 

open  for  business.  This  is  also  the  annual  meeting  of  the  Construction  and  Mainte- 

nance section,  Division  IV — Engineering,  Association  of  American  Railroads,  the  meetings 
being  concurrent. 

The  first  order  of  business  is  the  reading  of  the  minutes  of  the  last  annual  meeting. 

In  as  much  as  these  minutes  have  been  printed  and  a  copy  furnished  to  each  member, 

unless  there  is  objection,  the  reading  of  the  minutes  will  be  dispensed  with.  As  there  is 

no  objection,  the  minutes  stand  approved  as  printed. 

The  next  order  of  business  is  the  president's  address. 

ADDRESS  OF  PRESIDENT  J.  C.  IRWIN 

The  order  of  business  for  the  annual  convention  of  this  Association  provides  for 

an  address  by  the  president,  but  aside  from  any  such  obligation,  one  who  has  held  that 
office  for  a  year  and  is  privileged  to  preside  at  this  convention  should  welcome  the 

opportunity  to  deliver  a  message  in  regard  to  the  affairs  of  the  Association  to  such  a 

group  as  is  assembled  here,  and  it  is  in  that  spirit  that  I  address  you.  In  many  respects 
this  has  been  an  unusual  year  as  the  outline  of  events  will  indicate. 

The  thoughts  uppermost  in  my  mind  have  to  do  with  recognition  of  an  apprecia- 

tion for  the  splendid  spirit  of  co-operation  that  extends  throughout  this  whole  organi- 
zation. It  applies  to  the  support  given  me  by  the  Board  of  Direction  and  by  the 

committees  of  the  board  and  the  standing  and  special  committees  of  the  Association;  it 

applies  also  to  the  helpful  and  encouraging  attitude  of  Vice-President  J.  M.  Symes  of 
the  Association  of  American  Railroads,  to  whom  we  report  in  our  status  as  its  Con- 

struction and  Maintenance  section,  and  to  his  courteous  way  of  handling  his  business 
with  me  in  my  official  capacity  as  chairman  of  its  Engineering  division.  No  one  could 

have  been  finer  or  more  inspiring  than  he,  in  our  dealings  with  the  Washington  office  m 
matters  under  his  jurisdiction.  The  same  thoughts  apply  still  further  to  the  members 

of  the  Chicago  office  secretarial  force  consisting  of  Frank  McNeills,  assistant  secretary; 

Emil  Fritch,  assistant  to  the  secretary;  Edward  Gehrke,  chief  clerk;  and  Eugene  Seitz, 

clerk;  who  demonstrated  their  loyalty  and  ability  in  an  emergency  which,  by  reason  of 

the  way  it  was  handled,  developed  no  troublesome  features,  but  affairs  moved  along 

in  an  orderly  fashion  as  you  were  assured,  at  last  year's  convention,  would  be  the  case. 24 
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Resignation  of  Secretary  Fritch 

At  the  beginning  of  this  Association  year,  we  were  met  with  an  unusual  situation 
in  the  retirement  of  our  secretary,  Mr.  E.  H.  Fritch,  who  had  served  the  Association 

faithfully  and  with  sound  judgment  through  a  period  of  38  years.  To  many  of  us, 
regardless  of  age,  he  had  been  like  a  father  in  guiding  us  through  the  processes  of 

growing  up  in  the  Association  and  in  taking  on  continually  increasing  responsibilities 
in  its  work.  The  announcement  of  his  retirement  was  made  during  the  closing  exercises 

on  the  last  day  of  the  1937  convention  and  the  tributes  paid  to  him  are  reported  in 

the  1937  proceedings.  The  resolution  adopted  at  that  time  recited  our  high  regard 
for  him  and  our  appreciation  of  his  service  to  the  Association. 

At  its  meeting  after  the  close  of  the  convention  that  same  day,  the  Board  of 
Direction  authorized  and  directed  the  president  to  appoint  a  committee  to  prepare  a 

specification  for  a  new  secretary,  to  canvass  the  field,  and  to  suggest,  with  recommenda- 

tion, not  less  than  three  men  for  the  position.  The  committee  appointed  that  day  con- 
sisted of  four  past-presidents,  J.  V.  Neubert,  J.  E.  Armstrong,  Robert  H.  Ford  and 

A.  R.  Wilson,  and  the  chairman  of  the  Electrical  section,  H.  F.  Brown,  all  of  whom 

were  present  at  the  convention. 

The  president  also  was  authorized,  subject  to  the  approval  of  Vice-President  Symes 
of  the  Association  of  American  Railroads,  to  employ  an  acting  secretary  if,  in  his 

judgment,  it  should  become  necessary.  As  the  constitution  of  the  Association  then 

provided  for  the  election  of  the  secretary,  the  board  could  not  appoint  a  permanent 

man  and  the  arrangements  for  carrying  on  were  left  in  the  hands  of  the  president. 

Under  these  circumstances,  with  my  knowledge  of  the  office,  I  felt  that  it  would 

be  best  to  rely  on  the  experienced  force  as  already  organized  and  of  established  fidelity 
to  their  work,  rather  than  to  introduce  a  new  element  in  the  form  of  a  new  acting 

secretary  who  would  have  to  be  broken  in  and  possibly  broken  out  at  the  cost  of  lost 
time  of  the  force  which  would  have  to  train  him.  Therefore,  with  the  approval  of 

Vice-President  Symes  for  the  Engineering  division  A.  A.  R.,  Assistant  Secretary  Frank 
McNeills  was  placed  in  full  charge  of  the  office,  without  change  of  title  and,  by  approval 
of  the  Board  of  Direction  and  of  Mr.  Symes,  his  salary  was  materially  increased  during 

the  period  of  his  incumbency  in  that  capacity. 

My  tribute  to  him  and  his  assistants  in  the  office  at  the  opening  of  this  address, 

and  my  printed  circular  announcement  of  March  S,  1938,  bear  testimony  as  to  the 

satisfactory  results  of  this  arrangement.  In  these  times  of  financial  difficulties,  your 

attention  also  might  be  directed  to  the  report  of  the  treasurer  which  is  published  in 
the  Year  Book  and  which  will  be  presented  at  this  session. 

Revision  of  the  Constitution 

For  some  time  it  has  been  felt  that  our  secretary  should  be  appointed  by  the  Board 

of  Direction,  according  to  the  practice  of  most  large  engineering  societies,  rather  than 
to  be  elected  by  the  members  of  the  Association.  The  situation  presented  by  the  loss 

of  a  secretary  immediately  after  an  election,  precipitated  action  for  a  change  in  the 
constitution  so  as  to  provide  for  the  appointment  of  the  secretary  by  the  board.  This 

initial  action  was  taken  by  a  vote  of  the  board  at  its  meeting  on  the  last  day  of  the 
1937  convention. 

A  review  of  the  constitution  was  made  and,  as  it  developed  that  numerous  revisions 

would  be  required  to  bring  the  document  up  to  date  and  to  improve  the  form  and 
composition,  a  Special  Committee  on  the  Constitution  was  appointed  by  the  president 

to   edit  it  and  submit  proposed  revisions  to  the  board.    This  committee  consisted  of 
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Director  W.  T.  Dorrance,  chairman;  Past-President  John  E.  Armstrong,  member  of 

the  board,  and  Past-Director  W.  F.  Cummings.  Thb  committee  merits  our  sincere 

thanks  for  the  earnestness  and  skill  with  which  it  carried  out  its  assignment.  You  are 

familiar  with  the  results  of  their  work  on  Articles  I,  IV,  V,  VI,  VII,  VIII  and  IX, 

which,  after  approval  by  the  board  at  its  meeting  September  14th,  were  submitted  to 

the  members  of  the  Association,  September  22nd,  1937,  for  vote  by  letter  ballot  to  be 

returned  within  60  days.  As  the  amendments  were  approved  by  95  per  cent  of  those 

voting,  whereas  only  at  two-thirds  vote  is  required  to  adopt,  your  vote  eliminated  the 

offices  of  both  secretary  and  treasurer  from  the  ballot  and  empowered  the  Board  of 

Direction  to  fill  those  offices  by  appointment.  This  change  was  completed  before  the 

Nominating  committee  submitted  its  nominations  last  December. 

Appointment  of  a  New  Secretary 

It  now  being  the  duty  of  the  board  to  select  a  Secretary  to  succeed  Mr.  Fritch,  at 

its  meeting  December  8th,  1937,  it  received  the  report  of  the  Committee  on  the  New 

Secretary,  the  chairman  of  which,  Mr.  J.  V.  Neubert,  also  was  chairman  of  the  Nominat- 

ing committee  in  his  status  as  senior  past-president  on  the  Board.  The  names  recom- 

mended to  the  board  by  Mr.  Neubert's  committee,  after  investigating  about  fifty  men, 
were  referred  to  a  new  committee,  consisting  of  President  J.  C.  Irwin,  Vice-Presidents 
F.  E.  Morrow  and  E.  M.  Hastings,  and  Chairman  H.  F.  Brown  of  the  Electrical 

section;  this  committee  being  authorized  and  directed  to  select  one  of  those  recom- 
mended and  appoint  him  secretary.  You  have  received  notice  that  this  action  resulted 

in  the  appointment  of  Walter  S.  Lacher,  engineering  editor  of  "Railway  Age"  and 

managing  editor  of  "Railway  Engineering  and  Maintenance",  who  will  take  office  at 
the  close  of  this  convention. 

We  are  very  fortunate  in  securing  Mr.  Lacher's  services.  He  conforms  to  the 
specifications  prepared  by  the  Committee  on  the  New  Secretary  most  satisfactorily. 
Character  was  put  first  and  Mr.  Lacher  stands  high  in  the  esteem  of  his  business 

associates  and  his  neighbors.  He  has  shown  himself  to  have  executive  ability  and 

business  sense  and  to  be  alert  and  energetic.  In  addition  to  a  good  preliminary  educa- 
tion, he  is  a  graduate  of  the  University  of  Wisconsin  in  civil  engineering  and,  following 

about  ten  years  in  railroad  engineering  service,  he  has  had  twenty-two  years  experience 
as  an  engineering  reporter  and  editor  on  publications  of  the  highest  order.  Moreover, 
he  has  been  active  in  the  affairs  of  his  home  town  where  he  is  highly  thought  of.  With 

these  qualifications  combined  with  25  years  membership  in  this  association  and 

participation  in  its  committee  work  and  also  in  the  work  of  other  railroad  associations, 
he  is  especially  well  fitted  to  fill  the  office  to  which  he  has  been  appointed. 

The  Special  Committee  on  the  Revision  of  the  Constitution  has  continued  its  work 
on  Articles  II  and  III  with  a  view  of  submitting  amendments  which  will  adjust  them 

to  present  conditions,  particularly  those  resulting  from  compulsory  retirement  from 
railroad  service  at  a  fixed  age. 

Consolidation  of  Committees 

The  high  reputation  of  this  Association  is  due  mainly  to  the  fidelity  of  our  stand- 
ing and  special  committees  in  developing  the  work  assigned  to  them  and  bringing  in 

worth-while  reports  which,  each  year,  record  the  progress  in  the  art  and  science  of 
railroading.  Appointment  to  a  committee  is  recognition  of  ability.  Acceptance  of  a 

place  on  a  committee  means  work  and  the  full  exercise  of  that  ability.  It  is  an  honor 

to  be  appointed  to  a  committee  but  it  continues  an  honor  only  so  long  as  the  respon- 
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sibilities  are  recognized  and  the  results  expected  are  attained.  The  satisfaction  and 

rewards  usually  are  in  proportion  to  the  participation. 

For  some  time  there  have  been  suggestions  from  various  quarters  in  regard  to  the 
possibility  of  reducing  the  number  of  committees  through  combinations  or  eliminations. 
Such  possibilities  have  been  mentioned  in  the  addresses  of  some  former  presidents. 

Three  years  ago  the  board  had  a  Special  Committee  on  the  Combination  of  Committees 

and  a  thorough  study  was  made  of  the  outlines  of  work  for  the  previous  ten  years  and 
views  were  obtained  from  all  chairmen  of  committees.  As  a  result  of  this  investigation 

the  special  committee  reported  its  view  that  combinations  such  as  had  been  suggested 

would  impede  rather  than  promote  the  work  of  the  Association  and  that  conditions 
which  had  brought  about  suggestions  for  combinations  had  mostly  been  eliminated; 

also,  that  changes  in  the  scope  of  work  and  assignments  of  committees  were  taking 

place  as  occasion  warrants  and  that  no  combinations  of  committees  were  to  be  recom- 
mended at  that  time.  However,  the  committee  foresaw  the  possibility  of  one  or  two 

committees  running  out  of  work  in  their  special  lines  in  the  near  future  and  pointed 
to  the  possibility  of  their  elimination  or  combination  with  other  committees  when  such 
a  condition  should  arise. 

This  year  it  appeared  that  there  were  no  further  assignments  suitable  for  Com- 
mittee XXIII — Shops  and  Locomotive  Terminals  that  could  not  better  be  given  to 

Committee  VI — Buildings,  and  Committee  XIV — Yards  and  Terminals,  or,  with  refer- 

ence to  shop  and  power  house  equipment,  to  the  Mechanical  Division,  A.A.R.  There- 
fore, the  board  approved  the  recommendation  that  this  committee  be  eliminated. 

Further,  Committee  II — Ballast  had  disposed  of  its  fundamental  subjects  and,  on 
account  of  studies  of  roadbed  and  ballast  cross  sections  and  the  relation  between  road- 

way, subballast  and  top  ballast,  it  was  considered  that  the  Ballast  committee  could  well 

be  combined  with  Committee  I — Roadway.  On  recommendation,  this  change  also  was 

approved  by  the  board  and  the  combined  committee  was  designated  as  Committee  I — 
Roadway  and  Ballast. 

Still  further,  it  was  recognized  that  any  work  left  for  Committee  XVI — Economics  of 

Railway  Location  was  so  much  involved  with  the  work  of  Committee  XXI — Economics 
of  Railway  Operation,  that,  on  recommendation,  the  board  approved  the  combination 

of  those  two  committees  as  Committee  XVI — Economics  of  Railway  Location  and 
Operation.    These  changes  will  take  effect  with  the  new  outlines  of  work. 

When  proposals  are  made  for  the  combination  of  groups  of  committees  such  as  the 
several  committees  working  on  bridges  with  a  view  of  avoiding  duplication  or  conflict, 
it  sometimes  is  not  realized  that  the  Board  Committee  on  Outhne  of  Work  serves 

as  the  general  chairman  for  all  such  groups  and  outlines  the  scope  of  the  work  of  each 

committee  and  each  assigned  subject  and  arranges  collaboration  with  other  committees 
concerned  so  that  there  will  be  no  conflict.  At  the  same  time  it  may  not  be  realized 

that  even  with  such  a  combined  group,  collaboration  with  other  committees  still  is  nec- 
essary and  that  has  to  be  arranged  by  such  a  general  committee  as  the  Board  Committee 

on  Outline  of  Work. 

With  subjects  which  are  of  common  interest  to  several  standing  committees,  such 

as  Clearance,  Impact,  which  are  of  interest  to  all  of  the  bridge  committees,  and  Water- 
proofing, which  is  of  interest  to  all  bridge  and  building  committees,  complications  are 

avoided  by  relieving  the  standing  committees  of  those  subjects  and  assigning  them  to 
special  committees  composed  of  representatives  from  each  of  the  committees  interested. 
This  has  proven  to  be  the  most  desirable  way  of  handling  subjects  of  common  interest 
without  duplication  or  conflict. 
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Recommended  Practices 

The  A.R.E.A.  adopts  "Recommended  Practices"  and  it  is  made  clear  that  they  have 

not  the  status  of  standards,  although  many  railroads  use  them  as  their  "Standards", 
either  in  whole  or  with  modifications.  Some  of  our  Recommended  Practices  can  well 

be  used  by  any  railroad  with  such  modifications  as  it  sees  fit  to  make  without  having 

any  effect  on  the  practice  of  other  railroads.  This  applies  to  such  things  as  roadway 
and  ballast  sections  and  the  design  of  structures  in  which  other  railroads  are  not 

concerned.  There  are  other  types  of  our  Recommended  Practices  which  are  of  concern 
to  more  than  one  railroad  on  account  of  the  relations  between  them  and  also  the 

relation  of  each  one  with  other  railroads.  Examples  of  this  type  are  agreements  for 

interlockings  at  the  junctions  and  crossings,  trackage  rights  and  joint  facilities  and, 

in  some  cases,  dealings  with  other  interests.  In  these  cases  there  is  a  very  definite 

reason  for  adopting  the  A.R.E.A.  Recommended  Practices  as  Uniform  Practice  for  the 
railroads  without  modifications.  It  simplifies  the  dealings  between  railroads  themselves 
and  between  the  railroads  and  outside  interests. 

Moreover,  there  are  practices  which  should  be  carried  further  to  the  status  of 
American  Standards  on  account  of  the  relations  between  the  railroads  and  other 

industries  and  also  the  general  public.  In  establishing  such  national  standards,  it  is 

necessary  for  representatives  of  the  railroads  to  meet  with  the  representatives  of  other 
industries,  each  one  bringing  in  its  constructive  material  and  arriving  at  a  definite 

thing  which  can  be  adopted  and  referred  to  by  all  as  "American  Standard",  eliminating 
the  chaotic  condition  created  by  each  railroad  or  each  industry  having  its  own 

separate  standard  and  trying  to  stick  to  it.  Constructive  work  of  this  character  is 

carried  on  through  the  projects  of  the  American  Standards  Association,  to  which  the 

Association  of  American  Railroads  contributes  liberally  each  year  and  takes  an  im- 
portant part  by  having  representatives  on  the  Standards  Council  and  on  all  committees 

of  the  A.S.A.  handling  projects  in  which  the  railroads  are  interested.  It  is  important 

that  we  continue  our  participation  in  this  national  standardization  work  as  is  being 

done  at  present.  Standardization  will  go  on  whether  the  Association  of  American  Rail- 
roads takes  part  in  it  or  not,  and  it  is  best  for  our  association  to  exert  its  influence 

during  the  standardizing  process.  Other  agencies  standardizing  alone  might  do  a  great 

deal  that  is  detrimental  to  the  railroads,  which  is  prevented  by  the  A.A.R.  taking  part 
in  the  work. 

There  is  a  very  considerable  interlocking  membership,  especially  among  the  most 

active  members,  between  the  A.R.E.A. — Construction  and  Maintenance  Section  A.A.R., 
and  the  other  branches  of  the  Engineering  division,  the  Signal  section  and  the  Electrical 

section,  and  this  is  most  helpful  in  co-ordinating  the  committee  work  between  the  various 

sections  and  in  the  co-operation  of  the  railroad  representatives  in  the  work  of  the 
American  Standards  Association. 

Research 

Our  relation  with  the  Association  of  American  Railroads  as  its  Construction  and 

Maintenance  Section  enables  us  to  receive  and  administer  substantial  appropriations  for 
research  work  which  can  best  be  handled  under  the  jurisdiction  of  our  committees. 
Conspicuous  among  these  special  appropriations  are  those  handled  by  the  Special  Com- 

mittee on  Stresses  in  Railroad  Track,  under  the  expert  supervision  of  Dr.  A.  N.  Talbot, 
who  has  made  a  most  valuable  contribution  to  this  work  for  many  years;  those  handled 
by  the  Rail  committee  under  the  experienced  jurisdiction  of  its  chairman,  J.  V.  Neubert, 
these  including  the  Investigation  of  Transverse  Fissure  Rail  Failures,  the  Special  Rail 
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Investigations,  the  Tests  of  Various  Types  of  Joint  Bars  and,  under  a  recent  two-year 
contract  with  the  University  of  Illinois,  the  Investigation  of  the  Continuous  Welding  of 

Rails;  also,  through  a  contract  with  the  American  Society  of  Mechanical  Engineers, 

the  Boiler  Feed  Water  Investigation,  again  handled  under  expert  supervision  by  R.  C. 

Bardwell,  Chairman  Committee  XIII — Water  Service,  Fire  Protection  and  Sanitation. 

Recently  the  Engineering  division  has  added  to  its  staff  G.  M.  Magee  as  research 
engineer,  Engineering  division,  who  will  occupy  his  time  in  organizing  and  supervising 
work  for  various  committees  on  a  volunteer  basis,  to  supplement  the  investigations 

being  made  by  the  committees.  As  you  were  advised  in  my  circular  letter  of  March  Sth, 

1938,  he  will  report  to  the  Engineering  Research  Advisory  Committee,  which  is  com- 
posed of  the  chairmen  and  vice-chairmen  of  the  three  sections  of  the  Engineering 

division;  that  is,  the  Construction  &  Maintenance  section  (A.R.E.A.),  the  Signal  section, 

and  the  Electrical  section.  At  the  present  time  he  is  particularly  employed  on  work 

for  Committee  V — Track,  C.  J.  Geyer,  chairman.  His  addition  to  our  staff  will  enable 
several  committees  to  enlarge  their  field  of  investigation  without  special  appropriation. 

During  recent  months,  with  the  approval  and  hearty  support  of  Vice-President 
Symes,  we  have  revived  the  Investigation  on  Relations  between  Track  and  Rolling 

Stock  and  have  secured  the  appointment  of  a  joint  committee  of  the  Engineering  divi- 
sion and  the  Mechanical  division,  with  Dr.  A.  N.  Talbot  as  chairman.  The  committee 

is  preparing  to  outline  a  plan  of  procedure  for  the  investigation  of  this  outstandingly 
important  subject,  requiring  joint  action  of  the  two  Divisions  and  involving  tests  which 
will  require  expensive  modern  devices  and  large  appropriations  in  order  to  get  results 

which,  however,  will  bring  ample  returns  through  improvements  in  design  and  prac- 

tices. The  personnel  of  this  committee  appears  in  the  secretary's  report  which  will 
be  found  in  the  Year  Book. 

This  year,  under  Vice-President  Symes'  supervision,  we  also  have  secured  the 
appointment  of  a  very  important  joint  committee  of  the  Engineering  division  and  the 
Mechanical  division  for  the  Study  of  the  Prevention  of  Damage  due  to  Brine  Drippings. 

This  committee  already  has  made  considerable  progress  in  the  study  of  inhibitors  to  be 
introduced  into  the  salt  charge  in  refrigerator  cars  to  neutralize  the  corrosive  effect 

of  the  brine  drippings,  but  it  also  is  organizing  to  study  the  prevention  of  the  trouble 

at  the  source,  either  by  more  modern  methods  of  refrigeration,  or  by  retaining  the 
brine  in  tanks  on  the  cars  and  discharging  it  only  at  stops  at  icing  stations.  Other 

lines  of  activity  for  this  committee  will  be  the  further  study  of  rust-resisting  metals 
to  be  used  for  the  elements  of  track,  structures  and  rolling  stock,  if  the  brine  is  still 

to  be  allowed  to  drip  on  account  of  the  prohibitive  cost  of  the  prevention  at  the  source, 

and  also  the  study  of  protective  mastics,  spray  surfacing  or  sheet  covering  to  keep 
the  brine  from  reaching  the  parts  of  the  track  and  structures  subject  to  corrosion. 

The  personnel  of  this  Joint  Committee  on  the  Prevention  of  Damage  due  to  Brine 

Drippings  is  given  in  the  secretary's  report  which  will  be  found  in  the  Year  Book. 
Welding,  by  its  several  processes,  has  become  of  continually  increasing  importance 

in  railroad  work,  and  this  is  recognized  in  our  committee  assignments  and  our  research 
investigation.  Our  Association  has  been  honored  this  year  by  the  election  of  P.  G. 

Lang,  Jr.,  engineer  of  bridges,  Baltimore  &  Ohio  Railroad,  and  active  in  the  work  of 
our  committees,  to  the  presidency  of  the  American  Welding  Society.  Our  Association 

is  fortunate  in  having  a  member  of  Mr.  Lang's  high  talents  in  that  office. 
Sustained  high  speeds  of  trains  over  a  large  part  of  the  country  have  introduced 

new  problems  in  location,  operation  and  maintenance  for  our  railroads,  and  these  are 
being   studied   and   reported   on   by   our   committees.    The  committees  themselves  will 
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report  on  the  subjects  asigned  to  them  and  it  will  add  nothing  to  mention  them  in 
detail  here. 

Grouping  of  Committees 

Undoubtedly  you  have  noticed  the  grouping  of  committee  reports  by  related  sub- 

jects in  this  year's  bulletins.  This  puts  subjects  of  similar  character  in  the  same  bulletin 

as  far  as  possible  so  that  they  will  be  convenient  for  a  man  having  special  interest  in 

that  group  and,  in  following  the  same  plan  in  the  program  for  this  convention  it 

enables  a  man  who  wants  especially  to  hear  the  reports  in  the  track  group,  to  do  it  all 

in  one  day  and,  one  who  wants  to  hear  the  reports  of  the  bridge  group,  to  do  it  all  in 

another  day.  The  plan,  also  materially  reduces  the  number  of  bulletins  that  have  to  be 
carried  into  each  session  of  the  convention. 

In  order  to  accomplish  this  it  was  necessary  to  arrange  a  monthly  schedule  for 

the  completion  of  committee  reports  and,  as  some  committees  had  held  their  last  1936 

meeting  very  late  in  the  year,  and  had  had  very  short  notice  before  their  1937  reports 

were  required,  this  gave  them  too  little  time  for  their  reports  this  year  and,  in  one  or 
two  cases  no  subjects  could  be  reported  on.  This  applied  especially  to  Committee  VII 

— Wood  Bridges  and  Trestles,  and  to  the  Special  Committee  on  Economics  of  Bridges 

and  Trestles,  neither  of  which  will  have  any  report  to  present  this  year.  However,  the 
chairmen  of  these  committees  have  stoutly  supported  the  plan  in  a  very  courteous 

manner,  although  it  meant  a  sacrifice  for  them  this  year.  Now  having  passed  over  the 

adjustment  period,  a  schedule  can  be  issued  early  this  year  which  will  give  full 

opportunity   for  a   complete  year's  work   for  each   committee. 

Bulletins 

Early  in  this  administration  it  became  evident  that  we  were  trying  to  publish  too 
many  monthly  bulletins,  as  the  summer  numbers  were  too  early  for  committee  reports 

and,  besides,  the  supplements  to  the  Manual  no  longer  are  published  as  a  summer 

bulletin,  being  in  loose-leaf  form.  We  found  that  there  had  been  difficulty  in  the  past 
in  getting  material  for  these  summer  bulletins  and,  at  the  same  time,  we  also  found  that 

the  United  States  Post  Office  Department  had  been  objecting  to  the  bunching  of  the 

monthly  bulletins  into  a  short  period  in  the  winter  on  account  of  waiting  for  com- 
mittee reports,  and  the  department  demanded  that  we  publish  each  monthly  bulletin 

in  the  month  designated  on  the  cover  in  order  to  maintain  our  publication  postal  rates. 

We  found  also  that  October  is  too  early  to  expect  any  committee  reports,  as  they 

have  to  be  completed  a  month  or  more  ahead  of  the  date  published,  which  requires 
release  too  soon  after  the  summer  season  and,  moreover,  it  brings  them  out  too  far 
ahead  of  the  convention. 

The  result  was  that  the  board  voted  to  reduce  the  number  of  bulletins  from  ten 

to  seven,  leaving  the  June  bulletin  for  the  publication  of  matters  developed  at  the 
convention,  the  September  bulletin  for  the  reports  of  the  Electrical  section,  the  four 

bulletins  from  November  to  February  for  committee  reports  and  the  March  bulletin 

for  the  Year  Book  with  the  constitution,  list  of  members  and  the  secretary's  and 

treasurer's  reports.' 
The  1938  Year  Book,  issued  early  this  month  as  Bulletin  403  for  March,  carries 

some  new  features  which,  I  believe,  the  members  in  general  will  welcome.  For  the 
first  time,  it  contains  the  constitution  of  the  Association  which,  here,  is  in  convenient 

form  for  reference;  also,  it  recognizes  the  service  of  past  officers  and  directors  by 

publishing  a  table  showing  all  of  them  from  the  beginning  of  the  Association,  which 
will  be  of  interest  and,  for  some  purposes,  of  real  aid. 
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At  the  suggestion  of  a  member  of  extensive  military  experience,  supported  by 

others  and  approved  by  the  board,  the  symbol  of  service  in  the  World  War  has  been 
eliminated.  It  had  not  been  shown  for  men  who  had  service  in  other  wars  and  it 
did  not  indicate  the  extent  of  the  service  in  the  World  War. 

The  consecutive  numerical  list  of  members  was  eliminated  partly  on  account  of 

its  bulk,  but  also  because  the  numbers  for  the  living  members  are  shown  in  the  mem- 
bership list.  In  my  opinion  this  list  can  be  further  improved  by  showing  for  each 

member  the  year  of  his  admission  to  membership  and.  also,  indication  of  his  past 

service  in  an  official  position  or  as  a  director,  as  well  as  such  present  service.  This  is 

done  successfully  in  the  membership  list  of  the  American  Society  of  Civil  Engineers  in 

less  space  than  is  available  in  our  membership  list.  I  hope  that  these  improvements  will 
be  made  next  year. 

A  comprehensive  index  to  proceedings  is  very  much  needed,  as  there  is  much  good 
matter  in  the  proceedings  that  has  not  reached  the  Manual.  As  the  years  go  on, 
it  becomes  increasingly  harder  to  locate  the  volume  which  contains  some  desired  report 

or  discussion.  At  the  beginning  of  this  year  I  had  hoped  and  thought  that  we  would  at 

least  get  an  index  well  under  way  during  the  year.  The  matter  was  referred  to  our 
Publication  committee  and  its  report  indicated  that  the  cost  would  be  prohibitive  and 

that  it  was  likely  that  only  a  small  part  of  it  would  be  returned  by  the  purchase  of 
the  index,  even  if  a  charge  should  be  made  for  it.  The  Publication  committee  was 

reminded  that  a  great  deal  of  work  on  an  index  was  done  by  the  chairmen  of  com- 
mittees a  few  years  ago  on  a  uniform  basis  established  by  one  or  two  committees  that 

took  the  initiative  on  it.  I  feel  confident  that  if  this  work  is  revived  and  the  committees 

asked  to  complete  their  own  index  on  a  uniform  basis,  that  a  satisfactory  index  can  be 

produced  without  great  cost  and,  in  my  opinion,  it  should  be  done  without  further 
delay.     I  regret  that  this  has  not  been  accomplished  during  the  present  administration. 

The  new  Manual  in  its  loose  leaf  form  and  binding  appears  to  be  generally  popular 

and  the  secretary's  report  shows  that  1409  copies  were  sold  during  the  first  ten  months 
that  it  was  available  and  that,  in  addition,  433  separate  committee  chapters  were  sold. 

During  the  six  years  that  the  previous  edition  was  on  sale  1700  copies  were  sold. 
This  Association  recognizes  no  state  or  international  boundary  lines.  All  members 

work  in  harmony  and  with  the  spirit  of  hearty  companionship,  regardless  of  their 

residence  or  their  field  of  operations.  As  a  Pennsylvanian  from  Massachusetts  who  has 

Uved  and  worked  for  21  years  in  New  York  and  Vermont,  and  for  a  short  time  in 

Ohio,  and  whose  jurisdiction  for  many  years,  has  extended  into  Canada  to  the  good 

old  city  of  Montreal,  I  can  testify  that  the  man-to-man  relations  are  the  same  every- 
where and  it  is  on  those  uniform  hearty  personal  relations  that  the  success  of  our 

Association  is  based. 

The  four-thousand  mile  boundary  between  the  United  States  and  Canada  is  crossed 
by  55  railroad  and  car  ferry  lines.  In  no  other  part  of  the  world  are  the  operations 

over  a  border  conducted  so  simply  and  so  completely  for  the  mutual  interests  of  people 
of  the  neighbor  countries. 

Although  having  close  friends  in  Canada  for  many  years,  I  have  special  reason,  this 
year,  to  testify  to  the  thoughtfulness  and  hospitality  of  the  Canadian  people  as  a 

result  of  an  invitation  to  me,  as  your  president,  to  attend  the  Semi-Centennial  of  the 
Engineering  Institute  of  Canada.  The  Program  covered  sessions  and  inspection  trips  in 
Montreal  from  June  ISth  to  17th  and  in  Ottawa  June  18th  and  19th.  Papers  of  real 

historic  importance  were  presented  and  distinguished  representatives  from  all  over  the 

world  were  in  attendance.  The  chief  social  event  was  the  banquet  at  which  His  Ex- 
cellency, the  Governor  General  of  Canada,  Lord  Tweedsmuir,  was  the  guest  of  honor 
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and  principal  speaker.  Your  President  was  greatly  honored  as  a  guest  at  the 

speaker's  table.  No  high  function  could  possibly  be  more  beautifully  conducted  or 
more   enjoyable. 

I  was  fortunate  this  year  in  being  able  to  take  a  three  weeks'  trip  to  the  Pacific 
coast  and  to  four  of  the  national  parks.  I  am  reporting  this  trip  officially  because  I 

arranged  it  so  as  to  see  as  many  members  of  the  Association  as  possible,  and  especially 

those  who  seldom  or  never  get  east  to  the  annual  convention  at  Chicago.  By  reason 

both  of  my  official  status  and  of  the  personal  friendship  between  our  members  which 

I  already  have  mentioned,  I  was  accorded  every  possible  courtesy  by  individuals  and 

groups  and  was  entertained  most  hospitably.  It  was  an  unusual  opportunity  to  see  as 
much  track  of  as  many  lines  as  possible  and  also  to  ride  on  many  different  trains  and 

note  their  make  up  and  equipment.  Many  of  the  railroad  men  whom  I  met  spoke 

most  favorably  and  even  enthusiastically  of  the  work  of  the  Association  and  especially 
of  the  new  Manual  and  the  bulletins,  which  in  some  cases  afford  their  only  contact 
with  the  Association. 

An  engineer  directs  the  forces  of  nature  to  his  own  uses.  A  good  engineer  gets 
the  maximum  return  for  every  dollar  of  expenditure.  The  question  before  him  always 

is  "What  do  we  get  for  our  money?".  Unfortunately  many  engineers  now  are  engaged 
in  carrying  out  vast  projects  at  public  expense  which  will  never  pay  a  fair  return,  such 
as  must  be  obtained  by  private  enterprises  in  order  for  them  to  live.  The  taxpayer 

supports  these  uneconomic  projects  which  never  can  be  amortized  on  a  sound  financial 
basis,  but  he  does  not  know  it,  for  the  charges  for  carrying  these  projects  are  not 
itemized  in  his  tax  bill.  This  situation  does  not  apply  in  any  way  to  the  work  of  the 

railway  engineer. 

The  most  highly  commendable  government  work  done  under  large  appropriations 

is  the  elimination  of  railroad-highway  grade  crossings  in  which  the  federal  and  state 

authorities  and  the  railroads  are  co-operating  in  a  most  satisfactory  way.  This  work 
is  paying  big  returns  in  safety  to  the  public,  the  thing  that  is  always  first  in  the  mind 
of  the  railroad  man.  We  are  fortunate  in  having  such  a  man  as  Thomas  H.  MacDonald 

as  chief  of  the  Bureau  of  Public  Roads,  under  whose  jurisdiction  the  work  is  done,  and 

we  also  are  fortunate  in  having  Vice-President  R.  E.  Dougherty,  of  the  New  York 
Central  System,  as  chairman  of  the  Committee  on  Grade  Crossing  Elimination  of  the 

Association  of  American  Railroads,  and  his  associates  on  that  committee,  to  co-operate 

with  Mr.  MacDonald;  also  in  having  the  chairman  of  our  Committee  IX — Highways, 
J.  G.  Brennan,  as  engineer  of  grade  crossings.  Association  of  American  Railroads,  to 

direct  and  co-ordinate  the  work  for  the  railroads  in  all  of  its  phases.  Figures  given  to 

me  by  Mr.  MacDonald  with  relation  to  railroad-highway  grade  crossings  eliminated  and 

protected  with  federal-aid  funds,  show  that  in  the  years  1935  to  1937,  inclusive,  there 
were  2,468  grade  crossings  eliminated  and  1,696  other  grade  crossings  protected.  Going 

further  back  and  including  figures  from  1917  to  1937  inclusive,  there  were  9,161  grade 

crossings  eliminated,  and  1,703  other  grade  crossings  protected,  the  expenditure  for 

protection  having  started  only  in  1934.  These  figures  are  impressive.  The  work  is  all 
in  the  public  interest. 

There  are  many  improvements  that  the  railroads  would  like  to  make  if  the 

money  were  available.  The  big  problem  is  the  financial  one.  We  are  ready  to  make 

great  strides  forward  as  soon  as  money  is  available.  Recently  we  have  been  given 
some  increase  in  rates.  How  far  this  may  go  to  remedy  the  situation  I  cannot  say, 

but  whatever  the  rate,  we  need  the  freight.  Transportation  is  our  source  of  revenue  and 
we  never  can  get  the  tonnage  to  pay  our  way  with  the  regimentation  of  business  or 

regulation  by  the  trial  and  error  method  now  in  vogue.    It  is  sound  judgment  resulting 
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from  logical  reasoning  such  as  you  men  are  trained  to  give  that  will  raise  us  out  of 
this  apparently  bottomless  pit. 

Railroad  business  is  twenty  per  cent  of  the  whole  country's  business.  It  contributes 
more  dollars  to  national  income  than  agriculture  does.  Railroad  prosperity  and  national 
prosperity  go  hand  in  hand. 

Last  August,  in  the  death  of  Hunter  McDonald  of  Nashville,  Tenn.,  retired  chief 

engineer  of  the  Nashville,  Chattanooga  &  St.  Louis  Railway,  we  lost  one  of  our  five 

honorar>'  members.  A  past-president  of  this  Association  and  a  man  of  the  highest 
character  and  the  most  distinguished  attainments,  he  took  an  active  part  in  the  affairs 
of  the  Association  for  many  years  and  made  a  host  of  friends.  His  memoir,  prepared 

by  his  old  associates  G.  R.  Smiley,  J.  E.  Willoughby  and  G.  F.  Blackie  will  be  found  in 

the  February  bulletin.  The  resolution  of  the  Board  of  Direction,  engrossed  and  bound, 

was  sent  to  Mrs.  McDonald  and  she  has  most  graciously  and  gratefully  acknowledged 
the  action  of  the  Association  in  this  last  tribute  to  Mr.  McDonald. 

Our  most  pleasant  accomplishment  this  year  was  the  election  to  honorary  member- 

ship of  four  of  our  most  prominent  past-presidents  who  qualified  in  every  way  for 
the  honor  by  their  distinguished  service  in  railway  engineering  and  management.  These 
men  are  William  B.  Storey,  Charles  A.  Morse,  John  G.  Sullivan  and  John  L.  Campbell. 

The  procedure  in  electing  them  and  in  arranging  for  them  to  receive  their  diplomas 
of  honorary  membership  in  the  Association  renewed  old  ties  and  brought  together  some 
of  our  most  active  men  of  past  years  who  recently  had  not  been  able  to  keep  in  as 

close  touch  with  the  Association  work  as  they  would  like  to  do.  However,  they  had 

performed  their  great  service  in  past  years  and  we  are  glad  to  have  them  here  to  pay 

tribute  to  them  and  to  show  them  that  this  service  to  the  Association  is  recognized  by 

its  entire  membership. 

AWARD  OF  HONORARY  MEMBERSHIPS 

President  Irwin: — We  now  shall  proceed  with  the  award  of  the  degrees  of  Honorary 
Membership.  Past-President  William  B.  Storey,  recently  elected  Honorary  Member, 

will  be  presented  by  Senior  Past-President  and  Honorary  Member  George  W.  Kittredge. 
(Applause) 

Mr.  G.  W.  Kittredge': — It  is  an  honor  and  a  pleasure  to  me  to  present  to  you 
Mr.  W.  B.  Storey  who  is  to  receive  his  certificate  of  Honorary  Membership,  the  highest 

honor  in  the  gift  of  this  Association.  Mr.  Storey  really  needs  no  introduction  here. 

He  is  a  charter  member.  He  has  served  as  committee  member,  as  a  committee  chair- 

man, as  director,  as  second  vice-president,  as  first  vice-president  and  as  president. 
I  have  known  him  for  many  years.  We  have  rubbed  elbows  as  chief  engineers  of 

neighboring  railroads,  and  his  devotion  to  his  multifarious  duties  at  all  times  has  been 
something  to  be  emulated  by  you  younger  generations  who  must  carry  on  our  work 
and  activities.    He  is  the  kind  of  product  that  this  Association  aims  to  turn  out. 

He  is  a  Californian  by  birth,  having  first  seen  the  light  of  day  in  San  Francisco  on 

November  17,  1857.  He  lived  in  various  parts  of  California  during  his  boyhood.  While 

attending  high  school  in  Oakland  from  1874  to  1877,  he  earned  his  living  by  doing 
chores  and  caring  for  horses,  cows,  gardens,  et  cetera.  During  the  vacation  of  1876 

he  got  his  first  railroad  experience  in  an  engineering  party  on  a  railroad  between 
Oakland  Point,  Cal.,  and  Berkeley.  He  gave  indication,  on  the  first  day  of  service  with 
this  railroad  party,  of  the  dynamic  force  that  was  to  follow  him  through  his  life.  He 

told  me  last  night  that  on  that  first  day,  in  driving  stakes,  he  broke  two  ax  handles. 

'  Chief  engineer  (retired),  New  York  Central  Railroad. 

A 
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(Laughter)  Later,  he  was  employed  in  various  parts  of  the  state  on  surveys,  location 
and  construction.  From  his  experience  there  as  rodman  and  chainraan,  he  reached  the 

conclusion  that  the  engineering  profession  had  little  to  offer  to  an  ambitious  youth 

and   that   railroad  engineering  had   the  least   to  offer  of  any  of  its  branches. 

Upon  graduating  from  the  mechanical  engineering  course  of  the  University  of 
California,  Class  of  1881,  he,  like  many  another  young  man,  realized  that  jobs  of  the 

kind  that  he  really  thought  he  could  best  fill,  judged  from  his  own  viewpoint,  were 
hard  to  find.  He  had  to  have  something  on  which  to  live,  so  again  went  to  work  as 

a  rodman  with  the  same  people  for  whom  he  worked  before  his  college  days.  At  that 
time  he  was  sure  that  the  employment  would  be  only  temporary,  but  it  proved 
otherwise. 

On  surveys,  locations  and  construction  he  worked  until  1893.  The  financial  crisis 

of  that  year  put  a  stop  to  construction  and  once  again  he  was  sure  that  his  early 
conclusions  in  regard  to  the  profession  were  justified.  He  has,  however,  confessed  to 

me  that  those  early  conclusions  were  wrong. 

For  two  years  he  was  employed  on  other  than  railroad  work.  In  the  later  nineties 
he  was  with  the  San  Francisco  &  San  Joaquin  Valley  RaUroad  as  chief  engineer  and  as 

general  superintendent.  Then  the  Atchison,  Topeka  &  Santa  Fe  Railroad  acquired  the 

San  Francisco  &  San  Joaquin  Valley,  and  Mr.  Storey  came  into  the  Santa  Fe  System, 

by  purchase,  in  1900. 

From  that  time  on  his  career  has  been  upward  and  onward  with  that  system. 

He  was  chief  engineer  1900  to  1909;  vice-president  1909  to  1919;  federal  manager  1919, 
and  became  its  president  in  1920.  He  was  retired  in  1933,  having  rounded  out  nearly 

half  a  century  of  active  railroad  work  in  positions  from  the  lowest  to  the  highest. 

The  above  is  a  very  hurried  and  cursory  account  of  his  career  which  does  not 

attempt  to  cover  the  details  of  accomplishments  or  touch  individually  upon  the  tre- 
mendous changes  that  have  come  about  in  the  western  part  of  the  country,  in  many 

of  which  he  personally  played  a  prominent  part. 

His  well  balanced  judgment,  his  high  ability,  his  integrity,  his  care  in  selecting  his 

key  men,  his  methodical  and  regular  habits  of  work,  all  conspired  to  make  him  a 
successful  railroad  executive. 

The  award  of  honorary  membership  in  this  Association,  which  he  and  I  and  many 

others  so  dearly  love,  comes  as  a  tribute  to  a  brilliant  career  through  a  long  and 
eminent  professional  Ufe. 

I  beg  to  present  Mr.  Storey.     (Applause) 

President  Irwin: — Mr.  Storey,  it  is  a  great  privilege  for  me  to  act  for  the  Associa- 
tion in  presenting  to  you  this  diploma  of  honorary  membership.  I  congratulate  you  on 

your  high  attainments,  sir.     (Applause) 

Mr.  W.  B.  Storey": — The  American  Railway  Engineering  Association  represents  the 
result  of  the  evolution  of  the  American  railroad  structure.  Mr.  Kittredge  has  said  that 
I  was  born  in  1857.  At  that  time  there  was  practically  not  a  mile  of  railroad  west 
of  the  Mississippi  river. 

I  first  rode  on  a  railroad  train  when  I  was  eight  years  old.  It  was  the  Central 
Pacific  Railroad,  and  it  was  54  miles  long.  That  was  the  Pacific  end  of  the  first 
trans-continental  railroad. 

To  illustrate  the  development  of  the  railroad  structure,  I  would  point  out  what 
that  railroad  amounted  to.  It  had  54-lb.  iron  rail.  It  was  laid  with  no  fish  plates 
or  angle  bars,  and  the  ends  of  the  rail  were  fitted  into  very  rough  chairs,  about  six  inches 

2  President  (retired),  Atchison,  Topeka  &  Sante  Fe  System. 
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long.  That  railroad  had  to  carry  weights  of  cars  of  ten-ton  capacity.  The  limit  of 
a  train  length  on  the  mountain  where  I  lived  was  14  cars. 

The  development  of  the  railroad  structure  has  gone  on  from  that  day  to  this. 
When  I  drove  the  stake  to  which  Mr.  Kittredge  has  referred,  the  standard  for  rails 

had  changed  and  was  then  SO-lb.  steel  rail.  When  I  first  had  charge  of  laying  rails 

and  of  work,  the  standard  had  been  increased  to  61%-lb.  At  that  time  practically  all 
the  railroads  had  different  sections.  Finally  the  American  Society  of  Civil  Engineers 

produced  a  set  of  sections  varying  in  S-lb.  weights  from  50,  55,  60  and  so  on  up.  From 
that  time  on,  the  railroads  of  the  country  began  to  use  those  standards.  That,  so  far 

as  I  know,  was  the  beginning  of  standardization.  From  that  grew  the  knowledge  that 

it  would  be  of  very  distinct  benefit  to  railroads  to  adopt  standardization  in  other 
elements  of  the  railroad  structure,  and  this  led  to  the  formation  of  the  American 

Railway  Engineering  Association. 

As  Mr.  Kittredge  has  said,  I  was  one  of  the  charter  members.  I  welcomed  the 

opportunity  to  meet  engineers  from  the  East  with  whom  I  had  had  very  little  con- 
tact, and  one  of  the  very  vital  and  important  things  about  the  American  Railway 

Engineering  Association  has  been  that  bringing  together  of  men  from  the  East  and 
from  the  West  and  with  all  conditions  of  work  and  of  structure  that  we  have 

today.  By  reason  of  this  intermingling  of  men,  we  have  produced  the  railroad  of 

today,  with  its  enormous  engines,  its  fast  speeds,  its  wonderful  bridges  and  rails,  and 
feel  that  the  American  Railway  Engineering  Association  is  responsible.  It  also  has  work 
to  do  in  the  future,  since  we  are  having  changed  conditions,  and  these  are  going  on 

all  the  time.  It  is  the  work  of  you  young  men  to  take  up  the  work  that  we  elders  are 

laying  down. 

Mr.  President,  I  thank  you  and,  through  you,  the  Association  for  this  honor  which 
has  been  conferred  upon  me.     (Applause) 

President  Irwin:  Past-President  and  recently  elected  honorary  member,  Charles  A. 
Morse,  retired  chief  engineer  of  the  Chicago,  Rock  Island  &  Pacific  Railway,  will  be 

presented  by  Past-President  Robert  H.  Ford,  chief  engineer  of  the  Chicago,  Rock  Island 
&  Pacific  Railway.     (Applause) 

Mr.  Robert  H.  Ford  (Chicago,  Rock  Island  &  Pacific) :  Charles  A.  Morse  was 

born  in  Bangor,  Maine.  The  year  1879  found  him  20  years  old  and  a  graduate  in  civil 

engineering  from  the  University  of  Maine,  with  a  supplemental  course  in  assaying. 
Meanwhile,  he  had  taught  school  to  earn  money  enough  to  complete  his  college  course. 

Coming  west  after  graduation,  he  got  a  job  in  the  engineering  corps  of  the  Bur- 
lington Railroad  at  $35  a  month,  out  of  which  he  had  to  pay  his  own  expenses. 

Thanks  to  the  traits  of  industry,  loyalty,  and  integrity,  which  were  to  follow  him 

throughout  his  life,  he  was  soon  advanced  to  $70  per  month,  out  of  which  he  was  able 

to  save  enough  to  pay  back  the  money  he  had  borrowed  to  come  west. 

Young  Morse  was  ambitious  to  get  ahead.  He  was  not  only  willing  to  work 
hard  and  continuously  but  was  also  anxious  to  acquire  a  thorough  knowledge  of 

engineering  and,  with  it,  the  science  of  railroading. 

After  a  year  with  the  Burlington,  he  decided  to  go  to  Mexico,  where  he  had 

learned  that  a  new  line,  the  Mexican  Central,  was  under  construction.  Here  he  was 
given  $90  per  month  and  expenses,  remaining  until  the  completion  of  the  line  in  1884. 
Meanwhile,  he  had  been  advanced  both  in  position  and  salary,  but  what  was  of  greater 

importance  to  him  was  that  he  had  been  able  to  add  to  his  store  of  knowledge  of  ways, 

methods,  and  people,  which  was  to  be  of  service  to  him  &nd  upon  which  he  was  to  draw 
later  jn  life, 
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In  May  of  the  same  year,  he  again  returned  to  the  Burlington,  where  he  then 

received  $100  a  month,  but  out  of  which  he  again  had  to  pay  his  own  expenses. 

Morse  was  restless  and  ambitious.  He  believed  in  work  and  plenty  of  it.  Coupled 

with  this  was  a  friendly,  cheerful  disposition  and  faith  in  himself.  He  had  heard  of 
the  saying: 

"Of  the  things  of  tongue  and  pen, 

The  saddest  of  all  is,  it  might  have  been." 

He  had  a  desire  to  test  certain  characteristics  and  wanted  to  be  sure  he  was  in 

the  way  of  making  the  most  of  himself.  So  he  again  left  the  Burlington,  left  engineering, 

and  cast  his  lot  with  an  old  friend  in  the  field  of  merchandising;  selling  shoes,  in  fact, 

in  Attica,  Kan.,  which  was  then  a  western  frontier  town.  Because  of  his  technical 

knowledge  (particulariy  that  of  assaying)  he  was  soon  elected  county  surveyor  and 

very  shortly  thereafter  was  elected  mayor  of  that  budding,  pushing  frontier  town. 

Experience  in  running  a  frontier  town  in  the  wild  and  woolly  west  did  not,  how- 

ever, appeal  to  young  Morse.  It  did  serve,  however,  to  convince  him  that  his  forte 

lay  rather  in  thf  field  of  his  chosen  profession  and  he  resolved  to  stick  to  railway  engi- 
neering. It  also  showed  him  that  if  he  were  to  be  a  railway  engineer,  he  must  lay 

his  foundations  carefully.  It  also  convinced  him  that  he  must  go  where  the  oppor- 
tunities were  such  as  to  enable  him  to  do  so.  About  this  time  he  also  reached  the 

conclusion  that,  "a  man  can  never  get  more  out  of  hfe  than  he  is  willing  to  whole- 

heartedly put  into  it." 
Fortified  with  such  resolutions  and  the  added  investment  of  a  strong,  vigorous  con- 

stitution, Morse  decided  to  cast  his  lot  with  the  Atchison,  Topeka  &  Santa  Fe  Railroad, 
where  he  was  to  remain  for  the  next  27  years.    He  started  as  a  transitman. 

Mr.  Morse  came  to  the  Sante  Fe  during  the  period  of  its  great  expansion,  which 

included  the  building  of  the  line  from  Kansas  City  to  Chicago.  His  New  England  back- 
ground, his  habits  of  frugality,  industry,  loyalty,  and  determination,  constantly  and 

consistently  employed,  aided  in  his  steady  advance  from  transitman  to  division  engineer, 

then  to  resident  engineer  at  Fort  Madison,  Iowa,  and  Pueblo,  Colo.;  then  to  assistant 
to  the  chief  engineer  at  Topeka,  principal  assistant  engineer  at  La  Junta;  engineer. 
Eastern  grand  division  at  Topeka;  until  finally,  in  1903,  he  was  appointed  assistant  chief 

engineer  at  the  Topeka  headquarters.  During  part  of  that  time  he  was  acting  chief 

engineer. 
In  1905  Mr.  Morse  was  appointed  acting  chief  engineer  of  the  Coast  Lines  at  Los 

Angeles,  and  shortly  thereafter  he  was  advanced  to  chief  engineer  at  Topeka,  and 
finally,  in  1909,  he  became  chief  engineer  of  the  entire  Santa  Fe  System. 

In  1913  Mr.  Morse  came  to  the  Rock  Island  Lines  as  its  chief  engineer.  He  came 

to  the  Rock  Island  at  a  time  when  there  was  a  great  need  for  a  general  rehabilitation. 

His  work  as  chief  engineer  was  brilliant  and  constructive,  and  much  of  the  advance 

made  by  that  property  in  the  next  16  years  was  due  to  his  vision,  versatility,  and 

ability,  and  he  became  one  of  the  recognized  leaders  in  the  engineering  profession.  With 
his  associates,  several  of  whom  we  are  also  proud  to  honor  here  today,  Mr.  Morse 

pioneered  much  of  the  advance  of  his  day  in  railway  engineering,  construction,  and 
maintenance. 

When,  during  the  World  War,  the  American  railways  were  taken  over  by  the 

Federal  Government,  Mr.  Morse,  at  the  request  of  the  director  general  of  railways, 

was  given  a  leave  of  absence  from  the  Rock  Island  to  become  assistant  director  of 

engineering  and  maintenance  for  the  United  States  Railroad  Administration  at  Wash- 
ington, also  serving  as  a  member  of  the  Board  of  Review,  Construction  department, 

for  the  American  armies. 
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He  remained  in  Washington  until  the  following  June,  when  he  returned  to  his 
duties  as  chief  engineer  of  the  Rock  Island,  where  he  remained  until  his  retirement 
under  the  age  lunit  rule  of  that  company.  In  1929,  which  was  the  fiftieth  anniversary 

of  his  graduation  from  the  University  of  Maine,  the  board  of  trustees  of  that  institution 

conferred  upon  him  the  degree  of  LL.D.  for  outstanding  achievement  in  his  profession. 

Dr.  Morse  is  a  past-president  of  this  Association,  of  the  Western  Society  of  Engi- 

neers, and  of  the  Washington  Society  of  Engineers,  and  a  past-chairman  of  the  Illinois 
Section  of  the  American  Society  of  Civil  Engineers.  These  facts,  of  themselves,  are 

indicative  of  the  standing  of  Dr.  Morse  among  his  associates  as  an  engineer,  a  citizen, 
and  a  gentleman. 

The  question  has  frequently  been  asked  among  our  colleges  and  universities,  and 

throughout  industry,  what  are  the  essential  qualifications  for  the  making  of  an  engineer. 
To  answer  this  question,  a  few  years  ago  the  Society  for  the  Promotion  of  Engineering 

Education  sent  out  an  inquiry  to  14,000  engineers,  asking  that,  in  the  light  of  their 

experience,  they  name  what  in  their  opinion  are  those  characteristics.  From  replies  to 

the  questionnaire,  it  was  developed  that  among  the  essential  requirements  were  the 

inherent  qualifications  of  integrity,  judgment,  resourcefulness,  initiative,  and  under- 
standing of  men,  and  while  there  are  doubtless  other  requirements,  those  I  have  named 

have  particularly  impressed  me  as  representing  some  of  the  reasons  why  Dr.  Morse 

has  achieved  the  reputation  and  standing  he  holds  as  a  citizen  and  an  engineer.  It  also 

gives  an  excellent  reason  why  he  has  been  able  so  successfully  to  advance  the  interests 
of  the  properties  which  he  has  so  ably  served. 

Dr.  Morse  has  built  up  a  reputation  for  intellectual  honesty  and  fair  dealing  that 
has  caused  his  advice  to  be  sought  by  corporations,  contractors,  and  various  lines  of 

industry.  Doubtless  this  was  one  of  the  principal  reasons  why  his  services  as  an  arbi- 
trator and  consultant  were  constantly  in  demand  during  and  after  his  active  service 

years. 
President  Irwin,  the  privilege  which  has  been  accorded  me  of  presenting  Dr.  Morse 

to  you  and,  through  you,  to  the  American  Railway  Engineering  Association,  comes  as 

an  honor  and  a  special  pleasure,  for  I  served  under  him  for  many  years  in  various 

capacities,  finally  as  his  principal  assistant.  Meanwhile,  I  came  to  know  him  intimately, 
not  only  from  a  professional  and  service  standpoint  but  from  a  very  personal  one 

as  well.  During  my  long  years  of  association  with  him,  I  never  heard  him  speak 
unkindly  of  or  take  advantage  of  anyone. 

In  presenting  Dr.  Morse  to  you,  it  is  only  fair  to  say  that  the  development  of  these 
characteristics  to  which  I  have  referred  and  the  application  of  his  business  life  as  well, 

have  been  made  possible  through  a  splendid  woman  of  outstanding  ability  and  inherently 
New  England  characteristics,  in  the  person  of  Mrs.  Charles  A.  Morse,  of  whom  it  may 

be  said  that  during  all  these  long  years  she  has  been  as  much  at  home  in  a  construction 

camp  as  she  has  been  in  the  homes  of  the  rich  and  influential,  and  in  presenting  Dr. 

Morse,  I  also  present  the  personality  of  this  truly  remarkable  woman  who  has  con- 
tributed so  greatly  to  the  success  and  prestige  of  the  man  whom  we  honor  here  today. 

(Applause) 
President  Irwin:  Mr.  Morse,  it  gives  me  the  greatest  pleasure  to  act  for  the 

Association  in  presenting  to  you  this  diploma  of  honorary  membership.  My  heartiest 
congratulations,  sir!     (Applause) 

Mr.  C.  A.  Morse^:  I  have  just  been  listening  to  this  story  of  some  "bum"  who 
traveled  around  the  country.  I  never  realized  before  that  I  had  been  that  much  of  a 

"bum",  but  it  sounded  rather  good,  and  I  can  say  that  I  enjoyed  it  all.     I  want  to 

'Chief  engineer  (retired),  Chicago,  Rock  Island  &  Pacific  Railway. 
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thank  the  Association  and  the  members  for  having  confidence  enough  in  me  to  let 

Mr.  Ford  tell  my  story.     (Laughter  and  applause) 

President  Irwin:  In  the  absence  of  Past-President  John  G.  Sullivan,  retired  chief 

engineer  of  the  Canadian  Pacific  Railroad,  Mr.  John  E.  Armstrong,  a  past-president  of 

the  Association  and  assistant  chief  engineer  of  the  Canadian  Pacific  Railway,  will  receive 

his  diploma.  He  will  be  presented  by  Past-President  J.  M.  R.  Fairbairn,  the  present 

chief  engineer  of  the  Canadian  Pacific  Railway.     (Applause) 

Mr.  J.  M.  R.  Fairbairn  (Canadian  Pacific):  It  is  to  me  a  high  honor  and  great 

privilege  to  introduce  to  you  this  morning,  in  absentia,  a  personal  friend  in  the  engi- 
neering profession  whom  I  have  known  for  about  forty  years — Mr.  John  G.  Sullivan. 

Born  January  11,  1863  at  Bushnell's  Basin,  N.  Y.,  of  Irish  parentage,  Mr.  Sullivan 
inherited  that  rugged  individualism  and  virile  independence  which  has  made  famous 

so  many  of  his  race.  Educated  at  Fairport  high  school  and  Cornell  university,  from 
which  he  graduated  with  the  degree  of  C.E.  in  1888  Mr.  Sullivan  entered  the  service  of 

the  Great  Northern  Railway  as  a  rodman,  working  up  in  the  usual  way  to  be  assistant 

engineer  of  the  Spokane  Falls  &  Northern  Railway  in  1890;  assistant  engineer,  Great 
Northern,  1890  to  1893;  assistant  engineer.  Alberta  Railway  &  Coal  Company,  1893 

and  '94;  locating  engineer,  Butte,  Anaconda  &  Pacific  Railway,  1894;  principal  engineer, 
Kaslo  &  Slocan  Railway,  1895;  becoming  reconnaissance  engineer  of  the  Columbia  & 
Western  Railway  in  1896,  this  being  a  Canadian  Pacific  enterprise. 

From  that  time  on,  Mr.  Sullivan  occupied  various  positions  with  the  Canadian 

Pacific  Railway,  becoming  principal  assistant  engineer  of  the  Columbia  &  Western,  and, 

after  its  completion,  going  to  Winnipeg,  Man.,  as  divisional  engineer  of  construction 

for  the  company,  where  he  remained  until  1905. 

At  this  time  he  gave  up  his  first  love,  railway  work,  and  became  assistant  chief 

engineer  of  the  Panama  canal,  where  he  remained  from  September  190S  to  January  1907, 
when  Mr.  Sullivan  returned  to  the  Canadian  Pacific  Railway  and  became  manager 

of  construction  at  Toronto  for  its  Eastern  Lines;  going  in  1908  to  Montreal  as  assistant 

chief  engineer  of  Eastern  Lines.  In  1911  he  went  to  Winnipeg  as  assistant  chief  en- 
gineer of  Western  Lines,  and  in  the  same  year  became  chief  engineer  of  Western  Lines. 

In  1915  Mr.  Sullivan  became  chief  engineer  of  the  Canadian  Pacific  System,  which 

position  he  held  until  1918,  when  he  became  consulting  engineer  for  the  company. 

Since  1918  Mr.  Sullivan  has  carried  on,  also,  a  private  practice  in  engineering,  in 

the  course  of  which  he  served  from  1919  to  1922  as  chairman  of  the  Manitoba  Drainage 

Commission.  In  1919  he  prepared  a  report  on  the  economics  of  the  proposed  govern- 

ment hydro-electric  power  distribution  system  in  Manitoba,  and  during  the  next  two 
years  he  acted  as  consulting  engineer  in  connection  with  the  arbitration  between  the 
Canadian  government  and  the  Grand  Trunk  Railway. 

In  1925  Mr.  Sullivan  was  called  to  England  as  an  expert  witness  before  a  committee 

of  the  House  of  Lords  on  a  proposed  tunnel  from  Liverpool  to  Birkenhead,  under  the 
Mersey  river.  This  tunnel  has  since  been  constructed.  He  has  also  acted  as  consultant 

in  reporting  to  the  Government  of  British  Columbia  on  the  Pacific  &  Great  Eastern 

Railway,  to  the  Government  of  Manitoba  on  the  policy  it  should  adopt  with  regard 
to  the  hydro  system,  to  the  Southern  Railway  on  its  line  between  Cincinnati,  Ohio, 

and  Chattanooga,  Tenn.,  and  to  the  Denver  &  Salt  Lake  Railway  on  the  practicability 
of  ventilating  the  Moffatt  tunnel. 

In  1925  Mr.  Sullivan  was  appointed  member  of  a  board  of  engineers  to  make  a  joint 

report  to  the  Canadian  Pacific  and  the  Canadian  National  Railways  on  the  railway 
situation  in  the  Peace  River  country. 
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One  of  Mr.  Sullivan's  most  outstanding  pieces  of  work  was  the  double  track  Con- 
naught  tunnel  under  Mount  McDonald  in  the  Selkirk  mountains,  this  work  being  entirely 

under  Mr.  Sulhvan's  supervision  and  being,  when  built,  the  longest  tunnel  in  the  Western 
Hemisphere.  The  method  employed  in  its  construction  was  at  that  time  unique,  and 

his  system  of  handhng  the  center  heading  with  radial  drilling,  permitting  the  handling 
of  85  per  cent  of  the  material  in  the  tunnel  with  machinery,  resulted  in  the  cheapest 
construction  and  fastest  time  made  up  to  that  date  in  western  tunnels. 

Mr.  Sullivan  married  Miss  Sarah  Farrell,  of  Lodi,  N.  Y.,  in  1894,  has  two  sons 

and  two  daughters.  Mrs.  Sullivan  passed  away  in  1933.  He  became  a  naturalized 

Canadian  in  1905,  and  served  as  an  alderman  for  the  City  of  Winnipeg  from  January, 

1920,  to  January,  1928. 

Mr.  Sullivan  has  been  a  member  of  the  American  Railway  Engineering  Association 

since  1902.  He  has  served  as  a  member  of  Committees  I— Roadway,  H — Ballast,  and 
XVI — Economics  of  Railway  Location,  being  for  three  years  chairman  of  Committee 

XVI— Economics  of  Railway  Location.  After  serving  as  a  director  and  as  second  and 

first  vice-president,  he  was  president  of  the  Association  for  the  year  ending  March,  1918. 
He  has  been  a  member  of  the  American  Society  of  Civil  Engineers  since  1899,  and 

is  ako  a  past-president  of  the  Engineering  Institute  of  Canada,  having  occupied  the 
presidency  in  1922. 

Mr.  President,  I  have  great  pleasure  in  presenting,  in  absentia,  for  conferment 

of  Honorary  Membership  in  the  American  Railway  Engineering  Association,  Mr.  John  G. 
SuIUvan.     (Applause) 

President  Irwin:  Mr.  Armstrong,  on  behalf  of  the  Association,  I  am  very  glad  to 

intrust  to  your  guardianship,  as  the  representative  of  Mr.  Sullivan,  this  diploma,  with 

the  request  that  you  convey  it  to  him  in  any  form  you  think  best,  with  the  congratula- 
tions of  the  Association.     (Applause) 

Mr.  John  E.  Armstrong  (Canadian  Pacific) :  In  the  name  of  Mr.  Sullivan,  it  gives 

me  great  pleasure  to  receive  this  honor  which  you  have  bestowed.  Speaking  in  my  own 

name,  I  regret  exceedingly  that  Mr.  Sullivan  is  not  present  here  this  morning.  I  shall 
undertake  to  have  delivered  to  him,  in  an  appropriate  manner,  this  diploma  of  honorary 

membership  in  the  American  Railway  Engineering  Association.     (Applause) 

President   Irwin:     Past-President  John  L.   Campbell,  retired  chief  engineer  of  the 

Northwestern   Pacific   Railroad,  of  Oakland,  Cal,  will  be  presented  by  Past-President^ 
W.  D.  Faucette,  chief  engineer  of  the  Seaboard  Air  Line  Railway.     (Applause) 

Mr.  W.  D.  Faucette  (Seaboard  Air  Line) :  It  is  a  genuine  pleasure  this  morning 

for  me  to  come  before  you  with  Mr.  Campbell  on  my  right.  I  consider  it  a  distinct 

honor  not  so  much  to  present  Mr.  Campbell  and  honor  him  but,  in  turn,  to  have  this 
Association  likewise  honored  by  him.  Upon  such  men  as  Mr.  Campbell  we  found  and 

continue  these  associations.  Upon  such  fine  intellects  and  diligent  work  and  leadership, 
we  build  these  constructive  organizations. 

There  is  no  man  here  but  can  look  upon  Mr.  Campbell  as  a  living  example  of  an 

upright,  loyal,  conscientious,  diligent,  able  man.  It  is  not  upon  material  things  that  we 
build  in  this  civilization,  but  we  build  upon  men,  high  minded  men,  and  in  the  future 

of  this,  our  country,  and  this,  our  Association,  it  is  the  men  that  must  lead  us  out  of 
the  mist  into  those  things  which  are  free  from  chaos  and  uncertainty  and  who  give 
us  deliberate  and  sound  views  and  safe  and  sane  future  policies. 

I  am  pleased  now  to  put  into  the  Association's  record  a  brief  summary  of  what 
Mr.  Campbell  has  done  and  is.  While  he  is  far  removed  from  the  portion  of  the 

country  in  which  I  live,  it  has  been  my  distinct  pleasure  to  follow  Mr.  Campbell  for 
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many  years,  his  career  in  this  Association,  and  his  career  as  a  man  and  an  engineer. 
I  am  sure  you  will  listen  with  interest  to  what  I  now  place  into  the  record  of  this, 

the  American  Railway  Engineering  Association's  volume  of  history  of  these  men  we 
wish  to  honor  with  honorary  membership  in  this  Association. 

John  Logan  Campbell  was  born  in  Egypt,  Perry  County,  111.,  November  30,  1863, 

the  son  of  Hugh  and  Jane  Campbell.  Was  educated  at  Ewing  College,  National  Normal 

University,  and  Pennsylvania  Military  College,  and  received  the  honorary  degree 
M.C.E.  Married  Elizabeth  Loretta  Rule  in  Perry  County,  III,  May  10,  1888;  children, 

Marian  Elizabeth,  Logan,  and  Doyle.  Was  a  teacher  in  the  public  schools  of  Illinois 

1885-88;  deputy  county  surveyor,  El  Paso  County,  Texas,  1888-90;  city  engineer, 
El  Paso,  1890-94;  resident  engineer,  Rio  Grande  Northern  Railway,  1894-98;  locating 
engineer.  Rio  Grande  Sierra  Madre  &  Pacific  Railway  1895-96;  chief  engineer.  El  Paso 

&  Northeastern  Railway  1897-98;  locating  engineer,  Santa  Fe  Railway,  1899-1900; 

engineer  in  charge  location  and  construction,  Arizona  &  New  Mexico  Railway  1900-01 ; 
chief  engineer  location  and  construction,  St.  Louis,  Kansas  City  &  Colorado  Railway 

1901-04;  engineer  maintenance  of  way.  El  Paso  &  Southwestern  Railway  System  1904-20; 

chief  engineer.  El  Paso  &  Southwestern  Railway  System,  1920-24;  assistant  to  chief 

engineer.  Southern  Pacific  Company,  1924—28;  chief  engineer.  Northwestern  Pacific  Rail- 

road Company,  1928-31;  chief  engineer  (retired),  Northwestern  Pacific  Railroad  Com- 
pany, 1931  to  date;  consulting  engineer,  1931  to  date;  member,  American  Society  of 

Civil  Engineers  and  American  Railway  Engineering  Association. 

Mr.  Campbell  moved  from  El  Paso  to  San  Francisco  in  1924.  He  was  closely  iden- 
tified with  the  irrigation  project  in  the  valley  of  the  Rio  Grande  enjoined  by  the 

government  and  later  taken  over  by  the  Reclamation  Service  and  enlarged. 

He  gave  particular  interest  to  improving  the  very  bad  water  supply  on  the 
EI  Paso  &  Southwestern,  bringing  water  from  the  mountains,  a  distance  of  140  miles, 

and  spending  for  pipe  lines  more  than  $1,000,000,  which  was  earned  back  in  a  year. 
The  water  was  lifted  over  a  960-ft.  summit. 

Mr.   Campbell  became  a  member  of  the   Board   of  Direction  of  the  A.R.E.A.  in 

1918,  and  served  eleven  years.     He  was  second  vice-president,  first  vice-president,  and 

president  in  1922-1923.    He  also  served  on  three  committees:    Water  Service,  Economics 
of  Railway  Location,  and  Co-operative  Relations  with  Universities.    He  was  a  member 
^f  the  American  Society  of  Civil  Engineers,  joining  in  1901 ;  is  now  a  Life  Member. 

In  the  growth  of  this  Association,  our  numbers  now  exceed,  in  numerical  pro- 
gression, over  5,000.  It  may  be  of  great  interest  for  you  to  know  that  Mr.  Campbell 

entered  the  working  ranks  of  this  organization  as  No.  618.  He  succeeded  a  long  list  of 
distinguished  presidents,  commencing  with  John  F.  Wallace  who  is  well  known  to 

all  of  us,  and  reaching  down  through  the  list  to  his  immediate  predecessor,  Mr.  L.  A. 
Downs,  now  presicfent  of  the  Illinois  Central  Railroad. 

Mr.  Campbell  is  a  member  of  the  Presbyterian  church.  He  is  now  approaching 

his  fiftieth  wedding  anniversary.  Through  Mr.  Campbell,  to  Mrs.  Campbell,  we  extend 

our  best  wishes  and  felicitations.  We  know  that  with  her  help  and  guidance,  Mr. 

Campbell  has  come  now  to  be  presented  by  us  with  the  recognition  of  the  highest  honor 
that  the  Association  can  bestow  upon  him. 

Upon  such  men  as  James  Logan  Campbell  we  form  the  bedrock  of  organizations 

of  this  kind,  and  on  such  solid  foundations  of  integrity,  of  accomplishments,  training, 
leadership  and  manhood,  we  build  and  build  for  all  time,  these  associations. 

It  is  with  personal  pleasure  and  privilege  that  I  present  him,  who  served  as  our 

president,    for   honorary    membership — Mr.   James   Logan    Campbell.     (Applause) 
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President  Irwin:  Mr.  Campbell  I  deem  it  a  high  honor  and  privilege  to  act  for 

the  Association  in  presenting  to  you  this  diploma  of  honorary  membership,  and  I  wish 
to  congratulate  you  most  heartily,  sir.     (Applause) 

Mr.  J.  L.  Campbell^  During  the  years  wherein  I  was  active  in  its  affairs,  the 
American  Railway  Engineering  Association  conferred  upon  me  full  measure  of  good  will, 

preferment  and  honor.  In  this  award  of  honorary  membership  it  now  bestows  the 
ultimate  honor  within  the  disposal  of  the  Association. 

I  am  irretrievably  debtor  to  the  Association,  having  received  from  it  vastly  more 

than  I  have  given  or  could  give  to  it.  Obviously  my  place  in  the  Association  is  a 
happy  one.     I  am  deeply  grateful  for  this  acknowledgment. 

Speaking  of  that  happy  place  in  the  Association,  I  want  to  say  that  that  is  merely 
the  common  happy  place  of  all  the  past  presidents  of  this  Association.  I  want  to  say 

to  the  young  men  of  the  Association  that  the  door  to  that  happy  place  is  wide  open, 
and  it  is  up  to  you. 

Now  let  me  repeat  in  closing  what  I  said  here  years  ago  when  retiring  from  the 

Board  of  Direction:  "Surely  goodness  and  mercy  shall  follow  me  all  the  days  of  my 

life,  and  I  shall  dwell  in  the  hearts  of  my  friends  forever." 
I  thank  you.     (Applause) 

President  Irwin:  We  recognize  that  this  Association  is  honoring  itself  in  con- 
ferring honorary  membership  on  these  four  distinguished  past-presidents. 

In  my  address  I  was  very  glad  to  refer  to  my  associations  with  Vice-President 
J.  M.  Symes  and  to  say  how  happy  they  had  been,  and  my  high  admiration  for  the 

way  in  which  he  has  handled  things.  We  are  very  fortunate  in  having  him  with  us 

today  to  make  an  address  and  to  carry  a  message,  I  am  sure,  from  the  Association 

of  American   Railroads   to   its  Engineering   division.     Mr.   Symes!     (Applause) 

ADDRESS  OF  J.  M.  SYMES 
Vice-President,   Operation   and   Maintenance    Department,   Association   of 

American   Railroads,  Washington,    D.   C. 

It  is  indeed  a  pleasure  for  me  to  attend  the  thirty-ninth  annual  meeting  of  the 
American  Railway  Engineering  Association.  This  is  particularly  true  because  of  the 

awards  of  honorary  membership  to  such  distinguished  gentlemen  as  Mr.  Storey,  Mr. 
Morse,  Mr.  Sullivan  and  Mr.  Campbell.  I  want  to  extend  to  each  of  you  gentlemen 

my  hearty  congratulations  in  being  the  recipients  of  the  high  honor  bestowed  upon  you. 
Your  chairman  asked  me  not  to  review  in  too  much  detail  the  activities  of  the 

Engineering  division  during  the  past  year  or  those  contemplated  next  year,  as  to  do  so 

would  duplicate  a  large  part  of  what  was  contained  in  his  report.  I  will  therefore 
adhere  to  his  wishes  in  the  matter  and  not  talk  about  what  the  Engineering  division 

has  done  in  the  past  or  will  do  in  the  future. 

I  do  want  to  say,  however,  that  the  Association  of  American  Railroads  is  highly 

appreciative  of  the  valuable  work  your  division  is  contributing  to  the  railroad  industry. 
The  Association  will  contribute  $107,000  to  your  activities  for  the  year  1938.  (Applause) 

Included  in  this  amount  is  the  work  of  the  Rail  Investigation  committee,  the  study  of 

transverse  fissure  rail  failures  co-operatively  with  the  rail  manufacturers,  the  investiga- 

tion of  the  continuous  welding  of  rails,  tests  of  various  types  of  joint  bars,  the  investi- 
gation of  stresses  in  railroad  track,  and  a  boiler  feed  water  investigation.  Certainly 

research  work  in  such   problems  is   of  inestimable  value  to   the   railroads. 

*  Chief  engineer  (retired),  Northwestern  Pacific. 
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I  would  like  to  touch  upon  a  subject  today  which,  while  not  an  engineering 

problem,  is  perhaps  as  important  to  you  gentlemen  today  as  your  engineering  problems 
of  tomorrow.  It  concerns  all  of  us  within  the  railroad  industry  and  nearly  everyone 

outside  of  the  industry.  It  appears  in  the  newspapers  almost  daily.  It  is  called 

the  railroad  problem.  Nearly  everyone  you  talk  with  has  some  sort  of  a  cure  for  it. 

Some  say  that  government  ownership  is  the  answer.  We  had  a  taste  of  that  during 

and  following  the  World  War.  It  requires  no  comment  here.  Others  say  that  the 

elimination  of  wasteful  competitive  practices  within  the  industry,  by  co-ordination  of 
facilities,  will  produce  sufficient  economies  to  save  the  industry. 

A  great  many  people  believe  that  co-ordination  is  a  new  subject,  created  by  the 
passage  of  the  Emergency  Transportation  Act  of  1933  and  with  the  office  of  Federal 
Co-ordinator  of  Transportation.  It  was  an  old  subject  with  a  new  name.  It  used 

to  be  known  as  "joint  use  of  facilities".  It  has  been  common  practice  in  the  railroad 
industry  for  years.  This  is  evidenced  by  the  following  data  recently  secured  by  the 
Association. 

There  are  approximately  24,000  miles  of  track  jointly  operated;  203  engine  terminals 

are  jointly  operated;  1,366  freight  stations  are  jointly  operated;  1,902  passenger  stations 

are  jointly  operated;  618  yards  are  jointly  operated.  There  are  472  large  bridges  used 
by  more  than  one  railroad. 

I  will  not  deny  that  additional  economies  cannot  be  secured  by  practical  co-ordina- 

tion. By  reason  of  the  studies  the  Association  conducted  on  this  subject,  I  am  thor- 

oughly convinced  that  the  amount  of  money  to  be  saved  by  co-ordination  is  relatively 
small,  certainly  not  enough  to  have  any  appreciable  effect  on  the  present  situation. 

Some  say  that  wholesale  consolidation  is  the  answer.  To  deny  that  benefits  would 
not  accrue  from  consolidation  would  be  to  deny  the  wisdom  of  consolidations  that 

have  heretofore  taken  place.  Most  of  the  larger  rail  systems  of  the  country  today 

were  created  by  the  consolidation  of  a  number  of  small  companies. 

The  consolidation  of  rail  companies  into  a  fewer  number  of  systems  under  private 

ownership  is  desirable  and,  in  my  opinion,  eventually  will  be  accomplished.  There 
will  always  be  certain  objections  to  consolidation.  There  are  fundamental  principles  that 

must  receive  careful  consideration.  It  is  desirable  to  avoid  duplication  brought  about 

by  unnecessary  competition  as  between  rail  carriers  but  at  the  same  time  we  must 

guard  against  eliminating  the  principle  of  competition  which  is  indeed  the  background 
of  American  industry. 

I  am  sure  that  with  an  improvement  in  the  general  railroad  situation  the  matter 

of  consolidation  will  be  solved  by  negotiation  between  railroads  which,  in  my  opinion, 

is  the  only  practical  way  that  it  can  be  solved. 
Others  say  that  instead  of  increasing  rail  charges  we  should  reduce  the  wages  of 

rail  workers  which,  in  their  opinion,  are  too  high.  I  will  touch  upon  that  subject 
a  little  later. 

Others  say  that  carriers  should  reduce  their  charges  and,  in  that  way,  obtain  a 

sufficient  volume  of  traffic  from  their  competitors  to  make  possible  profitable  railroad 
operation.  We  must  recognize  the  fact  that  transportation  by  the  rails,  the  trucks,  the 
waterways  and  the  airways  is  essential  to  the  progress  of  this  nation.  A  rate  war  as 

between  competitive  transportation  agencies  would  not  be  helpful  to  any  of  us.  I  believe 

that  there  should  be  equality  of  rates  and  conditions  as  between  the  various  agencies, 
and  in  that  way  the  agency  that  can  perform  the  best  service  to  the  pubhc  will  be 
entitled  to  and  should  receive  the  traffic  it  is  best  able  to  handle. 

What  really  is  wrong  with  the  railroads?  Is  there  anything  the  matter  with  the 

service   they   are   rendering?     No.     They   are   and   have   been,   over  a   period   of   years, 
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rendering  the  best  service,  both  freight  and  passenger,  in  their  history.  There  has  not 

been  any  failure  in  transportation  service  and  there  is  no  likelihood  of  there  being  any. 
Are  the  railroads  confronted  with  labor  difficulties?  I  would  say  they  are  not. 

The  relationship  between  management  and  employees  is  most  satisfactory.  The  best 

evidence  of  this  is  the  number  of  controversial  matters  that  have  been  settled  by  the 
collective  bargaining  process  during  the  past  few  years. 

Do  the  railroads  need  facilities?  Looking  to  the  morrow,  they  should  be  spending 
milhons  of  dollars  in  providing  improved  facilities  and  equipment,  adequate  not  only 

to  maintain  their  present  efficiency  but  also  that  the  continuous  progress  made  during 
the  past  decade  will  be  carried  on  and  in  that  way  be  able  to  reduce  the  charges  for 
the  product  they  have  to  sell,  namely,  transportation. 

The  $8,000,000,000  expenditure  made  by  the  railroads  for  capital  improvements 

since  1923  greatly  reduced  the  unit  cost  of  producing  transportation.  Unfortunately, 

the  reductions  brought  about  by  this  increased  efficiency  have  been  more  than  passed 

on  in  the  way  of  reduced  rates  and  charges.  If  the  railroads  are  providing  a  satis- 
factory service  to  the  public,  if  they  are  not  confronted  with  labor  difficulties,  if  their 

plant  is  capable  of  handling  existing  and  prospective  business,  then,  what  is  the  matter 
with  them?     I  will  give  you  my  views. 

First,  they  have  been  starving  by  reason  of  general  business  conditions,  which  are 

reflected  by  the  volume  of  traffic  they  are  handling.  Second,  they  are  handling  this 

light  volume  of  traffic  at  rates  that  are  so  low,  it  is  impossible  to  earn  a  living,  let 
alone  a  return  on  their  investment.  Third,  they  are  paying  the  highest  wages  in  their 
history  and  have  been  confronted  with  tremendous  increases  in  the  cost  of  the  thousands 

of  things  they  have  to  buy.  Fourth,  their  competitors  not  only  do  not  have  to  pay 
taxes  to  the  same  extent  as  rail  carriers  but  they  are,  in  addition,  subsidized  with 

government  money,  a  large  part  of  which  is  derived  from  taxation  placed  on  the 
railroads. 

Fifth,  they  are  continually  confronted  with  legislation,  both  state  and  federal,  that 

will  materially  increase  their  operating  expenses  without  any  compensating  benefits  to 
the  railroads.  Unfortunately,  some  of  these  laws  have  been  passed;  others  are  still 
pending.  I  refer  specifically  to  such  legislation  as  the  excess  crew  laws,  train  limit 

law,  the  track  and  bridge  inspection  bill  and  the  signal  inspection  bill,  the  latter 
enacted  into  law  last  August. 

The  carriers  tried  to  avoid  the  situation  with  which  they  are  now  confronted. 

After  careful  study  by  the  men  best  qualified  in  the  industry  to  consider  such  matters, 
namely,  the  chief  executives,  it  was  decided  to  petition  the  Interstate  Commerce  Com- 

mission for  a  horizontal  increase  in  their  freight  charges,  of  15  per  cent,  with  some  few 

exceptions,  and  a  small  increase  in  their  passenger  fares.  The  hearings  began  last 

November  and  were  completed  in  February.  The  decision  of  the  commission,  in  so  far 
as  granting  increased  freight  rates  is  concerned,  is  well  known  to  all  of  you.  Instead 

of  granting  what  had  been  asked  for,  which  in  itself  was  only  adequate  to  cover 

the  increased  operating  expenses  brought  about  by  increased  taxes,  increased  wages, 
and  increases  in  the  cost  of  materials,  they  authorized  about  forty  per  cent  of  that 

amount.    To  say  that  the  decision  was  disappointing  rather  mildly  expresses  my  views. 

Instead  of  going  forward  and  buying  the  things  they  need,  causing  a  general 
improvement  in  industrial  conditions,  the  carriers  must  now  adopt  other  measures 

to  meet  the  situation.  Reduction  in  wages  of  rail  workers  is  essential.  The  wage 
matter  will  be  considered  at  a  meeting  of  the  chief  executives  here  in  Chicago  this 
week.    It  is  my  belief  that  the  rail  workers  of  this  country  will  view  the  situation  in 
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its  present  light  and  come  to  the  support  of  the  rail  carriers  as  they  did  in  1932.  I  am 
not  speaking  authoritatively  for  the  railroad  industry  on  the  matters  I  have  discussed 
today.     They  represent  my  personal  views. 

I  want  to  thank  you  for  the  opportunity  of  being  with  you  today.     (Applause) 

President  Irwin:  Assistant  Secretary  Frank  McNellis,  who  has  been  serving  the 

Association  for  the  last  ten  months  and  continues  in  charge  of  the  secretary's  work  until 
the  close  of  this  convention  is  ill  today.  Therefore,  our  new  secretary,  Mr.  W.  S.  Lacher, 

who  begins  his  actual  work,  by  regular  announcement,  on  Thursday  afternoon,  has 
volunteered  to  start  in  today  in  order  to  fill  the  place  of  the  secretary.  I  have  asked 

Mr.  Lacher  to  present  the  report  of  the  Secretary  and  Treasurer  which  was  prepared 
by  Mr.  McNellis.    Mr.  Lacher.     (Applause) 

Secretary  Lacher:  As  explained  by  the  president,  I  have  here  an  abstract  of 

the  reports  of  the  secretary  and  the  treasurer  which  was  prepared  by  Mr.  McNellis 

and  which  he  would  have  read  here  today  if  illness  had  not  prevented  his  presence. 

It  comprises  a  report  of  the  work  he  has  done  so  well  during  the  past  year. 

(The  secretary  then  read  the  abstract,  prepared  by  Assistant  Secretary  McNeills, 

of  the  reports  of  the  secretary  and  the  treasurer  which  appear  on  following  pages.  These 

reports  were  on  motion  approved.) 
President  Irwin:  At  this  time  I  will  ask  you  to  rise  for  one  moment  in  tribute 

to  the  deceased  members  whose  names  have  been  read. 

(All  stood  in  silent  tribute.) 

President  Irwin:  The  privileges  of  the  floor  are  extended  to  visiting  railway 
officers  and  college  professors.  We  hope  you  will  feel  perfectly  free  to  discuss  these 

committee  reports.    I  also  appeal  to  the  younger  members  to  take  part. 

Reports  of  committees  were  presented  in  the  following  order: 

XXVI — Standardization 
(For  Report,  see  pp.  65-68.     For  Discussion,  see  p.  765) 

X — Signals  and  Interlocking 
(For  Report,  see  pp.  73-76.     For  Discussion,  see  p.  765) 

VI— Buildings 
(For  Report,  see  pp.  77-94.     For  Discussion,  see  p.  768) 

The  session  recessed  at  12:25  p.m. 

AFTERNOON  SESSION 

The  session  convened  at  2:05  p.m..  President  Irwin  presiding. 
Reports  of  committees  were  presented  in  the  following  order: 

XVIII— Electricity 
(For  Report,  see  pp.  69-72.     For  Discussion,  see  p.  771) 

XIV — Yards  and  Terminals 

(For  Report,  see  pp.  219-254.     For  Discussion,  see  p.  773) 

XXIII — Shops  and  Locomotive  Terminals 
(For  Report,  see  pp.  255-264.     For  Discussion,  see  p.  776) 

XIII — ^Water  Service,  Fire  Protection  and  Sanitation  • 
(For  Report,  see  pp.  187-218.     For  Discussion,  see  p.  777) 

XX — Uniform  General  Contract  Forms 

(For  Report,  see  pp.  307-313.     For  Discussion,  see  p.  785) 
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President  Irwin:  This  completes  the  business  of  the  session.  We  shall  now  adjourn 

until  nine  o'clock  tomorrow  morning  in  order  to  enable  the  members  to  visit  the  National 
Railway  Appliances  Association  exhibit  at  the  International  Amphitheatre. 

Mr.  Lacher  brought  me  these  figures  on  the  registration  up  to  three-thirty,  which 
will  be  of  interest  to  you: 

Members  registered      477 
Guests       276 

making  a  total  of  753  as  compared  with  687  for  the  same  day  last  year,  which  is  quite 
a  material  increase. 

(The  meeting  recessed  at  3:30  p.m.) 

WEDNESDAY,  MARCH  16,  1938 

MORNING  SESSION 

The  session  convened  at  9:05  a.m.,  President  Irwin  presiding. 

President  Irwin:  Yesterday  I  spoke  of  the  illness  of  Frank  McNeills,  our  assistant 

secretary,  and  I  think  that  you  will  be  glad  to  know  that  he  merely  requires  a  good 
rest.  He  has  been  under  a  good  deal  of  a  strain.  He  will  be  in  the  hospital  for  several 

days  longer,  but  apparently  there  is  nothing  very  seriously  the  matter,  although  the 
occasion  for  his  going  to  the  hospital  was  very  severe  pain,  apparently  the  result 
of  his  continual  work  and  his  application  to  duty. 

Mr.  Lacher  will  make  an  announcement  in  regard  to  the  tellers  of  election. 

Secretary  Lacher:  The  President  has  designated  the  following  as  the  tellers  to 

canvass  the  ballots  for  the  election  of  officers:  As  chairman,  R.  C.  Bardwell;  the  rest 
of  the  tellers  are  as  follows: 

H.  E.  Silcox  C.  M.  Bardwell 
R.  M.  Stimmel  J.  F.  Barron 
D.  C.  Teal  R.  E.  Coughlan 
H.  F.  King  O.  E.  Mace 
J.  P.  Hanley 

Reports  of  committees  were  presented  in  the  following  order: 

I — Roadway 
(For  Report,  see  pp.  315-336.     For  Discussion,  see  p.  786) 

II— Ballast 
(For  Report,  see  p.  33  7.     For  Discussion,  see  p.   790) 

III— Ties 
(For  Report,  see  pp.  339-353.     For  Discussion,  see  p.  790) 

V— Track 

(For  Report,  see  pp.  401-423.     For  Discussion,  see  p.  792) 

Special — Complete  Roadway  and  Track  Structure 
(For  Report,  see  p.  425.     For  Discussion,  see  p.  798) 

IX — Highways 
(For  Report,  see  pp.  429-437.     For  Discussion,  see  p.  799) 

Vice-President  Morrow  (in  the  Chair) :  That  completes  the  morning  program.  The 

next  business  on  the  program  is  the  Association  luncheon  at  twelve  o'clock  in  the  Red 
Lacquer  room.  We  will  meet  again  at  two-thirty  to  resume  our  work.  The  meeting 
is  adjourned. 
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AFTERNOON  SESSION 

The  session  convened  at  2:30  p.m.,  Vice-President  Morrow  presiding. 
Reports  of  committees  were  presented  in  the  following  order: 

I\— Rail 
(For  Report,  see  pp.  355-398.     For  Discussion,  see  p.  802) 

Special — Stresses  in  Railroad  Track 
(For  Report,  see  pp.  399-400.     For  Discussion,  see  p.  857) 

Special — Clearances 
(For  Report,  see  pp    427-428.     For  Discussion,  see  p.  877) 

XXVII — Maintenance  of  Way  Work  Equipment 
(For  Report,  see  pp.  605-634.     For  Discussion,  see  p.  877) 

President  Irwin:     Mr.  Lacher  will  make  a  report  on  the  returns  of  the  election. 

Secretary  Lacher:     The  report  of  the  tellers  is  as  follows: 

Report  of  the  Tellers 

Chicago,  March  16,  1938. 
To  the  Members: 

We,  the  Committee  of  Tellers,  report  the  following  as  the  result  of  the  count  of 
the  ballots: 

For  President: 

F.  E.  Morrow        995  votes 
F.  L.  Nicholson           1  vote 

For  Vice-President: 

Geo.  S.  Fanning       990  votes 
Ralph  Budd            1  vote 

For  Directors  (three  to  be  elected) : 

C.  J.  Geyer    /     523  votes 
F.  R.  Layng     495  votes 
J.  G.  Brennan       433  votes 
J.  B.  Akers      370  votes 
H.  Austin       337  votes 
O.  F.  Dalstrom        291  votes 
R.  C.  White       252  votes 
W.  M.  Vandersluis        212  votes 
M.  J.  J.  Harrison       121  votes 
J.  E.  Teal          1  vote 

For  Members  Nominating  Committee  (five  to  be  elected): 
W.  M.  Wilson       653  votes 
G.  P.  Palmer       637  votes 
G.  A.  Haggander     571  votes 
R.  A.  Van  Ness     537  votes 
J.  E.  Teal      526  votes 
G.  F.  Hand       524  votes 
L.  G.  Morphy    419  votes 
J.  A.  Lahmer      402  votes 
A.  D.  Kennedy       325  votes 
D.  B.  Thompson     317  votes 
Scattering     3  votes 

Respectfully  submitted, 
s/     R.  C.  Bardwell, 

Chairman. 
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President    Irwin:      The   men   whose   names   have   been    read   are   declared   elected. 

There  being  no  further  business,  the  meeting  is  adjourned  until  nine  o'clock  tomorrow 
morning. 

(The  session  recessed  at  5:15  p.m.) 

THURSDAY,  MARCH  17,  1938 

MORNING  SESSION 

The  session  convened  at  9:05  a.m.,  President  Irwin  presiding. 

Reports  of  committees  were  presented  in  the  following  order: 

VII — Wood  Bridges  and  Trestles 
(For  Report,  see  p.  133.     For  Discussion,  see  p.  880) 

VIII — Masonry 
(For  Report,  see  pp.  135-152.     For  Discussion,  see  p.  882) 

XV — Iron  and  Steel  Structures 
(For  Report,  see  pp.  153-1 72-d.     For  Discussion,  see  p.  888) 

Special — Impact 
(For  Report,  see  p.  173.     For  Discussion,  see  p.  893) 

Special — Economics  of  Bridges  and  Trestles 
(For  Report,  see  p.  17S.     For  Discussion,  see  p.  894) 

Special — Waterproofing  of  Railway  Structures 
(For  Report,  see  pp.  635-638.     For  Discussion,  see  p.  894) 

XVI — Economics  of  Railway  Location 
(For  Report,  see  pp.  439-510-b.     For  Discussion,  see  p.  898) 

XXI — Economics  of  Railway  Operation 
(For  Report,  see  pp.  511-560.     For  Discussion,  see  p.  904) 

The  session  recessed  at  12:40  p.m. 

AFTERNOON  SESSION 

The  session  convened  at  2:00  p.m.,  Vice-President  Hastings  presiding. 
Reports  of  committees  were  presented  in  the  following  order: 

XXII — Economics  of  Railway  Labor 
(For  Report,  see  pp.  561-603.     For  Discussion,  see  p.  907) 

XVII — Wood  Preservation 
(For  Report,  see  pp.  265-306.     For  Discussion,  see  p.  911) 

XI — Records  and  Accounts 
(For  Report,  see  pp.  655-753.     For  Discussion,  see  p.  913) 

XII — Rules  and  Organization 
(For  Report,  see  pp.  177-185.     For  Discussion,  see  p.  917) 

XXV — Waterways  and  Harbors 
(For  Report,  see  pp.  639-653.     For  Discussion,  see  p.  919) 
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Vice-President  E.  M.  Hastings  (Richmond,  Fredericksburg  &  Potomac):  Mr. 

President,  may  I  have  the  privilege  of  the  floor  for  a  moment?  I  asked  for  the 
privilege  of  the  floor  before  the  committee  leaves  the  platform,  for  the  reason  that  I 

need  courage  to  come  to  me  from  the  left,  and  I  have  some  very  good  friends  on  this 

committee  and  know  I  can  receive  that  courage  from  Past-President  Brumley  and 
also  from  President-Elect  Morrow,  and  I  have  at  my  right,  curiosity  and  wonder  and 

expectation,  and  I  have  out  in  the  front  a  group  of  my  fellow  members  of  the 
Association  who  are  turning  over  the  thought  in  their  minds  (I  can  almost  see  it  in  their 

expressions)  "What  is  that  fellow  Hastings  going  to  talk  about  now?" 

I  don't  know  of  anything  that  could  possibly  give  me  any  more  pleasure  at 
this  convention  than  the  thing  which  I  now  propose  to  do,  which  I  have  been  requested 

to  do  by  the  chairman  of  the  Committee  on  Arrangements.  It  is  rather  getting  to  be 
a  habit  for  me  to  do  these  things  from  year  to  year,  but  the  habit  this  year,  if  it  is  a 

continuation  of  things  past,  is  one  that  gives  me  most  profound  pleasure. 

Jim,  we  have  had  a  good  time  together,  and  it  seems  but  a  few  days  ago  that 
you  and  I  came  on  the  Board  of  Direction.  We  worked  together  and  we  have  had 

a  fine  time.  We  have  built  up  a  warmer  friendship  than  we  had  before,  if  it  could 

be  so.  I  say  to  you  personally,  and  I  know  it  is  within  the  heart  of  every  man  and 
in  the  mind  of  every  member  of  this  Association,  that  they  have  watched  your 

progress  and  your  work  throughout  the  years  that  you  have  toiled  in  the  Association's 
work,  they  have  watched  it  with  a  growing  appreciation  of  your  splendid  character, 

the  magnificent  way  in  which  you  have  handled  the  duties  that  have  been  entrusted 

to  you,  and  particularly  through  the  trying  year  that  we  have  come,  and  we  have 
come  to  a  most  successful  convention. 

You  have  been  untiring  in  your  efforts  for  this  Association.  There  is  no  way  in 

which  its  membership  could  ever  repay  you  in  material  things,  but  the  Association 

does  want  to  record  its  grateful  appreciation  in  something  that  will  be  lasting  and  some- 
thing to  which  you  can  turn  in  the  years  that  are  ahead  of  you. 

As  I  said  a  few  years  ago,  I  think,  in  presenting  one  of  these  plaques,  you  will 

see,  as  it  were,  a  halo  around  the  plaque  itself,  which  halo  is  indicative  of  the  love 
the  members  of  this  Association  have  for  you,  sir. 

"The  American  Railway  Engineering  Association  presents  this  tablet  to  James 
Clark  Irwin,  President,  1937-1938,  in  tribute  to  his  conscientious  and  progressive  leader- 

ship. He  gave  generously  his  time  and  talents  and,  with  rare  ability  and  good  judg- 
ment, promoted  the  welfare  and  enhanced  the  work  and  the  prestige  of  this  Association 

— a  token  of  our  esteem  and  our  appreciation." 
May  God  bless  you  in  the  years  ahead.     (Applause) 

President  Irwin:  Ted  Hastings,  no  one  could  be  more  eloquent  than  you  in 

making  such  a  presentation.  I  accept  this  beautiful  tablet  in  the  spirit  in  which  you 

have  given  it.  I  recognize  that  what  you  have  said  comes  truly  from  your  heart  and, 

with  the  same  spirit,  I  wish  to  thank  you  for  it  and  for  all  the  help  you  have  given  me. 

What  is  attributed  to  me  was  not  done, by  me  alone.  I  have  been  privileged  for  a 
year  to  be  the  leader  of  the  group,  but  I  assure  you  there  never  has  been  a  time  when 

I  had  to  work  alone.  Anything  that  was  brought  up  to  the  board  was  given  its 

support.  So  it  is  the  combined  work  of  all  the  members  of  the  board  that  brought 
about  any  results  that  are  satisfactory  to  you. 

In  accepting  this,  I  assure  you  that  it  shall  have  the  most  prominent  place 
in  my  office  as  well  as  in  my  heart  in  all  the  years  remaining  for  me.  I  thank  you, 
Mr.  Hastings.     (Applause) 
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THE  AMERICAN  RAILWAY  ENGINEERING  ASSOCIATION 

PRESENTS  THIS  TABLET 

TO 
JAMES  CLARK  IRWIN 

PRESIDENT 

1937-1938 
IH  TRIBUTE  TO  HIS  DOMSCIEMTIOUS  AMD  PROGRESSIVB  LEADERSHIP 

HE  GATE  GEMERODSLY  BIS  TIME  AND  TALENTS 

AMD  WITH  RARE  ABILITY  AMD  GOOD  JODGEMEMT  PROMOTED  THE  WELFARE 

AMD  EMHAHCED  THE  WORK  AMD  PRESTIGE  OF  THIS  ASSOCIATIOM 

A  TORES  OF  OUR  ESTEEM  AMD  APPRECIATION 

Plaque  presented  to  President  J.  C.  Irwin  on  March  17. 

The  Committee  on  Arrangements  has  another  item,  unexpected  to  me,  but  which 

I  am  very  glad  to  announce,  and  that  is  our  faithful  doorman,  Danny  Heiman,  who 

has  guided  us  in  and  out  for  many  years  is  going  to  give  us  a  song.  This  seems  to 
be  an  appropriate  time  to  have  it. 

(Solo,  "A  Little  Bit  of  Heaven"  by  Danny) 
President  Irwin:  I  have  just  received  a  message  from  our  former  secretary,  Mr. 

E.  H.  Fritch,  now  retired,  and  he  extends  felicitations  to  all.     (Applause) 

The  committee  reports  having  been  disposed  of,  next  in  order  is  new  business. 
Is  there  any  business  to  be  presented  ? 

Mr.  William  T.  Dorrance  (New  York,  New  Haven  &  Hartford) :  I  would  move 
the  adoption  of  the  following  resolution: 

"RESOLVED,  That  the  American  Railway  Engineering  Association  record  its 
grateful  appreciation  to  James  C.  Irwin  for  valuable  services  rendered  as  president  in 

1937-38.  He  contributed  freely  and  generously  of  his  time  and  ability  to  the  solution 
of  important  problems  arising  during  his  term  as  president,  and  his  sound  judgment 

and  high-minded  conception  of  his  responsibility  materially  enhanced  the  prestige  and 

achievement  of  the  Association." 

(The  motion  was  seconded,  put  to  a  vote  by  Vice-President  Hastings  and  carried 
unanimously.) 

President  Irwin:  Gentlemen,  I  thank  you  most  heartily  for  this  testimonial.  I 

assure  you  I  have  had  a  most  pleasant  year.  We  all  are  used  to  work,  but  here  our 

work  gets  full  recognition,  and  the  wonderful  personal  friendship  among  us  all  makes 
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it  worth  while.  Wc  are  here  to  overcome  obstacles.  It  is  not  difficult  to  overcome 

such  obstacles  as  arise  in  the  work  of  this  Association,  with  all  the  support  that  a  man 

gets.  We  all  are  greatly  indebted  to  the  Committee  on  Arrangements  for  the  smooth 

running  of  the  convention. 

Are  there  any  other  resolutions? 

Mr.  C.  R.  Knowles  (Illinois  Central):  I  move  the  adoption  of  the  following 
resolution : 

"RESOLVED,  That  the  American  Railway  Engineering  Association  in  convention 
assembled  express  its  hearty  appreciation  to  Charles  Donnelly,  president  of  the  Northern 
Pacific  Railway,  for  his  most  excellent  and  constructive  address  at  the  luncheon  of  the 

Association  on  Wednesday,  March  16." 

(The  motion  was  regularly  seconded,  put  to  a  vote  and  carried.) 

President  Irwin:     Any  other  resolutions? 

Mr.  Maro  Johnson  (Illinois  Central) :  I  move  the  adoption  of  the  following 
resolution : 

"RESOLVED,  That  the  American  Railway  Engineering  Association  in  convention 
assembled  express  its  appreciation  to  Mr.  J.  M.  Symes,  vice-president,  Operations  and 
Maintenance  department,  Association  of  American  Railroads,  for  his  constructive 

address  at  the  opening  session  of  the  Convention." 

(The  motion  was  regularly  seconded,  put  to  a  vote  and  carried.) 

Mr.  Arthur  Ridgeway  (Denver  &  Rio  Grande  Western) :  I  move  the  adoption  of 
the  following  resolution: 

"RESOLVED,  That  the  American  Railway  Engineering  Association  in  convention 
assembled  extend  its  thanks  to  the  Western  RaUway  Club  for  its  courtesy  in  arranging 

for  the  joint  dinner  and  meeting  of  the  AREA  with  the  Western  Railway  Club  at  the 

Hotel  Sherman,  and  to  Mr.  A.  A.  Miller,  of  the  Missouri  Pacific  and  Mr.  D.  S.  Ellis, 

of  the  Chesapeake  &  Ohio  for  their  excellent  talks  on  rail  damage  and  the  relation  of 

locomotives  thereto." 

(The  motion  was  regularly  seconded,  put  to  a  vote  and  carried.) 

President  Irwin:  It  was  announced  yesterday  that  F.  E.  Morrow  was  elected  your 

president.  Will  Vice-President  Hastings  and  Director  Nicholson  please  escort  Mr. 
Morrow  to  the  platform? 

(President-Elect  Morrow  was  escorted  to  the  platform.) 
President  Irwin:  Mr.  Morrow,  my  office  as  president  has  brought  me  very  many 

pleasures,  but  the  greatest  of  all  is  reserved  for  my  last  official  act  in  which  I  have  the 

privilege  of  inducting  you  into  office  as  president  of  this  Association.  The  year  has 
been  one  of  great  activity.  You  and  I  have  been  partners,  and  we  have  been  nobly 

supported  by  a  splendid  Board  of  Direction.  I  appreciate  your  hearty  co-operation 
throughout  our  term  together,  and  I  wish  you  every  success  in  your  new  office. 

It  is  my  great  pleasure  at  this  time  to  hand  you  the  symbol  of  office  and  authority 

for  you  to  prize  as  a  personal  possession,  in  this  case  as  a  gift  of  the  Association.  I 

know  that  you  will  enjoy,  as  I  have,  your  term  of  office,  and  that  you  will  carry  on 
just  as  well  as  any  of  your  predecessors. 

In  regard  to  this  gavel,  it  is  very  nice  to  have  something  personal  about  it,  and  I 

am  assured  that  it  was  made  out  of  one  of  the  ties  that  came  from  one  of  your  tracks 

on  the  airport^ 
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Gentlemen,  President  Morrow! 

(The  audience  arose  and  applauded  as  President  Morrow  assumed  the  chair.) 
President  Morrow:  I  wish  to  assure  you,  Mr.  Irwin,  that  the  pleasure  of  working 

with  you  for  the  past  year  was  a  great  one  for  me.  I  thoroughly  enjoyed  it,  and  I 

certainly  hope  that  I  may  perform  my  duties  as  well  as  you  have. 
Members  of  the  Association,  I  appreciate  deeply  the  great  honor  which  you  have 

conferred  upon  me  by  electing  me  to  this  office.  The  late  Onward  Bates,  who  was  a 
former  patriarch  of  our  profession,  once  stated  to  me  that  no  man  could  receive  a 

higher  honor  than  to  be  chosen  for  a  position  of  trust  and  honor  by  his  peers. 

I  appreciate  that  this  honor  carries  with  it  great  responsibilities  but  I  am  sustained 
and  comforted  in  the  consideration  of  those  responsibilities  by  the  knowledge  of  the 

achievements  of  this  organization  in  the  past  and  by  the  knowledge  that  we  have  such 

a  splendid  organization  and  membership. 
It  is  my  hope  and  trust  that  I  may  be  able  to  conduct  and  lead  the  organization 

during  the  coming  year  so  that  its  achievements  may  be  equal  to  those  which  have 

gone  before.     (Applause) 

We  are  approaching  the  end  of  the  thirty-ninth  convention  of  our  Association. 
Before  we  close  I  wish  to  inquire  as  to  whether  there  are  any  other  items  of  business 
to  come  before  it.     If  not,  I  will  declare  the  convention  closed. 

(The  meeting  adjourned  at  3:55  p.m.) 

THE  AMERICAN  RAILROAD  PROBLEM 

By  Charles  Donnelly 

President,  Northern  Pacific  Railway. 

Address  before  the  annual  luncheon  of  the  American  Railway  Engineering  Association  on  March  16,  1938. 

I  am  gratified  and  honored  by  the  invitation  to  address  your  Association  on  the 

occasion  of  this  Convention.  I  take  it  as  a  special  compliment  because  I  recall  with 

pleasure,  the  fact  that  I  had  the  opportunity  of  addressing  this  Association  eight  years 
ago,  when  Mr.  Yager  retired  as  its  president.  While  I  have  done  a  great  deal  of 

speaking  up  and  down  the  country  during  the  17  years  that  I  have  held  my  present 
position,  I  have  been  reminded  of  the  fact  today  that  yours  is  the  first  association  that 
ever  asked  to  hear  me  twice.     (Laughter  and  applause) 

I  think,  also,  it  may  be  considered  as  something  of  a  compliment  because  if  a 

story  I  heard  the  other  day  is  correct,  the  so-called  American  passion  for  after-dinner 
speaking  is  beginning  to  subside.  This  story  was  told  by  an  Englishman  who  seemed 

to  have  the  impression  that  the  custom  of  after-dinner  speaking  was  much  more 
prevalent  in  the  United  States  than  in  Great  Britain.  He  told  how  a  speaker,  impressed 

with  the  number  and  variety  of  after-dinner  speeches,  and  trying  to  give  to  his  audience 

a  graphic  account  of  their  number,  went  on  to  say  that  "If  all  of  the  after-dinner 
speakers  in  the  United  States  were  to  be  stretched  out  end  to  end"  and  he  was  inter- 

rupted by  a  man  in  the  audience  who  said,  "It  would  be  a  very  fine  thing."  (Laughter 
and  applause) 

Our  Present  Problem 

Now,  I  am  sure  that  when  your  Association  asks  an  officer  of  a  railway  company 
to  address  you,  you  expect  to  hear  something  about  railroad  problems,  and,  certainly, 
we  have  them  on  our  hands  at  the  present  time.     It  is  true  we  always  have  them. 
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During  the  35  years  of  my  identification  with  the  railroad  business,  I  don't  recall  any 
time  when  we  were  free  from  them.  Always  there  was  some  threatened  legislation 

on  the  point  of  enactment,  or  we  were  suffering  from  its  effects.  Latterly,  as  you  know, 
we  have  been  struggling  before  the  Interstate  Commerce  Commission  to  get  our  rates 

advanced;  and  we  were  before  that  body  with  similar  appeals  in  1910,  and  in  1917, 
and  in  1931.  From  1918  to  1920  we  had  the  difficult  period  of  federal  control.  So, 

as  I  say,  I  don't  recall  any  extended  period  in  the  course  of  my  railroad  history 
when  the  railroad  question,  in  some  form,  was  not  before  the  public.  But  it  is  certain 

that  the  problem  has  now  taken  on  an  aggravated  form,  and  that  never  in  the  history 
of  American  railroads  were  we  faced  with  difficulties  such  as  those  that  now  confront  us. 

Of  course,  I  recall  clearly  the  testimony  which  we  submitted  to  the  Interstate 

Commerce  Commission  in  the  case  just  decided.  We  went  before  that  body  believing 

that  we  were  putting  before  it  a  case  on  which  it  would  hardly  be  possible  to  deny 
us  the  full  measure  of  the  relief  sought.  When  we  proved,  as  we  did,  that  the  operating 

expenses  of  the  railroads,  in  the  light  of  the  increased  costs  of  materials,  and  fuels,  the 
increases  in  taxes  and  the  increases  in  wages  would  be,  during  the  next  year,  on  the 

same  amount  of  business,  some  $660,000,000  more  than  it  was  in  the  year  1933,  we  of 
course  assumed  that  it  would  be  the  natural  inclination  of  that  body,  as  I  have  no 

doubt  it  was,  to  do  what  they  felt  they  could  consistently  do,  to  afford  us  relief. 

Decision  Is  Disappointing 

The  decision  has  come  down  and  it  is,  in  a  high  degree  disappointing.  It  certainly 

leaves  the  railroad  problem  unsolved.  It  is  true  that  a  decision  giving  us  the  full 

measure  of  relief  sought  would  have  left  it  unsolved  because  with  the  present  volume 

of  business,  carloadings  being  off  from  20  to  25  per  cent,  earnings  being  off  20  to  25 

per  cent,  it  is  perfectly  obvious  that  even  a  15  per  cent  increase  in  the  rates  on  the 
existing  volume  of  traffic  would  not  have  left  us  in  as  good  a  position,  from  the 

revenue  standpoint,  as  even  a  continuance  of  the  old  rates,  with  the  old  volume  of 
traffic. 

The  problem  is  now  so  acute  that,  on  every  hand,  there  has  come  the  broadest 

recognition  of  the  necessity  of  taking  steps  to  solve  it.  Always  there  is  hanging  over 

us  the  threat  of  government  intervention  in  some  form,  through  ownership  or  control 

or  operation;  and  latterly  the  difficulties  of  the  situation  are  so  widely  recognized  that 

men  who  look  with  disfavor  on  the  idea  of  government  ownership,  and  certainly  are 

disposed  to  be  friendly  to  private  management,  have  recommended  that  we  make  a 

virtue  of  necessity  and  allow  the  government  to  take  charge. 

Even  so  eminent  a  man  as  Colonel  Wilgus,  a  member  of  your  own  profession,  and 

doubtless  known  to  many  of  you,  published  in  the  New  York  Times  in  January  last, 
a  letter  in  which  he  advocated  that  very  thing.  He  preceded  his  recommendation  with 

an  accurate  analysis  of  the  existing  situation.  He  did  not  minimize  the  difficulties,  nor 

did  he  overstate  them,  and  he  concluded  with  the  definite  expression  of  his  judgment, 
that,  in  the  light  of  all  these  circumstances,  the  step  ought  to  be  taken. 

Now  certainly  none  of  us  wants  to  take  that  step  if  it  can  be  avoided.  Colonel 

Wilgus  wouldn't  recommend  it  if  he  thought  it  could  be  avoided.  But  it  is  clear,  I  think, 
that  it  cannot  be  avoided  unless  action  is  taken,  and  taken  promptly,  looking  to  a 
reduction  in  the  cost  of  operating  these  properties. 

It  is  in  the  consolidation  of  the  railroads  into  a  limited  number  of  systems,  as  I 
see  the  picture,  that  our  only  hope  lies;  and  when  I  say  that  I  mean  a  consolidation 

that  will  be  compelled  by  law,  if  not  voluntarily  brought  about  by  the  owning  carriers 
themselves. 
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I  have  had  occasion  recently  to  look  over  some  of  the  debates  that  took  place  in 
Washington  at  the  time  this  measure,  which  subsequently  became  known  as  the  Trans- 

portation Act,  was  under  consideration.  You  may  recall  that  it  was  then  described 

as  the  Esch-Cummins  Bill,  and  probably  no  man  in  America  did  more  work  upon  it 
or  was  more  active  in  getting  the  details  of  the  plan  before  the  public  than  Senator 
Cummins  of  Iowa.  As  that  bill  was  drawn  and  presented  to  the  Senate,  it  carried 
the  very  type  of  clause  to  which  I  am  referring.  It  provided  that  the  railroads  of  the 
United  States  should  be  reduced  to  a  limited  number,  not  more  than  35  nor  less  than 

20  systems,  and  that  for  a  period  of  7  years  the  railroads  should  themselves  be  free 

to  bring  this  about  in  accordance  with  a  plan  to  be  outlined  by  the  Interstate  Commerce 
Commission.  Failing  to  bring  the  consolidations  about  voluntarily,  the  government  was 
to  step  in  and  compel  them.  But  that  provision  was  struck  out  before  the  bill 
became  a  law. 

Rail  Transport  No  Longer  a  Monopoly 

The  tremendous  development  and  growth  in  strength  of  our  competitors,  the  other 

transportation  agencies,  have  practically  all  taken  place  since  the  Transportation  Act 
became  a  law.  Today  the  Interstate  Commerce  Commission  says,  with  truth,  that 

that  which  was  at  one  time  regarded  as  the  railroad  monopoly  has  ceased  to  be  such, 
and  that  railroads  are  now  engaged  in  a  highly  competitive  struggle  for  traffic.  And  I 

was  struck  with  Senator  Cummins'  appraisal  of  the  situation  as  far  back  as  1920.  He 
was  not  afraid,  he  said,  of  government  ownership;  he  recognized  the  business  of  trans- 

portation as  being  properly  a  governmental  function,  but  he  thought  private  manage- 
ment and  operation  was,  on  the  whole,  better  and  more  satisfactory.  But  he  said,  in 

connection  with  these  features  of  his  bill,  that  is,  the  consolidation  clause:  "I  have 
pointed  out  at  some  length  the  views  of  the  committee  and  they  are  my  own  views 
as  well,  upon  this  fundamental  problem,  because  it  is  the  heart  of  the  bill.  If  it  is  not 

thought  desirable  to  make  this  advance  toward  the  regulation  of  these  public  utilities, 
my  judgment  would  be  that  it  is  not  advisable  to  pass  the  bill  at  all  for  if  the  roads 

are  to  be  returned  under  the  regulations  which  formerly  existed,  believing  as  I  do  that 
private  operation  under  such  conditions  is  impossible,  and  that  it  will  end  in  utter 

collapse,  I  will  necessarily  find  myself  advocating  the  assumption,  upon  the  part  of 

the  government,  of  the  duty  of  owning  and  operating  our  transportation  facilities." 
That  statement  was  made  in  1919,  and  the  conditions  with  which  we  are  dealing 

today  seem  to  indicate  that  we  ought  now  to  undertake  to  do  what  was  then  proposed. 
What  was  done  with  the  railroads  of  Great  Britain  is  frequently  pointed  out  as 

indicating  the  line  which  we  ought  to  take.  But  the  truth  of  the  matter  is  that  the 

legislation  in  Great  Britain  on  which  that  nation  acted  was  really  copied  from  our  own 

transportation  bill  as  introduced.  They  took  a  page  out  of  the  American  book,  but  they 
took  the  Transportation  Act  as  it  was  introduced,  with  its  compulsory  consolidation 
features.  We  passed  our  law  in  1920.  They  passed  theirs  in  1921.  Our  Interstate 

Commerce  Commission  was  required  to  devise  first,  a  tentative  plan  for  the  reduction 

of  the  mileage  to  this  limited  group,  and  then  to  make  that  plan  final.  It  put  out  its 

tentative  plan  in  1921.  It  did  not  become  final  until  1929.  There  was  nothing 
coercive  about  it.  There  was  no  obligation  on  the  part  of  any  railroad,  in  any  one 

of  the  groups,  to  do  anything  towards  consummating  what  was  suggested  by  the 
commission.  The  result  was  that,  while  there  was  some  considerable  attempt  in  the 

East  to  bring  about  a  reduction  of  mileage  there  to  a  limited  number  of  systems, 
nothing  has  ever  actually  been  done  under  the  specific  consolidation  provisions  of 
the  act. 
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General  Consolidation  Not  Carried  Out 

Here  and  there  there  has  been  unification  brought  about  under  another  section 

of  the  law,  but  the  general  consolidation  provisions  of  the  Transportation  Act  have 

lain  dormant,  to  all  intents  and  purposes,  ever  since  the  law  was  passed. 

In  Great  Britain,  the  law  was  enacted  a  year  after  ours,  and  they  were  over  all 
of  their  consolidation  difficulties  in  two  years,  and  the  120  systems  operating  their 

220,000  miles  of  railroad  had  been  reduced  to  four.  Our  mileage,  it  is  true,  is  more 

than  ten  times  as  great.  The  number  of  so-called  Class  I  railroads,  railroads  having 
annual  gross  revenues  in  excess  of  $1,000,000,  is  about  140,  and  taking  all  of  the 

operating  properties  in  the  United  States  there  are  some  850,  and,  of  course,  the  job 

is  a  much  larger  and  more  difficult  one ;  but  I  do  not  consider  that  it  is  an  insuperable  one. 

There  is  an  added  difficulty  in  the  difference  of  the  constitutional  systems  of  the 

two  governments.  In  England,  when  a  law  is  passed,  it  is  final.  There  isn't  any  right 

in  any  court  to  describe  it  as  unconstitutional  or  to  "unsay"  anything  that  Parliament 
has  said. 

In  the  United  States,  as  you  know,  we  have  an  entirely  different  system.  There 

is  lodged  in  the  Supreme  Court  of  the  United  States  the  power  to  say  that  this  or  that 
piece  of  legislation  may  be  disregarded  because  it  does  not  square  with  the  fundamental 

law.  The  owners  of  property  who  did  not  wish  to  go  along  with  a  given  consolidation 

might  create  difficulties  here  that  did  not  exist  in  England.  But,  as  I  see  it,  notwith- 
standing the  difficulties,  this  is  the  only  thing  to  which  we  can  now  turn. 

I  was  gratified  to  note  in  the  current  press  reports  of  the  conference  which  took 

place  in  Washington  yesterday,  that  consideration  was  again  given  to  this  as  a  possible 

solution  of  the  problem.  Of  course,  it  would  take  time  and  the  condition  of  the  rail- 
roads is  now  such  that,  without  governmental  help,  we  cannot  go  along  much 

longer.  Already  the  government  has  a  very  considerable  stake  in  the  railroads  of  the 

United  States.  Four  hundred  eleven  million  dollars  are  now  owing  by  those  properties 

to  the  Reconstruction  Finance  Corporation,  and  undoubtedly  much  more  will  be  owing 

within  a  short  time.  Also,  it  may  be  said  that  organized  labor,  which  is  a  mighty 

influence  under  existing  conditions,  will  be  opposed  to  any  plan  that  looks  to  a 

reduction  in  the  number  of  jobs.  So  it  was  suggested  yesterday  that,  if  this  con- 
solidation were  brought  about,  it  would  be  the  duty  of  the  government  to  protect 

the  wages  of  those  employes  who  were  released  or  lost  their  positions  as  a  result 
of  the  consohdation,  and  an  editorial  in  the  New  York  Times  within  the  last  four 

or  five  weeks  advocated  that  very  thing. 

This,  in  brief,  ladies  and  gentlemen,  is  the  view  I  take  of  the  situation  as  it  now 

stands.  It  is  not  a  cheerful  view,  and  it  is  unpleasant  on  an  occasion  like  this,  to  be 

obliged  to  paint  so  somber  a  picture  as  that  which  I  have  been  giving  you,  but  the 
facts  are  there.    We  might  just  as  well  face  them. 

It  is  to  be  said  of  your  organization,  however,  that  whatever  the  outcome  may  be, 

whether  we  turn  to  government  ownership  or  government  control,  the  work  that  is 

done  by  you  gentlemen  must  continue  to  be  done.  If  the  American  railroad  system  is, 

as  it  is  conceded  to  be,  the  finest  in  the  world,  that  fact  is  to  be  ascribed  in  very  large 
measure  to  the  American  railway  engineer.  It  is  to  him  we  owe  whatever  is  fine  in 

our  properties  as  they  were  constructed  and  as  they  are  kept  up;  and  whatever  changes 

may  take  place  in  railroad  ownership,  it  is  to  the  men  who  make  up  this  Association, 
that  we  will  continue  to  turn  for  maintaining  this  high  standard.     (Applause) 



REPORT  OF  THE  SECRETARY 

March  1,  1938. 

To  the  Members ; 

This  report  relates  to  the  activities  of  the  Association  for  the  past  year,  grouped 
under  the  following  headings:  General;  Finance;  Membership;  Publications  and 
Miscellaneous. 

GENERAL 

Retirement  of  the  Secretary. — The  retirement  of  Mr.  E.  H.  Fritch  as  Secretary 
of  the  Association,  as  announced  during  the  1937  Annual  Convention,  became  effective 

on  April  30,  1937.  The  Board  of  Direction  concurring.  President  J.  C.  Irwin  authorized 
the  Assistant  Secretary,  Frank  McNellis,  to  assume  temporary  charge  of  the  Association 

office  on  May  1,  1937,  and  instructed  him  to  perform  all  of  the  secretarial  duties  until 

further  notice.  At  the  Board  of  Direction  meeting  held  in  Chicago  on  March  18,  1937, 

the  President  was  authorized  to  appoint  a  Special  Committee,  composed  of  four  Past- 
Presidents  of  the  AREA  and  the  Chairman  of  the  Electrical  Section  of  the  Engineering 
Division,  AAR,  for  the  purpose  of  preparing  a  specification  of  qualifications,  and  to 
canvass  the  field  and  recommend  to  the  Board  of  Direction  not  less  than  three  names 

eligible  for  the  position  of  Secretary.  The  Special  Committee  reported  its  recommenda- 
tions at  a  meeting  of  the  Board  of  Direction  held  in  New  York  City  on  December  8, 

1937,  at  which  time  a  Committee  of  Officers,  composed  of  President  J.  C.  Irwin,  First 

Vice-President  F.  E.  Morrow,  Second  Vice-President  E.  M.  Hastings  and  Chairman 
H.  F.  Brown  of  the  Electrical  Section,  was  authorized  by  the  Board  to  appoint  as  Sec- 

retary, one  of  the  three  men  recommended  by  the  precedessor  Committee.  The  Com- 
mittee of  Officers  has  announced  as  its  selection  as  Secretary,  Mr.  W.  S.  Lacher,  formerly 

Western  Engineering  Editor  of  Railway  Age,  and  Managing  Editor  of  Railway  Engi- 
neering and  Maintenance,  Chicago.  Mr.  Lacher  will  take  office  as  Secretary  immediately 

following  the  close  of  the  1938  Annual  Convention. 

Conferring  of  Honorary  Membership. — During  the  summer  of  1937,  proposals 
were  received  from  the  requisite  number  of  members  of  the  Association,  nominating  for 

Honorary  Membership  in  the  AREA  the  following  Past-Presidents:  William  B.  Storey, 
John  G.  Sullivan,  Charles  A.  Morse  and  John  L.  Campbell.  The  proposals  having  re- 

ceived the  unanimous  endorsement  of  the  Board  of  Direction,  the  candidates  were  notified 

of  their  election  by  President  Irwin  on  July  23,  1937.  The  degree  of  Honorary 
Membership  will  be  conferred  during  the  opening  session  of  the  1938  Annual  Convention. 

Meetings  of  the  Board  of  Direction. — During  the  year  1937,  the  following 
Board  of  Direction  meetings  were  held:  March  ISth  and  18th,  Chicago;  June  2Sth, 

Toronto,    Ont.,    Canada;    September    14th,    Chicago;    December   8th,   New   York   City. 

Engineering  Research  Advisory  Committee. — As  a  result  of  the  study  made 

by  a  special  committee  which  was  appointed  by  Past-President  A.  R.  Wilson  during  1936, 
as  outlined  in  AREA  Proceedings  Volume  38,  pp.  27  and  28,  under  date  of  November  8, 

1937,  President  Irwin  announced  the  appointment  of  the  following  personnel  of  the 

Engineering  Research  Advisory  Committee: 

55 



56  Business   Session 

J.  C.  Irwin,  Chairman,  Valuation  Engineer,  Boston  &  Albany  Railroad  (NYC  RR), 

South  Station,  Boston,  Mass.,  (Chairman  of  Engineering  Division  and  of 
Construction  and  Maintenance  Section). 

B.  J.  Schwendt,  Assistant  Signal  Engineer,  New  York  Central  Railroad,  Cincinnati, 

Ohio,  (Chairman  of  Signal  Section). 

H.   F.   Brown,  Assistant   Electrical  Engineer,  New  York,  New  Haven  &  Hartford 

Raih-oad,  New  Haven,  Conn.  (Chairman  Electrical  Section). 

F.  E.  Morrow,  Chief  Engineer,  Chicago  &  Western  Indiana  Railroad,  Chicago,  111. 

(First  Vice-Chairman  Construction  and  Maintenance  Section). 

E.   M.   Hastings,   Chief   Engineer,   Richmond,  Fredericksburg  &  Potomac  Railroad, 

Richmond,  Va.  (Second  Vice-Chairman  Construction  and  Maintenance  Section). 

E.  P.  Weatherby,  Signal  Engineer,  Texas  &  Pacific  Railway,  Dallas,  Texas.     (Vice- 
Chairman  Signal  Section). 

D.  B.  Thompson,  Mechanical  and  Electrical  Engineer,  New  York  Central  Railroad, 

New  York,  N.  Y.  (Vice-Chairman  Electrical  Section) . 

Subsequently  under  date  of  January  1,  1938,  announcement  was  made  of  the 

appointment  of  Mr.  G.  M.  Magee  as  Research  Engineer,  Engineering  Division.  Mr. 

Magee  will  be  in  charge  of  research  activities  of  the  Engineering  Division,  reporting  to 
the  Engineering  Research  Advisory  Committee. 

Joint  Committee  on  the  Prevention  of  Damage  Due  to  Brine  Drippings.— 
During  the  latter  part  of  1937,  request  was  made  by  Mr.  J.  M.  Symes,  Vice-President, 
Operations  and  Maintenance  Department,  Association  of  American  Railroads,  that  the 

subject  of  investigation  of  damage  due  to  brine  drippings  be  actively  revived  and  studied 

jointly  by  the  Engineering  and  Mechanical  Divisions.  For  this  purpose  a  Joint  Com- 
mittee on  the  Prevention  of  Damage  Due  to  Brine  Drippings  was  formulated,  composed 

of  the  following  personnel: 

Representing  the  Engineering  Division  (AREA) 

W.  G.  Am,  Assistant  Engineer,  Illinois  Central  Railroad,  Chicago. 

L.    L.    Adams,    Engineer    Maintenance    of    Way,    Louisville    &    Nashville    Railroad, 
Louisville,  Ky. 

C.  W.  Baldridge,  Assistant  Engineer,  Atchison,  Topeka  &  Santa  Fe  Railway,  Chicago. 

R.  W.  E.  Bowler,  Engineer  Maintenance  of  Way,  Pennsylvania  Railroad,  Buffalo, 
N.  Y. 

H.  R.  Clarke,  Engineer  Maintenance  of  Way,  Chicago,  Burlington  &  Quincy  Railroad, 
Chicago. 

F.  W.  Hillman,  Assistant  Engineer  Maintenance,  Chicago  &  North  Western  Railway, 
Chicago. 

T.  T.  Irving,  Chief  Engineer,  Central  Region,  Canadian  National  Railways,  Toronto, 

Ont.,  Canada. 

C.  T.  Jackson,  Assistant  to  Chief  Engineer,  Chicago,  Milwaukee,  St.  Paul  &  Pacific 
Railroad,  Chicago. 

W.  A.  Murray,  Engineer  Maintenance  of  Way,  New  York  Central  Railroad,  New 
York,  N.  Y. 
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A.   E.    Perlman,    Engineer  Maintenance   of   Way,   Denver  &   Rio   Grande   Western 
Railroad,  Denver,  Colo. 

I.  H.  Schram,  Engineer  Maintenance  of  Way,  Erie  Railroad,  New  York,  N.  Y. 

G.  L.  Sitton,  Chief  Engineer,  Maintenance  of  Way  and  Structures,  Southern  Railway 
System,  Charlotte,  N.  C. 

C.  R.  Strattman,  Roadmaster,  Michigan  Central  Railroad,  Lansing,  Mich. 

Dr.  Hermann  von  Schrenk,  Consulting  Timber  Engineer,  New  York  Central  System, 
Tower  Grove  and  Flad  Avenues,  St.  Louis,  Mo. 

J.  G.  Wishart,  Principal  Assistant  Engineer,  Chicago,  Rock  Island  &  Pacific  Railway, 
Chicago. 

Representing  the  Mechanical  Division: 

W.    R.    McMunn,    Superintendent    of    Rolling    Stock,    Merchants    Despatch,    Inc., 
Rochester,  N.  Y. 

K.  F.  Nystrom,  Mechanical  Assistant  to  Chief  Operating  Officer,  Chicago,  Milwaukee, 

St.  Paul  &  Pacific  Railroad,  Milwaukee,  Wis. 

J.  McMuUen,  Superintendent  Car  Department,  Erie  Railroad,  Cleveland,  Ohio. 

M.  F.  Covert,  General  Superintendent  Equipment,  General  American  Transportation 

Corporation,  Chicago. 

The  Engineering  Division  Representatives  are  members  of  AREA  Committee  V — 
Track. 

Joint  Committee  for  Research  on  the  Relation  between  Track  and  Roll- 

ing Stock. — At  the  meeting  of  the  Board  of  Direction  of  the  AREA  and  the  concurrent 
meeting  of  the  Committee  of  Direction  of  the  Construction  and  Maintenance  Section, 

Engineering  Division,  which  was  held  in  Toronto,  Canada,  on  June  25,  1937,  President 

Irwin  called  attention  to  the  necessity  of  organized  cooperation  between  the  Engineering 

and  Mechanical  Divisions  in  the  study  of  the  relation  between  track  and  rolling  stock, 

through  a  program  of  investigation  and  tests  relative  thereto.  Subsequently,  the  Engi- 
neering and  Mechanical  Divisions  selected  the  following  as  the  personnel  of  a  Joint 

Committee  for  Research  on  the  Relation  between  Track  and  Rolling  Stock,  which  was 

approved  by  Vice-President  Symes  of  the  Association  of  American  Railroads,  under  date 
of  January  4,  1938: 

Engineering  Division  Representatives: 

Dr.  Arthur  N.  Talbot,  Chairman;    (Chairman,  Committee  on  Stresses  in  Railroad 
Track),  Professor  Emeritus,  University  of  Illinois,  Urbana,  111. 

John  V.  Neubert,    (Chairman,  Committee  IV — Rail),  Chief  Engineer  Maintenance 
of  Way,  New  York  Central  Railroad,  New  York,  N.  Y. 

W.  J.  Burton,  Assistant  to  Chief  Engineer,  Missouri  Pacific  Railroad,  St.  Louis,  Mo. 

A.  N.  Reece,  Chief  Engineer,  Kansas  City  Southern  Railway,  Kansas  City,  Mo. 

Robert   Faries,   Assistant    Chief    Engineer   of   Maintenance,   Pennsylvania   Railroad, 
Philadelphia,  Pa. 
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Mechanical  Division  Representatives: 

R.  H.  Kueck,  Chief  Mechanical  Engineer,  Missouri  Pacific  Lines,  St.  Louis,  Mo. 

J.  B.  Blackburn,  Mechanical  Assistant  to  Chief  Mechanical  Officer,  Chesapeake  & 

Ohio  Railway,  Cleveland,  Ohio. 

J.  G.  Blunt,  Chief  Mechanical  Engineer,  American  Locomotive  Company,  Schenec- 
tady, N.  Y. 

F.  A.  Isaacson,  Engineer  Car  Construction,  Atchison,  Topeka  &  Santa  Fe  Railway, 

Topeka,  Kansas. 

A.    G.    Hoppe,    Assistant    Mechanical    Engineer,    Chicago,    Milwaukee,    St.   Paul    & 

Pacific  Railroad,  Milwaukee,  Wis. 

Mr.   W.    1.    Cantley,   Mechanical   Engineer,   Mechanical   Division,   and   Mr.   G.   M. 

Magee,  Research  Engineer,  Engineering  Division,  will  participate  ex-officio  in  the  activities 
of  this  Committee. 

Combination  of  Committees.— The  Board  of  Direction  has  for  several  years  given 

consideration  to  the  subject  of  combination  of  committees.  In  September,  1937,  as  a 

result  of  a  joint  meeting  of  the  Board  Committees  on  Outlme  of  Work  and  Personnel  of 

Committees,  together  with  the  chairmen  of  committees  of  the  Association,  the  Committee 
on  Outline  of  Work  recommended  to  the  Board  of  Direction  at  its  meeting  in  New  York 

City  on  December  8,  1937,  the  following  changes  in  committees,  which  have  been 

approved: 

Committee  I — Roadway,  and  Committee  II — Ballast,  to  be  combined  as  Committee  I 
— Roadway  and  Ballast. 

Committee  XVI — Economics  of  Railway  Location,  and  Committee  XXI — Economics 
of  Railway  Operation,  to  be  combined  as  Committee  XXI — Economics  of  Railway 
Location  and  Operation. 

Committee  XXIII — Shops  and  Locomotive  Terminals,  to  be  eliminated,  and  uncom- 
pleted work,  if  any,  to  be  assigned  to  appropriate  committees. 

The  Manual  chapters  carrying  the  designation  of  the  committees  so  eliminated,  will 
remain  without  combination. 

FINANCES 

The  Financial  Statement  for  the  calendar  year  ending  December  31,  1937,  is  contained 
on  a  following  page. 

The  1937  Budget  as  approved  by  the  Board  of  Direction,  allowed  for  an  expenditure 
of  $35,940.00. 

The  Estimated  Receipts  for  1937,  as  submitted  with  the  Budget,  totalled 
$33,600.00. 

The  Actual  Receipts,  as  indicated  in  the  Financial  Statement  for  1937,  were 
$36,523.44. 

The  Excess  of  Receipts  over  Disbursements  was  $6,169.48.  In  view  of 

existing  conditions,  it  is  gratifying  to  report  this  excess  of  receipts  over  disbursements. 

MEMBERSHIP 

The  number  of  members  on  the  rolls  as  of  March  1,  1937,  was  1926.  The  additions 

during  the  year  1937  were  83;  the  losses  by  death,  resignations  and  dropped  were  71. 
The  total  membership  as  of  March  1,  1938,  was  1938. 
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Ekewhere  contained  in  this  report  is  a  list  of  members  deceased  since  the  last 

Annual  Convention.  It  is  with  deep  regret  that  we  record  the  passing  of  these,  our 
esteemed  associates. 

PUBLICATIONS 

Manual. — During  the  first  ten  months  in  which  the  revised  Manual  was  available, 

1409  copies  were  purchased.  In  addition,  433  separate  chapters  were  sold.  This  com- 
pares favorably  with  the  sale  of  the  previous  edition  of  the  Manual,  1700  copies  of 

which  were  purchased  over  a  period  of  six  years. 

Revisions  to  the  Manual. — Supplemental  sheets  containing  the  1937  Revisions, 
were  distributed  to  all  members  who  purchased  copies  of  the  revised  Manual. 

Proceedings. — ^Volume  38  (1937)  containing  committee  reports  and  discussion 
thereon  at  the  Thirty-eighth  Annual  Convention,  were  distributed  to  the  members  during 
August,  1937. 

Bulletins. — The  number  of  Bulletins  issued  during  the  year  was  reduced  from  ten 
to  eight.  This  reduction  was  due  partially  to  postal  requirements,  and  also  to  the  fact 
that  the  Manual  revisions  are  now  published  in  supplemental  sheets  instead  of  appearing 
in  Bulletin  form  as  heretofore.  Bulletin  403,  March,  1938,  containing  the  Year  Book  and 

Program,  has  this  year  been  amplified  to  include  the  Constitution,  chronological  list  of 
Past  Officers  of  the  AREA  since  the  date  of  organization,  and  the  alphabetical  list  of 

members  has  been  revised  to  indicate  the  present  title  and  railroad  or  industrial  affiliation 

of  members,  as  well  as  their  local  addresses  in  most  instances. 

MISCELLANEOUS 

Amendment  to  the  Constitution. — An  amendment  to  the  Constitution,  proposed 
by  the  requisite  number  of  members,  and  consisting  of  revisions  to  Articles  I,  IV,  V, 

VI,  VII  and  IX,  was  submitted  by  letter-ballot  to  voting  members  of  the  Association 
under  date  of  September  22,  1937.    The  result  of  the  ballot  was  as  follows: 

For  the  amendment     447 

Against  the  amendment          25 
Defective  ballots  not  counted       26 

The  amendment  was  therefore  approved,  and  the  revised  Constitution  is  contained 
in  Bulletin  403,  March,  1938. 

Frank  McNellis, 

Assist(mi  Secretary. 
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GEOGRAPHICAL  DISTRIBUTION  OF  MEMBERSHIP 

United  States  and  Possessions 

Alabama       H 
Alaska       1 
Arizona       3 
Arkansas       12 
California       49 
Canal   Zone       1 
Colorado      18 
Connecticut      22 
Delaware      1 
District  of  Columbia      30 
Florida      12 
Georgia       24 
Hawaii      1 
Idaho       1 
Illinois      301 
Indiana       34 
Iowa      16 
Kansas     31 
Kentucky     27 
Louisiana       15 
Maine     8 
Maryland       35 
Massachusetts       42 
Michigan      45 
Minnesota       67 
Mississippi      6 
Missouri     114 

Montana       5 
Nebraska     22 
New  Hampshire       3 
New  Jersey       36 
New  Mexico      1 
New  York     161 
North  Carolina       IS 
North  Dakota       2 
Ohio      152 
Oklahoma       9 

Oregon       6 
Pennsylvania       149 
Puerto  Rico      1 
Rhode  Island     4 
South  Carolina       1 
South  Dakota       1 
Tennessee       18 
Texas      71 
Utah      4 
Vermont       7 
Virginia       86 
Washington      16 
West  Virginia     17 
Wisconsin       12 

1725 

Other  Countries 

Canada       108 
Japan       22 
Mexico     14 
Brazil       9 
Australia       7 
Argentine      6 
China      6 
India       6 
Central  America       6 
England       5 
Union  Soc.  Sov.  Rep    4 
Cuba       3 

Manchukuo   ... 
Africa     
Czechoslovakia 
Scotland      
Switzerland   ... 
Bolivia      
Columbia     
France      
Germany     
Peru      

213 
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2iecea£feb  Mtmhtx^ 

F.  D.  Anthony 

West  Chicago,  111. 

M.  S.  Blaiklock 

Chairman,  System  Cooperative  Movement,  Canadian  National  Railways 

A.  BOUSFIELD 
General  Manager,  E.  &  T.  Fairbanks  &  Company 

C.  H.  Byers 
Valuation  Engineer,  Western  Pacific  Railroad 

A.  G.  Chapman 
Chief  Engineer,  Albany  Port  District  Commission 

M.  F.  Clements 

Bridge  Engineer,  Northern  Pacific  Railway 

Walter  Constance 

Supervisor  of  Reclamation,  Chesapeake  &  Ohio  Railway 

H.  L.  Crumpecker 
Statistical  Engineer,  Norfolk  &  Western  Railway 

J.  H.  Goos 
Inspecting  Engineer,  Great  Northern  Railway 

Henry  Gulick 

President,  Gulick-Henderson  Company 

W.  J.  Harahan 
President,  Chesapeake  &  Ohio  Railway 

R.  L.  Huntley 
(Retired)  Chief  Engineer,  Union  Pacific  System 

E.  E.  LOOMIS 

Chairman  of  the  Board,  Lehigh  Valley  Railroad 
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D.  W.  Smith 
Valuation  Engineer,  Chesapeake  &  Ohio  Railway 

E.  E.  Stetson 

Assistant  to  Chief  Engineer,  Pennsylvania  Railroad 

H.  R.  Talcott 
Assistant  Chief  Engineer,  Baltimore  &  Ohio  Railroad 

Edgar  Thomason 

President,  Piedmont  &  Northern  Railway 

C.  M.  Warnock 
President,  Charles  Warnock  &  Company 

R.  C.  Watkins 

Vice-President  and  General  Manager,  Southern  Pacific  Lines  in  Louisiana 

A.  W.  White 
Division  Engineer,  Chicago  &  Eastern  Illinois  Railway 

B.  A.  Wood 
Chief  Engineer,  Mobile  &  Ohio  Railroad 
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FINANCIAL  STATEMENT  FOR  CALENDAR  YEAR  ENDING 

DECEMBER  31,  1937 

Balance  on  hand  January  1,  1937       $72,059.80 

RECEIPTS 
Membership  Account 

Entrance  Fees      $     803.00 
Dues      18,613.13 
Binding  Proceedings        2,550.45 

Sales  of  Publications 
Proceedings     1,036.00 
Bulletins       1,390.95 
Manual    ..*    7,419.01 
Specifications       557.30 
Track  Plans      458.95 

Advertising 
Publications             899.40 

Interest  Account 
Investments         2,298.56 
Profit  on  bond  called  for  redemption      6.42       « 

Miscellaneous          207.29 
Structural  Pamphlets         161.00 
AAR  Pension  Refund           121.98 

Total      $36,523.44 

DISBURSEMENTS 
Ordinary:  • 

Salaries    $  6,377.74 
Proceedings      3,972.57 
Bulletins     3.900.90 
Structural  Pamphlets      147.00 
Stationery  and  Printing     928.55 
Rents,  Light,  etc    824.80 
Supplies       62.98 
Expressage      110.74 
Postage     503.25 
Exchange    118.63 
Committee  Expense      24.95 

Officers'  Expense      5.35 
Annual   Meeting       1,181.27 
Refunds,  dues,  etc    88.50 
Audit       200.00 
Pensions  (E.  H.  Fritch— A.  K.  Shurtleff )       2.040.00 
Social  Security  Act     139.55 
Miscellaneous       63.79 
Concrete  Studies      100.00 
Expense  Account,  Japanese  Trip,  E.  H.  Fritch     200.00 

Total  Ordinary  Disbursements     $20,990.57 
Excess  of  Receipts  over  Ordinary  Disbursements      15,532.87 

Extraordinary: 

♦Manual  Revision  Work        9,363.39 
Excess  of  Receipts  over  Total  Disbursements           6,169.48 

Balance  on  hand  December  31,  1937        $78,229.28 

•  Extraordinary   expenditures   include   the   Manual    Revision    Work   authorized   by   the 
Board  of  Direction,  March  14,  1935,  and  is  properly  chargeable  to  surplus. 
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REPORT  OF  THE  TREASURER 
To  the  Members: 
Balance  on  hand  January  1,  1937        $72,059.80 

Receipts  during  1937     $36,523.44 
Paid  out  on  Audited  Vouchers,  1937     30,353.96 

♦Excess  of  Receipts  over  Total  Disbursements            6,169.48 

Balance  on  hand  December  31,  1937        $78,229.28 
Consisting  of 
*Bonds  at  cost      $67,868.31 
Cash  in  Northern  Trust  Company  Bank      10,142.45 
Cash  in  Royal  Bank  of  Canada           193.52 
Petty  Cash      25.00 

$78,229.28 
*  Total  Disbursements  include  Extraordinary  Expenditures  account  of  Revision  of Manual  Work. 
f  Includes  $6,240.00  book  value  of  Rock  Island,  Arkansas  &  Louisiana  4}4  per  cent 

bonds  due  March  1,  1934,  not  paid,  in  default. 
Also  includes  St.L.S.W.  5  per  cent  bonds,  book  value,  $1,319.31,  interest  coupons 

January  1    1936,  and  thereafter  in  default. 
Respectfully  submitted, 

A.  F.  Blaess,  Treasurer. 

We  have  made  an  audit  of  the  accounts  of  the  American  Railway  Engineering 
Association  for  the  year  ending  December  31,  1937,  and  find  them  to  be  in  accordance 
with  the  foregoing  statements. 

C.  G.  Rivers, 
E.  Deming, 

•  Auditors. 

GENERAL  BALANCE  SHEET 

December  31,  1937 
Assets  1937  1936 

Due  from  Members      $  1,416.25  $  2,127.50 
Due  from  Sales  of  Publications    60.00  75.00 
Due  from  Advertising       35.00  55.00 
Furniture  and  Fixtures    338.00  338.00 
Gold  Badges    25.00  32.50 
Publications  on  hand  (estimated)    2,000.00  2,000.00 
Extensometers     150.00  200.00 

♦Investments  (cost)       67,868.31  67,310.64 
Interest  on  Investments  (accrued)       410.00  423.43 
Cash  in  Northern  Trust  Company  Bank     10,142.45  3,718.39 
Cash  in  Royal  Bank  of  Canada     193.52  1,005.77 
Petty  Cash      25.00  25.00 

JfManual  Revision  Work  (suspense)      11,774.74  14,411.35 

$94,438.27  $91,722.58 Liabilities 

Members'  Dues  Paid  in  Advance    $  5,167.75  $  4,782.50 
Surplus     89,270.52  86,940.08 

Total      $94,438.27    $91,722.58 

*  Includes  $6,240.00  book  value  of  Rock  Island  &  Louisiana  4J4  per  cent  bonds  due March  1,  1934,  not  paid,  in  default. 
Also  includes  St.L.S.W.  5  per  cent  bonds,  book  value  $1,319.31,  interest  coupons 

January  1,  1936,  and  thereafter,  in  default. 
Dominion  of  Canada  bond,  par  valUe  $1,000.00,  book  value,  $991.08,  redeemed  during 

year  1937.  Dominion  of  Canada  bonds,  par  value  $1,500.00  purchased  for  $1,548.75  during 
year  1937. 

I  Expenditures  for  Manual  Revision  Work  to  December  31,  1936,  have  been  charged 
against  surplus  to  the  extent  of  $12,000.00,  in  accordance  with  resolution  of  the  Board  of 
Direction,  dated  December  8,  1937. 



REPORT  OF  COMMITTEE  XXVI— STANDARDIZATION 

E.  M.  Hastings,  Chairman;    C.  J.  Geyer,  J.  R.  W.  Ambrose,  Vice- 
JOHN  E.  Armstrong,  C.  C.  Haire,  Chairman; 
H.  AusTiLL,  J.  B.  HuNLEY,  J.  E.  Saunders, 
Hadley  Baldwin,  A.  D.  Kennedy,  F.  S.  Schvvinn, 
R.  C.  Bardwell,  L.  H.  Laffoley,  H.  M.  Stout, 
E.  H.  Barnh.\rt,  J.  A.  Lahmer,  Dr.  A.  N.  Talbot, 
F.  C.  L.  Bond,  J.  F.  Leonard,  C.  H.  Tillett, 
J.  G.  Brennan,  M.  F.  Mannion,  R.  A.  Van  Ness, 
H.  F.  Brown,  John  V.  Neubert,  G.  R.  Westcott, 
Geo.  S.  Fanning,  W.  G.  Nusz,  O.  G.  Wilbur, 
John  Foley,  G.  P.  Palmer,  A.  R.  Wilson, 
C.  F.  Ford,  Arthur  Ridgway,  Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  assignments: 

(1)  What  AREA  recommended  practices  should  be  advocated  for  general  use  on 

railroads.     Progress  report. 

(2)  What  AREA  recommended  practices  should  be  sponsored  as  projects  for 

National  Standardization.     Progress  report. 

(3)  Maintain  contact  with  Standardization  bodies  and  keep  the  Association  in- 

formed on  important  matters  developed  by  such  contact.     Progress  report. 

(1)  What  AREA  recommended  practices  should  be  advocated  for  general  use.- — 
Your  Committee  calls  attention  again  to  the  presentation  last  year  of  Appendix  A  (see 

Proceedings  Volume  38,  page  466).  This  tabulation  sets  forth  items  selected  after  care- 

ful study,  giving  the  reference  thereto  in  the  new  Manual.  The  changes  in  this  tabula- 

tion being  so  few  since  last  published  your  Committee  felt  that  in  the  interest  of  economy 

and  brevity  the  tabulation  would  not  be  published  again  this  year  but  calls  the  attention 

of  the  members  of  the  Association  using  the  tabulation  to  the  revisions  of  the  Manual 

which  have  been  issued  during  the  year  1937  and  again  suggests  to  the  Association  that 

this  matter  is  worthy  of  careful  consideration. 

(2)  What  AREA  recommended  practices  should  be  sponsored  as  projects  for 

National  Standardization. — Your  Committee  has  no  additional  information  to  present  to 

the  Association.  As  a  matter  of  information  you  are  advised  that  the  'Specifications 
for  the  Manufacture  and  Installation  of  Motor  Truck,  Built-in,  Self-Contained  and 

Portable  Scales  for  Railway  Service — 1936"  are  in  the  process  of  being  advanced  to  an 

American  Standard  under  the  sponsorship  of  the  AAR,  and  also  that  the  "Specifications 

for  the  Manufacture  and  Installation  of  Four-Section  Railway  Track  Scales"  are  on  their 
way  toward  approval  as  an  American  Standard. 

(3)  Maintain  contact  with  Standardization  bodies  and  keep  the  Association  in- 

formed on  important  matters  developed  by  such  contact. — These  contacts,  as  heretofore, 

are  being  continued  and  there  follows  a  brief  resume  of  the  activities  of  the  American 

Standards  Association  and  the  Canadian  Engineering  Standards  Association: 

AMERICAN  STANDARDS  ASSOCIATION   (ASA) 

The  American  Standards  Association  appreciates  the  interest  the  Association  of 

American  Railroads  has  displayed  in  the  substantial  financial  support  for  the  year  1937 

and  the  part  its  representatives  have  maintained  in  the  many  Sectional  Committees, — 
the  Association  of  American  Railroads  being  represented  in  the  Standards  Council. 

Bulletin  398,  October,   1937. 
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Representatives 

Div.     I — Operating;  W.  Rogers  (Term  expires  December  31,  1937). 
Div.  IV — Engineering;  A.  R.  Wilson   (Term  expires  December  31,  1939). 
Div.    V — Mechanical;  W.  I.  Canllcy  (Term  expires  December  31,  1938). 

Alternates 

Div.  IV — Engineering ;    Construction   and   Maintenance   Section ;   W.   F.   Cummings 
and  E.  M.  Hastings. 
Electrical  Section;  Sidney  Withington. 
Signal  Section;  E.  K.  Post,  J.  E.  Saunders. 

Div.    V — Mechanical;  J.  E.  Ennis. 
Div.  VI — Purchases  and  Stores;  C.  B.  Tobey. 

Of  particular  interest  to  the  Association  of  American  Railroads  is  the  approval  by 

the  American  Standards  Association  of  American  Standards  for  large  rivets, — this  subject 
having  been  under  study  for  a  number  of  years;  the  standardization  of  rivet  heads  being 
a  part  of  the  comprehensive  project  handled  by  the  committee  on  bolt,  nut  and  rivet 

proportions  organized  under  the  procedure  of  the  American  Standards  Association. 

Recognizing  the  value  of  the  standards  as  promulgated  by  the  Standards  Association, 

the  New  York  City's  new  building  code,  which  will  be  effective  January  1,  1938,  has 
wherever  possible  utilized  American  Standards  Association  standards. 

A  far-reaching  national  program  to  provide  standard  recommendations  for  the  use 

of  municipalities  in  adopting  their  building  regulations  is  going  forward  under  the  Build- 
ing Code  Correlating  Committee  of  the  American  Standards  Association. 

Committees  are  now  working  on  standard  building  code  requirements  for  fire  pro- 

tection and  fire  resistance;  chimneys  and  heating  appliances;  light  and  ventilation;  fire- 
extinguishing  equipment;  excavations  and  foundations;  iron  and  steel;  and  administrative 
requirements. 

When  the  various  City  Building  Codes  reach  uniformity,  construction  work  in  the 
respective  cities  by  the  railroads  will  be  materially  simplified. 

Under  the  direction  of  the  American  Standards  Association  a  Committee  has  been 

organized  to  revise  the  National  Electrical  Safety  Code.  On  such  general  committee 
Sidney  Withington  is  the  Association  of  American  Railroads  representative,  with  W.  R. 
Triem  as  an  alternate,  it  being  understood  that  the  Association  of  American  Railroads 

will  be  further  represented  on  technical  Sub-Committees.  Appointments  have  been  made 
to  represent  the  Association  of  American  Railroads  on  Technical  Committee,  Part  II  of 
the  Code  as  follows: 

Telegraph  and  Telephone  Section;  W.  A.  Jackson;  G.  R.  Stewart,  alternate. 
Electrical  Section;  W.  M.  Vandersluis. 
Signal  Section;  B.  J.  Schwendt. 

The  "Manual  of  American  Standards  approved  by  the  American  Standards  Asso- 

ciation" with  prices  of  standards  may  be  secured  free  on  application  to  the  American 
Standards  Association  office,  29  West  39th  Street,  New  York  City. 

CANADIAN  ENGINEERING  STANDARDS  ASSOCIATION   (CESA) 

Civil  Engineering  and  Construction 

The  specifications  for  Structural  Timber  have  now  been  published  under  the  desig- 

nation "A  43-1937".  This  specification  is  based  on  a  similar  ASTM  specification  but has  been  modified  to  suit  Canadian  conditions. 

A  complete  memorandum  of  revisions  for  the  specification  for  Steel  Highway  Bridges 
is  now  before  the  Committee  for  letter  ballot,  and  it  is  hoped  now  to  proceed  with 
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revised  editions  of  the  speciiications  for  Steel  Railway  Bridges  and  Steel  Structures  for 
Buildings.  These  three  revised  editions  will  take  into  account  the  use  of  steel  of  higher 
tensile  strength. 

Mechanical  Engineering 

A  memorandum  of  final  revisions  proposed  for  the  Safety  Code  for  Passenger  and 
Freight  Elevators  is  now  before  the  Committee  for  letter  ballot  and  it  is  hoped  that  this 
Code  will  be  published  in  the  early  fall. 

A  small  panel  has  been  organized  to  deal  with  the  question  of  Steel  Turnbuckles, 

but  a  preliminary  draft  has  not  yet  been  prepared. 

A  committee  on  Logging  Chains  is  now  active,  and  a  questionnaire  is  before  the 

committee  asking  for  information  on  field  experience  in  the  use  of  logging  chains,  pre- 
liminary to  indicating  a  series  of  tests  before  preparing  a  draft  specification. 

The  specification  for  Binder  Head  Screws  is  being  reviewed  with  the  object  of 

adding  one  or  two  sizes  to  the  list  already  published.  Consideration  has  also  been  given 
to  the  specifications  for  Wood  Screws  and  possibly  Small  Rivets. 

A  draft  specification  for  the  Colour  Identification  of  Piping  Systems  is  being  revised, 
and  the  scope  has  been  extended  somewhat. 

Electrical  Engineering 

Canadian  Electrical  Code,  Part  I  (Standards  for  Inside  Wiring)^ — Committees  are 
being  organized  to  consider  definite  revisions  for  a  fourth  edition  to  be  issued  in  1938. 

In  this  organization  the  committees  have  been  divided  into  Eastern  and  Western  groups, 
representing  the  Eastern  and  Western  Provinces. 

Canadian  Electrical  Code,  Part  II  (Approval  Specifications)^ — This  work  continues 
to  be  very  active  and  during  the  year  the  following  specifications  have  been  published: 

Enclosed  Switches,  Wireways  and  Busways,  Panelboards,  Low-voltage  Control-circuit 

Wire  and  Cable,  Christmas-tree  and  other  Decorative  Lighting  Outfits,  Cutout  Bases, 
Cabinets  and  Cutout  Boxes,  Ground  Clamps,  Receptacles,  Plugs  and  Similar  Devices, 

Lamp-holders  having  Socket  Screw-shells,  Flexible  Tubing  (non-metallic),  and  Flexible 
Cord  and  Fixture  Wire  (mimeograph  edition).  A  specification  for  Electrically-heated 

Warming  Pads  is  in  the  printer's  hands  and  will  shortly  be  published.  It  has  become 
necessary  to  issue  revised  drafts  of  the  specifications  for  Electric  Signs  and  for  Portable 

Electric  Displays  and  Incandescent  Lamp  Signs,  and  the  material  for  revision  is  now  out 

for  final  approval.  During  the  year  meetings  of  the  Panel  on  Specifications  have  been 

held  to  consider  specifications  for  Switchboards  and  Switching  Equipment,  Rigid  Steel 

Conduit,  Electric  Air-heaters,  Air-cooled  Transformers,  Non-metallic  Sheathed  Cable, 

Knife  Switches,  Armoured  Cord  and  Cable,  Domestic  Electric  Clothes-washing  Machines, 

and  Motors  (other  than  explosion-proof)  for  use  in  Hazardous  Locations,  and  it  is 
hoped  that  these  specifications  will  be  published  in  the  near  future.  Preliminary  drafts 

of  specifications  for  Flexible  Steel  Conduit,  Pull-off  Plugs  for  Electro-thermo  Appliances, 

and  Isolating  Switches  for  High-potential  "Disconnect"  Use,  are  now  out  for  comment. 
Canadian  Electric  Code,  Part  III  (Standards  for  Outside  Wiring) — The  revised  draft 

of  the  specification  for  Overhead  Systems  is  now  being  discussed,  but  it  has  been  found 

a  very  difficult  matter  to  secure  final  approval.  It  is  hoped,  however,  that  this  specifica- 
tion will  be  published  in  the  near  future. 

The  draft  regulations  covering  Radio  Interference  are  still  under  consideration  and 

it  will  be  necessary  to  consider  these  in  the  light  of  regulations  which  may  be  introduced 
under  the  Act  incorporating  the  new  Canadian  Broadcasting  Corporation. 

In  the  general  field,  the  specification  for  Paper-insulated  Lead-covered  Cable  is  now 
in  final  draft  form  and  is  before  the  committee  for  approval. 
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A  draft  specification  for  Enamelled  Magnet  Wire  is  under  consideration. 

The  specification  covering  Electricity  Meters  will  shortly  be  published.  This  covers 
A.C.  Watthour  Meters  and  Demand  Meters,  and  it  is  hoped  thereafter  to  prepare  a 

specification  for  Instrument  Transformers. 

A  revised  edition  of  the  specifications  for  Galvanized  Telegraph  and  Telephone  Line 

Wire  has  been  published,  under  the  designation  "C  3-1937". 
During  the  year  several  bulletins  have  been  issued  for  the  information  of  electrical 

manufacturers,  dealing  more  particularly  with  Code  regulations. 

Ferrous  Metallurgy 

It  is  hoped  to  publish  revised  editions  of  the  specifications  covering  Commercial  Bar 
Steel  and  Steel  for  Concrete  Reinforcement. 

General 

The  reorganized  Executive  Committee  and  Main  Committee  of  the  Association  are 
now  functioning,  and  a  campaign  for  increased  financial  support  was  actively  undertaken 

in  the  spring  of  the  year  which  resulted  in  a  most  encouraging  increase  in  the  re.ceipts 
from  Sustaining  Members  and  Subscribers.  It  is  hoped  with  the  additional  funds  at 

the  disposal  of  the  Association,  to  prosecute  the  work  more  actively. 

Colonel  W.  R.  McCaffrey  has  been  appointed  Secretary  of  the  Association,  succeed- 
ing B.  Stuart  McKenzie,  who  will  continue  his  connection  with  the  Association  in  the 

role  of  Consultant. 

The  Association  continues  to  occupy  quarters  in  Room  3064,  National  Research 

Building,  Sussex  Street,  Ottawa. 

The  Committee  does  not  ̂ iresent  for  publication  as  a  part  of  this  report  the  list  of 

standards  approved  by  the  ASA  during  the  year  but  expects  to  publish  this  information 

in  one  of  the  Bulletins  after  January  1938.  Nor  does  the  Committee  present  for  publi- 
cation the  tabulation  of  ASA  Technical  Projects  on  which  the  Association  of  American 

Railroads  is  now  cooperating,  with  the  names  of  the  cooperating  members.  However, 

attention  is  called  to  the  following  changes  in  the  representation  of  the  railway  asso- 
ciations on  the  following  projects: 

Project  C-2 — National  Electrical  Safety  Code. 
The  Main  Committee  has  been  much  reduced  in  number  and  the  Association  of 

American  Railroads  is  allowed  only  one  representative;  Sidney  Withington,  Electrical 
Engineer,  New  York,  New  Haven  &  Hartford  Railroad,  has  been  appointed  AAR 
representative,  it  being  agreed  that  the  AAR  would  be  further  represented  on  the 
technical  Sub-Committees.    W.  R.  Triem,  alternate. 

On  the  same  project.  National  Electrical  Safety  Code,  in  the  revision  of  Part  II 
B.  J.  Schwendt  will  represent  the  Signal  Section,  W.  M.  Vandersluis  the  Electrical 
Section,  and  W.  A.  Jackson  the  Telegraph  and  Telephone  Section,  G.  R.  Stewart, 
alternate. 

ASA  Project  G8— Zinc  Coating  of  Iron  and  Steel. 
H.  H.  Harman,  Enfrineer  of  Track,  Bessemer  and  Lake  Erie  Railroad,  has  been 

designated  as  representative  Division  IV — Engineering,  with  F.  W.  Hillman,  Assistant 
Engineer  Maintenance,  Chicago  &  North  Western  Railroad,  alternate. 

This  constitutes  all  the  changes  of  which  we  have  been  advised  to  the  date  of  this 

report. 
The  Committee  on  Standardization, 

E.  M.  Hastings,  Chairman. 



REPORT  OF  COMMITTEE  XVIII— ELECTRICITY 

H.  F.  Brown,  Chairman;  R.  J.  Needha3.i,  D.  B.  Thompson,  Vice- 
D.  J.  Bruiiley,  H.  E.  Owen,  Chairman; 
J.  H.  Davis,  H.  W.  Pinkerton,  R.  P.  Winton, 
J.  V.  B.  DuER,  J.  M.  Trissal,  S.  Withington, 
Paul  Lebenbaum,  W.  M.  Vandersluis,  Committee. 
W.  L.  Morse, 

To  the  American  Railway  Engineering  Association: 

Your  Committee  was  instructed  to  report  on  (1)  Developments  in  the  application 

of  electricity  to  railway  service,  (2)  The  principal  current  activities  of  the  Electrical 
Section,  which  have  been  abstracted  and  summarized  as  follows:  (These  reports  were 
published  in  full  in  Bulletin  397,  September  1937.) 

Power  Supply 

This  report  covers 

1.  Progress  during  the  year,  summarizing  the  trends  toward  higher  steam  temper- 
atures and  pressures  in  steam  stations,  increased  line  voltages,  larger  plants  in 

coal  fields  to  burn  low  grade  coal;  and  outlines  important  change  from  produced 
to  purchased  power  by  one  large  electrified  railroad.  Recommendation  is  made 
to  continue  the  subject. 

2.  Summarized  data  secured  from  34  railroads  in  reply  to  questionnaire,  relative 
to  standby  facilities  for  air-conditioning  and  pre-cooling  of  cars.  No  general 
conclusions  can  be  deduced  at  this  time.  Recommendation  made  that  the  subject 
be  continued. 

Electrolysis 

This  report  gives  the  individual  experience  of  the  members  of  the  Committee  repre- 
senting the  electrified  Direct  Current  Railroads  on  the  following  subjects: 

1.  Study  of  Leakage  of  Stray  Current  through  foundations  of  catenary  structures, 
also  electrolytic  corrosion  of  insulator  hardware. 

2.  Report  on  methods  which  have  been  used  in  various  parts  of  the  country  in 
coordinated  studies  of  electrolytic  problems. 

3.  Report  on  methods  which  have  been  used  to  isolate  the  return  traction  circuits 
from  foreign  return  circuits. 

4.  Increased  stray  current  on  Underground  Structures  brought  about  by  bonding 
of  the  propulsion  current  of  electrified  railroad  trackage,  as  compared  with  con- 

ditions before  electrification  and  methods  of  draining  such  underground  structures. 
5.  Need  of  suitable  design  for  an  insulated  joint  for  high  pressure  steam  pipes. 
6.  The  use  of  protective  coating  for  underground  pipes  and  other  structures,  includ- 

ing the  application  of  synthetic  rubber  compounds. 

The  report  offers  no  general  conclusions  and  is  only  presented  as  information. 

Overhead  Transmission  Line  and  Catenary  Construction 

Progress  has  been  continued  on  division  of  the  Manual  specifications  for 

a.  Electric  light  power  supply  and  trolley  lines  crossing  railways. 
b.  Construction  of  overhead  electric  supply  lines  for  railroad  use  on  railroad 

property. 
c.  Joint  use  of  poles  for  power,  communication  and  signal  circuits. 
d.  Maintenance  of  overhead  electric  supply  lines. 
e.  Electric  wires  and  cables  for  transmission  lines  and  catenary  construction. 

Subjects  a,  b,  c  and  d  are  being  progressed  with  the  Edison  Electric  Institute. 
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In  connection  with  Subject  (e),  specifications  for  bronze  and  copper  trolley  wires 

have  been  prepared  in  collaboration  with  the  ASTM  and  the  American  Transit  Asso- 
ciation, and  are  in  the  hands  of  the  Secretary  ready  for  inclusion  in  the  Manual. 

Work  is  being  progressed  on  a  proposed  specification  for  bronze  messenger  cable  for 

catenary  construction,  and  a  proposed  specification  is  submitted  for  criticism  and  sug- 
gestions.   The  recommendation  is  that  all  assignments  should  be  continued. 

Standardization  of  Apparatus  and  Material 

Progress  is  reported  on  revision  of  Manual  specifications  for  friction  tape  and  rubber 

insulating  tape,  together  with  rubber  insulated  wires  and  cables.  This  committee  is  also 

following  the  ASA  electrical  standards  with  a  view  of  keeping  the  Electrical  Section 
informed  of  changes  in  such  standards. 

It  is  recommended  that  the  assignments  be  continued. 

Electric  Heating  and  Welding 

Under  this  subject  the  following  assignments  were  considered: 

1.  Application  of  electric  heat  for  various  purposes. 
2.  Application  of  electric  welding  and  its  equipment. 
3.  Study  and  report  on  necessary  safety  devices  and  procedure  for  installation  and 

operation  of  welding  equipment. 

No  report  has  been  made  on  Subjects  1  and  2,  but  the  study  is  being  continued. 

Under  Subject  3,  a  very  complete  report  has  been  prepared  on  welding  accessories 

and  safety  precautions  in  collaboration  with  Committee  XXVII — Maintenance  of  Way 
Work  Equipment.  Various  types  of  welding  equipment  and  accessory  apparatus  is 
illustrated. 

It  is  recommended  that  a  study  of  these  subjects  be  continued. 

Application  of  Motors 

Study  has  been  continued  of  the  following  assignments: 

1.  New  developments  in  the  motor  field. 
2.  Motor  control  for  various  types  of  machines. 
3.  Lubrication  of  motors. 
4.  Design  of  motor  supply  circuits. 

The  report  is  confined  chiefly  to  report  on  Subjects  3  and  4,  with  particular  respect, 

under  Subject  3,  to  the  lubrication  of  ball  and  roller  bearings,  and  under  Subject  4,  to 
size  of  cables  for  feeders. 

It  is  recommended  that  study  of  all  of  the  assignments  be  continued. 

Clearances  for  Third  Rail  and  Overhead  Working  Conductors 

The  intensive  study  which  has  been  given  to  this  subject  for  the  past  three  or  four 

years  has  resulted  in  the  presentation  of  two  diagrams,  one  for  clearance  lines  for  panto- 
graphs, catenary  construction  and  adjacent  permanent  way  structures,  and  the  second 

for  clearance  lines  for  equipment  and  permanent  way  structures  adjacent  to  third-rail 

and  for  third  rail  structures.  These  are  recommended  for  adoption  by  the  Electrical 

Section,  AAR  and  the  AREA,  to  supersede  the  diagrams  on  pages  X-b-lS-1  to  6,  inclusive, 
of  the  Manual. 

In  this  year's  report  a  review  of  the  entire  work  of  the  committee  is  submitted, 
together  with  reasons  for  the  adoption  of  the  various  factors  which  went  into  the  devel- 

opment of  the  diagrams.    In  the  preparation  of  these  diagrams  careful  consideration  was 
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given  to  the  reports  of  the  AREA,  especially  that  of  the  Committee  on  Clearances.  The 
report  recommends  the  adoption  of  the  diagrams  in  the  Manual  and  the  continuation  of 

the  study  of  the  subject  of  clearances,  collaborating  with  such  other  committees  which 

may  be  actively  studying  the  subject. 

Protective  Devices  and  Safety  Rules  in  Electrified  Territory 

Under  this  subject  the  committee  is  giving  continued  study  to  the  preparation  of 
satisfactory  practice  for  the  protection  of  railroad  equipment  from  danger  of  fire  caused 

by  electric  sparks  during  the  loading  or  unloading  of  inflammable  liquids,  collaborating 
with  the  Signal  Section  in  the  preparation  of  protective  rules.  A  progress  report  only 
is  submitted,  and  recommendations  ajce  that  the  assignment  be  continued. 

Specifications  for  Track  and  Third-Rail  Bonds 

Although  no  specifications  have  been  prepared,  active  study  of  the  subject  has  been 

continued  throughout  the  year  in  collaboration  with  the  Heavy  Electric  Traction  Com- 
mittee of  the  American  Transit  Association.  An  interesting  feature  of  the  progress  report 

is  the  study  which  has  been  made  of  the  effect  of  the  field  heat  treatment  of  rail  ends 

on  welded  bonds,  and  the  effect  of  the  heat  application  of  bonds  to  rail  ends  which 

have  had  heat  treatment  of  the  ends  in  the  manufacturing  process. 

It  is  recommended  that  the  assignment  be  continued. 

Illumination 

The  various  assignments  include 

1.  The  development  in  the  incandescent  lamps  of  interest  in  the  railroad  field. 
2.  Necessary   revision   of   the   standard   incandescent   lamp   schedule   to   keep   them 

up-to-date. 
3.  Necessary   revision   of   the   specifications   for   incandescent   lamps   to   keep   them 

up-to-date. 
4.  Developments  in  floodlighting  equipment  and  practice. 
5.  Necessary   revision   of   information   appearing   in   the   Manual   as   recommended 

practice,  to  keep  the  Manual  up-to-date. 
6.  Illumination  of  railroad  cars. 

All  of  the  assignments  have  been  given  consideration  and  study,  new  developments 
have  been  reported,  no  revisions  are  recommended  this  year  in  the  standard  incandescent 

lamp  schedules  or  in  specifications  for  incandescent  lamps,  and  no  revision  of  the  Manual 

is  recommended  this  year. 

It  is  recommended  that  all  subjects  be  continued. 

Design  of  Indoor  and  Outdoor  Substations 

The  report  this  year  is  limited  to  reporting  progress  which  has  been  made  in  sub- 
station protection,  with  particular  reference  to  the  surge  proof  transformers  and  similar 

equipment. 

It  is  recommended  that  the  subject  be  continued. 

High  Tension  Cables 

A  brief  report  is  made,  supplementing  last  year's  report,  of  the  operating  results 
with  two  high  tension  cable  installations  in  Baltimore  and  Washington  on  the  Pennsyl- 

vania Railroad.     No  new  developments  or  installations  in  this  field  have  been  reported. 
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Application  of  Corrosion  Resisting 
Materials  to  Railroad  Electrical  Construction 

Further  progress  is  reported  on  the  effect  of  corrosion  on  the  various  materials 

installed  by  the  Committee  in  two  locations  on  the  Norfolk  &  Western  Railroad.  No 

quantitative  data  is  submitted  this  year  on  this  subject. 

Mention  is  made  of  the  small  amount  of  corrosion  noted  in  the  samples  of  catenary 
hardware  removed  from  several  locations  on  the  DL&WRR  after  seven  years  of  service. 

Recommendation  is  made  that  study  of  the  subject  be  continued. 

Respectfully  submitted, 

The  Committee  on  Electricity, 

H.  F.  Brown,  Chairman. 
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Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subjects: 

(1)  Developments  in  railway  signaling   (Appendix  A).     Progress  report. 

(2)  The  principal  current  activities  of  the  Signal  Section,  AAR,  by  synopsis,  sup- 
plemented with  list  and  references  by  number  of  adopted  specifications,  designs  and 

principles  of  signaling  practice   (Appendix  B).     Progress  report. 

The  Committee  on  Signals  and  Interlocking, 

C.  H.  Tillett,  Chairman. 

Appendix  A 

(1)     DEVELOPMENTS  IN  RAILWAY  SIGNALING 

W.  M.  Post,  Chairman,  Sub-Committee;  G.  H.  Dryden,  W.  J.  Eck,  F.  B.  Wiegand. 

Route  Interlocking 

In  conventional  interlocking  it  has  been  the  practice  to  operate  each  switch  (or 
crossover)  separately  by  moving  corresponding  levers,  and  then  after  the  switches  had 
moved  and  indicated,  to  clear  the  signal  by  operating  its  lever. 

In  the  route  interlocking  system  the  operator  has  before  him  an  illuminated  diagram 

of  all  the  tracks  and  signals  under  his  control,  and  he  can  direct  trains  through  the 

plant  simply  by  pushing  buttons  or  turning  knobs  on  the  diagram,  one  at  the  entering 

point  and  one  at  the  leaving  point.  All  of  the  switches  in  the  selected  route  auto- 
matically assume  the  correct  position  for  that  route  and  then  the  signal  clears,  provided, 

of  course,  that  the  route  is  not  obstructed  and  provided  that  no  conflicting  route  is 

already  established.  If  the  track  layout  provides  more  than  one  route  between  two 

points  one  of  these  is  made  the  preferred  route  and  it  will  normallv  be  selected  and 

set  up,  but  if  the  preferred  route  is  not  available  for  any  reason  the  secondary  route 

will  be  set  up  automatically.  The  passage  of  a  train  through  a  route,  occupying  the 

successive  track  circuits,  automatically  sets  the  signal  at  stop  and  leaves  the  switches 
behind  it  released  for  further  use. 

Appropriate  light  indicators  provide  the  necessary  information  to  the  operator 
regarding  the  positions  of  switches,  the  clearing  and  automatic  rescoration  of  signals 

and  the  occupancy  of  track  circuits  by  trains.  Separate  switch  controls,  not  normally 

used,  are  provided  for  testing  and  adjustment  when  necessary  in  cooperation  with  the 
maintainer. 
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All  the  safety  features  of  conventional  power  interlocking  are  provided,  such  as 

approach,  route  and  section  locking,  semi-automatic  control  of  signals,  and  protection 
against  setting  up  conflicting  routes. 

Four  installations  of  this  system  are  now  being  made. 

Appendix  B 

(2)  THE  PRINCIPAL  CURRENT  ACTIVITIES  OF  THE  SIGNAL 

SECTION,  AAR,  BY  SYNOPSIS,  SUPPLEMENTED  WITH  LIST 
AND  REFERENCES  BY  NUMBER  OF  ADOPTED  SPECIFICA- 

TIONS, DESIGNS  AND  PRINCIPLES  OF  SIGNALING  PRACTICE 

W.  M.  Post,  Chairman,  Sub-Committee;  G.  H.  Dryden,  W.  J.  Eck,  F.  B.  Wiegand. 

CURRENT  ACTIVITIES  OF  THE  SIGNAL  SECTION,  AAR 

SINCE  NOVEMBER,  1936 

Printed  and  placed  on  sale  Chapter  XXII — Manual  and  Controlled  Manual  Block 

Systems  and  Fundamental  Theory  of  Direct  Current,  American  Railway  Signaling  Prin- 

ciples and  Practices,  which  is  the  twenty-first  of  a  series  of  twenty-four  pamphlets  being 
prepared  for  the  education  of  signal  men  and  others  desiring  to  study  this  subject. 

The  work  performed  during  the  1936  fiscal  year  and  reported  at  the  1937  Annual 
Meeting  covers  the  following  subjects: 

1.  Costs  involved  in  stopping  trains. 

2.  Primary  track  battery  saving  by  reason  of  various  track  improvements  on  the 
North  &  South  R.  R. 

3.  Operation  with  reduced  number  of  main  tracks. 

4.  Cost  of  maintenance  and  operation  of  centralized  traffic  control  and  automatic 
block  signals. 

5.  Economic  advantages  of  slide  detector  fences. 

6.  Economics  of  changing  from  automatic  train  control  to  automatic  cab  signals. 

7.  Method  of  forecasting  and  proving  the  economic  value  of  signaling. 

8.  Train  operation  by  signal  indication  without  train  orders  for  normal  operation. 
9.  Freight  train  time  saving  where  trains  are  operated  by  signal  indication. 

10.  Economic  relation  between  signals,  track  arrangement,  motive  power,  and 
method  of  operation. 

11.  Rail  locking  devices  used  on  interlocked  drawbridges. 

12.  Methods  of  protecting  railroads  crossing  at  grade  where  traffic  conditions  do 
not  justify  an  interlocking  plant. 

13.  The  American  method  of  mechanical  interlocking  for  switches  and  signals. 
14.  Protection  against  lightning. 

15.  Requisites  for  power-off  indicator  for  floating  battery  charge. 
16.  Development  of  proposed  inductive  coordination  measures  involving  railroad 

power  lines  and  power  equipment,  as  a  result  of  the  adoption  of  the  Principles  and 

Practices  for  the  Inductive  Coordination  of  Railway  Electric  Supply  Facilities  and  the 

Communication  Facilities  of  the  Bell  System — Cooperative  Report. 
17.  Handling  trains  through  automatic  interlockings  in  case  of  failure. 
18.  Drawing  for  reflector  crossing  signal  marker. 
19.  Drawing  for  hand  lantern. 

20.  Specification  for  electric  lamp  case. 
21.  Signal  glasses. 
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22.  Specification  for  non-corrosive  soldering  flux. 
23.  Specifications  for  porcelain. 

24.  Specification  for  air  depolarized  carbon  caustic  soda  primary  cells. 

25.  Electrical  insulating  materials  in  general — Cooperative  Report. 

26.  Federal  and  State  activities — highway  crossing  protection. 
27.  Automatic  train  control  and  cab  signals. 

28.  Aspects  and  indications  for  four-block  signaling. 
29.  Signaling  for  increased  train  speeds. 
30.  Noteworthy  changes  in  signal  practices. 

31.  Possibilities  of  uniform  system  of  aspects  and  indications. 

32.  Conditions  under  which  trains  may  be  operated  by  automatic  signal  indication 
without  train  orders. 

SPECIFICATIONS  REVISED 
Old  No.  New  No. 

No.  6  Dry  Cell      126-36  none 
Alternating  Current  Relay      7830  78-37 
Tractive  Armature  Direct  Current  Neutral  Relay  with  Two  or  More 

Contact  Fingers     105-36  105-37 
Tractive   Armature    Direct    Current   Neutral   Relay    for    Series   Line 

Approach  Lighting       15432  154-37 
Switchboard       10733  107-37 
Transformer,  Oil-Immersed,  Self-Cooled      8431  84-37 
Alternating  Current  Power  Transfer  Relay      14830  148-37 
Channel  Pins       2330  23-37 
Electric  Interlocking     6532  65-37 
Electro-Mechanical  and  Mechanical  Interlocking      66-34  66-37 
Centralized  Traffic  Control  System      149-34  149-37 
Centralized  Traffic  Control  Machine      150-34  150-37 
Railroad  Highway  Grade  Crossing  Signs     15533  155-37 
Reflector   Units       15633  156-37 

DRAWINGS  REVISED 
Old  No.  New  No. 

Channel  Pins     1086  1086B 
Switch  Circuit  Controller  Lug      1255A  1255B 
Gage-Plate  Insulation— Butt  Joint  for  7-Inch  Plate     1373B  1373C 
Switch  Adjustment— Non-Insulated    (Assembly)       1391B  1391C 
Switch  Adjustment— Insulated   (Assembly)       1392B  1392C 
Switch  Lamp  Disc      1445B  1445C 
Ninety  Degree  Cast-iron  Crossing  Sign      1640A  1640B 
Adapter  Clamp  for  Crossing  Signs      1641A  1641B 
Ninety  Degree  Reflector  Crossing  Sign  Assemblies      1642A  1642B 
Ninety  Degree  Reflector  Crossing  Sign  Details      1643A  1643B 
Cast-iron  Multiple  Track  Sign       1644A  1644B 
Reflector  Multiple  Track  Sign      1645A  1645B 
Reflector  Stop  on  Red  Signal  Sign      1646A  1646B 
Adapter  Clamp  and  Details  for  Signs     1647B  1647C 
Reflector  Stop  When  Swinging  Sign      1648A  1648B 
Details  of  Numerals  for  Track  Signs      1650A  16S0B 

Bolts  for  Crossing  Signs  for  4"  or  5"  Pipe    1655A  16S5B 
Highway  Crossing  Signal  Assembly — Wig-Wag  Type      1651A  1651B 
Highway  Crossing  Signal  Assembly — Wig-Wag  Type      1652A  1652B 
Highway  Crossing  Signal  Assembly — Flashing  Light  Type      1653A  1653B 
Highway  Crossing  Signal  Assembly — Flashing  Light  Type      1654A  1654B 
Insulated  Joint  Location — Automatic   Signals  and   Interlocking    ....  1634A  1634B 
Insulated  Joint  Location — Non-Interlocked  Switches     1635A  1635B 
Insulated  Joint  Location — Railroad  Crossings — Highway  Crossings..  1636A  1636B 
Insulated  Joint  Location — Electric  Operation  Territory    163 7A  1637B 
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REQUISITES  REVISED 

Highway  Grade  Crossing  Signals. 
Automatic    Block   Signaling    Circuits.     (Former    title   Direct    Current   Automatic   Block 

Signaling  Circuits.) 
Minimizing  the  Effect  of  Lightning  on  Track  Circuits.     (Former  title  Minimizing  the 

Effect  of  Lightning  on  Direct  Current  Track  Circuits.) 

REVISED  MISCELLANEOUS  MATTER 

General  Classification  for  Signal  Interruptions. 
A.  C.  Track  Circuit  Characteristics. 

NEW  SPECIFICATIONS 
No. 

Insulating  Material  for  Filling  and  Sealing  Recesses  in  Signal  Apparatus    177-37 
Copper-Covered  Steel  Guy  and  Messenger  Strand     173-37 
Bronze  Guy  and  Messenger  Strand     none 
Fibrous-Covered  Non-Metallic  Sheath  for  Railway  Signal  Cable    161-37 
Highway  Grade  Crossing  Signals      176-37 

NEW  DRAWINGS 

Gage-Plate  Insulation — Butt  Joint  for  8"  and  9"  Plate    1380A 
Electric  Lamp  Case  for  Semaphore  Lighting    1446A 
Highway  Crossing  Flashing  Light  Signal  Assembly — Cantilever  Type    1686A 

NEW  INSTRUCTIONS 

Maintaining,  Inspecting  and  Testing  Spring  Switches. 

NEW  FORM 

Performance  Report — Automatic  Highway  Grade  Crossing  Protection      7054 

SPECIFICATIONS  REMOVED  FROM  MANUAL 

Illuminating   Oil         1911 
Motor  Gasoline     13324 

DRAWINGS  REMOVED  FROM  MANUAL 

Detector  Bars  (Details  and  Assembly)       1098 
Position  of  Detector  Bar  and  Location  of  Clip  Bolts     1099A 
Concrete  Trunking,  Capping  and  Support      1452 
Concrete  Trunking  and  Capping  Reinforcement     1453 
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Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  presents  its  report  herewith  on  the  following  subjects: 

(1)  Revision  of  Manual.  Two  Sub-Committees  are  developing  this  assignment, 
one  exclusively  handling  the  revision  of  specifications  for  steel  for  railway  buildings. 

Three  members  of  Committee  XV — Iron  and  Steel  Structures,  are  collaborating  in  this 
work  representing  Committee  XV.  Extensive  progress  has  been  made  but  no  details  are 
reported  upon  this  year. 

(2)  Preparation  of  specifications  for  railway  buildings — Progress.    No  report. 
(3)  Insulation  of  railway  buildings  (Appendix  A).  This  subject  is  reported  upon 

in  full  and  is  offered  as  information. 

(4)  Maintenance  of  wearing  surfaces  of  platforms  and  floors  in  railway  buildings. 
No  report. 

(5)  Air-conditioning  of  buildings: 

(a)  For  use  by  passengers  and  employees; 

(b)  For  storage  and  treatment  of  fruit  and  produce. 

Progress — no  report. 

(6)  Type  of  foundation  best  suited  for  railway  buildings.  There  has  been  an  ex- 
change of  correspondence  between  this  Committee  and  the  Chairman  of  Committee  on 

Outline  of  Work  relative  to  the  scope  of  this  assignment.  To  avoid  a  duplication  of 

work  this  Committee  will  not  report  upon  this  subject  until  the  Roadway  Committee 

has  reported  upon  the  assignment  "Physical  properties  of  earth  materials,  their  structural 

bearing  power". 
(7)  Study  of  improved  wearing  surface  for  platforms: 

(a)  For  heavy  pedestrian  traffic. 

(b)  For  heavy  traffic  freight  transfer  platforms. 

(Appendix  B).    The  report  on  this  subject  is  complete  and  is  offered  with  the  recom- 
mendation that  it  be  included  in  the  Manual  and  the  subject  discontinued. 

(8)  Design  of  railway  buildings  to  withstand  earthquake  shocks  (Appendix  C). 
A  report  is  offered  on  this  subject  as  information  and  with  the  recommendation  that  the 
subject  be  discontinued. 

(9)  Outline  of  work  for  ensuing  year.  The  Committee  offers  no  recommendations 
of  changes  in  the  report  on  this  subject  made  in  1937. 

In  the  report  of  this  Committee  made  last  year  it  was  recommended  that  the  subject- 

matter  offered  in  1936  pertaining  to  the  determination  of  the  destructable  value  of  struc- 
tures which  can  be  collected  in  case  of  fire,  be  included  in  the  Manual.  The  text  offered 

was  not  printed  in  the  1937  Bulletin  and  was  therefore  not  before  the  Convention.     The 

Bulletin  398,  October,  1937. 
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subject-matter  is  printed  in  this  report  as  Appendix  D  and  is  now  offered  for  inclusion 
in  the  Manual. 

Committee  VI  offered  last  year  as  information  a  report  on  different  types  of  paint 
and  their  economical  selection.  Further  consideration  has  been  given  to  this  report  and 
the  Committee  recommends  it  be  included  in  the  Manual.  The  report  appears  in 

Appendix  E. 
The  Committee  on  Buildings, 

O.  G.  Wilbur,  Chairman. 

Appendix  A 

(3)     INSULATION  OF  RAILWAY  BUILDINGS 

A.  C.  Copland,  Chairman,  Sub-Committee;  William  T.  Dorrance,  W.  E.  Gardner,  A.  T. 
Hawk,  L.  H.  Laffoley,  O.  M.  Rognan,  L.  W.  Smith. 

1.  General 

Thermal  insulation  of  buildings  is  the  treating  of  the  walls,  roof  and  floor  with 
materials  which  will  retard  the  passage  of  heat. 

Heat  is  transferred  by  conduction,  convection  and  radiation.  Evaporation  and  con- 
densation also  are  means  of  heat  transfer  which  enter  into  the  subject  of  insulation  ma- 
terially. Conduction  is  the  transfer  of  heat  through  solid  matter  due  to  temperature 

differences.  Convection  is  the  transfer  of  heat  by  gas  or  liquids  in  motion.  Heat  is 

transferred  by  radiation  across  spaces  between  objects  of  different  temperatures. 

The  putposes  of  insulation  of  buildings  are  (1)  for  comfort,  by  making  cooler  in 

summer  and  warmer  in  winter;  (2)  to  reduce  fuel  consumption  permitting  smaller  heat- 
ing plant  and  consequent  lesser  initial  cost;  (3)  prevention  of  condensation,  where  water 

dripping  from  ceilings  is  harmful,  or  damage  may  be  done  to  plastered  ceilings  and  walls 
from  excess  humidity,  or  rotting  of  wood  roof  decks  and  corrosion  of  steel  roof  decks 

is  a  possibility;   (4)  protection  of  refrigerator  and  cold  storage  rooms. 

A  properly  insulated  building  reduces  fuel  consumption  from  IS  percent  to  25  per- 
cent and  it  will  require  from  10  percent  to  20  percent  less  heat  radiation  and  boiler 

capacity  and  smaller  pipe  sizes. 

Thermal  insulation  should  be  efficient,  permanent,  moisture  retardant  and  fire  re- 
sistant.   It  must  prevent  infiltration  of  air. 

Air  is  a  very  poor  conductor  of  heat  but  the  insulating  value  of  an  ordinary  air 

space  is  small  because  of  the  large  transfer  of  heat  by  radiation  and  convection.  The 

insulating  quality  of  an  air  space  is  not  proportional  to  its  width  or  thickness  as  is  the 

case  with  a  uniform  solid  material  but  in  air  spaces  in  excess  of  %  inch  it  remains 
practically  constant,  regardless  of  width  but  narrower  air  spaces  have  less  value.  Spaces 

less  than  J/2  inch  have  values  approximately  proportional  to  the  thickness. 

The  value  of  air  spaces  in  building  walls  is  equivalent  to  about  .25  inch  or  .35  inch 
of  average  insulating  material. 

Furring  of  walls  between  the  masonry  and  plaster  increases  their  insulating  quality. 

Double  glazing  in  addition  to  providing  an  air  space,  reduces  condensation  and  fog- 
ging on  windows  which  is  sometimes  troublesome  in  air-conditioning. 

2.  Types  of  Insulants 

Weather  stripping,  mastic  caulking  and  multiple  glazing  are  of  primary  importance 
and  must  be  given  first  consideration  if  best  results  are  to  be  obtained  from  any  of  the 
various  types. 
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The  principal  types  of  building  insulants  are  (a)  rigid,  (b)  flexible,  (c)  fill,  (d)  re- 
flective metallic. 

(a)  Rigid  insulation  is  formed  by  compressing  granulated  cork,  shredded  wood, 

cane  or  other  fibres,  matted  and  interlaced,  into  sheets  of  convenient  sizes  and  of  various 
thicknesses.  These  units  have  structural  quaUties,  may  be  nailed  to  the  framework  of  a 

building  or  cemented  to  masonry  walls  and  some,  when  used  for  intermediate  non-bearing 
partitions,  are  self  supporting.  They  can  be  quickly  applied,  easily  sawed,  drilled,  nailed 
and  are  readily  handled. 

The  rigid  type  may  be  used  as  sheathing  or  as  a  plaster  base  combining  lath  and 

insulation.  The  fibres  are  generally  chemically  treated  to  make  fire  and  water  resistant 

and  in  some  cases  are  integrally  treated  or  surface  coated  with  bitumen  to  make  imper- 
vious to  moisture  conditions.  They  are  also  treated  to  make  vermin  and  insect  proof. 

The  insulating  units  may  be  obtained  in  various  patterns  for  decorative  purposes. 

(b)  The  flexible  type  is  composed  of  felted  masses  of  fibres,  some  being  enclosed 

or  sealed  in  an  envelope  of  fabric  which  will  afford  protection  against  infiltration,  such 

as  treated  muslin  or  kraft  paper.  The  materials  are  treated  for  resistance  to  moisture, 
fire  and  vermin. 

The  flexible  type  is  easily  applied  and  can  be  used  in  locations  not  possible  with  the 
rigid  type. 

(c)  Fill  insulants  are  granulated,  shredded  or  powdered  materials  made  principally 
from  minerals.  They  are  commonly  called  rock  wool,  spun  glass,  etc.  They  are  used  by 

filling  spaces  between  rafters,  studding,  floor  and  ceiling  joists.  The  materials  are  clean, 

inorganic,  incombustible,  insect  and  vermin-proof.  Some  are  moisture  resistant  while 
some  must  be  treated  to  obtain  this  quality. 

(d)  Reflective  metallic  insulants  consist  of  highly  polished  thin  sheets  of  metal 

which  depend  on  reflecting  of  radiated  heat  for  their  insulating  value.  They  increase 

the  insulating  quality  of  air  spaces  and  should  therefore  be  used  only  in  conjunction 

with  air  spaces.  No  insulating  value  is  derived  if  the  sheets  are  placed  in  continuous  con- 
tact with  solid  material  on  both  sides,  except  in  so  far  as  they  act  to  prevent  air  leakage. 

Clean  metallic  surfaces  are  generally  good  reflectors  but  are  poor  emitters  of  radiant 

heat.  A  large  part  of  heat  transfer  across  air  spaces  enclosed  by  non-metallic  materials 
takes  place  by  radiation  and  the  use  of  bright  sheet  metal  on  one  or  both  sides  of  a  space 
materially  reduces  the  heat  transfer. 

The  insulating  effect  does  not  depend  on  the  thickness  of  the  metallic  sheet  or  foil 

as  is  the  case  in  most  other  types  of  insulants.  The  permanency  of  the  reflective  prop- 
erties of  the  surface  is  important  and  where  moisture  or  excessive  dust  conditions  are 

probable  they  may  prohibit  the  selection  of  this  type  of  insulant. 

3.     Method  of  Application 

Rigid  Type.  Rigid  insulation  can  be  applied  as  sheathing  under  wood  siding,  stucco, 

masonry  veneer,  shingles,  slate  and  similar  types  of  materials.  It  can  be  used  as  insula- 
tion and  plaster  base.  It  is  applied  directly  to  the  studs  and  joists  in  frame  construction 

and  on  furring  strips  over  masonry  surfaces. 

It  can  also  be  applied  as  interior  finish  for  decorative  effect  on  walls  and  ceflings  as 
well  as  for  insulating  purposes. 

Some  specially  treated  kinds  are  used  for  exterior  finish  of  walls. 

Framing  should  be  so  arranged  as  to  support  all  edges  of  materials.  The  units 

should  be  of  lengths  sufficient  to  span  between  structural  nailing  members.  Joints  should 
center  over  framing  members  leaving  a  space  of  ̂   inch  between  all  edges.  At  window 
and  door  frames  the  sheets  should  be  in  close  contact  with  the  frame  members.     They 
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are  nailed  first  at  intermediate  framing  and  afterwards  at  the  edges.  Nails  should  be 

spaced  about  3  inches  centers  and  not  less  than  ̂ 'i  inch  from  the  edge.  For  intermediate 
framing,  nails  6  inches  apart  are  sufficient. 

When  used  for  insulating  under  roofing,  before  laying  the  units,  two  layers  of  roofing 

felts  should  be  nailed  to  wood  decks  or  mopped  to  concrete  decks.  Hot  bitumen  should 

be  used.  The  insulating  units  must  be  kept  dry.  Only  an  area  should  be  laid  which 

can  be  quickly  covered  by  roofing.  For  best  results  the  insulating  materials  must  permit 

of  the  breaking  of  joints.  The  insulating  units  must  not  be  used  as  a  nailing  base  to 

attach  sheet  metal  flashing  etc.  Wood  strips  should  be  provided  for  this  purpose.  It  is 
well  to  follow  the  detailed  specifications  of  the  roofing  and  insulation  manufacturers. 

As  a  plaster  base  the  units  are  generally  laid  with  the  length  at  right  angles  to  the 

studs,  rafters  or  furring.  End  joints  should  be  centered  over  framing  members  stagger- 
ing them  in  successive  courses.  The  units  should  have  a  space  of  3/16  inch  between  ends. 

Nails  should  be  spaced  about  4  inches  and  not  closer  to  edges  than  ̂   inch.  Manufac- 
turers specifications  should  be  followed. 

Blanket  Type.  Blanket  type  of  insulation  should  be  fitted  into  all  spaces  between 

framing  members.  It  is  tucked  into  narrow  openings  at  eaves,  around  door  and  window 
frames  and  fastened  securely  in  place.  When  placed  between  studs  joists  or  rafters  best 

results  are  obtained  by  the  use  of  two  air  spaces  one  on  each  side  of  the  material. 

Fill  Type.  Fill  insulants  can  be  placed  by  hand  or  blown  into  the  walls  and  spaces 

by  compressed  air.  Care  must  be  taken  not  to  fill  window  weight  spaces.  If  attic  floors 

are  insulated  then  expansion  tanks,  water  tanks  or  pipes  above  the  floor  must  be  carefully 

insulated  to  prevent  freezing.  The  materials  must  be  well  compacted  to  prevent  settle- 

ment, especially  in  vertical  spaces,  otherwise  there  may  be  portions  at  the  top  not  prop- 
erly protected.     Vibrations  frequently  cause  this  condition. 

Metallic  Reflective  Type.  The  thin  reflecting  metal  sheets  are  generally  nailed 

between  studs,  joists  and  rafters.  Some  types  are  crimped  to  stiffen  the  material.  For 

best  results,  the  sheets  are  not  nailed  flat  on  the  surface  of  the  studs  but  are  flanged  from 
yz  inch  to  1  inch  and  placed  between  them  so  that  there  is  an  air  space  on  each  face  of 

the  material.  Horizontal  nailing  strips  are  placed  where  horizontal  joints  occur  and  the 
material  lapped  and  fastened  thereto. 

4.     Application  to  Railway  Buildings 

Thermal  insulation,  as  applied  to  railway  buildings,  is  not  different  from  that  in  other 

buildings.  The  problem  is  one  of  necessity  or  economy.  In  buildings  where  employees 

are  continually  engaged  at  their  occupation,  there  is  no  doubt  but  comfortable  tempera- 
tures improve  efficiency.  It  will  be  found  that  under  existing  conditions  offices  are  often 

located  on  the  top  floor  of  shop  or  store  buildings  and  consideration  should  be  given  to 

insulating  the  ceiling  or  roof.  The  greatest  and  most  effective  savings  in  fuel  consump- 

tion are  generally  made  by  insulating  the  roofs  or  ceilings  and  the  stopping  of  infiltra- 
tion around  doors  and  windows.  It  is  not  so  necessary  to  insulate  masonry  walls  because 

they  have  large  heat  storing  capacity.  Furring  walls  provides  an  air  space  which  retards 
heat  flow. 

Metal  roof  decks  are  a  type  which  necessarily  require  insulating  if  the  building  is 

heated.  Buildings  entirely  of  metal  construction,  unless  used  for  storage  of  materials  not 

affected  harmfully  by  temperature  changes,  should  be  insulated  on  the  entire  exposed 
surfaces. 

Buildings  used  for  cold  storage,  in  connection  with  refrigeration,  or  ice  storage  must 
be  insulated. 
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5.     Designing 

To  determine  how  much  insulation  to  provide  is  a  matter  of  arriving  at  a  comparison 

of  costs.  The  ideal  would  be  to  balance  the  cost  so  that  a  point  is  reached  where  in- 
creasing cost  of  insulation  would  offset  any  reduction  in  heating  cost. 

Appendix  B 

(7)     STUDY  OF  IMPROVED  WEARING  SURFACE  FOR  PLATFORMS 

H.  M.  Church,  Chairman,  Sub-Committee;  E.  A.  Dougherty,  J.  N.  Grim,  A.  T.  Hawk, 
E.  G.  Hewson,  C.  D.  Horton,  E.  K.  Mentzer,  G.  A.  Rodman. 

1.  General 

Uses  and  types  of  surfaces  for  platforms  in  railway  service  may  be  classified  as 
follows: 

(a)  Passenger  Stations. 
Wood,   brick,   concrete,  bituminous  premixed   or  mixed   in   place,   special 
products. 

(b)  Shops  and  Car  Yards. 
Concrete,  wood  blocks,  bituminous  premixed  or  mixed  in  place. 

(c)  Piers,  Warehouses  and  Freight  Houses. 
Wood,   concrete,   wood    blocks,   bituminous   premLxed   or   mixed   in   place, 
asphalt  mastic  on  concrete  base,  steel  plates. 

2.  Wood 

Wood  is  the  most  generally  used  material  for  surfacing  railway  platforms.  If  the 
wood  is  untreated  the  most  durable  species,  consistent  with  cost,  should  be  used.  The 

cheaper  non-durable  woods,  containing  a  large  proportion  of  sapwood,  when  pressure 
treated  with  creosote  or  salt  solutions  give  good  service  life.  Sapwood  can  be  more 

effectively  treated  and  its  strength  is  the  same  as  heartwood. 

For  light  traffic,  softwoods  with  preservative  treatment  give  satisfactory  results. 

Black  gum,  treated,  resists  wear  and  is  moderate  in  cost.  Greenheart,  a  tropical  wood, 

is  suitable  for  heavy  duty  wearing  surfaces  because  of  its  density  and  stiffness.  Preserva- 
tive treatment  is  not  required  as  it  has  a  long  life. 

As  wood  surfaces  wear  asphalt  emulsions  mopped  on  and  dusted  with  sand  are  dur- 
able when  protected  from  the  weather.  This  coating  should  not  be  appUed  to  treated 

wood  until  bleeding  or  leaching  has  stopped. 

3.  Brick 

Platforms  with  brick  surface  are  extensively  used  and  have  many  advantages.  They 

are  easily  and  economically  repaired  and  the  brick  may  be  readily  salvaged.  For  mark- 
ing purposes,  such  as  clearance  lines,  a  light  colored  brick  may  be  used  in  conjunction 

with  the  darker  colors.  The  foundation  should  be  carefully  prepared  and  the  brick  se- 
lected of  the  type  for  the  service  required.  For  materials  and  methods  of  construction 

see  AREA  Specifications,  Section  XXI  in  the  Manual. 

The  brick  may  also  be  laid  on  a  well  rolled  and  smooth  base  of  cinders,  gravel, 
crushed  stone  or  slag. 

In  addition  to  asphalt,  coal  tar  pitch  may  be  used  in  the  mastic  cushion  and  as  a 
filler.  Asphalt  and  coal  tar  pitch  are  poured  hot  into  the  joints  between  bricks.  Cement 

and  sand  filler  may  be  used  dry  and  wetted  after  placing  or  may  be  poured  into  the  joints 
in  the  form  of  grout. 
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4.     Concrete 

Platforms  with  concrete  surface  made  of  selected  aggregates  properly  mixed  and 

cured  give  good*results  under  heavy  service.  Inattention  to  the  requirements  of  mak- 
ing good  concrete  has  been  the  cause  of  unsatisfactory  results. 

There  are  a  number  of  special  or  patented  concrete  aggregates  on  the  market  giving 
surfaces  which  resist  wear  and  the  action  of  the  elements.  There  are  also  many  types 

of  steel  grids  or  grills  which  may  be  imbedded  in  the  concrete  to  form  an  armoured  sur- 

face against  heavy  duty.  For  materials  and  methods  of  construction  see  AREA  Specifi- 
cations Section  XXII,     in  the  Manual. 

The  two  methods  of  concrete  platform  construction,  are  one-course  and  two-course. 
In  one-course  work  the  base  and  topping  are  poured  in  one  operation  as  a  uniform  slab. 
In  two-course  work  the  base  is  poured  and  the  topping  or  wearing  surface  placed  before 
or  after  the  concrete  in  the  base  has  set. 

The  concrete  should  be  thoroughly  compacted  but  not  enough  to  bring  water  or  an 

e.xcessive  amount  of  mortar  to  the  surface.  If  the  water  separates  there  is  a  tendency 

to  form  a  top  layer  of  concrete  having  a  high  water-cement  ratio  resulting  in  a  weak 
surface  and  greater  shrinkage.  Proper  grading  of  aggregates  and  the  proportions  of  the 

mix  will  reduce  the  tendency  to  separate.  Not  more  than  20  percent  of  the  total  aggre- 
gate should  be  retained  between  two  successive  sieves  of  the  standard  set.  At  least  10 

percent  of  the  sand  should  pass  a  number  SO  sieve  to  give  sufficient  fines.  The  volume 

of  sand  should  be  not  less  than  one-third  of  the  total  volume  of  aggregates  nor  more 

than  one-half  the  total  based  on  surface  dry  materials.  Allowance  for  bulking  of  the 
sand  on  account  of  moisture  will  increase  these  proportions. 

One-course  construction  is  usually  finished  with  a  gritty  surface  by  hand  floating.  A 

vibrating  screed  is  recommended  as  it  permits  a  stiffer  mixture  and  assures  better  com- 
pacting. Care  must  be  taken  not  to  vibrate  to  such  an  extent  as  to  cause  a  thick  layer 

of  mortar  to  be  brought  to  the  surface.  Cement  or  a  mixture  of  cement  and  sand 

should  not  be  added  to  the  surface.  If  a  smooth  finish  is  desired  it  may  be  produced 

by  troweling  after  floating. 

Cement  bound  macadam  may  be  used  in  one-course  work  by  spreading  the  aggre- 

gate in  the  desired  thickness,  rolling  or  tamping  and  grouting  with  a  cement-sand-water 
mixture  and  compacting.  The  surface  should  be  finished  with  a  gritty  texture.  For 

materials  and  construction  see  AREA  Specification,  Section  XXVI,  in  the  Manual. 

Two-course  construction  is  generally  used  for  indoor  floors  where  a  smooth  surface 

is  desired.  The  base  is  poured  in  the  same  manner  as  one-course  work.  The  topping 

should  be  composed  of  one  part  cement,  one  part  sand  and  from  one  and  one-half  to 

two  parts  of  pea-size  gravel  or  crushed  stone  graded  from  one-eighth  to  three-eighths 
inches.  This  mixture  requires  less  water,  has  less  shrinkage  and  the  coarser  aggregate 

at  the  surface  withstands  the  wear.  Silica,  granite  and  trap  rock  are  most  suitable  for 

the  coarse  aggregate.  Softer  materials  do  not  wear  well.  Sands  containing  stone-dust, 
clay  or  silt  are  particularly  objectionable.  If  a  topping  of  cement  and  sand  mortar  is 

used  it  is  easily  spread  and  finished  but  will  shrink  and  result  in  crazing,  dusting  and  poor 
wearing  qualities. 

A  mechanical  float  consisting  of  a  motor  operated  rotating  steel  disc  may  be  used  for 

compacting.  It  permits  placing  a  stiff  mixture  which  is  desired  as  it  reduces  the  ten- 
dency for  water  to  come  to  the  surface. 

If  the  topping  is  laid  after  the  base  has  set  the  surface  of  the  base  should  be  fin- 
ished rough  and  wetted  when  ready  to  place  the  topping.  No  pools  of  water  should  be 

standing  on  the  base  when  it  is  placed  and  the  surface  should  be  covered  with  a  neat 
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cement  grout  mixed  to  the  consistency  of  thick  paint  and  thoroughly  brushed  in  and 
spread. 

A  new  concrete  surface  may  life  placed  over  an  old  concrete  floor  if  it  is  thoroughly 
cleaned  and  saturated  with  water  for  several  hours.  The  topping  should  be  about  two 

inches  thick  and  reinforced  with  wire  mesh  weighing  30  pounds  per  100  square  feet. 

Joints  in  the  new  topping  should  coincide  with  joints  in  the  old  floor. 

5.  Bituminous 

Wearing  surfaces  of  bituminous  materials  are  often  used  for  platforms.  The  base 

course  may  be  of  cinders,  crushed  aggregates  and  mixed  or  penetrated  concrete.  The 
comparative  cost  is  low. 

The  bituminous  products  may  be  natural  asphalts,  emulsified  or  cutback  asphalt  or 
coal  tar.  Some  types  of  emulsified  asphalt  may  be  mixed  with  Portland  cement.  The 
manufacturers  recommendations  as  to  the  methods  of  mixing  should  be  followed  to  give 

the  best  results.  Asphalt  on  mill  type  or  laminated  wood  floor  gives  a  good  wearing 
surface. 

Where  absolute  watertightness  is  essential  or  in  situations  subject  to  acid  conditions, 

hot  type  mastics  should  be  used.  These  may  be  laid  over  concrete  or  on  firm  wooden 
bases.  Manufacturers  specifications  should  be  followed  and  care  should  be  taken  to 

see  that  the  correct  type  for  various  conditions,  such  as  indoor  or  outdoor  traffic, 

whether  light  or  heavy,  cold  storage  rooms,  etc.,  is  used.  For  materials  and  methods  of 
construction  see  AREA  Specification  Section  XXIV  in  the  Manual. 

6.  Wood  Blocks 

Treated  wood  blocks  make  satisfactory  surfaces  for  floors  for  shops  and  storehouses 

or  in  situations  where  they  will  be  protected  from  the  weather  or  from  excessive  moisture. 

Wood  blocks  should  be  held  in  place  by  a  proper  curbing.  Care  should  be  taken  to  pro- 
vide adequate  bituminous  filled  expansion  space  between  blocks.  They  should  be  laid 

in  accordance  with  AREA  Specifications,  Section  XXIII  in  the  Manual.  For  materials, 

the  AWPA  Specification  16-c,  Pavements  and  19-b,  Interior  Creosoted  Wood  Block 
Flooring  should  be  followed. 

7.  Steel  and  Iron  Plates 

Wearing  surfaces  of  steel  plates  are  used  on  heavy  duty  wooden  platforms.  Where 

tractors  are  used  the  plates  should  be  not  less  than  ̂   inch  thick  embedded  in  a  mastic 

cushion  and  fastened  with  countersunk  screws.  If  the  plates  are  used  over  a  steel  sub- 
structure they  should  be  welded  to  it  and  to  each  other.  The  thickness  in  this  case 

should  be  J^  inch.  Plates  may  also  be  laid  over  concrete.  Iron  plates  with  special 

checkered  or  roughened  surfaces  are  sometimes  used  to  provide  better  traction;  they  are 
less  abrasive  and  less  corrosive. 
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Appendix  C 

(8)     THE  DESIGN  OF  BUILDINGS  TO  WITHSTAND 
EARTHQUAKE  SHOCKS 

N.  D.  Howard,  Chairman,  Sub-Committee;  Eli  Christiansen,  Hugo  Filippi,  J.  J.  Hurley, 
A.  C.  Irwin,  O.  M.  Rognan,  C.  H.  Sandberg,  L.  W.  Smith. 

1.  Introduction 

Earthquakes  of  a  serious  nature  are  infrequent  in  the  United  States  and,  in  the  past, 

have  been  confined  to  relatively  few  sections  of  the  country.  However,  in  view  of  the 

extensive  potential  damage  to  buildings  when  serious  earthquakes  do  occur,  and  the  still 

more  important  factor  of  possible  loss  of  human  life,  it  would  seem  desirable  that  the 

railways,  which  are  constantly  constructing  buildings  of  various  sizes  and  degrees  of  im- 
portance, should  give  consideration  to  incorporating  features  of  earthquake  resistance  in 

them  as  built,  as  particular .  circumstances  and  conditions  may  warrant.  Earthquake- 
resistant  construction  usually  costs  more  than  ordinary  construction,  which  is  a  factor 
which  must  be  taken  into  consideration,  but  with  proper  regard  for  certain  fundamental 

principles  of  design,  this  added  cost  usually  represents  a  relatively  small  proportion  of  the 

total  cost.  At  the  same  time,  earthquake-resistant  construction  is  fundamentally  sound 

construction,  and  usually  more  fire-resistant  than  ordinary  construction,  factors  which 

may  have  a  favorable  influence  on  building  maintenance  costs  and  on  fire  insurance  rates. 
The  irresistible  forces  of  earthquakes  can  bring  widespread  destruction  to  buildings, 

with  loss  of  life,  unless  certain  features  or  precautions  are  built  into  the  buildings,  and 

the  experience  and  investigations  of  the  last  30  years  or  more,  largely  the  outgrowth  of 

the  major  earthquakes  which  have  occurred  in  this  period,  have  shown  quite  conclusively 

what  these  features  or  precautions  should  be,  whether  the  type  of  construction  employed 

be  timber,  steel,  masonry  units,  or  a  combination  of  these.  While  all  of  the  investigators 
do  not  agree  upon  the  specific  causes  of  all  phases  of  damage  and  destruction,  or  upon 
all  factors  which  should  enter  into  building  design  and  construction  to  resist  earthquake 

shocks,  their  observations  and  recommendations  point  in  the  same  general  direction  and 

form  an  invaluable  record  for  the  engineer  or  architect  charged  with  the  design  or  super- 
vision of  building  construction. 

This  report,  which  is  designed  essentially  to  call  attention  to  the  importance  of  the 
subject  in  question,  especially  in  areas  known  to  be  subject  to  seismic  disturbances,  and 

to  point  out  some  of  the  major  factors  which  should  be  given  consideration  in  earth- 

quake-resistant construction,  and  with  this  end  in  view,  a  bibliography  of  literature  hav- 
ing bearing  on  the  subject  concludes  this  report. 

2.  Earthquakes  and  Their  Effects 

Earthquakes,  which  are  generally  accepted  as  caused  by  the  sudden  adjustment  of 
unbalanced  subterranean  forces,  produce  both  vertical  and  horizontal  ground  vibrations, 

the  intensity  of  which  vary  with  the  magnitude  of  the  physical  disturbance  producing 

the  quake  and  the  distance  from  the  point  of  disturbance.  Of  the  two  directions  of  vibra- 
tion, experience  has  shown  that  the  horizontal  motion  is  the  most  destructive,  usually 

amounting  to  five  to  ten  times  as  much  as  the  vertical  movement.  As  a  matter  of  fact, 

the  vertical  vibrations  are  relatively  so  small  that  they  need  not  be  given  special  con- 
sideration, being  provided  for  adequately  through  the  safety  factor  normally  incorporated 

in  the  design,  and  the  fact  that  buildings  are  designed  essentially  to  resist  vertical  stresses. 

In  the  case  of  the  horizontal  ground  movements,  the  ground  beneath  a  structure  is 

moved  suddenly  in  one  direction  or  another,  while  the  structure  itself,  because  of  its 
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inertia,  tends  to  remain  in  its  original  position.  As  the  direction  of  vibration  changes 

rapidly,  the  inertia  of  the  structure  constantly  tends  to  resist  the  change,  with  the  result 

that  high  abnormal  bending  and  shearing  stresses  are  set  up  at  many  points,  which  must 
be  provided  for  in  the  design  if  damage  to  the  structure  is  to  be  avoided. 

As  the  result  of  the  studies  of  many  investigators,  it  has  been  assumed  quite  gen- 
erally in  the  past  that  the  stresses  produced  in  a  structure  by  earthquakes  seldom  exceed 

those  produced  by  horizontal  static  forces  equal  to  1/10  of  the  gravity  forces  acting  on 
the  structure,  that  is,  l/lO  of  its  dead  weight  and  live  load.  While,  according  to  the 

latest  edition  (1937)  of  the  Uniform  Buildbg  Code,  adapted  by  the  Pacific  Coast  Build- 

ing Officials'  Conference,  this  assumption  appears  to  be  adequate  when  considering  indi- 
vidual buildings  as  a  whole  under  certain  conditions,  it  appears  inadequate  under  other 

more  severe  conditions.  This  is  especially  true  when  considering  parts  of  buildings,  such 

as  cantilever  parapet  walls  and  exterior  and  interior  ornamentation.  The  code  referred 

to  requires  that  in  determining  the  horizontal  earthquake  force  to  be  resisted,  the  fol- 
lowing formula  shall  be  used. 

F  =  CW 

In  this  formula,  "F"  equals  the  horizontal  force  in  pounds.  "W"  equals  the  total 
dead  load  plus  one-half  the  total  vertical  designed  live  load  at  and  above  the  point  of 

elevation  under  consideration,  except  for  warehouses,  in  which  case  "W"  equals  the  total 
dead  load  plus  the  total  vertical  designed  live  load  at  and  above  the  point  or  elevation 
under  consideration.  Machinery  or  other  fixed  concentrated  loads  are  considered  as  part 
of  the  dead  load. 

"C"  in  the  formula  is  a  numerical  constant  which,  as  given  in  a  table  presented  in 
the  code,  varies  with  the  type  of  construction  involved,  foundation  conditions,  and  the 
susceptibility  of  the  locaUty  under  consideration  to  seismic  disturbances.  For  buildings 

as  a  whole,  "C"  ranges  from  as  small  as  0.02  to  as  much  as  0.16,  while  for  specific  parts 
of  building  structures,  it  ranges  from  a  minimum  of  0.05  to  a  maximum  as  high  as  1.0. 

Repeated  observations  of  earthquake  action  have  shown  that  the  earth  movements 

may  occur  in  any  direction.  As  a  result,  structures  built  with  the  intent  to  resist  damage 

or  destruction  by  earthquakes  should  be  designed  to  resist  lateral  forces  in  any  direction. 
Investigations  show  also  that  buildings  located  on  solid  rock  or  hard  ground  usually  are 

subject  to  smaller  earthquake  forces  than  those  located  on  soft  or  spongy  ground,  factors 
which  should  be  taken  into  consideration  in  determining  the  probable  forces  to  which  a 

structure  may  be  subject,  and  the  design  measures  which  should  be  incorporated  to  resist 

them.  Another  factor  generally  agreed  upon  as  desirable  in  building  design  in  earth- 
quake territory,  regardless  of  the  material  used  in  construction,  is  that,  in  so  far  as 

possible,  the  building  should  be  symmetrical  in  plan  about  a  central  point.  Where  wings 

or  other  unsymmetrical  units  are  desired  or  unavoidable,  it  is  recommended  that  the 

junction  between  them  and  the  main  section  of  the  building  be  specially  reinforced,  or 

that  they  be  structurally  independent  of  the  main  section  of  the  building  through  flex- 
ible or  fragile  types  of  joints  in  order  to  allow  for  the  free  action  of  rotational  forces  and 

for  possible  different  periods  of  vibration  or  movement  in  the  two  units. 

Among  the  several  theories  of  design  of  earthquake-resistant  building  construction, 
two  have  been  given  particular  credence,  these  being  flexible  construction  and  rigid  con- 

struction. In  the  flexible  design,  long  flexible  columns,  adequately  strong,  fixed  top  and 
bottom,  are  provided  in  the  lower  stories,  which  are  intended  to  sway  and  bend  with 
the  ground  movements  and  thus  relieve  the  upper  stories  of  dangerous  stresses.  This 

type  of  design  has  been  losing  favor  in  recent  years,  except  for  relatively  low  buildings, 
faced  with  flexible  coverings  such  as  sheet  metal,  prepared  siding,  etc.     For  other  types 

I 
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of  buildings,  whether  large  or  small,  the  so-called  rigid  type  of  construction  is  now  quite 

generally  advocated.  In  this  type,  the  design  calls  for  a  building  being  so  braced,  stif- 
fened and  connected  together  vertically  and  horizontally  that  it  will  move  bodily  with 

the  ground  without  appreciable  deformation.  In  other  words,  this  design  intends  that 

the  top  of  the  building  shall  have  substantially  the  same  movement  as  the  foundation, 
and  that  there  be  minimum  movement  between  the  component  parts  of  the  structure. 

To  a  more  or  less  extent,  the  features  of  rigid  design  can  be  produced  in  structures  of 

wood,  steel,  masonry  and  concrete  where  the  character  of  construction  and  the  details 

of  design  effectively  utilize  the  respective  characteristics  of  each  material.  Rigidity  of 

construction  can  be  obtained  by  suitable  foundation  design,  vertical  and  horizontal  brac- 
ing, horizontal  diaphragms,  suitable  wall  design,  frame  action,  or  a  combination  of  these. 

In  recent  publications  on  the  subject  of  earthquake-resistant  construction,  many  pertinent 
facts  of  interest  are  presented,  some  of  which  are  included  in  the  following: 

Foundations  should  be  firm  and  unyielding.  In  soft  ground,  subject  to  local  fis- 
suring,  footings  should  be  so  tied  and  connected  together  as  to  maintain  their  normal 

relative  positions.  The  increased  vertical  pressures  which  are  applied  on  the  foundations 
as  a  result  of  the  horizontal  earthquake  movements  need  particular  consideration  in  the 
case  of  structures  where  the  ratio  of  base  width  to  height  of  structure  is  small.  The 

amplitude  of  movement  in  foundations  can  be  reduced  materially  by  providing  insulation 
between  the  foundations  and  the  soil.  This  can  be  done  by  placing  a  layer  of  gravel 

or  broken  stone  between  the  foundation  and  the  soil.  Above  the  ground,  every  struc- 
ture should  be  designed  in  each  story  to  resist  horizontal  forces  acting  in  any  direction. 

With  all  materials,  every  effort  should  be  made  to  so  tie  and  interconnect  all  parts 
that  the  resultant  structure  is  an  integral  whole.  In  reinforced  concrete  construction, 
the  following  points  deserve  consideration. 

Particular  care  should  be  given  to  securing  clean,  well-made  construction  joints,  free 
from  laitance,  sawdust,  shiplap,  or  refuse.  In  vertical  rodded  columns,  binders  should 

be  dosely  spaced  for  some  distance  at  both  top  and  bottom.  Any  deflection  of  one  end 

with  respect  to  the  other  induces  bending  stresses  in  the  column  which  are  a  maximum  at 

the  ends,  and  consequently  it  is  at  the  ends  that  the  need  for  additional  binders  is  ap- 
parent. All  reinforcing  should  be  fully  anchored.  The  practice  of  embedding  slab,  beam 

and  girder  reinforcement  only  a  few  inches  into  supports  is  very  dangerous. 

The  only  points  at  which  concrete  floor  systems  seem  likely  to  show  any  signs  of 

distress  are  at  the  main  corners  of  the  building.  Here,  diagonal  cracks  at  an  angle  of 

approximately  45  degrees  with  the  side  walls  sometimes  occur,  at  any  distance  up  to 

8  feet  or  10  feet  from  the  corner  column.  Diagonal  bands  of  reinforcing  running  well 

back  into  the  floor  slab  are  consequently  advisable  at  these  points.  In  skeleton  frame 

buildings,  damage  to  the  stair  framing  may  be  expected. 

In  irregularly  shaped  buildings,  reentrant  corners  and  the  intersections  between  dif- 
ferent parts  require  special  consideration  since  they  are  the  junction  points  of  masses 

with  different  periods  of  vibration.  Similarly,  where  portions  of  a  building  are  of  dif- 
ferent height,  the  junction  of  such  portions,  particularly  at  the  roof  line  of  the  lower 

portion,  will  be  severely  stressed. 

In  reinforced  concrete  filler  walls,  the  corners  of  window  openings  are  points  of 

weakness.  Either  diagonal  bars  at  these  corners  or  additional  adequately  anchored  ver- 

"ical  and  horizontal  reinforcing  on  all  sides  of  these  openings  are  recommended. 
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3.  Structural  Steel 

Structural  steel  lends  itself  quite  readily  to  earthquake-resistant  construction.  How- 
ever, as  in  the  case  of  other  materials,  its  most  effective  use  to  this  end  requires  special 

features  of  design.  Experience  has  shown  that  the  framework  of  steel  buildings  of 

conventional  design  are  seldom,  in  themselves,  damaged  by  earthquake  forces.  The 

greatest  damage  in  structures  of  this  character  occurs  to  the  rigid  materials  used  in  wall 
enclosures,  floors  and  partitions,  unduly  stressed  as  a  result  of  flexibility  in  the  steel 
frame.  In  view  of  this  situation,  it  appears  fundamental  in  the  design  of  steel  frame 

structures,  except  those  with  flexible  siding,  roofs  and  interior  walls,  that  the  frame 

be  rigid  as  a  whole,  and  yet,  with  a  reasonable  degree  of  elasticity  in  the  various  mem- 

bers. In  other  words,  that  there  be  continuity  throughout  the  building  through  the  dis- 
position of  stresses  from  one  part  of  the  building  to  another,  so  that  the  building  will 

act  as  a  unit  and  not  as  an  aggregation  of  loosely  connected  structural  parts. 

Fundamentally,  this  requires  that  the  building  frame  be  designed  as  a  "rigid  frame", 
with  the  members  so  joined  that  every  connection  will  develop  a  resisting  moment.  This 
can  be  effected  in  various  ways  with  riveted  construction,  and  welded  connections  are 

now  being  looked  upon  with  considerable  favor  in  earthquake-resistive  construction, 
since  such  connections  allow  no  slippage  at  joints. 

In  designing  steel  buildings  to  resist  earthquake  forces,  it  should  also  be  borne  in 

mind  that  deflections,  as  well  as  maximum  allowable  stresses,  are  of  importance.  In 
other  words,  it  is  necessary  that  the  deflections  which  will  be  brought  about  in  the  frame 

should  be  kept  to  a  minimum  in  order  to  avoid  cracking  or  failure  of  rigid  construction 
materials  within  the  building. 

As  with  other  types  of  building  construction,  it  is  not  desirable  that  the  frame  of  a 

steel  structure  should  be  called  upon  to  resist  all  of  the  super-imposed  earthquake  forces. 

Wherever  possible,  cross-frame  bracing  should  be  placed  in  the  interior  walls,  and  should 
be  located  within  the  building  as  symmetrically  as  possible  to  avoid  torsional  effects. 

Reinforced  concrete  cross  walls  have  been  employed  effectively  in  steel  frame  buildings 

to  increase  their  rigidity  as  a  whole,  and  encasing  the  steel  framework  in  concrete  is  con- 

sidered to  have  a  tendency  to  stiffen  such  structures  and  to  dampen  vibrations.  An- 

other method  of  producing  the  desired  results  in  steel  frame  structures  is  through  suit- 

able floor  constructions;  the  floors,  whether  of  reinforced  concrete,  timber  or  of  special 
steel  members,  being  designed  to  tie  the  framework  together  and  to  produce  diaphragm 
action. 

4.  Wood  Construction 

As  in  the  case  of  other  tj'pes  of  construction,  it  appears  to  be  the  consensus  of 
opinion  in  the  timber  industry  that  wood  frame  structures  intended  to  resist  earthquake 

shocks  should  be  constructed  on  a  rigid,  rather  than  a  flexible  basis.  At  the  same  time, 

many  of  the  features  considered  desirable  in  concrete  and  steel  structures  appear  equally 
desirable  in  the  case  of  wood  frame  construction.  For  example,  the  structure  should  be 

tied  together  securely  so  that  no  part  of  it  can  be  moved  without  effecting  a  general 

resistance  to  the  movement  by  the  structure  as  a  whole.  Similarly,  it  is  necessary  that 

all  exterior  walls  be  adequately  braced.  This  can  be  accomplished  effectively  in  part 

by  well-nailed  diagonal  sheathing. 

For  two-story  construction,  the  balloon-type  of  framing,  which  consists  of  studs 
extending  the  full  height  of  the  building,  is  considered  best.  The  platform-type  of 
framing  may  be  used,  but  unless  the  short  second  story  studs  are  made  to  extend  down 

beside  the  joists  to  the  wall  plates  of  the  story  below,  it  possesses  a  degree  of  inherent 
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weaknesses  in  the  plane  of  the  second-story  joists.  Where  horizontal  sheathing  is  used, 

suitable  diagonal  wall  bracing  should  be  provided.  This  may  be  let-in  diagonal  bracing 
of  various  types,  or  special  devices  designed  to  produce  the  same  end.  In  certain  cases, 
the  lateral  resistance  of  walls  has  been  greatly  increased  by  means  of  diagonal  steel  rods 

running  from  the  foundation  to  the  top  plate  of  the  wall,  the  rods,  of  course,  acting  only 

in  tension.  In  other  cases,  let-in  diagonal  braces,  attached  at  both  top  and  bottom  by 
means  of  metal  connectors  and  bolts,  have  been  used  and  have  proved  highly  effective 
under  both  tension  and  compression. 

Interior  as  well  as  exterior  walls  should  be  braced  adequately,  since  partitions  con- 

tribute much  to  the  lateral  stiffness  of  a  building.  This  may  be  accomplished  by  let-in 
diagonal  bracing  as  mentioned  above,  or  by  plywood  facing,  or  a  combination  of  these. 

Tests  made  at  the  U.S.  Forest  Products  Laboratory  indicate  that  plywood,  probably  be- 
cause of  the  large  sheets  in  which  it  can  be  obtained,  provides  a  wall  or  partition  of 

great  rigidity.  Lath  and  plaster  may  not  be  the  ideal  solution  for  various  reasons,  but 
it  is  pointed  out  that  this  type  of  construction,  through  the  action  of  the  plaster  keys 

between  the  lath,  produces  great  stiffness  in  a  wall. 

In  addition  to  the  bracing  of  walls  and  partitions,  good  practice  in  earthquake- 
resistant  wood  frame  construction  requires  that  the  floors  should  also  be  braced.  Sub- 
flooring  should  be  laid  diagonal  to  the  joists,  which,  in  turn,  should  be  spiked  securely 
to  the  studs,  or,  in  the  case  of  first  floor  joists,  to  the  sills.  The  sills,  in  turn,  should  be 

bolted  securely  to  the  foundation.  This  type  of  floor  acts  as  a  horizontal  diaphragm 
and  is  effective  in  distributing  horizontal  forces  to  the  side  walls. 

The  second  floor  joists  in  balloon  frame  construction,  in  addition  to  being  spiked 

to  the  studs,  should  be  supported  on  a  ribbon  let  into  the  outside  wall.  The  roof  is 

generally  considered  to  be  braced  adequately  if  sheathed  diagonally,  and  if  diagonals 

are  nailed  to  the  bottoms  of  the  rafters.  The  rafters,  of  course,  should  be  tied  securely 
to  the  frame  of  the  building  and  supported  against  horizontal  failure  by  ceiling  joists, 

collar  beams,  etc.  In  many  cases,  it  is  advisable  to  use  trussed  rafters  rather  than  com- 
mon rafters  for  the  roof  structure.  Truss  connections  are  made  most  effectively  by  the 

use  of  standard  timber  connectors  in  conjunction  with  bolts. 

Modern  wood  construction  of  proper  design  to  resist  earthquake  shocks  has  an 

advantage  through  its  relative  light  weight.  This  is  because,  as  pointed  out  earlier, 

Earthquake  forces  on  a  building  are  functions  of  and  directly  related  to  the  massed 

weight  of  the  building.  Thus,  a  relatively  light  weight  structure  under  the  action  of 

an  earthquake  will  be  subject  to  smaller  destructive  forces  than  a  much  heavier  struc- 
cure  of  the  same  size  under  the  same  conditions. 

5.     Masonry  Unit  Construction 

As  a  result  of  the  damage  sustained  in  major  earthquakes,  it  would  appear  that 

ordinary  masonry-unit  construction  does  not  lend  itself  as  readily  to  earthquake  re- 
sistance as  certain  other  types  of  construction.  Inherently,  it  is  difficult  to  provide  the 

necessary  degree  of  unity  and  rigidity  in  masonry-unit  structures  to  resist  earthquake 
forces.  However,  it  should  be  noted  that  many  structures  of  this  character  have  with- 

stood severe  earthquakes  quite  successfully,  particularly  when  combined  with  steel,  rein- 
forced concrete  or  wood  construction  as  necessary  to  bring  about  unity  of  the  structures 

as  a  whole. 

Examination  of  many  failed  masonry-unit  structures  by  many  investigators  has 
indicated  definitely  that  three  of  the  largest  contributing  causes  to  failure  have  been 
unsuitable  mortar,  poor  workmanship  and  lack  of  reinforcement.     In  hundreds  of  ex- 
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aminations  made,  the  mortars  used  were  found  seriously  deficient  in  bonding  qualities. 

In  most  of  the  cases  involving  cracked  walls,  the  cracks  were  invariably  through  the 

joints,  indicating  insufficient  bond  to  resist  the  shearing  and  tensile  stresses  set  up.  In 

many  cases,  the  failure  of  veneered  structures  was  caused  by  insufficient  anchorage  be- 
tween the  veneer  facing  and  the  bearing  walls,  examinations  showing  that  the  usual 

corrugated  metal  ties  employed  had  failed.  Spikes  driven  through  the  sheathing,  prop- 
erly lined  for  embedding  in  the  mortar  joints,  appear  to  be  more  effective  than  the  cor- 

rugated metal  ties.  In  the  case  of  many  seriously  damaged  walls,  it  was  evident  that 
incompletely  filled  joints  were  also  a  large  contributing  factor. 

In  view  of  these  observations,  it  appears  that  certain  fundamental  factors  must  be 

given  special  consideration  in  the  construction  of  masonry-unit  structures  if  they  are 

to  be  able  to  resist  the  horizontal  forces  resulting  from  serious  earth  movements,  with- 
out damage  of  consequence.  The  first  fundamentals  appear  to  be  good  workmanship 

and  proper  materials.  It  appears  also  that  the  various  elements  of  such  structures 

should  be  securely  tied  together  so  that  the  structures  will  act  as  a  unit.  This  involves 

a  rigid  foundation;  suitable  interior  cross-walls  and  cross-bracing;  the  secure  anchorage 

of  the  exterior  walls  to  the  foundation,  floors  and  roof  structures;  and  the  tying  to- 
gether securely  of  all  interior  and  exterior  walls.  It  also  appears  essential  that  suitable 

mortar  must  be  used  in  the  construction ;  that  all  joints  must  be  slushed  full,  properly 

embedding  the  masonry  units;  and  that  in  the  case  of  veneer  work  or  facia  ornamenta- 
tion, the  masonry  units  involved  must  be  tied  securely  to  the  backing  structure  by  an 

adequate  number  of  headers  or  other  suitable  anchorages,  and  the  joints  slushed  full  to 

bring  about  the  most  secure  bond.  The  most  adequate  construction  would  also  call  for 

the  tying  together  of  the  individual  masonry  units  in  walls  by  means  of  light  steel  rods, 
placed  in  the  joints  and  bent  to  anchorage  in  the  units. 

In  securing  the  greatest  rigidity  of  masonry-unit  structures,  reinforced  monolithic 
concrete  foundations  should  be  used.  Reinforced  concrete  and  diagonal  sheathed  wood 

floors,  and  certain  special  types  of  structural  steel  sub-floors,  in  all  cases  anchored  se- 
curely to  the  masonry-unit  walls,  are  also  effective  to  this  end.  Reinforced  concrete 

interior  cross-walls,  or  structural  steel,  reinforced  concrete,  or  suitable  wood  cross-brac- 

ing also  assist  in  unifying  masonry-unit  buildings  and  thereby  increase  their  resistance 
to  the  destructive  forces  of  earthquakes. 

To  incorporate  features  of  earthquake-resistant  construction  in  buildings  invariably 
increases  to  some  extent  the  cost  of  construction.  How  much  this  will  amount  to  de- 

pends upon  many  factors  and  considerations,  but  experience  has  shown  that  the  in- 
creased expense  involved  will  seldom  exceed  10  percent  of  the  total  cost,  even  under  the 

most  extreme  conditions,  and  ordinarily  should  represent  well  below  S  percent.  As  a 

matter  of  fact,  where  the  highest  class  of  any  particular  type  of  construction  is  to  be 

employed  in  any  event,  the  added  cost  of  any  further  features  incorporated  to  bring 
about  increased  resistance  to  earthquake  shocks  will  usually  be  relatively  small. 

It  should  also  be  pointed  out  that  buildings,  designed  essentially  symmetrical  about 

a  main  axis,  as  is  particularly  desirable  in  the  case  of  earthquake-resistant  structures,  are 
usually  more  economical  in  both  design  and  construction  than  irregularly  shaped 
buildings. 
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Appendix  D 

DETERMINATION  OF  THE   DESTRUCTIBLE  VALUE  OF 
STRUCTURES  WHICH  CAN  BE  COLLECTED 

IN  CASE  OF  FIRE 

Fire  insurance  policies  are  contracts  and  while  they  contain  similar  stipulations  these 

may  be  stated  in  different  ways.  They  indemnify  the  insured  against  loss  or  damage  by 

fire  to  the  property  covered.  The  amount  which  may  be  collected  depends  on  the  pro- 
visions of  the  insurance  policy  covering  the  structure.  It  is  based  on  an  accurate  deter- 

mination of  the  loss  or  damage  to  the  insured,  taking  into  consideration  these  provisions. 
It  is  therefore  necessary  to  be  familiar  with  the  terms  of  the  policy. 

It  is  the  obligation  of  the  insured  to  see  that  the  stipulations  of  the  insurance  con- 
tract or  policy  cover  all  the  items  which  are  legitimate  claims  in  case  of  loss  or  damage. 

The  amount  which  can  be  claimed  in  case  of  a  partial  loss,  that  is  when  less  than 

SO  percent  of  the  structure  is  damaged,  is  the  cost,  at  current  prices,  to  restore  in  kind 
the  property  destroyed.  This  shall  include  the  cost  of  removing  and  disposing  of  the 
waste  and  damaged  materials. 

In  the  case  of  a  total  loss,  the  amount  which  can  be  claimed  is  the  actual  value  of 

the  property  to  the  owner  at  the  time  of  the  loss  or  damage.  This  value  is  the  cost  to 

reproduce  new,  less  depreciation,  plus  the  cost  of  removing  the  debris,  less  the  value  of 
salvage. 

The  correct  method  of  arriving  at  the  reproduction  cost  is  to  prepare  an  itemized 

estimate  of  materials  and  labor,  based  on  current  local  prices  obtained  from  material 

dealers  and  contractors.  This  may  be  done  by  using  the  original  plans  and  specifications 

or  if  these  are  not  available,  information  will  have  to  be  supplied  by  persons  famliiar 
with  the  details  of  construction  of  the  structure  under  consideration. 

There  should  be  included,  in  addition  to  the  delivered  and  erected  or  installed  cost, 
the  following  items  when  they  are  a  part  of  the  cost. 

Architect's  fee 
Engineering  and  supervision 

Interest  during  construction 

Contractor's  supervision 
Contractor's  overhead  and  profit 
City  permits 
Public  liability  insurance  premiums 

Workmen's  compensation 
Fire  insurance  during  construction 
Owners  risk  and  surety  bonds 

Incidental  damage  to  foundations,  sidewalks  and  parts  other  than  the  superstructure 
Temporary  protection 

Temporary  roof  coverings 

Protection  of  heating,  plumbing  and  other  apparatus  against  freezing 
Clearing  site  of  debris  and  all  expense  of  whatever  nature  in  connection  therewith 

Work  done  by  the  railway  company's  forces 
Disposal  of  material  at  the  dump 

Switching  charges 

Transportation  of  men  and  materials 



  Buildings   93 

Estimating  by  the  cubic  foot,  square  foot  or  by  means  of  rules,  charts  or  tables 
should  be  avoided. 

Depreciation  should  be  determined  on  the  basis  of  the  actual  physical  condition  of 

the  several  parts  of  the  structure  avoiding  the  use  of  arbitrary  percentages  and  straight 
line  methods. 

The  amount  of  depreciation  for  various  types  of  buildings  will  depend  on  the  care 

and  maintenance  and  other  physical  conditions.  Buildings  in  active  use  and  normally 

maintained  should  have  a  destructible  value  of  not  less  than  75  percent  of  the  repro- 
duction cost. 

Depreciation  applies  to  the  superstructure  and  equipment  but  not  to  the  foundations 
except  in  special  cases  such  as  the  substructure  of  piers,  wharfs,  etc. 

Appendix  E 

DIFFERENT  TYPES  OF  PAINT  AND  THEIR 

ECONOMICAL  SELECTION 

1.  Test  Data 

The  economical  selection  of  paints  must  depend  on  comparative  data  as  to  durability 

and  cost.  Such  data  are  scarce.  Haphazard  "tests"  give  very  little  dependable  infor- 
mation. Lack  of  uniformity  of  the  conditions  under  which  exposure  tests  have  been 

made,  as  well  as  the  absence  of  standard  methods  or  requirements  for  exposure  and  a 
still  greater  lack  of  standards  of  judging  kinds  and  degrees  of  failure  make  available 

test  data  practically  valueless. 

Correlation  of  data  from  tests  is  impossible  unless  the  defects  observed  are  clearly 

defined.  Uniform  terminology  and  method  of  rating  are  first  requisites  to  the  assembly 
of  worth-while  information. 

2.  Definitions 

(1)  Color  (White  Surfaces)  is  the  designation  of  a  comparison  of  the  whiteness  of 
the  surface  under  consideration  with  that  of  an  ideal  white  surface. 

(2)  Color  (Other  Than  White  Surfaces)  is  the  designation  of  the  change  in  the 
spectral  characteristics  (color)  from  that  of  the  original  surface. 

(3)  Gloss  is  the  property  that  makes  possible  a  description  as  mirror-like,  flat  or 
some  intermediate  degree  of  lustre. 

(4)  Chalking  is  manifested  by  the  presence  of  a  loose  powder,  evolved  from  the 
film  itself,  at  or  just  beneath  the  surface. 

(5)  Checking  is  manifested  by  breaks  in  the  film,  which  do  not  extend  entirely 
through  the  finish  under  consideration. 

(6)  Cracking  is  manifested  by  breaks  extending  through  the  finish  under 
consideration. 

(7)  Flaking  is  the  detachment  of  small  pieces  of  film  without  exposing  the  surface 
to  which  the  finish  under  consideration  was  applied. 

(8)  Scaling  is  the  detachment  of  small  pieces  of  film  exposing  the  surface  to  which 
the  finish  under  consideration  was  applied. 

(9)  Blistering  is  manifested  by  the  detaching  and  raising  of  unbroken  areas  of  the 
finish  from  the  underlying  surface. 

(10)  Peeling  is  manifested  by  a  pulling  away  or  falling  away  of  large  areas  of  film 
from  the  surface  to  which  the  finish  under  consideration  was  applied. 
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3.  Recording  Data 

In  addition  to  identifying  defects,  they  must  be  rated  in  some  standard  scale  for  com- 
parison. The  numerical  system  with  zero  for  complete  failure  and  10  for  perfect  or 

absence  of  failure  provides  sufficient  ratings  for  comparative  purposes  and  also  for  indi- 
cating trends.  A  more  general  system  of  rating  consists  in  the  use  of  the  terms  perfect, 

slight  failure,  intermediate  failure,  bad  failure,  complete  failure.  The  general  system  may 

be  subdivided  to  show  trends  by  relating  the  general  terms  to  a  group  of  numbers  in 

the  numerical  system.    Thus — 
Numerical 

Descriptive  Rating  Rating 
Perfect       10 
Slight  failure     7,  8,    9 
Intermediate  failure        4,  5,     6 
Bad  failure      1>  2,    3 
Complete  failure    0 

4.  Inspection  for  Record 

(1)  Color  (White  Surfaces). — Compare  with  ideal  white  surface.  Examine  for 

yellowing,  darkening,  mottling,  dirt  collection,  mould  growth,  etc.  Record  most  promi- 
nent cause. 

(2)  Color  (Other  Than  White  Surfaces). — Compare  with  sample  of  original  paint. 
Examine  for  fading,  yellowing,  darkening,  mottling,  dirt  collection,  mould  growth,  etc. 
Record  most  important  of  these  factors. 

(3)  Gloss. — Examine  without  preliminary  washing,  polishing  or  other  modification 
of  the  surface. 

(4)  Chalking. — Examine  for  loose  powdered  material  by  rubbing  the  surface.  Dis- 
tinguish between  accumulation  of  dirt  and  powdered  paint  coating. 

(5)  Checking. — In  addition  to  examination  by  the  unaided  eye,  use  a  magnifying 

glass  of  at  least  10  magnifications  to  detect  incipient  checking.  Indicate  whether  mag- 
nification is  necessary  to  identify  this  defect. 

(6)  Cracking. — Use  magnifying  glass  to  distinguish  between  cracks  and  checks. 

(7)  Flaking. — Indicate  whether  flaking  extends  to  the  original  surface  or  is  limited 
to  finish  coat  or  to  repaint  coat. 

(8)  Scaling. — Check  for  paint  antagonism. 

(9)  Blistering. — Check  for  unusual  condition  of  original  surface. 

(10)  Peeling. — Include  loosened  film  not  entirely  detached. 

5.  Form  for  Record 

The  attached  report  form  is  offered  as  a  convenient  means  for  the  accumulation  of 

data  for  comparison  of  exposure  tests.  The  figures  in  horizontal  lines  indicate  the 

period  in  months  after  exposure  when  inspections  are  made. 
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MECHANIZED  RAIL  LAYING  ORGANIZATIONS 

Sub-Committee  4 — Committee  XXII — Economics  of  Railway  Labor 

H.    E.    KiRBY 

Chairman,  Sub-Committee 

This  report  was  prepared  by  Sub-Committee  4  of  Committee  XXII — Economics  of 

Railway' Labor,  Mr.  H.  E.  Kirby,  Sub-Committee  Chairman,  as  a  part  of  the  assignment 
under  Subject  4,  "Organization  of  Forces  and  Methods  of  Performing  Maintenance  of 

Way  Work.'"  Because  of  the  importance  of  rail  laying  and  the  interest  in  the  several 
possible  force  organizations,  this  analysis  is  presented  in  advance  of  the  balance  of  the 

Committee's  report. 

DISCUSSION  OF  REPORT  ON  PROPOSED  STANDARD  RAIL 
LAYING  ORGANIZATIONS 

The  work  of  rail  replacement  offers  perhaps  the  best  opportunity  for  close  and 

accurate  gang  organization  of  any  type  of  maintenance  of  way  operation.  From  the 

distribution  of  the  new  rail  to  the  picking  up  of  the  scrap  the  work  must  of  necessity 
follow  an  almost  prescribed  course.  Furthermore,  each  operation,  such  as  distributing 

material,  pulling  spikes  and  adzing,  is  a  separate  entity  and  can  be  studied  to  determine 

the  best  organization  for  the  unit,  the  complete  unit  then  being  placed  in  the  whole  rail 
laying  organization.  Of  course,  there  are  some  variations  in  the  quantity  of  the  work. 

Some  ties  are  harder  than  others  and  require  more  work  in  spike  pulling ;  some  ballasts 

require  more  work  than  others  in  cutting  down  for  adzing.  On  the  whole,  however,  the 
work  required  of  a  rail  laying  force  should  be  fairly  constant  day  after  day. 

In  a  later  section  of  this  report  there  is  a  detailed  consideration  of  the  various  steps 

of  the  process  of  rail  replacement  and  the  equipment  used  in  each  step,  but  in  order  to 

get  a  general  view  of  the  whole  problem  these  individual  operations  are  here  listed  as 
follows: 

1.  Unloading  new  rails. 
2.  Unloading  spikes,  bolts,  washers,  angle  bars,  tie  plates,  tie  plugs  and  rail  anchors. 
3.  Distributing  track  material  and  hanging  angle  bars. 
4.  Unbolting. 
5.  Pulling  spikes. 
6.  Lining  out  rail  and  throwing  out  old  tie  plates. 
7.  Driving  down  spike  stubs. 
8.  Lowering  ballast  for  adzers. 
9.  Adzing. 
10.  Creosoting. 
11.  Setting  in  new  tie  plates. 
12.  Setting  in  new  rail. 
13.  Bolting. 
14.  Gadng. 
15.  Driving  spikes. 
16.  Tampine  swinging  ties. 
17.  Gathering  scrap. 
18.  Loading  scrap. 
19.  Loading  old  rail. 

These  operations  may  be  subdivided  in  several  ways.  Operations  1,  2,  18  and  19 

are  carried  out  with  a  woVk  train  and  may  be  considered  separately  from  the  other 

operations.    Of  the  steps  3  to  16  inclusive,  there  are  some  that  can  be  performed  entirely 
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before  the  track  has  been  broken  or  after  rail  closure  has  been  made,  as,  for  instance 

distributing  track  material  or  tamping  swinging  ties.  There  are  other  steps  such  as  adzing 

and  gaging,  which  can  only  be  performed  while  the  track  is  closed  to  traffic.  Finally, 

there  are  some  operations,  such  as  spike  pulling  and  driving  spikes,  which  can  be  par- 
tially performed  before  the  track  is  broken  or  after  it  is  closed,  but  which  must  be 

completed  as  a  part  of  the  direct  laying  procedure.  These  limitations  on  the  various 

operations  lead  to  two  main  divisions  in  the  method  of  "carrying  out  the  rail  laying. 
The  first  type  of  laying  may  be  called  continuous.  In  this  type  of  organization  the 

gang  is  large  enough  so  that  all  operations  from  the  pulling  of  spikes  to  the  driving  of 

spikes  move  forward  as  a  unit.  The  gang  may  be  enlarged  to  include  everything  from 
unloading  the  new  rail  to  loading  the  old  rail,  but  the  essential  feature  of  this  force  is 

that  none  of  the  operations  involved  in  the  actual  laying  are  performed  previous  or 

subsequent  to  such  laying,  nor  is  there  any  back-tracking  of  the  force. 
The  second  type  of  laying  may  be  termed  cyclical.  This  type  is  divided  further  into 

two  sub-divisions,  namely,  one  cycle  and  two  cycle.  In  the  one  cycle  setup,  the  gang 
is  organized  so  that  all  work  that  must  be  performed  while  the  track  is  open  proceeds 
as  a  unit.  The  front  end  of  the  gang  removes  bolts  and  pulls  half  the  spikes  while  the 
rear  end  gages  and  drives  half  the  spikes.  Before  the  track  is  broken  material  is  dis- 

tributed, angle  bars  are  hung,  the  ballast  is  lowered,  nuts  are  cracked  and  half  the  spikes 

are  pulled.  After  the  track  is  closed  the  last  half  of  the  spikes  are  driven,  the  swinging 
ties  are  tamped  and  scrap  is  assembled. 

In  two  cycle  laying  the  work  precedent  and  subsequent  to  actual  laying,  is  per- 
formed just  as  in  the  one  cycle  laying.  The  actual  laying,  however,  is  carried  out  in 

two  steps.  The  first  time  over  the  track  the  force  performs  all  the  work  from  pulling 
spikes  to  setting  in  the  rail.  The  second  time  over  the  track  the  remaining  work  from 
bolting  to  spiking  is  carried  out. 

These  three  types  of  organization  lead,  of  course,  to  various  sizes  of  gangs.  The 

smallest  force  will,  of  necessity,  have  to  work  the  track  in  two  cycles.  A  larger  force 

can  work  the  track  in  one  cycle,  but  will  have  to  perform  a  part  of  the  operations  pre- 
vious to  or  following  the  actual  laying.  The  largest  size  gang  will  be  able  to  complete 

all  work  progressively  as  a  unit. 

In  setting  up  forces  under  any  of  these  three  methods  of  carrying  out  the  work  the 

governing  factor  is  always  the  speed  at  which  the  rail  crane  sets  the  rail  in  place.  While 

the  production  of  other  operations  such  as  adzing,  spike  pulling  and  spike  driving  can 
be  stepped  up  by  increasing  the  number  of  men  and  machines,  it  is  impossible  to  work 

more  than  one  crane  on  one  rail.  In  setting  up  the  forces  outlined  in  this  report  the 

limiting  factor  of  crane  speed  is  recognized  in  that  the  operations  other  than  the  setting 

in  of  the  rail  are  all  gaged  to  the  crane  speed.  Thus,  forces  have  been  set  up  which  can 

carry  on  the  various  operations  at  speeds  ranging  from  40  rails  per  hour  to  90  rails  per 

hour,  the  latter  production  being  very  near  the  maximum  capacity  of  the  present  rail 
laying  cranes. 

The  principal  factor  affecting  choice  of  the  size  of  rail  laying  force  is  the  length 

of  time  during  which  the  track  can  be  closed  to  traffic.  In  order  to  study  this  point 

fully  the  costs  of  rail  laying  have  been  computed  for  various  size  gangs  with  various 
lengths  of  time  during  which  the  track  may  be  occupied.  The  calculations  are  shown  in 

Tables  II,  IV  and  VI.  In  computing  the  net  time  during  which  the  gang  can  work 

certain  assumptions  are  made  in  regard  to  time  losses.  On  the  main  line  single  track 

territories  the  average  distance  between  sidings  is  1.75  miles  which,  therefore,  represents 
twice  the  average  distance  the  crane  and  equipment  will  have  to  run  to  clear  for  a  train. 

For  a  conservative  estimate,  however,  the  assumption  has  been  made  of  an  average 
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distance  of  1.75  miles  (in-tead  of  half  this  amount)  to  run  for  clearance  and  the  running 
speed  is  assumed  as  IS  MPH. 

An  assumption  of  10  minutes  time  has  been  made  for  clearing  the  track  after  com- 
pletion of  laying  in  two  cycle  laying. 

In  all  cases  the  assumption  of  40  minutes  time  has  been  made  for  going  to  and  from 
work  and  putting  up  tools. 

In  the  case  of  continuous  laying  it  has  been  assumed  that  8  minutes  are  required 

after  arrival  of  crane  until  laying  can  commence  and  10  minutes  are  required  after 

completion  of  laying  for  closure  of  rail  and  loading  of  adzers. 

When  a  part  of  the  work  is  performed  previous  or  subsequent  to  actual  laying  a 

detention  of  10  percent  has  been  allowed  for  delay  resulting  from  traffic. 

The  results  of  the  calculations  are  shown  graphically  in  Chart  I.  As  indicated  on 

the  legend  each  vertical  column  on  this  graph  represents  a  different  traffic  condition 

var>'ing  from  a  condition  where  the  track  can  be  secured  for  only  one  hour  per  day, 
to  a  track  and  traffic  conditions  where  the  rail  laying  can  progress  for  eight  hours  per 
day.  The  gang  sizes  range  from  40  men  to  216  men,  and  laying  speeds,  as  shown  in 

the  first  line  of  the  graph,  vary  from  40  to  90  rails  per  hour.  The  second  line  of  the 

chart  shows  the  rails  laid  per  day,  the  third  line  shows  the  gross  time  consumed  by  the 

force  and  the  top  line  gives  the  cost  per  lineal  foot  of  rail  for  the  complete  rail  lajdng 
work  except  unloading  the  rail  and  track  material  and  loading  the  released  rail  and 

scrap.  In  figuring  the  costs  indicated  on  this  chart  it  has  been  assumed  that  the  gang 

is  not  used  for  any  work  except  rail  laying.  It  might  be  argued  that  where  the  force 
is  used  for  only  four  or  five  hours  per  day  some  allowance  should  be  made  for  the 

other  three  or  four  hours.  However,  it  has  been  found  that  when  a  rail  laying  force 

is  delayed  on  account  of  traffic  very  little  useful  work,  not  connected  with  rail  laying, 

can  be  accomplished.  It  does  not  seem  practicable  to  attempt  to  lay  rail  for  five  hours 

per  day  with  a  gang  and  then,  for  instance,  tamp  track  the  other  three  hours.  Unless 

some  far  more  rigid  scheduling  of  work  than  has  been  attempted  or  even  suggested 

heretofore  is  undertaken,  it  seems  probable  that  it  will  not  be  far  wrong  to  assume  that 
all  the  time  of  the  rail  laying  force  should  be  charged  to  the  laying  even  when  the 

work  performed  does  not  take  a  full  day. 

A  more  detailed  consideration  of  the  chart  shows  in  Line  I  the  variation  in  laying 

speed  with  variation  in  gang  sizes.  Thus,  in  two  cycle  laying  40  men  will  be  able  to 

lay  at  the  rate  of  40  rails  per  hour  while  62  men  will  be  able  to  lay  90  rails  per  hour. 
In  one  cycle  operations  65  men  can  lay  40  rails  per  hour  while  118  men  can  lay  90  rails 

per  hour.  Operating  under  conditions  of  continuous  laying  118  men  can  place  40  rails 

per  hour  while  216  men  can  lay  90  rails  per  hour. 

Line  II,  giving  the  rails  laid  per  day,  shows,  as  may  be  expected,  considerable  vari- 
ation ranging  from  16  rails  with  a  40  man  gang  working  at  a  location  where  the  track 

can  be  secured  for  only  one  hour  per  day  to  a  maximum  of  630  rails  with  a  216  man 
force  that  secures  the  track  for  eight  hours. 

The  effective  utilization  of  time  is  indicated  in  Line  III.  The  space  between  the 

top  of  vertical  column  and  the  eight-hour  ordinate  indicates  that  portion  of  the  day 
which  is  not  taken  up  with  rail  laying  operations;  in  other  words,  unutilized  time.  The 

extent  of  these  columns  above  the  ten-hour  ordinate  indicates  the  time  for  which  puni- 
tive overtime  must  be  paid.  The  most  desirable  setup  is  one  in  which  the  gross  time 

lies  between  eight  and  ten  hours.  Any  gross  time  less  than  eight  hours  will  raise  the 

rail  laying  cost  through  unutilized  time  while  a  gross  time  of  over  ten  hours  will  raise 
the  cost  through  punitive  overtime.  This  effect  is  shown  in  Line  IV.  Any  of  the  forces 

working   under  conditions  where  the  track  can  be   obtained  for  less  than  three  hours 
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show  high  costs.  For  instance,  where  the  track  is  obtained  for  only  one  hour  the 

lowest  cost  is  $0,189  per  lineal  foot  with  a  gang  of  118  men  and  ranges  up  to  $0.2650 
for  a  40  man  gang.  (No  computations  were  made  for  continuous  operation  gangs  for 
locations  where  the  track  could  be  obtained  for  less  than  three  hours  per  day).  As  the 

time  available  for  laying  increases,  the  cost  per  foot  decreases  very  rapidly  until  the 

point  is  reached  where  traffic  conditions  will  allow  one  three-hour  laying  period.  When 
three  hours  or  more  are  available  the  costs  are  quite  constant  although  there  is  a  slight 

decrease  in  cost  with  increased  laying  time  until  a  five-hour  period  is  reached.  When 
five  hours  are  available  they  carmot  be  utilized  in  cyclical  laying  without  running  into 

punitive  overtime  and  with  most  of  the  gangs  even  four  hours  laying  time  will  run 
shghtly  above  ten  hours  gross  laying  time.  Under  continuous  laying  operations  the  full 
day  cannot  be  utilized  unless  the  track  can  be  secured  for  slightly  more  than  seven 

hours.  As  is  to  be  expected,  under  such  conditions  the  cost  rapidly  increases  as  the 

available  laying  time  decreases  so  that  unless  the  track  can  be  secured  for  at  least  six 
hours  the  cost  of  laying  rail  is  higher  than  laying  with  a  gang  organized  for  cyclical 

operation. 

A  study  of  the  chart  leads  to  the  following  conclusions: 

1.  A  full  eight-hour  day  can  not  be  utilized  unless  the  track  can  be  secured  for  at 
least  three  hours  per  day  in  the  case  of  cyclical  laying  and  for  at  least  seven 
and  one-half  hours  in  the  case  of  continuous  laying. 

2.  Under  cyclical  operations  more  than  ten  hours  will  be  required  to  complete  all 
the  work  in  connection  with  the  rail  that  can  be  laid  while  the  track  is  out  of 
service  for  four  hours  or  more. 

3.  Where  the  track  can  be  secured  for  less  than  six  hours  cyclical  operations  will 
prove  most  economical;  where  the  track  can  be  secured  for  six  hours  or  more 
continuous  operations  will  be  most  economical. 

4.  In  the  case  of  gangs  designed  for  cyclical  operations: 

(a)  When  the  force  is  set  up  for  a  laying  speed  of  70  rails  or  more  per  hour 
there  is  little  difference  in  cost  between  two  cycle  and  one  cycle  laying. 
When  the  force  is  set  up  for  a  laying  speed  of  less  than  70  rails  per  hour 
the  two  cycle  laying  may  be  as  much  as  8  percent  more  expensive  than 
one  cycle  laying. 

(b)  Gangs  designed  for  high  laying  speeds  are  more  economical  than  those  set 
up  for  low  laying  speeds,  but  this  variation  is  not  pronounced  for  gangs 
laying  70  or  more  rails  per  hour. 

(c)  The  minimum  average  laying  cost  should  be  from  $0,050  to  $0,055  per 
lineal  foot. 

5.  In  the  case  of  gangs  designed  for  continuous  operations: 

(a)  Laying  costs  vary  inversely  with  the  laying  speeds,  but  for  forces  designed 
to  lay  70  or  more  rails  per  hour  this  variation  is  not  very  great. 

(b)  Minimum  average  laying  cost  should  be  from  $0,030  to  $0,035  per  lineal 
foot. 

SUMMARY  OF  CALCULATIONS 

A.    Cyclical  Operations — Two  Cycle. 
Assumptions: 

Average  distance  to  run  crane  to  clearance  1.75  miles. 
Non-productive  time: 

Crane  running  time  to  work  (@  IS  MPH)         7  minutes 
Closing  rail         8  minutes 

Removing  equipment  at  end  of  Cycle  II        S  minutes 

Total  non-productive  time      20  minutes 
Net  laying  time  =  Gross  laying  time  less  20  minutes. 
Allow  10  percent  train  delay  for  work  preceding  and  subsequent  to  rail  laying. 
Allow  40  minutes  per  day  going  to  and  from  work  and  putting  up  tools. 
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Note — Table  I  following  gives  the  number  of  men  and  the  gang  organization  re- 
quired for  various  rail  laying  speeds.  Under  Cycle  I  are  shown  the  number  of  men 

required  for  the  first  cycle  and  under  Cycle  II  are  shown  the  number  required  for  the 
second  cycle.  Thus,  to  carry  out  Cycle  I  at  a  speed  of  70  rails  per  hour  will  require 
51  laborers,  but  to  carry  out  Cycle  II  at  70  rails  per  hour  will  require  only  42  laborers. 

Table  II  shows  the  costs  of  laying  rail  with  various  sizes  of  gangs.  The  gang  size 
is  determined  on  the  basis  of  carrying  out  Cycle  I  at  speeds  of  40,  SO,  60,  70,  80  and 
90  rails  per  hour.  This  table  shows  gang  costs  per  day  and  the  rail  laying  costs  per  foot 
for  various  traffic  conditions  such  as  one  hour,  two  hours,  etc.,  gross  laying  time  per  day. 

B.  Cyclical  Operations — One  Cycle. 
Assumptions: 

Average  distance  to  run  for  clearance  =  1.7S  miles. 
Non-productive  time: 

Crane  running  time  to  work  @  IS  MPH        7  minutes 
Breaking  and  setting  closure  rail         6  minutes 
Crane  running  time  from  work  @  IS  MPH        7  minutes 

Total  non-productive  time      20  minutes 
Net  laying  time  =  Gross  laying  time  less  20  minutes. 
Allow  10  percent  train  delay  for  work  preceding  and  subsequent  to  rail  laying. 
Allow  40  minutes  per  day  going  to  and  from  work  and  putting  up  tools. 

Note — Table  III  following  gives  the  number  of  men  and  the  gang  organization 
required  for  various  rail  laying  speeds.  Thus  to  lay  70  rails  per  hour  will  require 
90  laborers. 

Table  IV  shows  the  costs  of  laying  rail  with  various  sizes  of  gangs,  the  size  of  gangs 
being  determined  on  the  basis  of  rail  laying  speeds.  This  table  shows  gang  costs  per  day 
and  the  rail  laying  costs  per  foot  for  various  traffic  conditions  such  as  one  hour,  two 
hours,  etc.,  gross  laying  time  per  day. 

C.  Continuous  Laying. 
Assumptions: 

Average  distance  to  run  crane  to  clearance  1.7S  miles. 
Non-productive  time: 

Going  to  and  from  work,  putting  up  tools    40  minutes 
Clearing  crane  (included  in  above  when  8  hours  are  used) ....   20  minutes 
Time  opening  track          8  minutes 
Time  closing  track       10  minutes 

Note — Table  V  following  gives  the  number  of  men  and  the  gang  organization  for 

various  rail  laying  speeds.  '  Thus,  to  maintain  a  speed  of  70  rails  per  hour  will  require 170  laborers. 

Table  VI  shows  the  costs  of  laying  rail  with  various  sizes  of  gangs.  The  several 
gang  sizes  are  determined  upon  the  basis  of  rail  laying  speeds  of  from  40  to  90  rails  per 
hour.  This  table  shows  gang  costs  per  day  and  the  rail  laying  costs  per  foot  for  various 
traffic  conditions  such  as  three,  four,  etc.,  gross  laying  periods  per  day. 
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TABLE  I 

Cyclical  Laying  -  Two  Cycle  Laying  Operationg 
OiKanlzation  for  Varioiis  Speeds  of  Layijv; 

No.  of  Rails  per  Hr. 
Cycle  I: 

Unbolting  &^  Beveling 
Operating  Spike  Pullers 
Pulling  Spikes  left  by  Mr.chine 
Removing  jungle  Bars 
Lining  out  rail 
Raking  down  ballast 
ReaoTlng  tie  plates 
DriTing  stubs 
Setting  up  &  driving  tie  plugs 
Sweeping  ties 
Adzing 
Oreo sot ing 
Carrying  Creosote 
Placing  tie  plates 
Setting  in  rail 
Assonbling  adzer  beads 
Vi'at  erboy 
Flo^ea 

Total  Laborers  -  Cycle  I 
Crane  Operator 
Asst.   Foremen 
Forecien 
Gen.  Foremen 

Cycle  II: 
Inserting  bolts 
Run  up  bolts 
Gaging  -  every  4tji  tie 
Straighten  tie  plates 
Setting  up  spikes  -  every  4th  tie 
Driving  spikes 
Gather  tools  iz  new  material 
Vi'at  erboy 
Flagaaa. 

Total  Laborers  -  Cycle  II 
Crane  Operator 
Asst.   Foreman 
Foremen 
Gen.  Foremaa 

40 

50 60 

70 90 

4 4 4 4 7 7 
3 3 3 3 6 6 
1 1 1 1 2 2 
1 1 1 1 1 1 
2 2 o 2 2 2 
1 1 1 2 2 2 
2 2 2 3 4 5 
2 2 4 4 4 4 
6 6 6 9 9 9 
1 1 1 1 1 1 
4 4 4 4 5 5 
2 2 2 3 3 3 
1 1 1 1 1 1 
2 3 3 4 4 5 
3 3 3 3 3 3 
1 1 1 2 2 2 
2 2 2 2 2 2 
2 2 2 2 2 2 

40 

41 

43 

51 60 62 

1 1 1 1 1 1 
0 0 0 0 0 0 
3 3 3 3 3 3 
1 1 1 1 1 1 

3 3 3 3 3 5 
4 4 4 4 7 7 

12 

16 

IS 20 

24 

28 
1 1 2 2 2 2 
2 3 4 4 5 6 
2 ^ 3 3 3 3 
1 1 2 2 3 3 
2 2 2 2 2 2 
2 2 2 2 2 2 

29 

34 40 

42 

51 

58 

1 1 1 1 1 1 
0 0 0 0 0 0 
3 3 3 3 3 3 
1 1 1 1 1 1 
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tAELE  U 

Saanary  of  Posts 

Cydloal  LaTlng  -  r^ro  Cycle  Layiiy;  Operation 

Laying  Speed  -  Cyttle  I  -  Hails  per  Hour  _ 

No.  Laborers 

No.  Crane  Operators  ($141.00  -  20  days) 
No.  Asst.  Foranan       (SllO.OO  -  20  days) 
No.  Foremem  ($146,00  -  20  days) 
No.  &an.  Foramen        ($174.00  -  20  days) 
Cost  per  S  hr.   day 
Cost  per  hx.   l3t  to  8th  hrs. 
Cost  per  hr.  9th  &  10th  hrs. 

Laying  Speed  -  Cycle  I  -  Rails  per  hour 
Laying  Speed  -  Cycle  II   -  Rails  per  hour. 
Avg.  Laying  Speed  -  Cycle  I  -  II  -  Rails  per  hr. 

Laying  Speed  -  Preceding  Work  -  Ralls  per  hour 
Laying  Speed  -  Subsequent  Woik  -  Hails  per  hour 

No.  Laborers 

1  hr.  gross  laying  time  -  Ho.  rails  laid 
Gross  Laying  Time  -  hr. 
Gross  Time  Free.  0.  Sub.  Work 
Gross  Time  To  ic  From  Work 

Total  Time  -  Hours 
Cost  per  Lin.  Ft. 

2  Separate  Periods  -  1  hr.   each 
No.   Rails  laid 
Gross  Laying  Time 
Gross  Time  Proo.  i>.  Sub.  Woik 
Gross  Time  To  i-  From  V/orit 

Total  Time  -  Hours 
Cost  per  Lin.   Ft. 

2  Hr.  Gross  Laying  Time 
No.   Rails  Laid 

Groea  Laying  Time  -  Hours 
Gross  Time  Proo.  &  Sub.  Wort 
Groea  Time  To  k  From  iVoik 

Total  Time  -  Houri 
Cost  per  Lin.  Ft. 

40 41 43 

51 

60 62 

1 1 1 1 1 1 

3 3 3 3 3 3 
1 1 1 1 1 1 

$165.65 J168.85 ♦175.25 $200.85 $229.65 
$236.05 

20.71 ajjL 21.91 25.11 
28.71 

£9.51 

19.67 
£0.07 20.87 24.07 27.67 £8.47 

40 

50 60 

70 

80 90 
60 65 

70 80 

90 90 
,      24.0 28.3 32.3 37.4 42.4 

45 

40.0 
42.0 

44.0 55.0 65.0 68.0 

35.0 35.0 36.0 
45.0 

54.0 

58.0 

40 

41 

43 

51 

60 62 
16 19 22 

25 

28 30 

1.0 
1.0 1.0 1.0 1.0 

1.0 

1.0 
1.1 1.2 1.1 1.0 

1.1 

0.7 
0.7 

0.7 0.7 

0.7 

0.7 

2.7 

2.8 2.9 

2.8 

2.7 

2.8 

:;0.a65 

1 So. 228 20.204 
;J0.206 $0,210 

50.202 

32 

38 44 50 56 

60 

2.0 2.0 2.0 2.0 

2.0 

'  2.0 

2.0 2.2 
2.4 

2.2 2.0 2.2 
0.7 0.7 

0.7 0.7 

0.7 0.7 
4.7 4.9 5.1 4.9 4.7 4.9 

CO  J.  32 -00.114 
30.102 So. 103 00.105 

.iO.lOl 

40 

47 

54 62 

71 75 

2.0 2.0 2.0 
2.0 

2.0 

2.0 2.4 

2.7 
3.0 

2.7 

2.6 2.6 

5.1 

$0,106 

5.4 
5.7 

5.4 5.3 

5.3 

§0.092  CO.  083       $0,083       .;0.083       ftO.081 

2  Separate  Periods  -  2  hrs.   Each 
No.   Rails  Laid 

Gross  Laying  Time  -  hours 
Gross  Time  Preo.  &;  Sub.  Work 
Gross  Tine  To  &  From  Work 

Total  Time  -  Hours 
Coat  par  Lin.  Ft. 

3  Hr.  Gross  Laying  Time 
No.   Rails  Laid 

Gross  Laying  Time  -  Hours 
Gloss  Time  Preo.  In  Sub.  V/oik^ 
Gross  Time  To  L  From  Work 

Total  Time  -  Hours 
Cost  par  Lin.  Ft. 

4  Hr.  Gross  Laying  Time 
No.   Rails  Laid 

CiDsB  Laying  Time  -  Hours 
Gross  Time  Preo.  &  Sub.  Work 
Gross  Time  To  6c  From  Work 

Total  Time  Hours 
Cost  par  Lin.  Ft. 

4.0 4.0 4.0 4.0 4.0 4.0 
4.8 5.4 

6.0 

5.4 5.2 5.2 

0.7 
0.7 

0.7 

0.7 

0.7 0.7 
9.5 10.1 

10.7 

10.1 
9.9 

9.9 

CO. 0625 
.:;o.0579 30.0566 :.0.0522 

i0.0510 
;)0,0495 

64 

75 

86 100 

113 

120 
3.0 

3.0 
3.0 3.0 

3.0 

3.0 

3.8 4.3 4.9 4.4 4.2 

4.2 

0.7 0.7 

0.7 0.7 0.7 0.7 

7.5 
8.0 8.6 8.1 

7.9 

7.9 

;'0.0663 

30.0577 
00.0560 .:^0.0521 00.0520 

;''>0.0504 

88 
104 

118 137 155 165 
4.0 

4.0 
4.0 4.0 

4.0 4.0 

5.2 6.0 6.6 

6.1 5.6 5.8 

0.7 0.7 

0.7 

0.7 C.7 

0.7 
9.9 10.7 

11.3 
10.8 10.3 10.5 

$0.0591 $0.0585 
So. 0588 50.0537 $0.0497 

00.0500 
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TABLE  III 

Cyclical  Laying  -  One  Cycle  Laying  Operatioas 
Orgauization  for  Various  Speeds  of  Laying 

No.  of  Rails  Per  Hr.  40     50    60    70    80    90 

Unbolting  &  BeTeling 4 4 4 4 7 7 

Operating  spike  pullers 3 3 3 3 6 6 

Pulling  spikes  left  by machine 1 1 1 1 2 2 

Ranovlng  angle  bars 1 1 1 1 1 1 

Lining  out  rail 2 2 2 2 2 2 

Raking  dovm  ballast 1 1 1 2 2 2 

Raaoving  tie  plates 2 2 2 3 4 5 

Driviiig  stubs 2 2 4 4 4 4 

Setting  up  and  driving tie  plugs 6 6 6 9 9 9 

Svieeping  ties 
.       1 

1 1 1 1 1 
Adzing 4 4 4 4 5 5 

Creosoting 2 2 2 3 3 

.3 

Carrying   creosote 1 1 1 1 1 1 

Placing  tie  plates 2 3 3 4 4 5 

Setting  in  rail 3 3 3 3 3 3 

Assembling   adzer  heads 1 1 1 2 2 2 

Inserting  bolts 3 3 3 3 3 5 

Running  up  bolts 4 4 4 4 7 7 

Gaging  every  4th.  tie 
12 15 

20 

20 

24 28 

Straighten  tie  plates 1 1 2 2 2 2 

Setting  up  spikes-every 4th  tie 2 3 4 4 5 6 

Driving  spikes 2 2 3 3 3 3 

Gathering  tools  &  new  material 1 1 2 2 3 3 

Water  boy 2 2 3 3 3 4 

Flagmea 2 2 2 2 2 2 

Total  No.  Laborers 65 

71 

82 90 
108 

118 Crane  Operator 1 1 1 1 1 1 
Asst.  Foremeai 6 6 6 6 6 6 
Foremen 2 2 2 2 2 2 
Gan.  Foremoi 1 1 1 1 1 1 
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Cyclical  Laying  -  Oae  Cycle  Lajla^  Operation 
Smanary  of  Coats 

No.  Laborers  65 

No.   Crane  Operators  ($141.00  -  20  days)  1 
No.  Asat.   Forconan       (filO.OO  -  20  days)  6 
No.   Foramen                   {^146.00  -  20  days)  2 
No.  Gen.For«Bfin           ($174.00  -  20  days)  1 
Cost  per  8  Hr.  Day  $271.35 
Coat  per  Hr.   let  to  8th  Hrs.  33.92 
Cost   per  Hr.   9th  &  10th  Hrs.  32.14 

Laying  Speed  -  Ralls  par  Hour  40 
Laying  Speed  -  Preo.  Woifc  74 
Laying  Speed  -  Subseq.  Work  60 

71  82  90 
111 
6  6  6 
2  2  2 
—111 
§290.55  $525.75  §351.35 

36.32       40,72       43.92 
34.54        38.94       42.14 

70 

104 

78 

108 
1 
6 
2 
1 

$408.95 51.12 
49.34 

128 
90 

118 

1 
6 
2 
1 

$440.95 
55.12 
53.34 

90 

137 102 

No.  Laborers 
1  Hr.  Gross  Laying  Time 

No.  Ralls  Laid 

Gross  Laying  Time 
Gross  Tlina  Free.  Sc  Subseq.  Woik 
Gross  TlfflB  To  &  From  Woii 

Total  Time  -  hours 
Cost  per  Lin.  Ft. 

2  Separate  Periods  -  1  hr.    each 
No.   Rails  Laid 

Gross  Laying  Time 
Gross  Time  Preo.  £c  Subseq.   HoA 
Gross  Time  To  a  From  Work 

Total  Time  -  hours 
Cost  per  Lin.  Ft. 

1  2-hr.  Gross  Laying  Time 
No.   Rails  Laid 

Gross  Laying  Time 
Gross  Time  Preo.  &  Subseq.  WoA 
Gross  Time  To  Ic  From  Work 

Total  Time 
Cost  per  Lin.  Ft. 

Assume:    6  Hr.  Cross  La:,'lng  Period 
Net  Laying  Time 
Gross  Lajang  Time 
To  C-.  From  '7ork 

Total  Time 

No.  Rails  Laid 
Cost  per  Lin.  Ft . 

Ass^ane:    7  Kr.  Gross  Laying  Period 
Net  Laying  Time 
Gross  Laying  Time 
To  and  From  Work 

Total  Time 

No.  Rails  Laid 
Cost  per  Lin.  Ft. 

Assume:   Full  8  Hr.  Day 
Net  Laying  Time 
Gross  Laying  Time 

No.   Ralls  Laid 
Cost  per  Lin,  Ft. 

27 

33 40 

47 

53 

60 
1,0 

1.0 
1.0 

1.0 

1,0 

1.0 

0,9 
1.0 1.1 1.2 

1.1 1.1 

0.7 0.7 0.7 0.7 0.7 

0.7 
2.6 2.7 

2.8 

2.9 

2.8 2.8 

30.2570     0O.226O  ̂ 0.2090  50.1920     0O.198O         0O.189O 

2.0 
2.0 2.0 

2 

.0 

2.0 2.0 

1.8 2,0 

2.2 

2 .4 

2.2 

2.2 

0.7 
0.7 

0.7 

0 

.7 
O.V 

0.7 4.5 
4.7 4.9 

5, .1 

4.9 

4.9 

$0.1285 f?0.113C 

1  $0.1045  $0 .0960 

$0.0990 §0.0945 

67 

S3 100            117 133 150 

2.0 2.0 
2.0 

2, 

.0 

2.0 

2.0 

2.2 2.5 

2.7 

2, 

,9 

2.8 2.8 

O.V 

0.7 
0.7 

0, 

,7 

0.7 

0.7 
4.9 

5.2 5,4 

5, 

,6 

5.5 5.5 

^.1040 
$0,0898  $0.0835 $ 

§0.0789 $0.0755 
5.4 5.4 5.4 

5.4 

5.4 

5.4 

6.0 

CO 

6.0 6.0 

6.0 

6.0 

.-,7 

0,7 

'..7 

0.7 0.7 0.7 

G,7 6.7 6.7 

6.7 

6.7 

6.7 
16 370 324 378 432 

486 

!^;0.05b4 C;0,0482  $0,0460 $0.0430     §0.0440 
§0.0418 

6.4 6,4 6.4 6.4 

6.4 

6.4 7.0 7.0 

7.0 
7.0 

7.0 

7.0 

0.7 
0.7 

0.7 

0.7 0.7 0.7 

7.7 

7.7 7.7 

7.7 

7.7 

7.7 

56 

320 364 448 512 576 

^0,0467 
$0.0407  $0.0382 JO. 0362     §0.0370 

§0.0352 

7,0 

7.0 

7.0 

7.0 
7.0 

7.0 

8,0 
8.0 

8.0 8.0 8.0 8.0 

280  350  420  490  560  630 
$0.0428       $0.0372  $0.0349       $0.0321     §0.0348         §0.0323 
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TABLE  Y 

Continnous  Laying 
Organization  fox  Various  Speeds  of  Laying 

Ralls  per  Hoxir 40 

50 

60 70 

80 90 

Distributing  Tie  Plates 
Distributing  Other  Trade  Material 
Hanging  Angle  Bars 
Oiling  Rail  Ends 
Knocking  Off  Anchors 
Clicking  Bolts 
Unbolting  &  Beveling 
Operating  Spike  Pollers 
Pulling  Spikes  Left  by  Machines 
RanoTlng  Angle  Bars 
Lining  Out  Rail 
Lo\rering  Ballast 
Removing  Tie  Plates 
Driving  Stubs 
Setting  Up  &  Driving  Tie  Plugs 
Sweejjlng  Ties 
Adzing 
Grinding  Adzer  Bits 
Assembling  Adzer  Heads 
Carrying  Adzer  Heads 
Creosoting 
Carrying  Creosote 
Placing  Tie  Plates 
Setting  in  Rail 
Inserting  Bolts 
Running  up  Bolts 
Gaging  Every  4th  Tie 
Straightening  Tie  Plates 
Setting  up  Spikes 
Driving  Spikes 
Gathering  Tools  &  New  Material 
Tamping  Swinging  Ties 
Installing  Rail  Anchors 
Assembling  Scrap 
Wat  erboy 
ria^uaa 

Total  No.  Laborers 
Crane  Operators 
Asst.  Foremen 
Foremen 
General  Foremen 

4 4 6 7 8 9 
7 7 7 7 7 7 
3 4 5 5 6 7 
4 5 6 6 7 8 
1 1 1 1 1 1 
1 1 2 2 3 3 
4 4 4 4 7 7 
6 6 6 9 12 12 
2 2 2 3 4 4 
1 1 1 1 1 1 
2 2 2 2 2 2 
8 

10 12 14 

16 

18 

2 2 2 3 4 5 
2 2 4 4 4 4 
6 6 6 9 9 9 
1 1 1 1 1 1 
4 4 4 4 5 5 
1 1 1 2 2 2 
1 1 1 1 1 1 
1 1 1 1 1 1 
2 2 2 3 3 3 
1 1 1 1 1 1 
2 3 3 4 4 5 
3 3 3 3 3 3 
3 3 3 3 3 5 
4 4 4 4 7 7 

12 

16 20 

20 

24 28 

1 1 2 2 2 2 
7 9 10 

12 14 

15 
4 4 5 6 6 7 
1 1 2 2 3 3 
6 6 8 8 10 10 
1 1 1 1 2 2 
4 5 6 7 8 9 
4 4 5 6 7 7 
2 2 2 2 2 2 

118 
131 151 170 200 216 

1 1 1 1 1 1 
8 8 8 8 10 

10 
4 4 4 4 4 4 

1 1 1 1 1 1 
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Total  No.  Laborers 

No.  Crane  Operators  ($141.00  -  20  days) 
No.  AsBt.  Foreaca  (SllO.OO  -  20  days) 
No.  Foroacn  (§146.00     -  30  days) 
No.  Gen.  Foraaien      (S174.00     -  20  days) 

Coat  per  8  Hr.  Day 
Cost  per  hr.   -  Ist  to  8th  hrs. 
Cost  per  hr.  -  9th  &  10th  hrs. 

Cont}.nuouB  Layim 
Sunnary  of  Coats 

U8 1 

130. 
151 

1 1 
8 8 

4  4                 4 
1  11 

5466.55  5508.15  3572.15 
58.32  63.52        71.52 
55.62  61.02       69.02 

170 

200 216 

1 1 1 
8 10 10 
4 4 4 
1 1 1 

C632.95 
i)739. 

,95 

S791.15 
79.12 

92. 

49 
98.89 

76.62 
89. 

68 

96.08 

Aaaune:    3  Hr.  Gross  Laying  Period 
Net  Laying  Time 

8.4 
2.4 

2.4 

2.4 
2.4 2.4 

Gross  Laying  Time 3.0 
3.0 

3.0 3.0 3.0 3.0 
To  &  From  Work 0.7 

0.7 
0.7 

0.7 0.7 0.7 
Total  Time 3.7 

3.7 
3.7 

3.7 

3.7 3.7 No.  Rails  Laid 

96 120 144 
168 192 216 

Cost  per  Lin.  Ft. 
§0.1248 

$0.1085  $0.1020 
$0.0965 00.0986 

CO. 0940 

Assvuae:   4  Hr.  Gross  Laying  Period 

• 

Net  Laying  Time 3.4 3.4 
3.4 

3.4 

3.4 3.4 

Gross  Laying  Time 4.0 4.0 4.0 
4.0 

4.0 

4.0 

To  &;  From  Woric 
0.7 

0.7 
0.7 0.7 

0.7 

0.7 Total  Time 
4.7 

4.7 4.7 

4.7 
4.7 4.7 

No.  Rails  Laid 136 170 
204 238 

272 

306 
Cost  per  Lin.  Ft. 00.0880 00.0768  .$0.0720 

00.0682 00.0696 00.0664 

Assume:    5  Hr.  Gross  Laying;  Period 
Net  Laying  Time 4.4 

4.4 
4.4 4.4 

4.4 

4.4 
Gross  Laying  Time 5.0 5.0 

5.0 
5.0 5.0 5.0 

To  k  From  Work 
0.7 

0.7 
0.7 0.7 0.7 

0.7 
Total  Time 

5.7 5.7 5.7 

5.7 5.7 
5.7 

No.  Ralls  Laid 176 220 264 308 352 396 

Cost  per  Lift.  Ft. 50.0680 SO.0592 
;  SO.0550 

$0.0526 $0.0539 §0.0512 
2  Separate  Periods  -  2  hrs.    each 

No.  Ralls  laid 
Gross  Laying  Time 

Gross  Time  Preo.  S-,  Subseq.  V/ork 
Gross  Time  To  and  From  Vi'oric 

Total  Time  -  Hours 
Cost  per  Lin.   Ft. 

3  Hr.  Gross  Laying  Time 
No.   Rails  Laid 
Gross  Laying  Time 
Gross  Time  Preo.  i:  Subseq.  Work 
Gross  Time  To  and  From  Vtork 

Total  Time  -  Hours 
Cost  per  Lin.  Ft. 

fi  Hr.  Gross  Laying  Time 
No.   Rails  Laid 
Gross  Laying  Time 
Gross  Time  Free,  t  Subseq.  Work 
Gross  Time  To  and  From  Woii 

Total  Time  -  Hours 
Cost  per  Lin.  Ft. 

0.7 9.1 

00.0587 
107 

3.0 
3.6 

0.7 7.3 

00.0650 

4,0             4.0 4.0 4.0 4,0 
5.0             5.4 5.8 

5.6 5.6 

0.7            0.7 0.7 0.7 0.7 
9.7          10.1 

10.5 10.3 
10.3 

00.0540  00.0525 
00.0512 $0.0510 00.0489 

3,0 4,1 

0.7 
7.8 

3.0 4.3 

0.7 
8.0 0.7 8.3 

§0.0560  O0,0521  So. 0500 

3.0 4.4 

0.7 

8.1 

;0.0498 

3.0 4.5 

0.7 8.2 

10.0483 

4,0 4.0             4.0             4.0 4.0 4.0 

4.9 
5.6             5.9             6,3 6.1 6.2 

0.7 
0.7             0.7             0.7 

0.7 0.7 

9.6 
10.3          10.6          11.0 10.8 10.9 

f0.0563 
$0.0525  $0.0510  00.0499 

s')0.0495 

00.0480 
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ORGANIZATION  OF  REPORT  PROPER 

The  report  is  set  up  approximately  in  chronological  order.  To  begin  with,  Section  1 
gives  the  setup  for  unloading  rail  and  track  material.  Section  2  presents  the  actual  rail 

laying  organization  and  is  divided  into  three  parts.  Part  "A"  covers  the  proposed  rail 

laying  for  operation  on  single  track  territory  where  a  small  gang  is  desirable.  Part  "B" 
covers  the  proposed  rail  laying  force  for  operation  on  single  or  double  track  heavy  and 

light  traffic  lines  where  a  large  gang  is  desirable,  and  Part  "C"  presents  the  proposed 
force  for  operation  on  lines  where  the  track  can  be  closed  to  traffic  for  continuous 

periods  of  six  hours  or  more.  Section  3  gives  the  proposed  method  of  loading  released 
rail  and  track  material.  The  handling  of  frog  and  switch  work  is  discussed  briefly  in 

Section  4.  ^     I  iMfi  'i 

Section  1 

Unloading  rail  and  track  material: 

For  all  sizes  of  rail  laying  gangs  the  unloading  force  will  be  the  same  and  will 
consist  of  the  following: 

1  Foreman 
1  Assistant  Foreman 

2  Derrick  Engineers  • 
2  Firemen  (for  steam  derricks) 

20  Laborers 

The  work  train  will  be  made  up  as  shown  in  Chart  No.  2,  one  crane  working  the 
north  and  one  the  south  rail. 

Ten  of  the  laborers  will  be  used  with  the  cranes,  six  of  them  in  the  cars  and  four 

on  the  ground,  and  the  rail  unloading  will  be  under  the  direct  supervision  of  the  Foreman. 
The  other  track  material  will  be  unloaded  with  ten  men  under  the  Assistant  Foreman 
as  follows: 

2  men  unloading  joints — 180  pairs  per  hour, 
bolts — 14  kegs  per  hour. 
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I  plugs 
6  men  unloading  tie  plates — 3720  plates  per  hour. 

The  speed  of  unloading  other  track  material  is  based  on  a  rail  unloading  speed  of 
180  rails  per  hour  for  two  cranes  or  90  rails  per  crane  hour. 

The  production  of  the  unloading  gang  will  depend,  of  course,  on  the  amount  of  time 

the  track  can  be  occupied.  With  this  force,  however,  shorter  lengths  of  available  time 

can  be  utilized  than  is  the  case  with  a  rail  laying  gang.  For  instance,  an  unloading  gang 
can  often  make  use  of  40  or  45  minutes  between  trains  whereas  a  rail  laying  gang  would 

hardly  find  it  worth  while  to  start  operations  for  such  a  short  period.  In  order  to  get 

an  idea  of  the  possible  production  of  the  unloading  gang  the  following  assumptions  and 
calculations  may  be  made: 

1.  Two  hours  per  day  running  from  lay-over  point  to  unloading  point  in  morning 
and  back  at  night  and  picking  up  gang  and  necessary  cars. 

2.  Switching  and  train  delays: 

Condition  "A" — Working  on  track  that  must  be  kept  open  to  traffic  allow  30 
minutes  for  each  train  delay,  but  add  only  15  minutes  switching 
time  on  the  assumption  that  switching  will  be  done  when  track 
is  cleared  for  train.  Add  45  minutes  for  switching  not  done  in 
connection  with  clearing  for  train. 

Condition  "B" — Working  on  track  that  is  closed  to  traffic  allow  45  minutes  for 
each  switching  operation. 
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3.    Seventy  ton  cars. 

Unloading  112-lb.  rail: 
96  rails  per  car. 
2  X96 

— ^ —  =  2.13  hours  between  switchings 

Under  Condition  "A". 
(a)  One  train  per  day — 

To  and  from  work      2.00  hours 

Train  delay       0.50      " 
Switching   (0.25  +  0.75)       1.00      " 
Net  unloading  time      4.50      " 

Total  time      8.00      " 
Number  rails  unloaded  =  4.50  X  180     810  rails 

Gang  cost: 

1  Foreman  @  $152.00  per  month  20  days    $  7.60 
1  Assistant  Foreman  @  $110.00  per  month  20  days      5.50 
2  Derrick  Engineers  @  $141.00  per  month  20  days    14.10 
2  Firemen  @  $90.00  per  month  20  days    9.00 

18  Laborers  @  $0.40  per  hour    57.60 

Total  cost  per  day  (exclusive  of  work  train  costs)    $93.80 
Unloading  cost  per  foot  of  raU     $  0.0030 

(b)  Two  trains  per  day — 
To  and  from  work      2.00  hours 

Train  delay       1.00      " 
Switching   (0.25  +  0.25)      50      " 
Net  unloading  time      4.50      " 

Total  time      8.00      " 
Number  rails  unloaded      810 
Unloading  cost  per  hneal  foot  of  rail      $0.0030 

(c)  Three  trains  per  day — 
Net  unloading  time      4.25  hours 
Number  rails  unloaded      765 
Unloading  cost  per  lineal  foot  of  rail     $0.0031 

(d)  Four  trains  per  day — 
Net  unloading  time      3.75  hours 
Number  rails  unloaded     675 
Unloading  cost  per  lineal  foot  of  rail     $0.0036 

(e)  Five  trains  per  day — 
Net  unloading  time      3.25  hours 
Number  rails  unloaded     585 
Unloading  cost  per  lineal  foot  of  rail    $0.0041 

(f)  Six  trains  per  day — 
Net  unloading  time      2.75  hours 
Number  rails  unloaded     495 
Unloading  cost  per  lineal  foot  of  rail     $0.0049 

Under  Condition  "B". 
To  and  from  work      2.00  hours 

Switching  (2  X  0.75)       1.50      " 
Net  unloading  time     4.50      " 

Total  time      8.00      " 
Number  rails  unloaded      810 
Gang  cost  per  day  (exclusive  of  work  train)       $93.80 
Unloading  cost  per  lineal  foot  of  rail     0.0030 
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Unloading  131-lb.  rail: 
82  rails  per  car. 
2  X82 

— ^ —  =  1.82  hours  between  switchings 

Under  Condition  "A". 
(a)  One  train  per  day — 

To  and  from  work     2 .00  hours 

Train  delay      0.50      " 
Switching  (0.2S  +  0.75)        1.00      " 
Net  unloading  time    4.50      " 

Total  time       8.00      " 

Number  rails  unloaded  =  4.50  X   180       810  rails 
Gang  cost  per  day  (exclusive  of  work  train  cost)  as  above. . . .       $93.80 
Unloading  cost  per  lineal  foot      0.0030 

(b)  Two  trains  per  day- 
Net  unloading  time      4.50  hours 
Number  rails  unloaded       810 
Unloading  cost  per  lineal  foot  of  rail            $0.0030 

(c)  Three  trains  per  day — 
Net  unloading  time       4.00  hours 
Number  rails  unloaded         720 
Unloading  cost  per  lineal  foot  of  rail            $0.0034 

(d)  Four  trains  per  day — 
Net  unloading  time     3.64  hours 
Number  rails  unloaded       655 
Unloading  cost  per  lineal  foot  of  rail            $0.0037 

(e)  Five  trains  per  day — 
Net  unloading  time      3.25  hours 
Number  rails  unloaded       585 
Unloading  cost  per  lineal  foot  of  rail            $0.0041 

(f)  Six  trains  per  day — 
Net  unloading  time      2.75  hours 
Number  rails  unloaded       495 
Unloading  cost  per  lineal  foot  of  rail            $0.0049 

Under  Condition  "B". 
Same  as  for  112-lb.  rail. 
Unloading  cost  per  lineal  foot  of  rail           $0.0030 

Section  2-A 

Proposed  rail  laying  force  for  operation  on  single  track  territory  where  small  gang 
is  desirable.    See  Chart  3. 

Force — 
Number  of  laborers      SI 
Crane   operator       1 

•  Foremen        3 
General   Foremen       1 

Total  men        56 
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Type  of  Operation — Two  Cycle. 
Organization  and  Equipment: 

A.  Work  Preceding  Rail  Laying — 
Number 

Operation                                                    Laborers  Supervision 

General   supervision             1  General  Foreman 
Distributing  tie  plates      2 
Distributing  spikes,  tie  plugs,  bolts,  washers 

and  anchors       7 
Hanging  angle  bars       4 
Oiling  rail  ends      5 

Sub-total      18                       1  Foreman 

Lowering  ballast  for  adzers      14 

Sub-total      14                       1  Foreman 

Pulling  one-half  of  spikes     8 
Cracking  bolts      2 
Knocking  off  anchors     1 
Adaing  deep  cut  ties      2 

Sub-total     13                      1  Foreman 

Grinding  adzer  bits    2 
Waterboys       2 
Flagmen       2 

Sub-total     6                       (General  Foreman) 

Total       51  laborers 

Speed  of  Performance — 55  rails  per  hour. 

B.  Rail  Laying — Cycle  I — 
General   supervision             1  General  Foreman 
Unbolting  and  beveling 

One  7"  X  6"  air  compressor 
Two  pneumatic  unbolting  wrenches 
One  pneumatic  vane  type  grinder 
   4 

Operating  spike  pullers 
One  Nordberg  spike  puller 
   3 

Pulling  spikes  by  hand      1 
Removing  angle  bars      1 
Lining  out  rail    2 
Raking  down  ballast      2 

Sub-total     13                      1  Foreman  No.  1 

Removing  tie  plates     3 
Driving  spike  stubs      4 
Setting  up  and  driving  tie  plugs    9 
Sweeping  ties     1 

Sub-total     17                      1  Foreman  No.  2 
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Nuviber 
Operation                                                    Laborers  Supervision 

Adzing 

Three  mechanical  adzers 
   4 

Creosoting     3 
Carrying  creosote       1 
Placing  new  tie  plates     4 
Setting  in  rail 

Operating  crane  •            * One  rail  crane 
   3                      1  Crane  Operator 

Assembling  adzer  heads     2 

Sub-total     17                      1  Foreman  No.  3 

Waterboys       2 
Flagmen       2 

Sub-total     4                      (General  Foreman) 

Total       51  laborers 

Speed  of  Performance — 70  rails  per  hour. 

C.  Rail  Laying — Cycle  II — 
General  supervision             1  General  Foreman 
Inserting  bolts      3 
Running  up  bolts 

One  7"  X  6"  air  compressor 
Four  pneumatic  bolting  wrenches 
   7 

Sub-total     10                      1  Foreman  No.  1 

Gaging     24 

Sub-total     24                      1  Foreman  No.  2 

Straighten  tie  plates     2 
Setting  up  spikes — every  4th  tie     5 
Driving  spikes 

One  7"  X  6"  air  compressor 
Two  pneumatic  spike  drivers 
   3 

Gathering  tools  and  new  material    3 

Sub-total     13                      1  Foreman  No.  3 

Waterboys       2 
Flagmen       2 

Sub-total     4                      (General  Foreman) 

Total       SI  laborers 

Speed  of  Performance — 80  rails  per  hour. 

D.  Work  Subsequent  to  Rail  Laying — 
General   supervision             1  General  Foreman 
Straighten  tie  plates     2 
Driving  one-half  the  spikes      16 

Sub-total     18                      1  Foreman 
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Number 

Operation  Laborers  Supervision 
Install  rail  anchors           1 
Tamping  swinging  ties        16 

Sub-total         17  1  Foreman 

Gathering    scrap    and    building    compressor 
set-offs        12 

Sub-total        12  1  Foreman 

Waterboys            2 
Flagmen            2 

Sub-total          4  (General   Foreman) 

Total          51  laborers 

Speed  of  Performance — 45  rails  per  hour. 

Method  of  Operation 

This  force  will  be  used  on  lines  where  the  track  must  be  kept  open  for  traffic  and 

where  the  track  can  be  secured  for  only  relatively  short  periods  during  the  day.  Con- 
sequently, as  much  of  the  work  as  possible  must  be  done  before  the  track  is  broken  or 

after  it  is  closed.     The  force  is  accordingly  organized  for  four  different  steps  as  follows: 

A.  Work  preceding  rail  laying. 
B.  RaU  laying— Cycle  I. 
C.  Rail  laying— Cycle  II. 
D.  Work  subsequent  to  rail  laying. 

In  the  first  step  the  men  will  be  organized  in  three  groups,  each  under  the  direction 

of  a  foreman.  The  first  group  will  consist  of  18  men.  Two  men  of  this  force  will  be 

assigned  to  distributing  tie  plates  and  it  will  be  their  duty  to  set  the  new  plates  in  the 

center  of  the  track,  two  plates  to  each  tie.  Seven  men  will  be  assigned  to  distributing 

small  material  using  a  push  car.  One  of  these  men  will  push  the  car  along  the  track, 

two  men  will  set  the  bags  and  kegs  of  material  on  the  car,  one  man  will  open  the  kegs 

and  bags,  one  man  will  put  the  washers  on  the  bolts  and  throw  off  the  bolts,  one  man 
will  throw  off  spikes,  and  one  man  will  throw  off  tie  plugs.  Five  men  will  be  assigned 

to  oiling  rail  ends  and  angle  bars  and  four  men  will  hang  the  angle  bars  on  the  rear 
ends  of  the  rails. 

The  second  group  will  consist  of  14  men  and  will  be  assigned  to  lowering  ballast 
for  the  adzing  machines.  A  portion  of  this  force,  about  4  men,  will  use  rakes  to  pull 
down  the  ballast  in  the  cribs  outside  the  rail  while  the  rest  of  the  men,  using  ballast 

forks,  will  cut  down  the  cribs  inside  the  rail,  throwing  the  ballast  on  to  the  shoulder. 
The  cribs  shall  be  lowered  slightly  more  outside  the  rail  than  is  necessary  to  protect  the 

adzers  so  that  during  the  rail  laying  cycle  the  ballast  lying  immediately  under  the  rail 

can  be  raked  down  readily  after  the  rail  has  been  lined  out.  In  this  way  most  of  the 

ballast  lowering  can  be  performed  before  the  rail  laying  and  still  the  high  cost  of  digging 
out  ballast  from  under  the  rail  can  be  avoided.  The  men  using  ballast  forks  will  work 

only  up  to,  but  not  under  the  rail. 

The  third  group  will  consist  of  13  men,  8  of  whom  will  be  assigned  to  pulling  one- 
half  the  spikes  by  hand.  All  joint  spikes  will  be  pulled  leaving  the  spikes  in  two  ties  on 

each  side  of  the  joint.  Spikes  will  be  pulled  from  every  alternate  tie  in  the  mid-section 
of  the  rail.  Two  men  in  this  group  will  crack  the  bolts  sufficiently  to  see  that  they 

will  come  off  with  the  unbolting  wrenches.     The  bolts  will,  however,  be  left  tight  enough 
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to  allow  train  operation  at  reduced  speed  and,  if  necessary,  the  nuts  will  be  turned  back 

after  they  have  been  loosened  sufficiently  to  determine  that  they  are  not  frozen.  One 

man  will  be  assigned  to  knocking  off  rail  anchors.  He  must  see  that  the  anchors  re- 

moved are  left  close  to  the  track  to  be  picked  up  with  the  scrap.  Two  men  will  be 
assigned  to  tie  adzing  to  cut  down  the  corners  of  ties  heavily  cut  by  rail  or  tie  plate. 

The  purpose  of  this  work  is  to  assist  the  adzing  machines  during  the  rail  laying  cycle. 

Under  miscellaneous  work,  two  men  will  be  assigned  to  grinding  adzer  bits.  Suffi- 

cient bits  will  be  on  hand  so  that  there  will  be  no  necessity  of  sharpening  bits  during 

the  rail  laying  cycle.  Two  men  will  be  assigned  as  Waterboys  and  two  men  as  flagmen. 
These  miscellaneous  operations  will  be  under  the  direction  of  the  general  foreman. 

Rail  laying,  Cycle  I  will  be  performed  while  the  track  is  closed  to  traffic  and  will 

cover  all  necessary  work  from  unbolting  to  setting  in  the  rail.  The  first  group  in  this 
step  will  consist  of  13  men  under  the  direction  of  a  foreman.  Four  of  the  men  will  be 

assigned  to  the  unbolting  and  beveling,  one  of  them  operating  a  5^"  X  S"  (four-tool) 
compressor,  two  running  two  pneumatic  unbolting  wrenches,  and  the  fourth  man  bevel- 

ing rail  ends  with  a  vane  type  pneumatic  grinder.  Following  this  set  will  be  a  group 

of  four  men  pulling  the  remaining  spikes,  three  of  the  men  operating  a  mechanical  spike 
puller,  the  other  man  followmg  and  pulling  all  spikes  left  by  the  machine.  One  man 

will  be  assigned  to  knocking  off  the  angle  bars,  two  men  to  lining  out  the  rail,  and  two 
men  to  raking  down  the  ballast  left  under  the  rail. 

The  second  group  will  consist  of  17  men  working  under  one  foreman.  Three  of 

these  men  will  remove  the  old  tie  plates,  driving  them  out  with  hammers,  each  man 
removing  every  third  plate.  Four  men  in  two  sets  of  two  men  each  will  drive  down 

the  spike  stubs,  one  man  in  each  set  using  the  punch  and  one  man  the  hammer.  Nine 

men  in  three  sets  of  three  men  each  will  be  assigned  to  setting  up  and  driving  tie  plugs. 

Each  set  will  drive  the  plugs  in  every  third  tie,  two  men  of  the  group  setting  up  the 
plugs  and  one  driving  them.    One  man  will  sweep  off  the  ties  with  a  broom. 

The  third  group  of  men  will  consist  of  17  men,  a  crane  operator,  and  a  foreman. 

Four  of  these  men  will  be  assigned  to  operating  three  adzing  machines,  three  of  the  men 

running  the  adzers  and  one  man  relieving  and  assisting  in  putting  on  new  heads.  Three 
men  will  apply  creosote,  each  man  swabbinc  every  third  tie.  One  man  will  carry  creo- 

sote from  the  drum  to  the  pails  of  the  man  applying  creosote.  Four  men  will  set  in 

the  new  tie  plates,  each  man  setting  in  every  fourth  plate.  One  crane  operator  'and 
three  men  on  the  ground  will  set  in  the  rail.  Of  these  three  men  the  center  one  will 

handle  the  rail  tongs,  the  rear  one  will  guide  the  rail  into  place  and  insert  the  shims 

and  the  third  man  will  handle  the  forward  end  of  the  rajl  and  line  it  up.  Two  men  in 
this  group  will  be  as:igned  to  assembling  adzer  heads. 

Two  men  will  act  as  Waterboys  and  two  men  as  flagmen  under  the  direction  of  the 

general  foreman  who  will  also  exercise  general  supervision  over  all  operations. 

After  the  completion  of  rail  laying  Cycle  I  the  crane  will  run  forward  to  clearance 

except  at  times  when  the  starting  point  of  the  rail  laying  is  very  near  a  clearance  siding. 
In  the  latter  case  the  crane  will  follow  the  force  back  to  the  starting  point.  The  force 

will  then  proceed  with  mil  laying  Cycle  II  working  back  towards  the  starting  point  of 
the  laying. 

The  first  group  in  this  cycle  will  consist  of  ten  men  and  a  foreman.  Three  of  these 

men  will  be  assigned  to  inserting  the  bolts,  one  of  the  men  using  rail  clamp  to  pull  the 

bars  together  and  the  other  two  men  inserting  the  bolts  and  running  on  the  nuts,  four 
bolts  to  a  joint.  Seven  men  will  tighten  the  nuts.  Of  these  seven  men  one  will  operate 

the  7"  X  6"  compressor  nnd  the  oth>.r  six  men  in  two  sets  of  three  men  each  will  handle 
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the  pneumatic  wrenches.  Each  set  will  have  one  man  hold  the  bolts  in  position  and  two 

men  each  operating  a  pneumatic  wrench.     Each  set  will  tighten  every  alternate  joint. 

The  second  group  will  consist  of  24  men  and  a  foreman  and  will  do  the  gaging. 
There  will  be  six  sets  of  four  men  each,  and  each  set  will  gage  one  tie  per  rail  length. 

With  twenty-four  ties  per  rail  length  this  will  permit  the  gaging  of  every  fourth  tie. 
In  each  set  one  man  will  use  the  rail  clamp  to  hold  the  rail  to  gage,  one  man  will  nip 

up  the  tie,  and  two  -men  will  straighten  the  tie  plate  and  drive  the  spikes. 

The  third  group  will  consist  of  13  men  and  a  foreman.  Two  of  the  men  will 
straighten  the  tie  plates,  shoulder  them  against  the  rail  and  center  them  on  the  tie. 
This  will  have  to  be  done  only  for  every  fourth  tie  so  that  each  man  will  straighten 

every  eighth  tie  plate.  Following  will  be  five  men  setting  up  spikes  in  every  fourth  tie, 
which  results  in  each  man  setting  up  spikes  in  every  twentieth  tie.  Three  men  will  be 

assigned  to  driving  the  spikes  in  every  fourth  tie,  one  of  the  men  operating  a  7"  X  6" 
compressor  and  two  men  operating  two  spike  drivers.  Men  setting  up  spikes  will  relieve 
men  on  the  spike  drivers.  Three  men  will  close  the  gang,  one  of  the  men  operating  the 

motor  car  train  and  two  men  gathering  tools  and  on  the  last  trip  over  the  track  anj 
excess  new  track  material. 

Two  men  will  serve  as  Waterboys  and  two  men  as  flagmen  under  supervision  of  the 
general  foreman. 

The  work  subsequent  to  rail  laying  will  be  carried  on  after  the  track  has  been 

opened  to  traffic.  In  this  final  completion  cycle  the  first  group  will  consist  of  18  men 

and  one  foreman.  Two  of  these  men  will  straighten  the  tie  plates.  As  half  of  the  ties 

have  been  spiked  under  rail  laying  Cycle  II  each  man  will  have  to  straighten,  center  and 
shoulder  the  plate  on  every  fourth  tie.  The  other  16  men  in  this  group  will  be  assigned 

to  hand  spiking  the  remaining  half  of  the  ties.  Working  in  pairs,  each  pair  will  spike 
every  fifteenth  tie. 

The  second  group  will  consist  of  17  men  and  a  foreman.  One  man  in  this  group 

will  install  rail  anchors  and  the  other  16  men  will  hand  tamp  any  swinging  ties. 

The  third  group  will  contain  12  men  and  a  foreman  and  wDl  gather  scrap.  All 
scrap  will  be  placed  on  the  roadbed  shoulder.  One  man  will  assemble  the  old  angle 

bars  in  pairs.  One  man  will  assemble  rail  anchors.  Five  men  will  pile  tie  plates,  as- 

sembling the  48  tie  plates  from  one  rail  length  of  track  in  two  separate  piles  one-half 
a  rail  length  apart.  Five  men  will  assemble  bolts,  nuts,  washers  and  spikes,  putting  the 

nuts  and  washers  on  the  bolts.  The  anchors  will  be  put  in  kegs  by  themselves  and  the 
bolts,  nuts,  washers  and  spikes  will  be  put  in  kegs  without  sorting. 

Two  men  will  act  as  Waterboys  and  two  men  will  flag  under  the  direction  of  the 
general  foreman. 

General  Organization  of  the  Work 

In  laying  out  the  work  consideration  must  be  given  to  the  various  speeds  of  oper- 
ation and  the  delays  incident  to  each  operation.  The  first  step,  that  is,  the  work  pre- 

ceding rail  laying  is  organized  for  a  performance  of  SS  rails  per  hour.  This  step  is  car- 
ried out  under  traffic  and  one  of  the  operations,  the  distribution  of  material,  will  have 

to  be  performed  under  flag  protection  with  push  cars  on  the  track.  The  delays  to  this 

operation  in  clearing  for  trains  will  be  considerable  but  as  this  operation  can  be  carried 
out  at  a  rate  of  274  rails  per  hour  it  is  evident  that  the  limiting  delays  will  occur  with 

other  work.  All  the  other  work  is  performed  with  no  equipment  on  the  track  and  the 
usual  10  percent  traffic  detention  will  in  most  cases  prove  ample.  Thus,  the  net  speed 

of  the  work  preceding  rail  laying  is  0.9  X  55  ̂   SO  rails  per  hour. 
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The  work  performed  during  the  two  rail  laying  cycles  will  depend  on  the  distance 

the  crane  has  to  run  for  clearance  and  the  time  necessary  to  clear  the  track  after  com- 

pletion of  Cycle  II.  The  average  distance  between  sidings  on  main  line  single  track  ter- 
ritories is  1.75  miles  and,  with  a  crane  speed  of  15  MPH,  this  will  require  an  average  of 

7  minutes  from  the  passage  of  the  last  train  until  the  first  rail  can  be  set  in  place. 

During  this  7  minutes  the  men  at  the  point  of  rail  laying  must  set  one  compressor,  one 
spike  puller  and  three  adzers  on  the  track  and  must  have  proceeded  with  the  work  at 

least  one  rail  length.  In  order  to  do  this  the  men  under  Foremen  No.  1  and  2  will 

set  the  equipment  on  the  track  while  the  men  under  Foreman  No.  3  unbolt  the  first 

and  third  joints,  pull  out  the  spikes,  and  line  out  the  first  two  rails.  The  men  under 
Foreman  No.  1  will  then  commence  their  work  at  the  beginning  of  the  third  rail  with 

the  exception  of  the  men  raking  down  ballast  who  will  start  at  the  first  rail.  The  men 

under  Foremen  No.  2  and  3  will  then  follow  in  order,  starting  at  the  first  rail  and  by 

the  time  the  crane  arrives  at  least  two  rails  should  be  ready  ahead  of  the  crane.  At  the 

end  of  rail  laying  Cycle  I  the  rail  closure  must  be  made,  the  compressor  used  for  un- 
bolting must  be  set  behind  the  crane,  a  motor  car  and  several  push  cars  must  be  set  on 

the  track  and  the  spike  puller  and  the  three  adzers  must  be  set  off  the  track.  With  a 

good  compact  organization  the  time  from  the  unbolting  of  the  joint  until  the  laying  of 
the  raU  should  be  about  four  minutes.  Another  four  minutes  will  be  required  to  cut 

the  closure  rail.  As  the  gang  closes  up  during  the  first  four  minutes  the  men  will  set 

off  the  spike  puller  and  the  adzers.  As  soon  as  the  last  new  rail  has  been  placed  Fore- 
man No.  1  will  take  his  10  men  for  Cycle  II  and  start  bolting;  Foreman  No.  2  will 

immediately  follow  with  his  gaging  gang,  but  instead  of  gaging  every  fourth  tie  he  will 
gage  every  other  tie  for  two  rail  lengths.  Foreman  No.  3  will  make  the  rail  closure 
and  transfer  the  motor  car,  then  push  cars  and  forward  compressor  to  the  rear  of  the 

crane.  As  soon  as  this  transfer  is  made  Foreman  No.  3  will  gage  every  other  tie  on 

the  stretch  of  rail  (about  J^  rail  length)  that  could  not  be  worked  by  Foreman  No.  2 

because  of  the  crane  standing  on  it.  When  this  gaging  has  been  completed  Foreman 

No.  3  will  move  the  two  rail  lengths  on  which  the  Yt.  spiking  was  completed  by  Fore- 
man No.  2  and  will  start  his  regular  Cycle  II  operations  at  the  third  from  the  last  rail 

laid.  The  three  men  assigned  to  gathering  tools  and  new  material  will  bolt  up  the 
rail  closure  by  putting  bolts  through  the  new  rail.  The  drilling  of  holes  and  insertion 

of  bolts  in  the  old  rail  will  be  carried  out  as  a  miscellaneous  operation  under  the  work 

subsequent  to  rail  laying.  By  organizing  the  closure  work  in  this  way  the  time  loss 
can  be  held  to  a  minimum  which  is  estimated  at  eight  minutes.  While  the  work  under 

Cycle  II  is  progressing  the  crane  has  time  to  run  forward  to  clearance.  At  the  end  of 
Cycle  II  two  compressors  must  be  removed  from  the  track  for  which  work  five  minutes 
is  allowed. 

Under  the  above  assumptions  the  total  delay  which  must  be  subtracted  from  the 

gross  time  the  track  can  be  secured  is  20  minutes.  The  remaining  net  laying  time  must 

be  divided  up  in  proportions  to  the  laying  speeds  of  Cycles  I  and  II  which  are  re- 
spectively 70  and  80  rails  per  hour.  On  this  basis  8/1 5  of  the  net  time  should  be  used 

for  Cycle  I  and  7/1 5  for  Cycle  II.  Thus,  if  the  track  can  be  secured  for  two  hours 

the  net  laying  time  will  be  two  hours  less  20  minutes  or  one  hour  forty  minutes.  Dur- 
ing this  net  laying  time  operations  should  be  carried  out  for  8/15  X  100  minutes  =;  S3 

minutes  under  Cycle  I  operations  and  47  minutes  under  Cycle  II  operations.  Since  the 

speed  of  Cycle  I  is  70  rails  per  hour  this  means  that  after  62  rails  have  been  set  in 
closure  should  be  made  and  the  track  completed  under  Cycle  II. 

The  final  operations  carried  out  under  work  subsequent  to  rail  laying  are,  except 

for  the  moving  of  compressor  set-offs,  all  performed  off  track.    As  the  time  required  for 
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moving  the  set-offs  is  small  and  can  be  carried  out  at  the  most  convenient  opportunity 

it  is  reasonable  to  assume  only  10  percent  delays  from  traffic  during  these  final  oper- 
ations. Since  the  work  subsequent  to  rail  laying  is  organized  for  a  speed  of  45  rails 

per  hour  the  net  speed  will  be  0.9  X  45  =  40  rails  per  hour. 

The  salient  features  in  connection  with  the  speed  of  the  various  operations  are 

shown  graphically  in  Chart  No.  1.  This  chart  shows,  for  various  gross  lengths  of  time 

for  which  the  track  may  be  secured,  the  number  of  rails  that  can  be  laid,  the  gross  time 

required  for  work  preceding  and  work  subsequent  to  rail  laying,  and  the  total  gross  time 
for  the  complete  job.  The  latter  curve  does  not,  however,  include  the  time  required 

for  going  to  and  from  work.  In  another  part  of  this  report  this  time  is  estimated  at 
40  minutes  per  day. 

Equipment:  The  following  pieces  of  roadway  equipment  will  be  required  with 
this  force: 

1  Rail  laying  crane 

2  8-tool  (7"   X  6")   air  compressors,  self-propelled 
6  Pneumatic  bolting  wrenches 
3  Pneumatic  spiking  hammers 
1  Pneumatic  vane  type  grinder 
2  Mechanical  spike  pullers 
4  Mechanical  adzers 
1  Heavy  duty  motor  car 
2  Trailer  cars 
4  Pu~h  cars 
1  Steel  push  car  for  oil  and  creosote 

Of  the  above  equipment  two  bolting  wrenches,  one  spiking  hammer,  one  spike  puller, 
and  one  adzer  may  be  considered  as  reserve  machines  to  prevent  loss  of  time  through 
breakdowns.  However,  with  the  exception  of  the  spiking  hammer  these  spare  machines 
are  utilized  to  economize  time  as  indicated  below. 

During  the  work  preceding  and  the  work  subsequent  to  rail  laying  only  one  or  two 
of  the  push  cars  are  required. 

During  rail  laying  Cycle  I  the  equipment  is  arranged  as  follows: 

4  Push  cars 
1  Heavy  duty  motor  car 

1  8-tool  air  compressor  "A" 
2  Unbolting  wrenches 
3  Spiking  hammers 

1  Spike  puller 
3  Adzers 

1  Rail  crane  "i 
1  Steel  push  car  I  Propelled  by  rail  crane 

1  8-tool  air  compressor  "B"  J 
4  Pneumatic  bolting  wrenches  Compressor  not  working 

Equipment  is  arranged  as  follows  in  working  back  the  track  in  Cycle  H: 

1  8-tool  air  compressor  "B" 
4  Pneumatic  bolting  wrenches 

1  8-tool  air  compressor  "A" 
3  Spiking  hammers 
2  Pneumatic  unbolting  wrenches 

1  Heavy  duty  motor  car 
4  Push  cars 

The  two  extra  pneumatic  wrenches  are  used  as  unbolting  wrenches  and  are  carried 

with  compressor  "A",  thereby  eliminating  the  necessity  of  transferring  from  compressor 

"A"  to  "B"  between  Cycles  I  and  II.    One  spike  puller  is  used  on  each  rail.    By  this 

^  Propelled  by  the  motor  car 
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method  back  tracking  of  the  puller  is  entirely  eliminated.  Similarly,  when  a  stretch  of 
rail  laying  is  commenced  the  four  adzers  are  set  off.  Three  of  them  are  used  on  one 

rail,  but  only  two  are  back  tracked  for  use*  on  the  opposite  rail  since  the  fourth  adzer 
is  used  on  the  second  rail.  Thus,  when  the  track  is  opened  to  traffic  after  one  side 

only  has  been  laid,  two  adzers  will  have  to  be  moved  from  the  point  where  rail  laying 

ceased  to  the  point  where  it  will  start  on  the  opposite  rail. 

Section  2-B 

Proposed  rail  laying  force  for  operation  on  single  or  double  track  heavy  and  light 
traffic  lines  where  large  gang  is  desirable,  but  where  track  must  be  kept  open  for  traffic. 

(See  Chart  4.) 

Force — Number  of  laborers     90 
Crane   operator       1 
Assistant  foremen      6 
Foremen       2 
General  foremen      1 

Total       100  men 

Type  of  Operation — One  Cycle 
Organization: 
A.    Work  preceding  rail  laying 

Number 
Operation  Laborers  Supervision 

General  supervision          1  General  Foreman 
Distributing  tie  plates          6 

Sub-total            6  1  Assistant  Foreman 

Distributing  other  material          7 

Sub-total            7  1  Assistant  Foreman 

Hanging  angle  bars          8 
Oiling  rail  ends  and  angle  bars ....       9 

Sub-total          17  1  Assistant  Foreman 

Lowering  ballast       27 

Sub-total          27  1  Assistant  Foreman 

Group  1         57  laborers        1  Foreman 
4  assistant 
foremen 

Pulling  yz  spikes  by  hand        16 

Sub-total          16  1  Assistant  Foreman 

Knocking  off  anchors          1 
Adzing  shoulders         4 
Cracking  bolts         5 

Sub-total          10  1  Assistant  Foreman 

Group  2        26  men  1  Foreman 
2  assistant 
foremen 
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Number 
Operation  Laborers  Supervision 

Grinding  adzer  bits           2 
Waterboys           3 
Flagmen           2 

Sub-total            7  (General  Foreman) 
Gang  total        90  laborers        6  Assistant  Foremen 

2  Foremen 
1  General  Foreman 

Speed  of  Performance — 104  rails  per  hour. 

Rail  laying 

General  supervision          1  General  Foreman 
Unbolting  and  beveling         4 

1 — SJ^"  X  5"  air  compressor 
2 — Pneumatic  unbolting  wrenches 
1 — Pneumatic  vane  type  grinder 

Operating  spike  puller         3 
1  Mechanical  spike  puller 

Pulling  spikes  by  hand          1 
Removing  angle  bars         1 
Lining  out  rail           2 
Raking  down  ballast         2 

Sub-total          13  1  Assistant  Foreman  No.  1 

Removing  tie  plates           3 
Driving  spike  stubs          4 
Setting  up  and  driving  tie  plugs. ...       9 

Sub-total          16  1  Assistant  Foreman  No.  2 

Sweeping  ties    1 
Adzing       4 

3  Mechanical  adzers 
Creosoting      3 
Carrying  creosote    1 
Placing  tie  plates     4 
Setting  in  rail      3 

Sub-total          16 

Crane  operator          1  1  Assistant  Foreman  No.  3 
1  Rail  laying  crane 

Group  1        45  laborers 
1  crane 

operator 3  assistant 
foremen       1  Foreman 

Inserting  bolts       3 
Running  up  bolts    4 

1 — SJ/2"  X  5"  air  compressor 
2  Pneumatic  bolting  wrenches 

Assembling  adzer  heads    2 

Sub-total       9 1  Assistant  Foreman  No.  4 
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Number 
Operation  Laborers 

Gaging  every  4th  tie       20 

Sub-total          20 

Straightening  tie  plates     2 
Setting  up  spikes — every  4th  tie . .  4 
Driving  spikes — every  4th  tie     3 

1 — 7"  X  6"  air  compressor 
2  Pneumatic  spiking  hammers 

Gathering  tools  and  new  material .  .  2 

Sub-total           11 

Group  2          40  laborers 
3  assistant 
foremen 

Waterboys           3 
Flagmen            2 

Sub-total            5 

Gang  total        90  laborers 
1  crane 

operator 6  assistant 
foremen 

Speed  of  Performance — 70  rails  per  hour 

Work  subsequent  to  rail  laying 
Straightening  tie  plates         4 
Spiking  y2  ties         30 

Sub-total          34 

Installing  anchors          2 
Tamping  swinging  ties         26 

Sub-total          28 

Group  1         62  laborers 
4  assistant 
foremen 

Gathering  scrap  and  building  com- 
pressor set-offs         22) 

Sub-total          23 

Group  2          23  laborers 
2  assistant 
foremen 

Waterboys          3 
Flagmen           2 

Sub-total            S 

Gang  total       90  laborers 

Speed  of  Performance — 78  rails  per  hour 

Supervision 

1  Assistant  Foreman  No.  S 

1  Assistant  Foreman  No.  6 

1  Foreman 

(General  Foreman) 

2  Foremen 
1  General  Foreman 

2  Assistant  Foremen 

2  Assistant  Foremen 

1  Foreman 

2  Assistant  Foremen 

1  Foreman 

(General  Foreman) 

6  Assistant  Foreman 
2  Foremen 
1   General  Foreman 
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Method  of  Operation 

This  force  will  be  used  on  lines  where  the  track  must  be  kept  open  for  traffic  and 

where  the  track  can  be  secured  only  for  periods  of  about  two  to  four  hours  duration. 
Under  this  plan  of  operation  as  much  of  the  work  as  possible  must  be  done  before  the 
track  is  broken  or  after  it  is  closed.  Hence,  the  work  is  organized  in  three  steps  as 
follows: 

A.  Work  preceding  rail  laying. 
B.  Rail  laying. 
C.  Work  subsequent  to  rail  laying. 

In  the  first  step  the  men  will  be  organized  in  two  groups,  each  group  being  under 

the  supervision  of  a  foreman.  Group  1  wUl  consist  of  57  laborers  and  4  assistant  fore- 
men and  be  sub-divided  into  4  sub-groups.  The  first  sub-group  will  consist  of  six 

men  and  an  assistant  foreman  assigned  to  distributing  tie  plates.  The  men  will  work 

in  pairs,  each  pair  distributing  the  plates  for  every  third  rail  length  of  track,  setting 
the  plates  in  the  center  of  track. 

Seven  men  and  an  assistant  foreman  will  constitute  the  second  sub-group  and  will 
be  assigned  to  distributing  small  material.  This  force  will  use  a  push  car  pushed  along 

the  track  by  one  of  the  men.  Two  men  will  set  the  bags  and  kegs  of  material  on  the 

car,  one  man  will  open  the  kegs  and  bags,  one  man  will  put  the  washers  on  the  bolts 

*and  distribute  the  bolts,  one  man  will  throw  off  spikes,  and  one  man  will  throw  off 
tie  plugs. 

The  third  sub-group  will  consist  of  17  men  and  an  assistant  foreman.  Nine  of 
these  men  will  be  assigned  to  oiling  rail  ends  and  joints,  each  man  oiling  every  ninth 
joint.  Eight  men  will  hang  the  angle  bars  on  the  rear  ends  of  the  rails,  each  man 

hanging  every  eighth  joint. 

The  last  sub-group  of  Group  1  will  consist  of  27  men  and  an  assistant  foreman 
assigned  to  lowering  ballast  for  the  adzing  machines.  A  portion  of  this  force,  about 

8  men,  using  rakes,  will  lower  the  ballast  in  the  cribs  outside  the  rail  while  the  balance 

of  the  force,  using  ballast  forks,  will  lower  the  ballast  inside  the  rail.  The  men  using 
ballast  forks  will  work  only  up  to,  but  not  under  the  rail. 

Group  2  will  have  26  laborers  and  two  assistant  foremen  and  will  be  divided  into 

two  sub-groups.  The  first  sub-group  will  consist  of  16  men  and  an  assistant  foreman 
and  will  be  assigned  to  puUing  one-half  the  spikes  by  hand.  All  joint  spikes  will  be 
pulled  leaving  the  spikes  in  the  two  ties  on  each  side  of  the  joint.  Spikes  will  be  pulled 

from  every  alternate  tie  in  the  mid-section  of  the  rail.  Twelve  of  the  men  with  claw- 
bars  will  work  in  pairs,  each  pair  pulling  the  spikes  in  every  twelfth  tie.  The  other 
four  men  will  follow  behind  with  two  clawbars  and  two  spiking  hammers  and  will 

draw  any  of  the  spikes  that  require  the  bar  to  be  driven  under  the  spike  head. 

The  second  sub-group  will  consist  of  10  men  and  an  assistant  foreman.  One  of 
these  men  will  be  assigned  to  knocking  off  old  rail  anchors  and  he  must  see  that  the 
anchors  removed  are  left  close  to  the  track  to  be  picked  up  with  the  scrap.  Five  men 

will  be  assigned  to  cracking  the  bolts  sufficiently  to  see  that  they  will  come  off  with  the 

unbolting  wrenches.  The  bolts  will,  however,  be  left  tight  enough  to  allow  train  oper- 
ation at  reduced  speed,  as  previously  outlined.  Four  men  will  be  assigned  to  adzing 

ties  by  hand  to  cut  down  the  corners  of  any  tie  heavily  cut  by  rail  or  tie  plate,  in 
order  to  expedite  mechanical  adzing. 

Under  miscellaneous  work,  two  men  will  be  assigned  to  grinding  adzer  bits.  Suffi- 
cient bits  will  be  on  hand  so  that  there  will  be  no  necessity  of  sharpening  bits  during 

the  rail  laying  cycle.     Three  men  will  be  assigned  as  waterboys,  and  two  men  as  flag- 
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men.    These  miscellaneous  operations  will  be  under  the  direction  of  the  general  foreman 

who  will  exercise  supervision  over  all  operations. 

Rail  laying  operations  will  be  performed  while  the  track  is  closed  to  traffic  and 
will  cover  all  necessary  work  from  unbolting  the  old  rail  to  half  spiking  the  new  rail. 

For  this  performance  the  gang  will  again  be  divided  into  two  main  groups,  each  under 
the  direction  of  a  foreman.  The  first  group  will  cover  all  work  up  to  and  including 

the  setting  in  of  the  new  rail  while  the  second  group  will  complete  the  work. 

The  first  sub-group  in  Group  1  will  consist  of  13  men  and  an  assistant  foreman. 
Four  of  these  men  will  be  assigned  to  unbolting  and  grinding.  Of  the  four,  rne  will 

operate  a  5%"  X  5"  self-propelled  air  compressor,  two  will  operate  two  pneumatic 
unbolting  wrenches  and  one  will  operate  a  vane  type  grinder  for  beveling  rail  ends. 
Three  men  will  be  assigned  to  operating  one  mechanical  spike  puller  removing  the  spikes 

still  left  in  track.  One  man  will  follow  behind  the  machine  pulling  any  spikes  missed 
by  the  machine.  Another  man  will  be  assigned  to  knock  off  the  old  angle  bars,  two 

men  will  line  out  the  rail,  and  two  men  will  rake  down  whatever  ballast  is  necessary. 

The  second  sub-group  will  have  16  men  under  direction  of  an  assistant  foreman 
Three  of  these  men  will  remove  old  tie  plates,  each  man  removing  every  third  plate. 
Four  men,  working  in  two  pairs,  will  drive  down  the  old  spike  stubs.  One  man  of  each 

pair  will  handle  a  center  punch  and  the  other  will  use  a  hammer.  Nine  men  will  be 

assigned  to  setting  up  and  driving  tie  plugs.  Six  of  these  men  will  set  the  plugs  up, 

each  man  setting  two  plugs  in  every  sixth  tie,  and  three  men  will  drive,  each  one  driving* 
every  third  tie. 

The  third  sub-group  will  consist  of  16  men,  one  crane  operator,  and  one  assistant 

foreman.  The  first  man  in  this  sub-group  will  be  assigned  to  sweeping  off  the  ties. 
Four  men  will  be  assigned  to  operating  three  adzers,  three  oi  the  men  running  the 

machines  and  the  fourth  man  assisting  with  the  changing  of  heads  and  relieving  on  the 
machines.  Three  men  will  do  the  creosoting,  each  man  swabbing  every  third  tie.  One 

man  will  carry  creosote  from  the  drums  on  the  push  cars  to  the  creosote  men.  Four 

men  will  lay  in  the  new  tie  plates,  each  man  setting  in  every  fourth  plate.  Three  men 

and  the  crane  operator  will  set  in  the  new  rail,  the  three  men  working  on  the  ground, 
one  at  the  forward  end  of  the  rail,  one  handling  the  rail  tongs  at  the  center  of  the  rail 

and  the  third  at  the  rear  end  guiding  the  angle  bars  into  position  and  inserting  shims. 

The  first  sub-group  in  Group  2  will  consist  of  nine  men  and  an  assistant  foreman. 
Three  of  these  men  will  be  assigned  to  inserting  bolts  in  the  joints  and  running  the  nuts 

up  to  hand  tightness.  One  of  these  three  men  will  handle  the  joint  clamp  and  the  other 

two  will  insert  the  bolts  and  run  up  the  nuts,  each  of  the  latter  men  working  on  separate 

joints.  Four  men  will  be  assigned  to  tightening  the  bolts,  one  of  them  operating  a 

5/4"  X  5"  self-propelled  compressor,  one  holding  in  the  bolts  and  two  operating  two 
pneumatic  bolting  wrenches.     Two  men  will  be  assigned  to  assembling  adzer  heads. 

The  second  sub-group  will  consist  of  20  men  and  an  assistant  foreman  and  will  be 
assigned  to  gaging  every  fourth  tie.  This  force  will  work  in  five  sets  of  four  men  each. 

One  man  in  each  set  will  handle  the  rail  clamp  to  hold  the  rail  to  gage,  one  man  will 

nip  up  the  tie,  and  two  men  will  drive  the  spikes.  The  gang  will  move  forward  as  a 
unit  and  thus  each  set  will  spike  every  twentieth  tie. 

The  third  sub-group  will  have  11  men  and  an  assistant  foreman.  Two  men  will 
be  assigned  to  straightening  every  fourth  tie  plate,  each  man  straightening  every  eighth 
plate.  They  will  see  that  the  plate  is  centered  on  the  tie  and  is  shouldered  up  against 

the  rail.  Four  men  will  set  up  the  spikes  in  every  fourth  tie.  These  men  will  work  in 

two  pairs,  one  man  of  a  pair  setting  up  the  outside  spike  and  one  man  the  inside  spike. 
Each  pair  will  work  every  eighth  tie.    Three  men  wUl  be  assigned  to  driving  the  spikes 
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that  have  been  set  up.  One  of  these  men  will  operate  a  7"  X  6"  self-propelled  air 
compressor  and  the  other  two  will  handle  the  pneumatic  spiking  hammers.  The  men 
setting  up  spikes  will  take  turns  relieving  the  men  handling  the  hammers.  Two  men 

will  be  assigned  to  gathering  tools  and  on  the  second  trip  over  the  track  to  gathering 
any  excess  new  track  material. 

Three  men  will  be  assigned  as  Waterboys  and  two  as  flagmen. 

In  carrying  out  the  work  subsequent  to  rail  laying  the  force  will  be  divided  into 

groups  and  sub-groups  as  before.  The  first  sub-group  in  Group  1  will  have  34  laborers 
and  two  assistant  foremen.  Four  of  the  men  will  be  assigned  to  straightening  tie  plates. 

As  they  will  have  to  straighten,  center  and  shoulder  every  other  plate  each  man  will 

have  to  work  every  eighth  plate.  The  other  30  men  in  this  gang,  working  in  pairs,  will 
drive  the  spikes  in  every  alternate  tie.    Thus,  each  pair  will  spike  every  thirtieth  tie. 

The  second  sub-group  will  consist  of  28  men  and  two  assistant  foremen.  Two  of 
these  men  will  be  assigned  to  installing  rail  anchors.  The  other  26  men,  working  in 
pairs,  will  hand  tamp  the  swinging  ties. 

Group  2  will  consist  of  one  sub-group  of  23  men  and  two  assistant  foremen  and 
will  be  assigned  to  gathering  scrap.  All  scrap  will  be  placed  on  the  roadbed  shoulder. 
Two  men  will  assemble  the  old  angle  bars  in  pairs.  One  man  will  assemble  rail  anchors. 

Ten  men  wiU  pile  tie  plates,  assembling  the  48  tie  plates  from  one  rail  length  of  track 

in  two  separate  piles  one-half  a  rail  length  apart.  Ten  men  will  assemble  bolts,  nuts, 
washers,  and  spikes,  putting  the  nuts  and  washers  on  the  bolts.  The  anchors  will  be 
put  in  kegs  by  themselves  and  the  bolts,  nuts,  washers,  and  spikes  will  be  put  in  kegs 
without  sorting. 

Three  men  will  act  as  Waterboys  and  two  men  as  flagmen.  , 

General  Organization  of  the  Work 

In  laying  out  the  work  consideration  must  be  given  to  the  various  speeds  of  oper- 
ation and  the  delays  incident  to  each  operation.  The  first  step,  that  is,  the  work  pre- 

ceding rafl  laying,  is  designed  for  a  speed  of  104  rails  per  hour.  This  step  is  carried 

out  under  traffic  and  one  of  the  operations,  the  distribution  of  material,  will  have  to  be 

performed  under  flag  protection  with  push  cars  on  the  track.  The  traffic  delays  to  this 
operation  in  clearing  for  trains  will  be  considerable,  but  as  this  operation  can  be  carried 

out  at  a  rate  of  274  rails  per  hour  it  is  evident  that  the  limiting  delays  will  occur  with 

other  work.  All  the  other  work  is  performed  with  no  equipment  on  the  track  and  the 
usual  10  percent  traffic  detention  will  in  most  cases  prove  ample.  Thus,  the  net  speed 
of  the  work  preceding  rail  laying  is  0.9  X  104  =  94  rails  per  hour. 

As  with  other  cases  in  this  report,  the  work  performed  will  be  contingent  on  crane 
speed,  clearance  distance,  and  time  required  to  clear  track  after  completion  of  laying. 

Based  on  these  conditions,  as  previously  set  forth,  7  minutes  will  elapse  between  passage 

of  last  train  and  laying  of  first  rail  and  the  same  time  will  be  required  between  laying 
of  last  rail  and  passage  of  first  train.  In  order  to  fully  utilize  the  available  time,  the 

gang  will  have  to  be  so  organized  that  during  the  time  elapsing  from  the  passage  of  the 

last  train  until  the  arrival  of  the  crane  sufficient  track  will  have  been  opened  up  and 

prepared  for  laying  that  the  work  ahead  of  the  crane  can  proceed  without  delaying  the 
crane.  This  means  that  during  the  7  minutes  crane  travel  time  about  9  rails  must  be 
unbolted,  spikes  pulled  from  8  rails,  angle  bars  removed  from  8  rails,  6  rails  lined  out, 

4  rails  tie  plugged,  3  rails  adzed  and  2  rails  tie  plated.  In  addition  to  this,  one  com- 
pressor, one  spike  puller  and  three  adzers  must  be  set  on  the  track  and  started  up.  For 

performing  this  work  the  gang  will  be  organized  as  follows  (each  assistant  foreman 
having  the  men  he  is  to  use  during  rail  laying) : 
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Assistant  Foreman  No.  1 

Six  men  will  set  compressor  on  track  while  7  men  set  spike  puller  on  track.  Men 
will  then  start  regularly  assigned  jobs,  the  unbolting  starting  at  the  eighth  joint  and 
the  spike  pulling  at  the  seventh  joint. 

Assistant  Foreman  No.  2 

Four  men  will  unbolt  first  and  second  joints  while  four  men  pull  spikes  in  first  rail. 
Eight  men  will  do  nothing  until  the  first  rail  is  lined  out,  at  which  time  the  whole  gang 
will  start  its  assigned  work. 

Assistant  Foreman  No.  3 

Whole  gang  will  set  three  adzers  on  track  and  start  its  assigned  work  as  soon  as 

the  first  rail  length  is  ready. 

Assistant  Foreman  No.  4 

Whole  gang  will  pull  spikes  in  rails  two,  three,  four,  five  and  six. 

Assistant  Foreman  No.  5 

Ten  men  will  unbolt  joints  three,  four,  five,  six  and  seven.  Two  men  will  ride 

compressor  behind  crane.     Eight  men  will  be  unassigned. 

Assistant  Foreman  No.  6 

Two  men  will  ride  compressor  behind  crane.    Nine  men  wUl  be  unassigned. 

As  indicated  above,  the  unbolting  compressor,  the  spike  puller  and  the  adzers  will 

be  set  off  along  the  track.  The  crane  will  pull  to  the  point  of  work  the  creosote  and 

oil  car,  the  bolting  compressor  and  the  spike  driving  compressor.  The  motor  car  train 
consisting  of  motor  car  and  push  cars  will  be  set  off  along  the  track. 

At  the  end  of  the  rail  laying  run  the  work  of  closing  the  track  will  have  to  be  care- 
fully organized  to  avoid  any  lost  time.  After  the  last  piece  of  new  rail  has  been  set 

in  place  the  rail  closure  must  be  made  by  breaking  a  piece  of  old  rail  to  proper  length. 

Since  the  crane  must  be  used  for  breaking  the  rail  some  time  must  be  allowed  between 

the  end  of  rail  laying  and  the  start  of  the  crane  for  clearance.  It  is  assumed  that  the 

rail  can  be  nicked,  broken  and  set  in  place  in  six  minutes.  Then,  seven  additional  minutes 

will  be  required  to  run  for  clearance.  Thus,  the  time  the  last  rail  is  laid  until  the 
track  is  cleared  for  trains  is  13  minutes.  During  these  13  minutes  the  forces  will  operate 
as  follows: 

Assistant  Foreman  No.  1 

Six  men  will  remove  compressor  and  seven  men  will  remove  spike  puller.  Whole 

gang  will  then  start  assembling  scrap. 

Assistant  Foreman  No.  2 

Fourteen  men  will  go  to  rear  of  gang  and  start  full  spiking,  two  men  will  join 

assistant  foreman  No.  1  gathering  scrap. 

Assistant  Foreman  No.  3 

Three  men  will  drill  bolt  holes  and  full  bolt  last  joint.  Eight  men  will  shim  rail 

if  necessary  and  then  start  gathering  scrap.  Five  men  will  join  assistant  foreman  No.  4 

installing  anchors  and  tamping  swinging  ties. 

Assistant  Foreman  No.  4 

Two  men  will  ride  compressor  back  to  clearance.  Two  men  will  start  grinding 
adzer  bits.     Five  men  will  start  tamping  swinging  ties. 
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Assistant  Foreman  No.  S 

Twenty  men  wDl  start  full  spiking. 

Assistant  Foreman  No.  6 

Two  men  will  ride  compressor  back  to  clearance.  Nine  men  will  set  off  the  motor 
car  train  and  will  then  start  tamping  swinging  ties. 

Under  the  above  assumptions  as  to  the  required  time  to  open  and  close  the  track 

20  minutes  must  be  subtracted  from  the  gross  laying  time  to  arrive  at  the  net  laying 
time. 

The  final  operations  carried  out  under  work  subsequent  to  rail  laying  are,  except 

for  the  moving  of  compressor  set-offs,  all  performed  without  occupying  the  track.  As 

the  time  required  for  moving  the  set-offs  is  small  and  can  be  carried  out  at  the  most 
convenient  opportunity  it  is  reasonable  to  again  assume  only  10  percent  delays  from 

traffic  during  these  final  operations.  Since  the  work  subsequent  to  rail  laying  is  organ- 
ized for  a  speed  of  78  rails  per  hour  the  net  speed  will  be  0.9  X  78  =  70  rails  per  hour. 

Equipment:  The  following  pieces  of  roadway  equipment  will  be  required  with 
this  force: 

1 — Rail  laying  crane 
1 — 8-tool  (7"   X   6")   air  compressor — self-propelled 
2 — 4-tool  (5^"   X   S")   air  compressor — self-propelled 
6 — Pneumatic  bolting  wrenches 
3 — Pneumatic  spiking  hammers 
1 — Pneumatic  vane  type  grinder 
2 — Mechanical  spike  pullers 
A — Mechanical  adzers 
2 — Heavy  duty  motor  cars 
4 — Trailer  cars 
A — Push  cars  « 
1 — Steel  push  car  for  oil  and  creosote 

Of  the  above  equipment  two  pneumatic  bolting  wrenches,  one  pneumatic  spiking 

hammer,  one  spike  puller  and  one  adzer  may  be  considered  as  spare  equipment  to  pro- 
vide against  breakdowns.  With  the  exception  of  the  spiking  hammer  and  the  bolting 

wrenches,  however,  the  spare  equipment  is  used  to  reduce  back  movement  of  machines 
as  indicated  below. 

During  the  work  preceding  and  the  work  subsequent  to  rail  laying  only  one  or  two 

of  the  push  cars  are  required. 

During  rail  laying  the  equipment  is  arranged  as  follows: 

1 — 4-tool  air  compressor  "| 3 — Pneumatic  unbolting  wrenches    >  Propelled  by  air  compressor 
1 — Pneumatic  vane  type  grinder      ; 
1 — Spike  puller 
3 — Adzers 

1 — Rail  crane  )  ̂        „   ,  , 
1— Steel  push  car  J  Propelled  by  crane 

1 — 4-tool  air  compressor  'I 3 — Pneumatic  bolting  wrenches  /  Propelled  by  air  compressor 
1 — Push  car  with  bit  grinder  / 
1- — 8-tool  air  compressor  ? 

3— Pneumatic  spike  drivers  (  Propelled  by  air  compressor 

1 — Heavy  duty  motor  car  /  „    ,  , 

3— Push  cars  }  Propelled  by  motor  car 

The   4-tool   air   compressor   operating   the   unbolting   wrenches   will   be    set   off    on 

cribbing  along  the  track.    These  cribs  will  be  built  so  that  the  compressor  can  be  set 
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on  the  track  a  short  distance  ahead  of  the  commencement  of  rail  laying  and  set  off  a 

short  distance  ahead  of  the  ending  of  laying.  The  4-tool  air  compressor,  the  8-tool  air 
compressor,  the  crane  and  the  steel  push  car  will  clear  the  track  by  running  to  siding, 

the  push  car  being  coupled  to  the  crane.  The  motor  cars,  push  cars  and  trailer  cars 
will  be  set  off  alongside  the  track  as  will  also  the  spike  pullers  and  adzers.  One  spike 

puller  will  be  used  on  each  rail,  thus  avoiding  the  necessity  of  back-tracking  the 
machines.  Three  adzers  are  used  per  rail.  After  the  completion  of  one  rail  two  adzers 

will  be  brought  back  and  used  with  the  fourth  adzer  on  the  other  rail,  thereby  saving 

back-tracfe^ing  of  one  adzer. 

Section  2-C 

Proposed  rail  laying  force  for  operation  on  lines  where  the  track  can  be  kept  closed 
to  traffic  for  continuous  periods  of  six  hours  or  more.     See  Chart  S. 

Force- 
Number  of  laborers     170 
Crane   operator       1 
Assistant  foremen       8 
Foremen       4 
General  foreman      1 

Total        184  men 

Type  of  Operation — Continuous 
Organization  and  Equipment: 

Number 
Operation  Laborers  Supervision. 

General  supervision            1  General  Foreman 
Distributing  tie  plates            7 
Distributing  other  track  material           7 
Hanging  angle  bars          S 
Oiling  rail  ends          6 

Sub-total          25  1  Assistant  Foreman  No.  1 

Knocking  off  rail  anchors         1 
Cracking  bolts           2 
Unbolting  and  beveling           4 

1  Four-tool    (SJ/^"    X    5")    air   com- 
pressor 

2  Pneumatic  unbolting  wrenches 
1  Pneumatic  vane  type  grinder 

Operating  spike  pullers          9 
3  Mechanical  spike  pullers 

Pulling  spikes  left  by  machine           3 
Removing  angle  bars         1 
Lining  out  old  rail         2 

Sub-total          22  1  Assistant  Foreman  No.  2 

Group  1         47  laborers 
2  assistant 
foremen       1  Foreman 

Lowering  ballast  for  adzers     14 
Removing  old  tie  plates     3 
Driving  spike  stubs     4 
Setting  up  and  driving  tie  plugs   ...  9 

Sub-total          30  1  Assistant  Foreman  No.  3 
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Number 
Operation  Laborers  Supervision 

Sweeping  ties            1 
Adzing            4 

3  Adzing  machines 
Carrying  adzer  heads           1 
Creosoting            3 
Carrying  creosote          1 
Placing  tie  plates           4 
Setting  in  rail         3 

1  Rail  crane 

Sub-total           17  laborers 
1  crane 

operator       1  Assistant  Foreman  No.  4 

Group  2         47  laborers 
1  crane 

operator 2  assistant 
foremen        1  Foreman 

Inserting  bolts         3 
Running  up  bolts         4 

1  Four-tool    (554"    X    5")    air   com- 
pressor 

2  Pneumatic  bolting  wrenches 

Sub-total            7  1  Assistant  Foreman  No.  5 

Gaging  every  4th  tie        20 

Sub-total          20  1  Assistant  Foreman  No.  6 

Group  3         27  laborers 
2  assistant 

foremen       1  Foreman 

Straightening  tie  plates         2 
Setting  up  spikes         12 
Driving  spikes         6 

1  Eight-tool  (7"  X  6")  compressor 
5  Pneumatic  spike  drivers 

Sub-total          20  1  Assistant  Foreman  No.  7 

Tamping  swinging  ties      8 

1  Four-tool    (5^"    X    5")    air   com- 
pressor 

4  Pneumatic  tampers 
Gathering  tools  and  new  material    2 
Grinding  adzer  bits      2 
Assembling  adzer  heads      1 
Installing  rail  anchors    1 
Assembling  scrap      7 

Sub-total          21  1  Assistant  Foreman  No.  8 

Group  4        41  laborers 
2  assistant 
foremen      .1  Foreman 
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Number 

Operation  Laborers  Supervision 
Waterboys            6 
Flagmen           2 

Sub-total            8  (General  Foreman) 

Gang  total     170  laborers 
1  crane 

operator       4  Foremen 
8  assistant 
foremen       1  General  Foreman 

Speed  of  Performance — 70  rails  per  hour 

Method  of  Operation 

This  force  will  be  used  on  districts  where,  by  reason  of  double  or  multiple  track 

or  other  circumstances,  the  track  being  worked  can  be  closed  to  traffic  for  at  least  five 

hours.  The  force  will,  during  the  rail  laying  period,  do  all  work  in  connection  with  the 

laying  from  distributing  material  and  hanging  angle  bars  to  tamping  swinging  ties  and 
assembling  scrap. 

The  force  will  be  under  the  supervision  of  a  general  foreman.  It  will  be  divided 

into  four  groups,  each  under  supervision  of  a  foreman  and  each  group  will  be  sub- 

divided into  two  sub-groups,  each  under  direction  of  an  assistant  foreman. 

The  first  sub-group  will  consist  of  25  men.  Seven  men  from  this  group  will  be 
assigned  to  distributing  tie  plates.  The  gang  will  work  far  enough  ahead  of  the  rail 
laying  so  that  plates  can  be  distributed  for  both  rails  at  the  same  time.  The  men  will 

each  work  a  rail  length  of  track  at  a  time  thus  spreading  the  force  out  over  seven  rail 

lengths.  They  will  place  the  tie  plates,  two  per  tie,  in  the  center  of  the  track.  Seven 
men  will  be  assigned  to  distributing  small  material.  This  gang  will  use  a  push  car 

pushed  along  the  track  by  one  man.  Two  men  will  set  the  bags  and  kegs  of  material 

on  the  car,  one  man  will  open  the  kegs  and  bags,  one  man  will  put  the  washers  on  the 

bolts  and  distribute  the  bolts,  one  man  will  throw  off  spikes,  and  one  man  will  throw 

off  tie  plugs.  Six  men  will  be  assigned  to  oiling  joint  bars  and  rail  ends.  They  will 

work  three  on  each  rail,  each  man  oiling  every  third  joint.  Five  men  will  be  assigned 

to  hanging  the  bars  on  the  rear  ends  of  the  rails,  each  man  working  independently  and 
fitting  up  every  fifth  joint. 

The  second  sub-group  will  consist  of  22  men.  One  man  will  be  assigned  to  knock- 
ing off  rail  anchors  and  he  will  see  that  the  anchors  removed  are  left  near  the  track  so 

that  they  may  be  readily  assembled  with  the  scrap.  Two  men  will  crack  the  bolts. 

Four  men  will  do  the  unbolting  and  beveling,  one  of  them  operating  the  compressor, 

two  operating  two  pneumatic  unbolting  wrenches,  and  one  operating  a  vane  type  pneu- 
matic grinder.  Nine  men  will  be  assigned  to  operating  three  mechanical  spike  pullers, 

each  machine  pulling  spikes  from  every  third  tie.  Three  men  will  follow  the  machines, 

hand  pulling  spikes  missed  by  the  machines.  One  man  will  remove  angle  bars  and  two 
men  will  line  out  the  raU. 

The  first  sub-group  of  Group  2  will  consist  of  30  men.  Fourteen  men,  using  special 
rakes,  will  lower  the  ballast  in  the  cribs,  each  man  working  each  14th  crib.  Three  men 

will  be  assigned  to  removing  the  old  tie  plates,  each  man  removing  every  third  plate. 

Four  men,  working  in  two  pairs,  will  drive  spike  stubs,  one  man  of  each  pair  handling 
the  punch  and  one  man  the  hammer.  Nine  men  will  be  assigned  to  setting  up  and 

driving  tie  plugs.  Six  of  these  latter  men  will  set  up  the  plugs,  each  man  setting  the 
plugs  in  every  sixth  tie.  Three  of  them  will  drive  the  plugs,  each  man  working  every 
third  tie. 
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The  second  sub-group  will  consist  of  17  laborers  and  one  crane  operator.  One  man 
will  be  assigned  to  sweeping  off  the  ties.  Four  men  will  operate  three  adzing  machines, 

the  fourth  man  being  used  to  relieve  on  the  machines  and  assist  in  changing  adzer  heads. 
One  man  will  carry  adzer  heads  from  the  grinders  to  the  machines  and  will  assist  in 

changing  heads.  Three  men  will  apply  creosote,  each  man  swabbing  every  third  tie. 
One  man  will  carry  creosote  from  the  drums  to  the  men  applying  it  to  the  ties.  Four 

men  will  set  in  the  new  tie  plates,  each  man  setting  in  every  fourth  plate.  Three  men 

will  set  in  the  rail  working  with  the  crane  operator  and  crane.  One  of  these  men  will 

handle  the  rail  tongs  at  the  center  of  the  rail,  one  man  will  guide  the  forward  end  of 
the  rail  and  the  third  man  will  guide  the  rear  end  of  the  rail  and  insert  the  shims. 

The  first  sub-group  in  Group  3  will  consist  of  seven  men.  Three  men  will  be 
assigned  to  inserting  four  bolts  per  joint,  one  man  handling  the  joint  clamp  and  the 
other  two  men  inserting  bolts,  each  one  putting  bolts  in  every  alternate  joint.  Four 

men  wOl  be  assigned  to  running  up  the  bolts.  One  of  these  men  will  operate  the  com- 
pressor, one  man  will  hold  in  the  bolts  and  two  men  will  operate  two  pneumatic  bolting 

wrenches. 

The  second  sub-group  will  consist  of  20  men  assigned  to  gaging  every  fourth  tie. 
The  gang  will  be  divided  into  five  sets  of  four  men  each.  One  man  in  each  set  will  nip 

up  the  tie,  one  man  will  handle  the  rail  clamp,  and  two  men  will  drive  the  spikes.  Each 

set  will  spike  every  twentieth  tie. 

The  first  sub-group  in  Group  4  will  have  20  men.  Two  men  will  straighten  the 
tie  plates,  center  them  on  the  tie  and  see  that  they  are  well  shouldered  against  the  rail. 
Twelve  men  will  be  assigned  to  setting  up  the  spikes  working  in  six  pairs.  One  man 

in  each  pair  will  set  up  the  outside  spike  and  one  man  the  inside  spike  and  every 

pair  will  work  every  eighth  tie.  One  man  will  be  assigned  to  operating  an  eight-tool 
compressor  and  five  men  will  handle  five  spiking  hammers. 

The  second  sub-group  will  consist  of  21  men.  Eight  men  will  be  assigned  to 
handling  four  pneumatic  tie  tampers,  raising  swinging  ties.  Four  of  these  men  will 

handle  the  tampers,  working  in  pairs,  one  pair  to  a  tie;  two  of  the  men  will  nip  up  the 
ties  and  two  men  will  shovel  in  ballast.  The  compressor  will  be  operated  by  the  man 

handhng  the  motor  car  train,  the  compressor  being  placed  at  the  head  end  of  the  train. 

One  man  will  be  assigned  to  gathering  tools  and  any  excess  new  track  material,  piling 
same  on  push  cars  in  motor  car  train.  Two  men  will  grind  adzer  bits  and  one  man  will 
assemble  adzer  heads.  One  man  will  install  new  rail  anchors.  Seven  men  will  assemble 

scrap.  One  of  these  latter  men  will  assemble  the  old  rail  joints,  putting  a  pair  of  bars 

together  and  he  will  also  assemble  rail  anchors.  Three  men  will  pUe  up  old  tie  plates 

in  piles  of  24  plates  each  half  rail  length.  Three  men  will  assemble  spikes,  bolts,  nuts 
and  washers,  putting  the  washers  and  nuts  on  the  bolts.  The  anchors  will  be  put  in 

kegs  by  themselves;  the  bolts,  nuts,  washers  and  spikes  will  be  put  in  kegs  without 
sorting. 

The  miscellaneous  work  will  be  handled  by  six  men  assigned  as  Waterboys  and  two 
men  assigned  as  flagmen. 

General  Organization  of  the  Work 

In  order  to  obtain  the  maximum  service  from  this  force  the  work  of  starting  and 

stopping  of  rail  laying  must  be  carefully  organized.  Since  the  air  compressors  are 
brought  out  with  the  crane  after  passage  of  the  last  train  and  since  the  compressor 

operating  the  unbolting  wrenches  is  at  the  head  end  of  the  force  it  will  be  impossible 

to  have  the  rail  lined  out  and  new  tie  plates  set  in  for  the  crane  to  start  laying  as  soon 

as  it  arrives.     However,  if  the  track  is  not  obtained  for  the  full  eight  hours,  that  is,  if 
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the  men  are  on  the  ground  before  arrival  of  the  crane,  all  the  work  up  to  the  actual 
lining  out  of  the  rail  should  be  performed  by  hand  for  about  ten  rail  lengths.  In  order 

to  do  this  promptly  the  force  will  operate  as  follows  for  the  time  following  passage  of 
last  train  until  arrival  of  crane  and  equipment: 

Assistant  Foreman  No.  1  will  carry  out  his  regularly  assigned  duties. 

Assistant  Foreman  No.  2  will  unbolt  first  eleven  joints,  two  men  per  joint. 
Assistant  Foreman  No.  3  will  lower  ballast  for  adzers. 

Assistant  Foreman  No.  4  will  pull,  by  hand,  the  spikes  in  first  eleven  rail  lengths. 
Remainder  of  force  not  assigned  with  exception  of  men  required  to  run  equipment 

from  clearance  point  to  job. 

Immediately  after  arrival  of  the  crane  the  compressor  operating  the  unbolting 

wrenches  and  the  spike  pulling  machines  will  go  forward,  starting  to  work  at  the  eleventh 

joint.  All  men  will  then  start  their  regularly  assigned  duties.  It  is  estimated  that  eight 
minutes  must  be  allowed  after  arrival  of  crane  until  actual  laying  can  be  started,  the 
time  being  distributed  as  follows: 

Unloading  adzers  and  spike  pullers          5  minutes 

Adzing  one  rail  length           1         " 
Creosoting  and  tie  plating  one  rail  length         2         " 

Total            8  minutes 

At  the  end  of  the  rail  laying  period  some  time  must  be  allowed  for  closure,  and  it 
is  estimated  that  this  time  will  be  divided  as  follows: 

Cutting  rail          S  minutes 

Loading  adzers  and  spike  pullers         5         " 

Total         10  minutes 

During  this  ten  minutes  the  operations  behind  the  crane  will  have  time  to  complete 

the  work  up  to  the  crane.  While  the  equipment  is  being  loaded  and  run  to  clearance 
made,  the  closure  rail  can  be  bolted  up. 

Thus,  assuming  ten  minutes  time  to  run  to  and  from  clearance  with  the  crane,  adzers, 

spike  pullers  and  compressors  the  non-productive  time,  which  must  be  deducted  from 
the  gross  time  the  track  is  secured,  is  as  follows: 

Running  from  clearance  to  job     10  minutes 

Opening  track       8         " 
Closing  track       10        " 
Running  from  job  to  clearance     10        " 

Total  non-productive  time         38  minutes 

When  the  track  is  secured  for  full  eight  hours  a  slightly  different  procedure  must 

be  followed  in  opening  the  track.  In  this  case  the  men  will  arrive  with  the  crane  and 
will  proceed  as  follows: 

Assistant  Foreman  No.  1  will  proceed  with  his  regularly  assigned  duties. 

Assistant  Foreman  No.  2  will  proceed  with  his  regularly  assigned  duties,  starting  at 
the  seventh  joint. 

Assistant  Foreman  No.  3  will  proceed  with  his  regularly  assigned  duties,  commenc- 
ing at  the  first  joint,  as  soon  as  the  rail  is  lined  out. 

Assistant  Foreman  No.  4  will  proceed  with  his  regularly  assigned  duties,  commenc- 
ing at  the  first  joint  as  soon  as  the  tie  plugs  are  set  up. 

Assistant  Foreman  No.  S  will  unbolt  the  first  three  joints,  using  two  men  per  joint. 
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Assistant  Foreman  No.  6 — six  men  will  unbolt  the  fourth,  fifth  and  sixth  joints 
using  two  men  per  joint.     Twelve  men  will  pull  the  spikes  in  the  first  two  rail  lengths. 

Assistant  Foreman  No.  7  will  pull  the  spikes  in  the  third  to  the  sixth  rail  lengths 
inclusive. 

Assistant  Foreman  No.  8  will  be  unassigned. 

The  time  to  open  the  track  will  be  eight  minutes  as  before.  Track  closure  will  be 

made  as  in  the  case  where  the  track  is  secured  for  less  than  eight  hours  and  the  operation 
will  require  ten  minutes.  Then,  assuming  forty  minutes  are  required  to  go  to  and  from 

work  and  to  get  out  and  put  up  tools,  the  unproductive  time  is: 

Going  to  and  from  work        40  minutes 

Opening  track           8        " 
Closing  track         10        " 

Total  non-productive  time        58  minutes 

In  other  words,  if  the  track  is  secured  for  eight  hours  raU  can  be  laid  for  about 

seven  hours,  if  it  is  secured  for  nine  hours  rail  can  be  laid  for  about  eight  hours. 

Section  3 — Loading  Released  Rail  and  Track  Material.    See  Chart  6. 

The  loading  of  rail  and  scrap  consists  of  two  operations.  The  rail  to  be  loaded 
will  be  entirely  unbolted  and  will  lie  along  the  track  in  two  rows,  one  row  on  each  side 
of  the  track.  It  will  be  picked  up  and  set  in  flat  bottom  gondolas.  No  sorting  will 
be  attempted. 

The  scrap  will  be  assembled  on  the  roadbed  shoulder  on  one  side  of  the  track  only. 

The  tie  plates  will  be  in  piles  one-half  rail  length  apart,  24  plates  to  a  pile.  Angle  bars 

will  be  in  pairs  one-half  rail  length  apart.  Rail  anchors,  spikes,  bolts,  nuts  and  lock 
washers  wiU  be  in  kegs,  the  kegs  being  placed  near  the  piles  of  tie  plates.  The  rail 

anchors  will  be  assembled  in  kegs  by  themselves.  The  spikes,  bolts,  nuts  and  lock 

washers  will  be  in  kegs  together.     The  scrap  will  be  loaded  into  flat  bottom  gondolas. 

The  organization  of  the  work  will  depend  on  whether  or  not  a  magnet  crane  is 

available  for  picking  up  the  scrap.  In  either  case  the  track  wUl  be  worked  in  two  passes, 

the  rail  on  one  side  being  picked  up  on  the  first  pass  and  the  opposite  rail  on  the  second. 

When  a  magnet  type  crane  is  available  the  tie  plates  and  angle  bars  will  be  picked  up 

on  the  first  pass,  using  the  magnet  and  loading  tie  plates  in  one  end  of  the  car  and  angle 
bars  in  the  other.  On  the  second  pass  the  magnet  will  be  replaced  with  a  flat  steel  tray 
on  which  the  kegs  of  spikes,  nuts,  bolts  and  rail  anchors  can  be  loaded  and  moved. 

When  a  magnet  crane  is  not  available  the  tie  plates  only  will  be  picked  up  on  the  first 

pass,  using  a  clamshell  bucket  to  handle  the  plates.  On  the  second  pass  the  angle  bars 

and  kegs  will  be  loaded  using  a  flat  steel  tray  as  outlined  above. 

The  gang  organizations  under  these  two  conditions  will  be  as  follows: 

A.    Using  magnet  crane  for  loading  scrap: 

Loading  rail — 
1 — Foreman 
1 — Derrick  Engineer 
1 — Fireman  (if  necessary) 
5 — Laborers 

Loading  scrap — 
1 — Assistant  Foreman 
1 — Derrick  Engineer 
1 — Fireman 
3 — ^Laborers 
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On  both  passes  the  five  men  loading  rail  will  be  divided,  three  men  on  the  ground 

and  two  men  in  the  car,  while  the  three  men  loading  scrap  will  be  placed  two  men  on 
the  ground  and  one  man  in  the  car. 

B.    Using  non-magnet  crane  for  loading  scrap: 
Loading  rail — 1 — Foreman 

1 — Derrick  Engineer 
1 — Fireman  (if  necessary) 
5 — Laborers 

Loading  scrap — 
1 — Assistant  Foreman 
1 — Derrick  Engineer 
1 — Fireman  (if  necessary) 
5 — Laborers 

On  both  passes  both  groups  of  five  men  wUl  be  divided,  three  men  on  the  ground 
and  two  men  in  the  cars. 

The  production  rate  of  both  Gangs  "A,"  and  "B"  should  be  about  71  rails  per  hour. 
The  production  per  day  will  depend,  of  course,  on  the  time  the  track  can  be  occupied. 
Using  the  same  assumptions  as  for  unloading  rail,  namely: 

1.  Two  hours  per  day  running  from  layover  point  to  loading  point  in  morning 

and  back  at  night  and  picking  up  gang  and  necessary  cars. 

2.  Switching  and  train  delays — 

Condition  "A" — Working  on  track  that  must  be  kept  open  to  traffic  allow  30  minutes 
for  each  train  delay,  but  add  IS  minutes  switching  time  on  the  assumption  that  switching 
will  be  done  when  track  is  cleared  for  train.  Add  45  minutes  for  switching  not  done 

in  connection  with  clearing  for  train. 

Condition  "B" — ^Working  on  track  that  is  closed  to  traffic  allow  45  minutes  for 
each  switching  operation. 

3.  Seventy  ton  cars — (the  results  are  as  follows) — 

Loading — 112-lb.  rail 
96  rails  per  car. 
2  X96 
— zz   =3  2.70  hours  between  switchmgs 

Under  Condition  "A" 
(a)  One  train  per  day 

To  and  from  work     2.00  hours 

Train  delay       0.50      " 
Switching        0.25       " 
Net  loading  time     S.2S      " 

Total  time      8.00  hours 
Number  rails  loaded  =  5.25  X  71     371  rails 
Cost  of  force,  per  day,  estimated  (with  magnet  crane)    $61.80 
Gang  cost  (without  magnet  crane) : 

Same  as  above  with  addition  of  2  laborers    68.20 
Loading  cost  per  lineal  foot 

With  magnet  crane      0.0043 
Without  magnet  crane      0.0047 

(b)  Two  trains  per  day 
Net  loading  time     4.75  hours 
Number  rails  loaded       337 
Loading  cost  per  lineal  foot 

With  magnet  crane            $0.0047 
Without  magnet  crane      0.0052 
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(c)  Three  trains  per  day 
Net  loading  time      4.25  hours 
Number  rails  loaded        302 
Loading  cost  per  lineal  foot 

With  magnet  crane             $0.0052 
Without  magnet  crane    0.0058 

(d)  Four  trains  per  day 
Net  loading  time      3.75  hours 
Number  rails  loaded       266 
Loading  cost  per  lineal  foot 

With  magnet  crane              $0.0060 
Without  magnet  crane      0.0066 

(e)  Five  trains  per  day 
Net  loading  time       3.25  hours 
Number  rails  loaded        231 
Loading  cost  per  lineal  foot 

With  magnet  crane             $0.0069 
Without  magnet  crane      0.0076 

(f)  Six  trains  per  day 
Net  loading  time      2.75  hours 
Number  rails  loaded        195 
Loading  cost  per  lineal  foot 

With  magnet  crane              $0.0081 
Without  magnet  crane     0.0090 

Under  Condition  "B"  ^ 
To  and  from  work      2.00  hours 

Switching       0.75      " 
Net  loading  time      5.25      " 

Total  time      8.00  hours 
Number  rails  loaded       371 
Gang  cost  per  day  (exclusive  of  work  train  cost) 

With  magnet  crane          $61.80 
Without  magnet  crane              68.20 

Loading  cost  per  lineal  foot 
With  magnet  crane     0.0043 
Without  magnet  crane      0.0047 

Loading — 130-lb.  raU 
82  rails  per  car 
2  X  82  ,    , . 
— y7   =  2.30  hours  between  switchmgs 

Under  Condition  "A" 
(a)  One  or  two  trains  per  day 

Net  loading  time      4.60  hours 
Number  rails  loaded — 4.50   X   71         327 
Gang  cost  per  day  (exclusive  of  work  train  costs) 

With  magnet  crane           $61.80 
Without  magnet  crane             68.20 

Loading  cost  per  lineal  foot 
With  magnet  crane      0.0049 
Without  magnet  crane      0.0054 

(b)  Three  trains  per  day 
Net  loading  time       4.25  hours 
Number  rails  loaded        302 
Loading  cost  per  lineal  foot 

With  magnet  crane           $0.0052 
Without  magnet  crane     0.0058 
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(c)  Four  trains  per  day 

Net  loading  time      3.75  hours 
Number  rails  loaded       266 
Loading  cost  per  lineal  foot 

With  magnet  crane             $0.0060 
Without  magnet  crane      0.0066 

(d)  Five  trains  per  day 
Net  loading  time       3.2S  hours 
Number  rails  loaded        231 
Loading  cost  per  lineal  foot 

With  magnet  crane             $0.0069 
Without  magnet  crane      0.0076 

(e)  Six  trains  per  day 
Net  loading  time      2.75  hours 
Number  raUs  loaded        195 
Loading  cost  per  lineal  foot 

With  magnet  crane             $0.0081 
Without  magnet  crane    0.0090 

Under  Condition  "B" 
To  and  from  work       2.00  hours 

Switching         1.40       " 
Net  loading  time      4.60      " 

Total  time        8.00  hours 
Number  raUs  loaded       327 
Loading  cost  per  lineal  foot 

With  magnet  crane             $0.0049 
Without  magnet  crane      0.0054 

Section  A — Install.a.tion  or  Crossings  and  Turnouts 

The  installation  of  a  complete  turnout  including  frog,  guard  rails,  switch  points, 

tie  rods  and  stock  rails  requires  about  sixty  man-hours.  With  a  sixty  man  rail  laying 
gang  a  turnout  would  have  to  be  put  in  in  one  hour  if  the  work  is  to  be  done  efficiently. 

It  is  readily  apparent,  however,  that  the  steps  in  a  turnout  or  crossing  installation  are 

such  that  only  a  few  men  can  be  engaged  on  them  at  one  time.  Thus,  probably  not 
more  than  two  or  three  men  can  be  used  to  advantage  to  install  and  adjust  the  head 

and  tie  rods,  nor  can  more  than  five  or  six  men  keep  at  work  installing  the  guard  rails. 
In  view  of  these  facts  the  installation  of  crossings  and  turnouts  by  a  large  rail  laying 
gang  is  certain  to  result  in  considerable  lost  time. 

Instead  of  using  the  main  rail  laying  gang  to  put  in  turnouts  and  crossings  these 

special  pieces  of  track  work  will  be  done  by  a  small  specialized  gang.  When  the  main 
rail  laying  force  comes  to  a  turnout  it  wUl  tie  the  new  rail  in  to  the  old  at  each  end  of 

the  turnout  and  continue  with  rail  laying.  The  frog  and  switch  gang  will  follow  the 

rail  laying  gang  to  install  the  turnouts  and  crossings. 

The  frog  and  switch  gang  will  consist  of  a  foreman  and  15  men.  Under  ordinary 

conditions  this  force  should  be  able  to  install  two  turnouts  per  day.  This  gang  will  fol- 
low the  rail  laying  force  as  closely  as  possible  to  avoid  any  damage  to  the  new  rail  at 

the  ends  of  the  old  turnout  and,  when  necessary,  two  or  more  frog  and  switch  gangs  will 
be  put  on  to  follow  one  rail  laying  force. 

When  necessary  to  protect  the  new  raU  at  the  ends  of  old  turnouts  or  crossings  the 

welding  force  doing  the  heat  treatmg  with  the  rail  laying  force  will  build  up  the  ends 
of  the  old  rail. 
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REPORT  OF  COMMITTEE  VII— WOOD  BRIDGES 
AND  TRESTLES 

H.  AusTiLL,  Chairman;  C.  J.  Hogue,  F.  H.  Cramer,  Vice- 
M.  W.  Beach,  C.  S.  Johnson,  Chairman; 
H.  M.  Church,  W.  D.  Keeney,  Arthur  Rjdgway, 
G.  M.  Cornell,  P.  Landsem,  W.  R.  Roof, 
G.  S.  Crites,  J.  A.  Newlin,  W.  J.  Ryan, 

S.  F.  Grear,  W.  H.  O'Brien,  L.  W.  Smith, 
R.  P.  Hart,  W.  A.  Oliver,  G.  L.  Staley, 
W.  E.  Hawley,  W.  L.  Peoples,  W.  C.  Schakel, 
H.  C.  Heinlen,  G.  W.  Rear,  T.  G.  Sughrue, 

Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subjects: 

(1)  Revision  of  Manual.    Progress  in  study — no  report. 

(2)  Simplification  of  grading  rules  and  classification  of  timber  for  railw/ay  uses, 

collaborating  with  other  organizations  interested.    Progress  in  study — no  report. 

(3)  Overhead  wood  or  combination  wood  and  metal  highway  bridges,  collaborat- 

ing with  Committee  XV — Iron  and  Steel  Structures.    Progress  in  study — no  report. 

(4)  Design  of  wood  trestles  for  heavy  loadings.    Progress  in  study — no  report. 

(5)  Bearing  power  of  wood  piles,  with  recommendation  as  to  methods  of  deter- 

mination, collaborating  with  Committee  VIII — Masonry.    Progress  in  study — no  report. 

(6)  Recommended  relationships  between  the  energy  of  hammer  and  the  weight  or 

mass  of  pile  for  proper  pDe  driving,  to  include  concrete  piles,  collaborating  with  Com- 

mittee VIII — Masonry.    Progress  in  study — no  report. 

(7)  Improved  design  of  timber  structures  to  give  longer  life  with  lower  cost  of 

maintenance.    Progress  in  study — no  report. 

(8)  Review  specifications  for  overhead  highway  bridges  of  the  American  Associa- 
tion of  State  Highway  Officials  insofar  as  they  relate  to  wood  construction,  conferring 

with  that  association.    Progress  in  study — no  report. 

(9)  Fireproofing  wood  bridges  and  trestles,  including  placing  of  fire  stops. 

Progress  in  study — no  report. 

(10)  Specifications  and  design  of  fastenings  for  timber  structures.  Progress  in 

study — no  report. 
The  Committee  on  Wood  Bridges  and  Trestles, 

H.  Austill,  Chairman. 

Babib  Hilliam  ̂ mitfj 

David  William  Smith,  a  loyal  and  hard  working  member  of  the  Committee  on 

Wood  Bridges  and  Trestles  since  1912,  died  March  19,  1937,  after  attending  the  con- 
vention of  the  Association. 

Mr.  Smith  had  won  the  respect,  esteem  and  admiration  of  all  who  had  had  the 

honor  of  serving  with  him  on  your  Committee,  and  his  loss  is  very  deeply  felt. 
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REPORT  OF  COMMITTEE  VIII— MASONRY 

J.  F.  Leonard,  Chairman; 
F.  E.  Bates, 
H.  F.  BOBER, 
G.  E.  Boyd, 
Maurice  Coburn, 
t.  l.  condron, 
Hardy  Cross, 
G.  H.  Dayett, 
Theo.  Doll, 
G.  F.  Eberly, 
W.  K.  Hatt, 
Meyer  Hirschthal, 

J.  J.  Hurley, 
A.  C.  Irwin, 
J.  A.  Lahmer, 
C.  P.  Marsh, 
0.  V.  Parsons, 
1.  L.  Pyle, 
W.  M.  Ray, 
G.  W.  Rear, 
J.  L.  RiPPEY, 
F.  B.  Robins, 
G.  E.  Robinson, 

A.  N.  Laird,  Vice-Clia.rman; 
C.  P.   SCHANTZ, 
L.  W.  Skov, 
G.  R.  Smiley, 
A.  W.  Smith, 
H.  H.  Temple, 

J.  H.  Titus, 
Jamison  Vawter, 
L.  W.  Walter, 
C.  A.  Whipple, 
W.  R.  Wilson, 
H.  A.  Wistrich, 

J.  J.  Yates, 
Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  foUowing  subjects: 

(1)  Revision  of  Manual  (Appendix  A). 

(2)  Specifications  and  principles  of  design  of  plain  and  reinforced  concrete  and  of 
brick  (Appendix  B). 

(a)  Concrete  Columns  and  Pipe  Columns;  Progress — no  report. 

(b)  Rigid  Frame  Bridges  as  related  to  Multiple  Spans;  Progress — no  report. 

(c)  Reinforced   Brick   Work;    Report   presented   as   information   with   recom- 
mendation that  the  subject  be  discontinued. 

(d)  Concrete  Bridge  Deck  Slabs  of  the  Non-Ballast  Type;  Progress — no  report. 
(e)  Isteg  Reinforcing  Steel;  Progress — no  report. 

(3)  Progress  in  the  Science  and  Art  of  Concrete  Manufacture — (Appendix  C). 

(a)  Effect  of  Traffic  Vibration  on  Shotcrete  and  Concrete  during  and  imme- 

diately after  placing;   Progress — no  report. 
(b)  Prestwood,  Plywood,  and  Special  Fibrous  Materials  for  Forms  and  Form 

Lining;  Progress — no  report. 
(c)  Economics  of  Light  Weight  Aggregates.    Report  presented  as  information. 

(d)  Standard   Portland    Cement   compared   to    Standard   High-Early-Strength 
Portland  Cement ;  Progress — no  report. 

(e)  Needed  adjustments  in  Field  Practice  to  Use  Present  Day  Cements  to 

Best  Advantage.     Recommending  study  by  Research  Division  of  AAR. 

(4)  Contact  with  Joint  Committee  on  Concrete  and  Reinforced  Concrete;  Progress 

— verbal  report. 
(5)  Specifications  for  Foundations,  including  excavation,  cofferdam,  piling,  etc., 

collaborating  with  Committee  I — Roadway — on  soil  mechanics  and  with  Committee  VH — 
Wood  Bridges  and  Trestles — on  bearing  power  of  wood  piles  and  pile  driving 
(Appendix  D). 

Specifications  for  Pile  Foundations — submitted  as  information  for  the  purpose  of 
presenting  later  for  inclusion  in  the  Manual. 

(6)  Methods  and  Practices  of  Lining  and  Relining  Tunnels — collaborating  with 
Committee  I — Roadway.    Progress — no  report. 

(7)  Placement  of  Concrete  by  Pumping  (Appendix  E).  Report  is  presented  as  in- 
formation to  replace  that  presented  last  year. 
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(8)  Specifications  for  Concrete  Culvert  Pipe  (Appendix  F)..  ASTM  C-76-37  for 
inclusion  in  the  Manual  and  Report  for  information. 

(9)  Review  of  AASHO  Specifications  for  Overhead  Highway  Bridges  insofar  as 
they  relate  to  Masonry.  Arrangement  made  for  representation  with  AASHO,  but  no 
meeting  has  been  held. 

(10)  Rating  of  Concrete  Bridges;  Progress — no  report. 

(11)  Vacuum  Method  of  Treatment  of  Concrete  after  placement;  Progress — no 
report. 

(12)  Outline  of  Work  for  ensuing  year.    No  report. 

The  Committee  on  Masonry, 

J.  F.  Leonard,  Chairman. 

Appendix  A 

(1)     REVISION  OF  MANUAL 

G.  E.  Boyd,  Chairman,  Sub-Committee;  F.  E.  Bates,  T.  L.  Condron,  Meyer  Hirschthal, 
A.  C.  Irwin,  J.  A.  Lahmer,  F.  B.  Robins,  C.  P.  Schantz,  C.  A.  Whipple,  J.  J.  Yates. 

The  Committee  recommends  the  following  additions  to  the  Specifications  for  Port- 
land Cement  Concrete,  Plain  and  Reinforced: 

Article  101,  Fine  Aggregate 
Uniformity 

For  the  purpose  of  controlling  the  grading  of  fine  aggregates  from  any  one  source, 

a  preliminary  sample  shall  be  submitted  prior  to  actual  deliveries.  This  sample  shall 

be  representative  of  the  material  which  it  is  proposed  to  furnish.  Any  shipment  of  fine 

aggregates  made  during  the  progress  of  the  work,  which  shows  a  variation  in  fineness 

modulus  greater  than  0.20  either  way  from  the  fineness  modulus  of  the  preliminary  sam- 
ple shall  be  rejected  or,  at  the  option  of  the  Engineer,  may  be  accepted  subject  to  such 

changes  in  concrete  proportions  as  may  be  necessary  by  reason  of  failure  to  comply  with 
the  requirements  of  this  section. 

This  Section  to  be  numbered  3  and  the  present  Section  3  to  be  numbered  4. 

Article  102,  Coarse  Aggregate 

Resistance  to  Abrasion 

Crushed  stone  and  gravel  to  be  used  in  concrete  that  is  subject  to  surface  abrasion, 

such  as  pavements,  heavy-duty  floors,  structures  subjected  to  the  action  of  floating  ice, 
debris  or  other  abrasive  material,  shall  meet  the  following  requirements  for  abrasion  loss 
when  tested  for  resistance  to  abrasion  in  accordance  with  the  ASTM  Standard  D2 — 33 

for  rock  and  ASTM  Tentative  method  D  289— 2  8T  for  gravel. 
Maximum  loss. 

Material  percent  by  weight 
Crushed  stone    S 
Gravel,  uncrushed      10 
Gravel,  100  percent  crushed     20 

Gravel,  —  percent  crushed     — 
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This  Section  to  be  numbered  4  and  the  present  Section  4  to  be  numbered  5. 
Add  new  Article  No.  102.1. 

Article  102.1,  Methods  of  Sampling  and  Testing  Aggregates 

1.  Methods  of  Sampling 

Methods  of  sampling  aggregates  shall  be  in  accordance  with  ASTM  Standard  Meth- 
ods of  Sampling  Stone,  Slag,  Gravel,  Sand  and  Stone  Block  for  Use  as  Highway  Ma- 

terials (Including  Some  Material  Survey  Methods)  ASTM  Designation  D  75 — 22. 

2.  Methods  of  Testing 

Fine  and  coarse  aggregates  shall  be  tested  in  accordance  with  the  following  require- 
ments: 

(a) I  Grading.  Aggregates  shall  be  graded  in  accordance  with  ASTM  Standard 

Method  of  Test  for  Structural  Strength  of  Fine  Aggregate,  Using  Constant  Water — 
Cement-Ratio  Mortar,  ASTM  Designation,  C  87—36. 

(b)  Uniformity  of  Grading — Fineness  Modulus.  The  fineness  modulus  of  the  ag- 
gregate shall  be  determined  by  adding  the  total  percentages  retained  on  the  following 

U.S.  standard  sieves  and  dividing  the  sum  by  100:  3  inches,  1^  inches,  54  inch,  5^  inch. 
No.  4,  No.  8,  No.  16,  No.  30,  No.  SO  and  No.  100. 

(c)  Organic  Impurities.  Organic  impurities  shall  be  determined  in  accordance  with 

the  requirements  of  ASTM  Standard  Method  C  40 — 33. 
(d)  Coal  and  Lignite.  Tests  for  coal  and  lignite  shall  be  made  in  accordance  with 

the  requirements  of  ASTM  Tentative  Standard  C  123— 36T. 
(e)  Fineness.  Fineness  shall  be  determined  in  accordance  with  the  ASTM  Tenta- 
tive Method  of  Test  for  determination  of  Amount  of  Material  Finer  than  No.  200  Sieve 

in  Aggregates,  Designation  C  117 — 3ST. 
(f)  Clay  Lumps.  The  percentage  of  clay  lumps  shall  be  determined  by  examining 

the  various  fractions  which  remain  after  the  test  for  grading,  (a)  Any  particles  that 

can  be  broken  up  with  the  fingers  shall  be  classified  as  clay  lumps,  and  the  total  per- 
centages by  weight  of  all  clay  lumps  shall  be  determined  on  the  basis  of  the  total  original 

weight  of  the  sample. 

(g)'  Soft  Fragments.  Tests  for  soft  fragments  shall  be  made  in  accordance  with 
the  requirements  of  the  American  Association  of  State  Highway  Officials  Standard 

Method  of  Test  for  Quantity  of  Soft  Pebbles  in  Gravel,  AASHO  Designation  T-8. 
(h)  Mortar  Strength.  Mortar  strength  developed  by  the  aggregates  under  test  shall 

be  determined  in  accordance  with  the  ASTM  Standard  Method  of  Test  for  Structural 

Strength  of  Fine  Aggregates  Using  Constant  Water — Cement— Ratio  Mortar,  Designa- 
tion C  87—36. 

(i)     Soundness. 

(1)  Fine  Aggregate.  The  soundness  of  the  fine  aggregate  shall  be  determined 
in  accordance  with  the  ASTM  Tentative  Method  of  Test  for  Soundness  of  Fine 

Aggregates  by  Use  of  Sodium  Sulfate  or  Magnesium  Sulfate,  Designation  C  88 — 35T. 

(2)  Coarse  Aggregate.  The  soundness  of  the  coarse  aggregate  shall  be  deter- 
mined by  the  ASTM  Tentative  Method  of  Test  for  Soundness  of  Coarse  Aggregates 

by  Use  of  Sodium  Sulfate  or  Magnesium  Sulfate,  Designation  C  89 — 3 ST. 

(j)     Resistance  to  Abrasion. 

(1)  Stone.  Resistance  to  abrasion  of  stone  aggregate  shall  be  determined  in 

accordance  with  the  ASTM  Standard  Method  of  Test  for  Abrasion  of  Rock,  Desig- 
nation D  2 — 33. 
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(2)  Gravel.  Resistance  to  abrasion  of  gravel  aggregate  shall  be  determined  in 
accordance  with  the  ASTM  Tentative  Method  of  Test  for  Abrasion  of  Gravel, 

Designation  D  289— 2  8T. 

(k)  Weight  per  Cubic  Foot  of  Slag.  The  weight  per  cubic  foot  of  slag  shall  be 

determined  by  the  ASTM  Standard  Method  of  Test  for  Unit  Weight  of  Aggregate  for 

Concrete,  Designation  C  29 — 27.  * 
(1)  Amount  of  Combustible  and  Volatile  Materials  in  Aggregates.  Determination 

of  the  amount  of  combustible  and  volatile  materials  in  aggregates  shall  be  made  in  ac- 
cordance with  the  ASTM  Standard  Methods  of  Laboratory  Sampling  and  Analysis  of 

Coal  and  Coke,  Designation  D  271 — 33. 

The  Committee  also  recommends  the  following  revisions  to  the  matter  now  in  the 
Manual. 

Withdraw  the  subject-matter  in  Section  1  of  Article  104,  and  substitute  therefor 
the  following: 

1.  Quality 

All  steel  bars  used  for  reinforcement  shall  be  biUet-steel  and  shall  be  of  intermediate 

grade,  except  that  steel  bars  for  temperature  reinforcement  and  those  not  carrying  cal- 
culated stresses  may  be  of  rail  steel  or  axle  steel.  The  materials  shall  conform  in  quality 

to  the  standard  specifications  of  the  American  Society  for  Testing  Materials  of  the  fol- 
lowing applicable  titles  and  serial  designations: 

Billet  Steel  Concrete  Reinforcement  Bars    A    IS — 35 

Rail  Steel  Concrete  Reinforcement  Bars    A     16 — 35 

Axle  Steel  Concrete  Reinforcement  Bars    A  160 — 36 

When  cast-iron  or  structural-steel  sections  are  used,  as  in  composite  or  combination 
columns,  these  materials  shall  conform  in  quality  to  the  standard  specifications  of  the 

American  Society  for  Testing  Materials  of  the  following  applicable  titles  and  serial 
designations: 

Cast-Iron  Pipe  and  Special  Castings     A  44 — 04 
Steel  for  Bridges       A     7—36 

Steel  for  Buildings     A    9—36 

Withdraw  Section  2  of  Article  201  and  substitute  the  following: 

2,  Measurement  of  Materials 

Materials  shall  be  measured  by  weighing,  except  as  otherwise  specified  or  where 

other  methods  are  authorized  specifically  by  the  Engineer.  The  apparatus  provided  for 

weighing  the  aggregates  and  cement  shall  be  suitably  designed  and  constructed  for  this 

purpose.  The  coarse  aggregate,  fine  aggregate  and  cement  shall  be  weighed  separately. 
The  accuracy  of  all  weighing  devices  shall  be  such  that  successive  quantities  can  be 

measured  to  within  one  per  cent  of  the  desired  amount.  Cement  in  standard  packages 

(sacks)  need  not  be  weighed,  but  bulk  cement  and  fractional  packages  shall  be  weighed. 

The  mixing  water  shall  be  measured  by  volume  or  by  weight.  The  water-measuring 
device  shall  be  susceptible  of  control  accurate  to  two  per  cent.  All  measuring  devices 

shall  be  subject  to  approval  by  the  Engineer. 

Where  volumetric  measurements  are  authorized  by  the  Engineer,  the  weight  propor- 
tions shall  be  converted  to  equivalent  volumetric  proportions.  In  making  this  con- 

version, suitable  allowance  shall  be  made  for  variations  in  the  moisture  condition  of  the 

aggregates,  including  the  bulking  effect  in  the  fine  aggregate. 
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Appendix  B 

(2)     SPECIFICATIONS  AND  PRINCIPLES  OF  DESIGN  OF 
PLAIN  AND  REINFORCED  CONCRETE 

A.  N.  Laird,  Chairman,  Sub-Committee;  F.  E.  Bates,  T.  L.  Condron,  Hardy  Cross,  G.  H. 
Dayett,  Theo.  Doll,  Meyer  Hirschthal,  A.  C.  Irwin,  C.  P.  Marsh,  J.  L.  Rippey, 
C.  P.  Schantz,  L.  W.  Skov,  A.  W.  Smith,  Jamison  Vawter,  W.  R.  Wilson,  H.  A. 
Wistrich. 

Section  I— REINFORCED  BRICKWORK 

The  Committee  submits  the  following  report  as  information: 

From  an  historical  standpoint,  the  use  of  reinforced  brick  masonry  dates  back  about 

100  years.  It  was  probably  first  used  by  Sir- Marc  Isambard  Brunei,  a  British  engineer, 
in  1813  for  strengthening  a  chimney,  and  later  in  the  construction  of  vertical  shafts  for 
the  Thames  River  Tunnel.  Untn  1920,  however,  few  tests  were  made  to  determine  the 

properties  of  this  form  of  construction  and  only  a  few  isolated  examples  of  this  construc- 
tion were  undertaken. 

In  1922,  Mr.  A.  Bredner  published  a  two  volume  report,  "Notes  on  Reinforced  Brick 
Work"  dealing  with  this  type  of  construction  in  India.  Since  that  date  a  large  number 
of  tests  have  been  conducted  in  various  laboratories  throughout  the  country  on  the  dif- 

ferent phases  of  design  and  construction  of  reinforced  brick  work.  The  reader  is  re- 
ferred to  the  list  of  specific  publications  accompanying  this  report  for  the  details  of  such 

tests,  and  to  articles  in  current  engineering  pubUcations. 

Proponents  of  this  form  of  construction  have  made  the  following  claims: 

1 — Good  brick  work  has  relatively  high  compressive  strength,  but  is  deficient  in  ten- 
sile strength  and  this  deficiency  may  be  overcome  and  the  adaptability  of  brick  work 

extended  by  the  addition  of  reinforcing  steel. 

2 — Reinforced  brick  masonry  required  a  minimum  amount  of  form  work  which  need 
not  be  made  watertight. 

3 — The  weight  of  reinforced  brick  masonry  varies  from  117  to  135  pounds  per  cubic 
foot  which  results  in  an  appreciable  saving  in  dead  load. 

4 — There  are  many  architectural  possibilities  with  reinforced  brick  work  due  to  the 
varieties  in  pattern,  texture  and  color. 

S — The  design  may  be  made  on  the  same  basis  as  for  reinforced  concrete. 

6 — Construction  costs  are  substantially  comparable  with  other  forms  of  masonry 
construction  and  maintenance  costs  are  low. 

Published  test 'data  deal  only  with  claims  Number  1,  2,  3  and  5,  but  Number  6  re- 
quires specific  analysis  and  estimates  for  each  form  of  construction  and  location.  Cost 

data  for  reinforced  brick  masonry  have  not  generally  been  made  available  for  actual 
structures. 

From  a  careful  study  of  published  tests,  the  following  summary  of  the  conclusions 

of  the  engineers  who  conducted  the  research  has  been  prepared: — 

(a)  Test  results  for  various  brands  and  types  of  brick  on  the  market  are  so  diver- 
gent that  individual  tests  for  the  specific  brick  to  be  used  in  such  construction  must  be 

made. 

(b)  Many  bricks  tested  proved  unsuited  for  this  construction  principally  because  of 
deficiencies  in  bond  and  absorption. 
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(c)  The  properties  of  the  mortar  are  of  prime  importance  as  this  material  pro- 
vides the  means  of  bond  between  brick  courses  and  for  the  steel  reinforcement,  and  also 

greatly  affects  the  resistance  to  shear  and  diagonal  tension  of  the  member.  Present  data 
are  not  conclusive.  Current  specifications  for  masonry  mortars  permit  low  strengths 

compared  with  those  required  for  concrete. 

(d)'  Tests  of  beams  and  slabs  appear  to  indicate  a  close  relation  between  the  be- 
havior of  reinforced  brick  masonry  and  reinforced  concrete  such  as  stiffness,  recovery 

from  load  deformation  and  type  of  failure.  These  tests,  however,  are  not  conclusive  as 

to  the  effect  of  time  and  repeated  loadings,  mortar  shrinkage,  temperature  changes,  rein- 
forcing requirements  or  bond. 

(e)  New  methods  of  providing  reinforcement  to  resist  stresses  in  bond,  shear,  diag- 
onal tension  and  negative  movement  are  necessary.  The  difficulty  of  providing  ade- 

quate size  of  steel  reinforcement  in  the  mortar  joints  must  also  be  overcome.  A  new 

type  of  brick  column  construction  must  be  developed  to  provide  adequate  core  area  for 
effective  reinforcement. 

(f)  Widely  different  results  are  obtained  from  the  laying  up  of  brick  in  different 

forms  of  bond  and  the  subject  requires  further  data  and  study. 

(g)  Workmanship  in  laying  up  brick  work  is  the  most  important  single  item  in  such 

construction.  Tests  have  shown  that  variations  in  strength  in  excess  of  100  percent  re- 
sult from  different  methods  of  applying  mortar.  For  best  results,  all  vertical  joints  must 

be  completely  filled  and  horizontal  beds  laid  full  and  flat  without  furrowing.  The  best 

procedure  as  to  wetting  or  saturating  brick  before  laying  is  the  subject  of  controversy  but 

tests  appear  to  favor  the  moist  but  not  saturated  brick. 

(h)  Ordinary  methods  in  current  use  in  laying  up  brick  masonry  will  not  meet  the 

requirements  for  reinforced  brick  masonry  and  therefore  great  care  is  necessary  in  speci- 
fying such  procedure  and  rigid  inspection  control  on  the  job  is  necessary. 

(i)  Data  on  curing  are  far  from  conclusive.  Dry  curing  in  some  tests  has  given 
better  results  than  moist  curing. 

(j)  While  this  material  appears  to  have  practical  possibilities  for  some  classes  of 

work  subject  to  determination  of  economy  where  it  is  adaptable  to  the  structural  require- 

ments, there  are  still  many  problems  of  technical  characteristics  and  practical  construc- 
tion application  which  require  further  research  and  study  before  this  construction  can  be 

widely  used. 

PARTIAL  LIST  OF  PUBLICATIONS  ON  REINFORCED  BRICK  WORK 

1 — ^Notes  on  Reinforced  Brick  Work    by  A.  Bredner 
Two-Volume    Report    on    Construction    in    India — Department    of    Public 

Works,  Government  of  India — Published  1922 

2 — Brick  Engineering — ^Volume  III     by  Hugo  Filippi 
Published  by  Brick  Manufacturers'  Association  of  America 

3 — ^The  Effect  of  Strength  of  Brick  on  Compressive  Strength  of  Brick  Masonry 
   by  J.  W.  McBurney 

Proceedings  American  Society  for  Testing  Materials,  Volume  28,  Pait  11 — 
1928 

4 — Tests  on  Reinforced  Brick  Masonry  Columns   by  M.  O.  Withey 
Proceedings  American  Society  for  Testing  Materials,  Volume  34,  Part  II — 

1934 

S — ^Tests  on  Brick  Masonry  Beams   by  M.  O.  Withey 
Proceedings  American  Society  for  Testing  Materials,  Volume  33 — Part  II — 1937 
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6 — Compressive  Strength  of  Clay  Brick  Walls 
  by  A.  H.  Slang,  D.  E.  Parsons,  J.  W.  McBurney 

Bureau  of  Standards,  U.S.  Department  of  Commerce  Research  Paper  No. 
108—1929 

7 — An  Investigation  of  the  Performance  Characteristics  of  Reinforced  Brick  Ma- 
sonry Slabs    by  J.  W.  Whittemore,  Paul  S.  Dear 

Bulletin  No.  IS — Virginia  Polytechnic  Institute,  November  1933 
8 — Shear  Tests  of  Reinforced  Brick  Masonry  Beams 
  by  D.  E.  Parsons,  A.  H.  Stang,  J.  W.  McBurney 

Bureau  of  Standards,  U.S.  Department  of  Commerce  Research  Paper  No. 
504 — 1932 

9 — Reinforced  Brick  Work     by  Mason  Vaugh 
University  of  Missouri — Engineering  Experiment  Station  Volume  29 — No.  37 
—October  1928 

10 — Essentials  of  Good  Brick  Work   by  Hugo  Filippi 
Journal  of  Western  Society  of  Engineers  Volume  XXXV,  No.  A — August 

1930 

11 — A  Study  of  the  Properties  of  Mortars  and  Bricks  and  their  Relation  to  Bond 
  by  L.  A.  Palmer,  D.  A.  Parsons 

Bureau  of  Standards,  U.S.  Department  of  Commerce  Research  Paper  R.P. 
683— May  1934 

12 — Reinforced  Brick  Masonry 
Bulletins  No.  1,  2  and  3 — 1935  Brick  Manufacturers'  Association  of  America. 

Section  II— SPECIFICATIONS  FOR  COMPOSITE  COLUMNS  AND 

PIPE  COLUMNS 

The  preliminary  draft  of  Specifications  for  Composite  Columns  and  Pipe  Columns, 

submitted  as  information  two  years  ago  has  been  given  further  study  and  compared  with 

the  Progress  Report  of  the  Joint  Committee  on  Concrete.  The  Committee,  however, 

desires  further  time  to  study  the  results  of  recent  tests  and  therefore  reports  progress  and 
recommends  that  the  subject  be  continued. 

Section  III— SOLID  CONCRETE  BRIDGE  DECK  SLAB  CONSTRUCTION 

OF  NON-BALLAST  TYPE 

The  Committee  is  continuing  its  study  of  examples  of  this  form  of  construction  and 

desires  to  obtain  more  detailed  service  information  before  presenting  its  report.  The  Com- 
mittee therefore  reports  progress  and  recommends  that  the  subject  be  continued. 

Section  IV— ISTEG  REINFORCING  STEEL 

The  data  assembled  dealing  with  this  construction  are  being  considered  by  the  Com- 
ntittee  and  it  is  the  intention  to  present  a  detailed  report  next  year.  It  is  therefore 

recommended  that  the  subject  be  continued. 
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Appendix  C 

(3)  PROGRESS  IN  THE  SCIENCE  AND  ART  OF 
CONCRETE  MANUFACTURE— 1937 

L.  W.  Walter,  Chairman,  Sub-Committee;  H.  F.  Bober,  Maurice  Coburn,  T.  L.  Condron, 
W.  K.  Hatt,  Meyer  Hirschthal,  J.  J.  Hurley,  A.  C.  Irwin,  J.  A.  Lahmer,  C.  P.  Marsh, 
W.  M.  Ray,  G.  W.  Rear,  H.  H.  Temple,  J.  H.  Titus,  C.  A.  Whipple. 

Section  I— ECONOMICS  OF  LIGHT-WEIGHT  AGGREGATES 

General  Information 

The  early  days  of  growth  in  the  use  of  Portland  cement  also  saw  the  introduction 

of  light-weight  aggregate.  Johnson's  "Materials  of  Construction,"  1898,  contains  an  ab- 
stract of  data  on  cinder  concrete  published  in  a  report  of  the  Hamburg  (Germany)  Com- 

mission in  1S9S.  Since  that  time  technical  literature  contains  numerous  references  to 

the  use  of  light-weight  materials  in  concrete.  The  materials  include  blast  furnace  slag, 
coke  breeze,  burned  clay,  aerated  burned  clay,  sawdust,  cork,  lava,  pumice,  scoria,  trass, 

burnt  diatomaceous  earth,  seaweed,  slate,  volcanic  rock,  gypsum,  magnesite,  Haydite, 
wood  pulp,  mica,  incinerator  clinker,  processed  powdered  glass,  slate  waste  and  others. 

These  aggregates  may  be  classified  as  natural  and  artificial — the  former  including 
cinders,  slag,  coke  breeze  and  the  products  of  volcanic  action,  and  the  latter  limited  to 

those  materials  that  are  the  result  of  special  processing  for  the  purpose  of  producing 

aggregate. 
Most  manufactured  light  weight  aggregates  are  known  by  trade  names.  Some  of 

these  are  identified  as  follows: 

Oide — burnt  diatomaceous  earth. 

Lytag  is  the  aggregate  made  by  sintering  a  mixture  of  clay  or  shale  and  granulated  fuel 

in  a  Dwight-Lloyd  machine.  The  process  appears  to  be  particularly  adaptable  for 
the  utilization  of  carbonaceous  shales  similar  to  those  commonly  associated  with  the 
coal  measures. 

Litose — crushed  clay  or  shale  mixed  with  coal  and  burned  in  a  sintering  furnace. 
Gravelite — burnt  clay. 

Vermiculite — expanded  mica. 

Pottsco — slag  product  manufactured  at  the  blast  furnace  by  a  special  process  of  water 
granulation. 

WayUte—i\3.g  product  similar  to  Pottsco,  but  larger  fragments. 
Corlite — sintered  mix  of  anthracite  cinders  and  a  flux. 

Cell  Sealed — produced  by  pugging  ordinary  clay  or  top  soil,  forcing  it  through  dies  and 
cutting  it  into  lengths  approximately  equal  to  the  diameter.  These  pellets  are  then 

coated  with  a  refractory  material,  rounded  by  ball  rolling  machines  and  charged 

into  a  rotary  kiln  fired  with  fuel  oil,  gas  or  powdered  coal.  The  refractory  coating 

forms  an  impervious  layer  on  the  surface  of  each  pellet.  A  similar  effect  is  pro- 
duced by  heat  treatment.  Sizes  range  from  y&  inch  to  more  than  2  inches.  Weight 

ranges  from  14  pounds  to  35  pounds  per  cubic  foot. 

Glass — Powdered  natural  glass,  such  as  obsidian,  preheated  to  900  degrees  C,  introduced 
at  top  of  shaft  and  allowed  to  fall  freely  through  upward  moving  stream  of  hot 
combustion  gases.    Result  is  a  bloated  light  weight  material. 

Artificial  Pumice — Made  by  blowing  slag  from  blast  or  metallurgical  furnace  onto  a  pre- 
viously wetted  surface  where  it  swells  and  is  cooled.  The  product  is  broken  to 

desired  sizes. 
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Mineralized  Sawdust — Sawdust  treated  with  calcium  chloride  or  sodium  silicate.  Used 

to  produce  concrete  that  nails  will  penetrate  and  have  holding  power.  Columbia 

University  tests,  1923-24,  showed  average  compression  strength  of  1-2  mix  as  1540 
pounds  per  square  inch  at  28  days. 

Mineralized  sawdust  has  been  known  as  "Novocrete"  or  "Durocrete." 

"Haydite  is  made  by  crushing  non-refractory  shale  or  clay  to  1  inch  or  ly^  inches  maxi- 
mum and  charging  it  into  a  rotary  kiln.  The  material  is  preheated  at  the  charging 

end,  and  then  subjected  to  a  temperature  of  more  than  2000  degrees  F.  near  the 

discharge  end.  This  sudden  increase  causes  rapid  escape  of  the  pent-up  gases  which 
in  turn  causes  the  individual  particles  to  take  on  a  vesicular  structure.  This  re- 

sultant clinker  is  crushed  and  screened  to  commercial  sizes."  (Concrete  Products, 
April  1932) 

Slate  Waste — Waste  from  certain  grades  of  slate,  that  is,  those  affected  most  by  the 
sulphuric  acid  tests  for  roofing  slate,  is  crushed  and  heated  in  a  kiln  suitable  for 

continuous  treatment  of  granular  materials  such  as  the  rotary  kilns  used  in  cement 

manufacture.  By  proper  grading  of  the  crushed  untreated  slate  it  is  possible  to  pro- 
duce an  aggregate  of  the  required  size,  consisting  of  nodules  coated  with  a  vitrified 

skin.  The  rate  of  heating  must  be  rapid  or  the  gases  will  be  generated  so  slowly 

that  they  will  be  dissipated  without  expanding  the  slate.  Tests  reported  by  E.  H. 

Coleman*  show  the  weight  per  cubic  foot  of  a  1-3  mix  of  cement  and  this  aggre- 

gate up  to  ̂   inch  with  water  to  produce  a  "good  workable  mix"  as  94  pounds  per 
cubic  foot.    The  28-day  compressive  strength  was  2600  pounds  per  square  inch. 

Characteristics  of  Light-Weight  Aggregates 

The  relatively  low  specific  gravity  of  light-weight  aggregates  suggests  a  tendency  to 
segregate.  However,  when  mixed  with  cement  and  water  they  become  coated  with  the 
mortar  and  within  the  proper  range  of  consistency  and  plasticity  of  concrete  mixes, 

light-weight  aggregate  acts  much  as  does  ordinary  aggregate.  In  some  cases  a  slightly 
longer  time  of  mixing  may  be  required  to  produce  the  desired  workability.  Highly  fluid 
mixes  should  not  be  employed  with  them. 

Many  light-weight  aggregates  have  a  cellular  or  vesicular  structure  that  accounts 
in  part  for  their  light  volumetric  weight.  This  structure  results  in  a  relatively  high 

absorption  concrete  but  with  a  corresponding  high  insulating  quality.  The  irregular  and 

vesicular  structure  of  the  particles  also  makes  for  harshness  and  often  requires  a  higher 
paste  and  mortar  factor  for  workability. 

The  compressive  strength  of  concrete  made  with  most  artificial  light-weight  aggre- 
gates is  somewhat  lower  than  that  of  concrete  with  ordinary  natural  aggregates  for  the 

same  water  ratios  and  curing  conditions. 

Concrete  made  with  certain  light-weight  aggregates  has  considerable  insulating  value 
and  the  advantage  that  nails  driven  into  it  have  considerable  holding  powefl.  The 

strength  of  such  concrete  is,  however,  considerably  less  than  good  ordinary  concrete,  and 
is  usually  much  less  durable  under  exposure  to  weather. 

Most  of  the  light-weight  aggregates  identified  by  trade  names  are  made  by  patented 
processes.  New  ones  appear  at  intervals,  but  practically  all  include  a  heat  treatment  of 

argillaceous  materials  to  produce  a  vitreous  or  semi-vitreous,  cellular  and  vesicular  struc- 
ture in  the  aggregate  particles. 

*  "A  Light-weight  Aggregate  Produced  from  Slate  Waste"  by  E.  H.   Coleman  of  the  Building  Re- search Station,  Concrete  and  Constructional  Engineering,  January  1936. 
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Principles  Governing  the  Economics  of  the  Use  of  Light-Weight  Aggregates 
Instead  of  Ordinary  Aggregates 

The  physical  properties,  maintenance  and  durability  of  concrete  manufactured  from 

light-weight  aggregates  and  its  suitability  for  particular  uses  or  forms  of  construction 
may  vary  with  the  different  forms  of  such  light-weight  aggregates  and  should  be  carefully 
investigated  before  adopting  such  material  for  use.  For  those  materials  satisfying  the 
criterion  of  suitability,  the  economic  analysis  would  include: 

(1)  An  estimate  of  the  savings  or  excess  cost  of  materials,  including  forms  and 

shoring,  for  footings,  sub-structure  and  superstructure  due  to  reduction  in  dead 
load  arising  from  the  use  of  light-weight  aggregates. 

(2)  An  estimate  of  the  savings  or  excess  cost  in  the  use  of  the  materials,  including 

mixing,  placing,  handling,  curing  and  transporting  concrete,  and  excavating  and 

preparation  of  foundation  due  to  the  use  of  light-weight  aggregate. 

The  estimate  under  (1)  should  take  account  of  the  quantities  of  cement  required 

to  obtain  concrete  of  the  same  strength  with  the  aggregates  under  consideration,  or  of  the 

size  of  sections  required  by  allowable  unit  stresses  on  the  concrete. 

Cost  of  placement  is  affected  by  workability  and  the  estimate  should  be  made  on 

identical  workabilities  rather  than  attempt  to  adjust  the  relative  cost  of  placement  to 
accord  with  the  use  of  concretes  of  different  workability. 

The  unit  costs  of  materials  should  be  based  on  delivery  at  the  construction  site. 

The  pressure  of  fresh  concrete  against  forms  depends  upon  the  depth  of  placement 

within  a  relatively  short  period,  the  weight  per  unit  volume  of  the  concrete,  its  plas- 
ticity or  workability  at  the  time  of  placement  and  the  method  of  placement.  Where 

external  form  vibrators  are  employed,  the  forms  must  be  sufficiently  strong  to  with- 
stand the  effect  of  the  vibrators  regardless  of  difference  in  the  weight  per  cubic  foot 

of  the  concrete. 

Appendix  C 

Section  II— PRESENT-DAY  CEMENTS 

It  is  a  matter  of  common  knowledge  that  present-day  Portland  cements  produce 
higher  strengths  of  mortar  and  concrete  than  did  those  of  a  few  years  ago.  Users  of 

cement  demanded  higher  strength  and  producing  interests  have  met  these  demands. 

While  it  has  been  possible  to  increase  the  strength-giving  qualities  of  cements  at  the 
early  periods  without  the  necessity  for  adding  anything  new  or  different  to  the  raw  mix 
or  to  the  finished  product,  it  has  been  found  necessary  to  change  to  some  extent  the 

relative  proportions  of  the  raw  ingredients  used,  to  subject  the  mixture  to  longer  burn- 
ing in  the  kiln,  and  to  resort  to  finer  grinding  of  the  finished  product.  Cement  pro- 

ducers feel  that  cements,  in  most  respects  and  for  most  purposes,  are  better  today  than 

ever  before.  But  they  are  different  from  the  earlier  cements  and  it  seems  that  some 

of  the  differences  are  yet  to  be  reckoned  with  in  their  proper  usage.  Individual  opinions 
are  widely  at  variance  as  to  what  may  best  be  done  to  secure  the  best  results.  The 

interrelation  between  water-cement  ratio,  strength,  cement  factor,  and  durability  needs 
further  study  in  connection  with  the  higher  temperatures  through  heat  of  hydration  with 
the  faster  cements  and  the  constancy  of  volume  in  the  concrete  with  relation  to  the 

finer  ground  cements.  Promulgation  of  well-seasoned  consensus  of  opinion  from  delib- 

erative sources  as  to  what  adjustments   should   be   made   for  the  use   of  present-day 
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cements  is  needed.  Lacking  this,  your  Committee  feels  that  it  can  best  serve  in  the 

interest  of  progress  in  the  science  and  art  of  concrete  making  by  emphasizing  this  need 

and  by  recommending  that  the  Research  Division  of  the  Association  of  American  Rail- 
roads include  in  its  research  program  an  investigation  relative  to  needed  adjustments 

in  field  practices  to  use  present-day  cements  to  the  best  advantage. 

Appendix  D 

(5)     SPECIFICATIONS  FOR  FOUNDATIONS 

Jamison  Vawter,  Chairman,  Sub-Committee;  F.  E.  Bates,  H.  F.  Bober,  Hardy  Cross, 
G.  H.  Dayett,  G.  F.  Eberly,  O.  V.  Parsons,  G.  W.  Rear,  G.  R.  SmUey,  C.  A.  Whipple, 
W.  R.  Wilson,  J.  J.  Yates. 

SPECIFICATIONS  FOR  PILE  FOUNDATIONS 

1.  Scope 

These  specifications  cover  the  investigation,  design  and  construction  of  pile  foun- 
dations. 

2.  Purpose  and  Necessity 

Pile  foundations  may  be  used  when  the  bearing  power  of  the  soil  is  insufficient  to 
carry  the  superimposed  loads. 

Depending  upon  subsoil  conditions,  piles  consolidate  the  soil  and  transfer  the  load 

to  less  firm  sub-strata  by  skin  friction,  or  act  as  columns  to  carry  the  supported  load 
to  hard  sub-strata. 

3.  Design 

(a)  Loads 

The  pile  foundation  shall  be  designed  for  that  combination  of  the  following  forces 
which  produce  the  maximum  load. 

Primary 
1.  Dead 

2.  Live 

3.  Centrifugal  Force 
4.  Buoyancy 

Secondary 
5.  Wind  and  other  Lateral  Forces 

6.  Longitudinal  Forces 

(b)  Increased  Load  on  Piles 

When  the  pile  foundations  are  designed  for  both  primary  and  secondary  forces,  as 

defined  above,  the  allowable  load  on  the  piles  may  be  increased  by  25  percent,  but  the 
number  of  piles  shall  be  not  less  than  is  required  for  primary  forces  alone.  Forces  due 
to  earth  pressures  shall  be  included  as  primary  forces. 

(c)  Eccentricity  of  Loads 

The  maximum  pile  load  under  eccentric  loads  shall  not  exceed  the  allowable  load. 

(d)  Bending  in  Piles 

When  the  piles  are  not  supported  laterally  by  the  material  through  which  they  are 

driven,  or  when  driven  in  stream  beds  where  scour  occurs,  the  sections  of  the  piles  shall 

be  proportioned  for  the  combined  direct  load  and  bending  produced  by  the  specified  loads. 
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(e)     Uplift  on  Piles 

Where  piles  are  subjected  to  uplift  and  sufficient  bond  exists  between  the  pile  and 

the  superimposed  structure,  the  uplift  may  be  considered  in  the  design  of  the  pile  foun- 
dation to  the  extent  tests  show  it  will  exist  permanently. 

4.     Allowable  Load  on  Piles 

(a)  Test  borings  or  pits  shall  be  made  to  determine  the  character  of  the  material 
through  which  the  pile  is  to  be  driven.  Exploration  should  be  made  to  a  sufficient 

depth,  below  the  foot  of  the  piles,  to  adequately  determine  the  characteristics  of  the 

underlying  materials. 

(b)  For  the  purpose  of  determining  the  load  distributed  to  the  underlying  stratum, 

piles  and  groups  of  piles  shall  be  assumed  to  transfer  their  loads  to  the  supporting  ma- 
terials by  spreading  the  load  uniformly  at  an  angle  of  60  degrees  with  the  horizontal, 

starting  at  the  perimeter  of  the  piles  at  the  top  of  a  satisfactory  bearing  stratum  in  which 

they  are  embedded,  but  the  area  considered  as  supporting  the  load  shall  not  extend  beyond 
the  intersection  of  the  60  degree  planes  of  adjacent  piles  or  pile  groups.  The  underlying 

stratum  shall  be  able  to  support  the  load  thus  carried  to  it. 

(c)  The  allowable  load  per  pile  shall  be  determined  by  a  loading  test,  preferably 

of  a  group  of  piles.  The  loading  test  shall  be  made  in  accordance  with  the  provisions 
of  Section  5. 

(d)  The  allowable  pile  load  shall  be  not  more  than  one-half  of  the  load  which 

caused  a  settlement  of  the  test  piles  of  one-quarter  inch,  which  settlement  remained  con- 
stant for  48  hours,  but  the  load  on  the  materials  below  the  foot  of  the  pile,  determined 

as  per  Section  4b,  shall  not  exceed  the  allowable  load  on  that  material,  nor  exceed  the 
allowable  compressive  stress  in  the  pile  material. 

(e)  When  the  test  borings  show  conclusively  that  the  bottoms  of  the  piles  will 

bear  on  solid  rock,  the  allowable  bearing  pressure  of  the  pile  on  the  rock  shall  govern 
the  allowable  load. 

(f)  A  complete  record  of  the  penetration  of  the  test  piles,  the  type  of  hammer, 

number  of  blows  per  minute,  type,  size  and  elevation  of  foot  of  piles  shall  be  kept.  If  the 

test  piles  develop  sufficient  capacity,  the  remainder  of  the  piles  shall  be  the  same  pene- 
tration per  blow,  for  the  last  foot  of  penetration,  using  the  same  hammer  at  the  same 

speed. 

(g)'    In  interpreting  the  loading  test  results  due  consideration  should  be  given  to: 

(1)     The  difference  between  the  supporting  capacity  of  a  single  pile  and  a  group 

of  piles. 

(2) 

(3) 

(4) 

The  capacity  of  the  underlying  strata  to  support  the  load  of  the  pile  group. 

The  effect  of  driving  and  the  load  on  adjacent  structures. 

Possibility  of  scour  and  its  effect. 

5,     Loading  Test 

(a)  Piles  which  have  been  jetted  shall  be  finally  driven  to  the  required  penetra- 
tion and  the  records  as  per  Section  4f,  taken  before  the  test  is  made. 

(b)  Shattered,  broomed  or  otherwise  damaged  pile  heads,  shall  be  cut  back  to 
sound  material  before  the  test  is  made. 

(c)'  Test  loads  shall  be  applied  by  direct  weight  or  by  hydraulic  jack  pressure  that 
is  automatically  maintained  constant.  Except  in  the  case  of  rock  bearing,  not  less  than 

24  hours  shall  elapse  between  completion  of  driving  and  application  of  initial  test  load. 
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(d)  The  piles  to  be  tested  shall  be  loaded  to  at  least  twice  the  proposed  working 
load.  The  load  shall  be  applied  in  increments  of  not  over  10,000  pounds  and  at  least 

four  hours  shall  elapse  between  the  addition  of  successive  increments. 

(e)  Settlement  readings  accurate  to  1/32  inch,  shall  be  taken  and  recorded  imme- 
diately before  and  after  each  increment  of  load  is  added.  These  readings  shall  be  re- 

fererd  to  a  bench  mark  at  sufficient  distance  from  the  piles  to  be  not  affected  by  them. 

(f)  In  determining  the  settlement  of  the  piles,  proper  deductions  shall  be  made  for 
the  elastic  compression  of  the  piles  under  the  test  load. 

6.  Types  of  Piles 

(a)  Timber 

(b)  Concrete 

(1)     Pre-cast 
(2).    Cast  in  Place 

(c)  Steel 
(1)  H  Sections 

(2)  Pipe 

7.  Driving 

(a)  Piles  shall  be  driven  with  the  heaviest  hammer  that  in  the  judgment  of  the 

Engineer  that  can  be  used  to  secure  maximum  penetration  without  damage  to  the  pile. 

(b)  Timber  and  concrete  piles  shall  be  protected  with  an  approved  cushion  cap 
while  being  driven. 

(c)  Followers,  if  used,  shall  be  of  steel  or  iron  with  a  suitable  socket  to  protect 

the  head  of  the  pile.  Damaged  portions  of  the  pile  head  shall  be  removed,  and  the  head 
properly  prepared  before  the  follower  is  placed. 

(d)i  The  excavation  for  pile  foundations,  where  practicable,  shall  be  made  to  or 

below  the  elevation  of  the  cut-off  of  the  piles  before  the  piles  are  driven. 

(e)  Piles  may  be  jetted,  where  conditions  warrant,  but  they  should  be  driven  to 
the  final  penetration  as  determined  by  the  test  piles. 

(f)  Any  pile  so  injured  in  driving  or  handling  as  to  impair  its  structural  integrity 
as  a  pile  under  the  conditions  of  use  shall  be  replaced  by  a  new  pile,  or  the  injured  part 

replaced  by  splicing  or  other  remedial  measures  adopted — all  as  directed  by  the  Engineer. 
Unless  otherwise  called  for  on  the  plans,  piles  shall  be  driven  as  nearly  as  possible  in  a 

plumb  position.  Any  pile  so  out  of  line  or  plumb  as  to  impair  its  usefulness  shall  be 

pulled  and  redriven  or  an  additional  pile  driven,  as  required  by  the  Engineer. 

(g)  On  sloping  ground  or  under  difficult  conditions  of  driving  the  pile  shall  be 

started  in  a  hole,  or  guiding  templates  or  other  means  provided  if  necessary  to  insure 
driving  in  proper  location  and  line. 

8.  Spacing  of  Piles 

Piles  shall  be  spaced  so  as  to  distribute  their  loads  to  the  supporting  materials  ac- 
cording to  Section  4  (b).  The  minimum  center  to  center  spacing  shall  be  not  less  than 

ly^  times  the  butt  diameter  or  side,  or  2^  times  the  depth  of  steel  H  sections.  Where 
practical,  piles  should  be  so  spaced  as  to  equalize  their  loads.  No  cast  in  place  pile  shall 
be  filled  with  concrete  until  all  adjacent  piles  within  a  radius  of  4^  times  the  average 

pile  diameter,  or  not  less  than  5  feet,  have  been  driven  to  the  required  resistance. 



148  Masonry 

Appendix  E 

'  (7)  SPECIFICATIONS  FOR  PLACEMENT  OF  CONCRETE BY  PUMPING 

I.  L.  Pyle,  Chairman,  Sub-Committee;   G.  E.  Boyd,  W.  K.  Hatt,  J.  J.  Hurley,  A.  C. 
Irwin,  H.  H.  Temple,  L.  W.  Walter. 

Scope: 

(1)  These  specifications  cover  the  general  requirements  for  transporting  and  placing 
concrete  by  pumping,  whether  mechanically  or  by  the  use  of  compressed  air. 

Equipment 

(2)'  The  pump  and  all  appurtenances  shall  be  so  designed  and  arranged  that  the 
specified  concrete  can  be  transported  and  placed  in  the  forms  without  segregation. 

(3)  If  piston  type  of  pump  is  used,  it  shall  be  capable  of  developing  a  working 
pressure  of  300  pounds  per  square  inch  and  the  pipe  line  and  fittings  shall  be  designed  to 
withstand  twice  this  pressure. 

(4)  If  pump,  or  machine,  is  of  the  type  that  delivery  of  concrete  through  the  pipe 

is  effected  directly  by  air,  there  shall  be  available  a  working  pressure  of  120  pounds  of 

air  per  square  inch.  A  constant  air  pressure  shall  be  maintained,  and,  in  some  instances, 

a  reservoir  must  be  installed  in  the  air  line  so  as  to  secure  a  continuous  flow.  A  regu- 
lating valve  shall  be  installed  in  the  air  line  so  as  to  control  the  pressure  for  variations 

in  distance  and  height  of  placement. 

Operation 

(5)  Where  concrete  is  conveyed  and  placed  by  mechanically  applied  pressure  (pis- 
ton type  of  pump),  the  operation  of  the  pump  shall  be  such  that  a  continuous  stream 

of  concrete  without  air  pockets  is  produced. 

(6)  Where  it  is  necessary  to  lay  the  pipe  on  a  down  grade,  a  reducer  shall  be 

placed  at  the  discharge  end  of  the  pipe  so  as  to  provide  a  choke  and  thus  keep  a  con- 
tinuous flow  of  concrete. 

(7)  When  the  type  of  pump  discharges  the  concrete  in  small  batches,  or  by  "belch- 

ing," a  baffle  box  shall  be  provided  into  which  the  concrete  will  be  discharged.  This 
box  should  preferably  be  of  metal,  about  two  feet  square,  with  open  sides  so  as  to  per- 

mit the  concrete  to  flow  into  the  forms  at  right  angles  to  line  of  discharge. 

(8)'  The  pipe  shall  be  not  less  than  6  inches  nor  more  than  8  inches  o.  d.  and  the 
line  shall  be  laid  with  as  few  bends  as  possible.  When  changes  in  direction  are  neces- 

sary they  should  be  made  with  bends  of  45  degrees  or  less.  If  90  degree  bends  are 

permitted  they  must  be  long-radius  bends. 

(9)  The  maximum  distance  of  delivery  of  concrete  by  pumping  shall  be  1,000  feet 

horizontally  and  100  feet  vertically,  unless  otherwise  specifically  permitted  by  the  Engi- 

neer. (A  90-degree  bend  is  figured  as  equivalent  to  40  feet  of  horizontal  piping,  a  45- 
degree  bend  is  equivalent  to  20  feet  and  a  22J/^-degree  bend  is  equivalent  to  10  feet.) 

(10)  When  pumping  is  completed,  the  concrete  remaining  in  the  pipe  line,  if  it  is  to 
be  used,  shall  be  ejected  in  such  a  manner  that  there  will  be  no  contamination  of  the 

concrete  or  separation  of  the  ingredients.  The  pipe  line  and  equipment  must  then  be 

thoroughly  cleaned.  The  pipe  line  can  be  cleaned  by  either  water  or  air.  If  water  is 

used,  a  pump  shall  be  provided  with  a  capacity  of  at  least  80  gallons  per  minute  and 

capable  of  developing  a  pressure  of  400  pounds  per  square  inch.     Cleaning  of  the  pipe 
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can  also  be  accomplished  by  the  use  of  a  "go-devil"  which  is  propelled  through  the  line 

by  water  or  air  pressure,  (The  "go-devil"  is  a  dumb-bell  shaped  piece  with  a  cup  rubber 
on  each  end.  The  cups  are  turned  towards  the  Uquid,  or  air,  and  the  seal  is  the  same 

as  in  a  simple  plunger  pump.)  If  water  is  used,  it  must  be  discharged  outside  of  the 
forms. 

Mixing  and  Proportions 

(11)  The  proportions  of  the  ingredients  and  the  mixing  of  the  concrete  shall  be  in 
accordance  with  the  AREA  Sj)€cifications  for  Portland  Cement  Concrete,  Plain  and 

Reinforced,  and  no  deviation  in  the  water  ratio  or  material  characteristics  will  be  per- 
mitted. (Best  results  will  be  obtained  by  using  coarse  aggregate  not  exceeding  2J/2  inches 

and  concrete  with  a  slump  of  not  less  than  2  inches  nor  more  than  6  inches) 

Duplicate  Equipment 

(12)'  On  important  work  duplicate  pumping  equipment  and  additional  pipe  shall 
be  provided  so  as  to  prevent  delay  due  to  breakdown  of  equipment. 

This  report  is  submitted  as  information  and  to  replace  that  presented  last  year.  It 
is  recommended  that  the  subject  be  continued. 

Appendix  F 

(8)     SPECIFICATIONS  FOR   CONCRETE   CULVERT  PIPE 

Theo.  Doll,  Chairman,  Sub-Committee;  A.  N.  Laird,  J.  A.  Lahmer,  W.  M.  Ray,  J.  L. 
Rippey,  F.  B.  Robins,  Geo.  E.  Robinson,  Jamison  Vawter,  H.  A.  Wistrich. 

In  March,  1937,  the  Association  endorsed  the  recently  revised  ASTM  Specifications 

C-76-3ST  for  Reinforced  Concrete  Culvert  Pipe.  These  have  since  been  made  ASTM 

C-76-37  and  it  is  now  recommended  their  adoption  for  inclusion  in  the  Manual. 

These  specifications  contain  design  tables  which  give  the  minimum  amount  of  rein- 
forcement and  minimum  shell  thickness  permitted,  together  with  the  minimum  test  loads 

allowed,  for  each  size  of  pipe.  The  data  in  these  design  tables  are  entirely  empirical,  be- 
ing based  on  numerous  actual  tests  of  pipe,  and  the  specifications  are  intended  to  be 

used  only  when  the  pipe  is  manufactured  and  tested  as  required  by  the  specifications. 

While  the  Committee  feels  that  the  use  of  concrete  culvert  pipe  that  is  not  manu- 
factured and  tested  in  accordance  with  ASTM  Specifications  C-76  should  be  avoided, 

it  recognizes  the  fact  that  conditions  sometimes  dictate  the  use  of  a  small  amount  of  pipe 

that  is  made  locally  and  cannot  be  tested  without  undue  expense.  Under  such  circum- 
stances, the  Committee  feels  that  the  Engineer  is  entitled  to  be  provided  with  some 

method  of  determining  whether  the  pipe  in  question  wDl  safely  carry  the  proposed  loads. 

The  Committee  is  able  to  report  that  such  pipe  will  be  suitable  to  carry  the  assumed 

^      loads  if  it  meets  the  following  requirements: 

^U  (1)     The  bending  moments  and  thrusts  shall  be  determined  by  the  theor>'  of  elas- 
^^■1  ticity.    The  coefficients  and  formulas  given  in  the  accompanying  table  may  be 
^^V  used,  if  applicable.     The  dead  load  of  the  pipe  should  be  included. 

^B  (2)     The  shell  thickness  shall  be  not  less  than  that  required  by  ASTM  Specifica- 

^M  tions  C-76. 

^^^  (3)     The  stresses  in  the  concrete  and  in  the  steel  reinforcement  shall  be  computed  by 
^^m  means  of  the  standard  formulas  for  rectangular  beams. 
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(4)  The  stresses  computed  as  described  in  (1)  and  (3)  shall  not  exceed  the  values 

permitted  by  the  AREA  Specifications  for  Portland  Cement  Concrete,  Plain  and 
Reinforced. 

(5)'  The  requirements  of  the  following  sections  of  ASTM  Specifications  C76-37 
shall  be  met:  Sections  4,  5,  6,  7,  8,  Q,  12,  13,  14,  IS,  16,  29,  30,  33,  and  34. 

In  addition,  the  concrete  shall  meet  the  requirements  of  the  AREA  Specifica- 
tions for  Portland  Cement  Concrete,  Plain  and  Reinforced,  and  concrete  pipe 

shall  not  be  installed  until  test  specimens  indicate  that  the  concrete  has  attained 

the  required  strength. 

•  The  Committee  feels  that  it  should  be  emphasized  that  concrete  pipe  ought  to  be 
manufactured  under  rigid  inspection,  and  that  the  foregoing  recommendations  are  not 

intended  to  be  applied  to  pipe  that  is  manufactured  and  tested  by  a  reputable  manufac- 

turer in  accordance  with  ASTM  Specifications  C-76,  but  only  to  pipe  that  is  manufac- 
tured locally,  in  a  small  plant,  and  not  tested. 

I 
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IBonalti  benjamin  ̂ uaf) 
IBiet  jFefaruarp  15.  1937 

Mr.  Rush  was  born  in  1886  and  spent  his  early  life  in  Terre  Haute,  Indiana.  He 

graduated  in  1910  from  Rose  Polytechnic  Institute,  where  in  1921  he  also  received  the 

degree  of  Master  of  Science. 

During  his  vacations  and  before  entering  college  he  had  engineering  work,  mainly 
with  the  Southern  Indiana  Railroad,  now  a  branch  of  the  Milwaukee  Road.  After 

graduation  he  had  a  varied  experience,  including  some  structural  design,  about  three 

years  in  the  bridge  department  of  the  Chicago  &  Alton  Railroad,  work  with  the  Chicago 
Electrification  Commission,  three  years  with  John  F.  Wallace,  the  first  President  of  this 
Association. 

In  1918,  Mr.  Rush  entered  the  service  of  Robert  W.  Hunt  &  Company  and  in  1923 
was  made  Manager  of  their  Cement  and  Concrete  Department,  handling  also  for  them 

many  varied  structural  and  foundation  problems.  He  gained  for  himself  a  recognized 

place  among  the  engineers  of  Chicago  and  the  Middle  West.  In  January,  1936,  he 
started  his  own  testing  and  consulting  organization,  which,  in  spite  of  the  short  time, 
was  left  in  a  sound  condition  and  is  now  successfully  functioning  under  his  name. 

Mr.  Rush  joined  this  Association  in  1926  and  from  that  time  was  a  valued  member 

of  the  Masonry  Committee.  His  connections  and  his  experience  gave  him  opportunity 

to  be  particularly  helpful.  At  the  time  of  his  death  he  was  Chairman  of  the  Sub- 
Committee  on  Foundations. 

He  was  shrewd  and  resourceful,  outspoken  and  generous,  with  that  balance  which 

brings  a  sense  of  humor.  His  associates  respected  and  trusted  him  and  for  his  friends, 

contact  was  a  stimulating  and  delightful  privilege. 

i$l.  Jf .  Clement? 

It  is  with  a  deep  sense  of  sorrow  that  the  Committee  records  the  passing  of  M.  F. 
Clements,  for  a  number  of  years  a  valued  member  of  the  Masonry  Committee.  Mr. 
Clements  died  at  St.  Paul,  Minn.,  on  June  8,  1937,  after  an  illness  of  almost  a  year. 
His  service  with  the  Northern  Pacific  Railway,  of  which  he  had  been  Bridge  Engineer 

since  1917,  extended  over  a  period  of  30  years,  prior  to  which  he  had  a  number  of 

years  of  experience  in  bridge,  railway  and  government  work.  Mr.  Clements  developed 

the  sand-island  method  of  sinking  foundations  in  deep  water,  which  was  used  success- 
fully on  the  Suisun  Bay  Bridge  near  San  Francisco,  Cal.,  and  on  the  bridge  across  the 

Mississippi  river  at  New  Orleans,  La.  His  loss  will  be  felt  deeply  by  both  the  Com- 
mittee and  the  Association. 



REPORT  OF  COMMITTEE  XV— IRON  AND 
STEEL  STRUCTURES 

R.  A.  Van  Ness,  Chairman; F.  A.  Howard, 
J.  B.  Hunley,  Vice- 

James  Aston, Jonathan  Jones, chairman  ; 

F.  E.  Bates, A.  R.  Ketterson, I.  L.  Simmons, 
J.  E.  Bernhardt, W.  S.  Lacher, C.  E.  Sloan, 

A.  J.  BUHXER, P.  G.  Lang,  Jr. S.  M.  Smith, 
A.  W.  Carpenter, B.  R.  Leffler, G.  L.  Stale Y, 
C.  H.  Chapin, H.   S.   LOEFFLER H.  C,  Tammen, 
0.  F.  Dalstrom, C.  H.  Mercer, G.  H.  Tinker, 
R.  P.  Davis, 0.  K.  Peck, G.  H.  Trout, 
Herbert  Ensz, F.  J.  Pitcher, F.  E.  Turneaure, 
W.  G.  Grove, Albert  Reichmann, F.  P.  Turner, 
G.  A.  Hagoander, 0.  E.  Selby, H.  T.  Welty, 
Shortridge  Hardesty, T.  C.  Shedd, C.  C.  Westfall, 
C.  S.  Heritage, C.  S.  Sheldon, .   A.  R.  Wilson, 

Otis  E.  Hovey, W.  M.  Wilson, 
Committee 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subjects: 

1.  Revision  of  Manual.     (Appendix  A). 

2.  Specifications  for  fusion  welding  and  gas  cutting  for  steel  structures,  collaborat- 

ing with  ASTM  Committee  A-1  on  Steel.  (Appendix  B).  Partially  complete  with  rec- 
ommended conclusion  for  publication  in  the  Manual. 

3.  Design  of  rivet  heads  for  steel  structures.  (Appendix  C).  Complete,  with  rec- 
ommended conclusions  for  publication  in  the  Manual. 

4.  Stresses  in  wire  ropes  bent  over  sheaves.    No  report. 

5.  Different  grades  of  bronzes  to  be  used  for  various  purposes  in  connection  with 

iron  and  steel  structures.    Progress  in  study — no  report. 

6.  Design  of  expansion  joints  involving  iron  and  steel  structures.  Progress  in 

study — no  report. 

7.  Design  of  tension  members  and  connections  in  which  rivets  develop  tension. 

Progress  in  study — no  report. 

8.  Effect  of  proposed  increase  in  vehicular  weights  on  highway  bridges.     No  report. 

9.  Review  specifications  for  overhead  highway  bridges  of  Association  of  State  High- 
way Officials  in  so  far  as  they  relate  to  steel  construction,  conferring  with  that  association. 

(Appendix  D).    Partially  complete  and  presented  as  information. 

10.  Progress  in  design  of  steel  bridge  details.    Progress  in  study — no  report. 

11.  Outline  of  work  for  ensuing  year.  Recommendations  submitted  to  General 
Committee,  Outline  of  Work. 

The  Committjee  on  Iron  and  Steel  Structures, 

R.  A.  Van  Ness,  Chairman. 

Bulletin  399,  November,  1937. 

1S3 
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Appendix  A 
(1)     REVISION  OF  MANUAL 

O.  E.  Selby,  Chairman,  Sub-Committee;  J.  E.  Bernhardt,  C.  H.  Chapin,  O.  F.  Daktrom, 
C.  S.  Heritage,  I.  L.  Simmons,  C.  E.  Sloan,  G.  H.  Trout,  A.  R.  Wilson. 

The  following  revisions  in  the  Specifications  for  Steel  Railway  Bridges  are 
recommended: 

Article  1.  In  the  second  sentence  substitute  "his  authorized  representatives"  for 
"his  subordinates  in  authority". 

Article  206.    Substitute  for  (a) 

"(a)  The  lurching  effect: 
The  lurching  effect  is  due  to  the  rolling  of  the  live  load  from  side  to  side.  It  shall 

be  taken  as  increasing  the  static  live  load  on  one  rail  by  20  percent,  with  an  equal 

decrease  on  the  other  rail.    These  loads  shall  be  distributed  to  the  supporting  members." 

Article  206.  Omit  the  last  sentence  reading:  "The  impact  shall  not  exceed  100 
percent  of  the  static  live  load." 

Article  208.    Substitute  the  following  for  the  present  article: 

Centrifugal  Force 

208.    On  curves,  the  centrifugal  force  in  percentage  of  the  live  load  is  0.00117  S^D 
5  =  speed  in  miles  per  hour, 
D  =  degree  of  curve. 

It  shall  be  assumed  to  act  6  feet  above  the  rail  and  shall  be  taken  without  impact. 

The  table  below  gives  the  permissible  speeds  and  the  corresponding  centrifugal  force 

percentages  for  curves  with  the  amounts  of  superelevation  shown.  It  is  based  on  a 

maximum  speed  of  100  miles  per  hour  and  a  maximum  superelevation  of  7  inches, 

resulting  in  a  maximum  centrifugal  force  of  17.S  percent. 

D E 5 c D E S C 

0°-10'    
100 

100 
100 
100 
100 
100 
100 

100 

93 87 

82 

1.95 

3.90 5.85 

7.80 
9.75 11.7 

14.6 
17.5 
17.5 

17.5 
17.5 

2°-30'    

77 

71 
65 

61 
55 
50 
43 
39 

32 

27 

17.5 

0°-20'    
3°-00'    17.5 

c-ao'    
0''-40'    

   0.33 
   1.44 

3°-30'    . 
4°    

17.5 

17.5 
0°-50'       2.S6 

   3.67 

5°    
17.5 

lO-OC    
6°    17.5 

1°_1S'       5.33 
8°    17.5 

l'»-30'    10°    17.5 

V-AS'      15°    17.5 

2<'-00'    20°    
17.5 

2°-lS'    

D  =  degree  of  curve 
E  =  superelevation  in  inches 
S  ̂   permissible  speed  in  miles  per  hour 
C  =  centrifugal  force  in  percentage  of  the 

live  load 

C  =  0.00117  S'D  =  1.755  (£  +  3) 

^  =  T 

S'D 
1000 

•3=- 

5.265 
1.755 

1500 
u-     J)     (£+3) 

If  the  conditions  at  the  site  restrict  the  permissible  speeds  to  less  than  those  shown 

in  the  table,  the  centrifugal  force  percentage  shall  be  taken  for  the  greatest  speed  expected. 

Article  209.    Substitute  the  following  for  the  present  article: 

The  wind  force  shall  be  considered  as  a  moving  load  acting  in  any  horizontal  direc- 
tion. On  the  train  it  shall  be  taken  at  300  pounds  a  hnear  foot  on  one  track,  applied 

8  feet  above  the  top  of  rail.  On  the  bridge  it  shall  be  taken  at  30  pounds  a  square 
foot  as  follows: 
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(a)  For  girder  spans,  one  and  one-half  times  the  vertical  projection  of  the  span. 
(b)  For  truss  spans,  the  vertical  projection  of  the  span  plus  any  portion  of  the 

leeward  trusses  not  shielded  by  the  floor  system. 

(c)  For  viaduct  towers  and  bents,  the  vertical  projections  of  the  columns  and 
tower  bracing. 

The  wind  force  on  girder  spans  and  truss  spans,  however,  shall  not  be  taken  at 
less  than  200  pounds  a  linear  foot  for  the  loaded  chord  or  flange,  and  ISO  pounds  a 
linear  foot  for  the  unloaded  chord  or  flange. 

Article  210.    Substitute  the  following  for  the  present  article: 

If  a  wind  force  on  the  unloaded  bridge  of  50  pounds  a  square  foot  of  surface  as 

defined  in  Article  209,  combined  with  the  dead  load,  produces  greater  stresses  than  those 
produced  by  the  wind  forces  specified  in  Article  209  combined  with  the  stresses  from 

dead  load,  live  load,  impact,  and  centrifugal  force,  the  members  wherein  such  greater 
stresses  occur  shall  be  designed  therefor. 

Article  215.     Substitute  the  following  for  the  present  article: 

Members  subject  to  reversal  of  stress  (whether  axial,  bending,  or  shearing)  during 
the  passage  of  the  live  load  shall  be  proportioned  as  follows: 

Determine  the  maximum  stress  of  one  sign  and  the  maximum  stress  of  the  opposite 
sign  and  increase  each  by  SO  percent  of  the  smaller.  Proportion  the  member  so  that  it 

will  be  capable  of  resisting  either  stress  so  increased.  The  connections  shall  be  pro- 
portioned for  the  sum  of  the  maximum  stresses. 

Article  301.     Make  the  following  changes: 

Change  "Bearing  on  rocker  pins"  to  read  "Bearing  between  rockers  and  rocker  pins". 
Insert  above  "Stress  in  extreme  fibers  of  pins"  "Diagonal  tension  in  webs  of 

girders  and  rolled  beams  at  sections  where  maximum  shear  and  bending  occur 

simultaneously      18000". 

Article  405.    Substitute  the  following  for  the  present  article: 
Compression  members  shall  be  so  designed  that  the  main  elements  of  the  section 

will  be  connected  directly  to  the  gusset  plates,  pins,  or  other  members. 
Built  up  sections  shall  be  so  arranged  that  the  center  of  gravity  will  coincide  as 

nearly  as  practicable  with  the  center  line  of  the  section.  Preferably  the  segments  shall 
be  connected  by  solid  webs. 

In  members  consisting  of  segments  connected  by  cover  plates  or  lacing,  or  segments 
connected  by  webs,  and  which  members  receive  their  full  allowable  unit  stress,  the 

thickness  of  the  webs  of  the  segments  shall  be  not  less  than  1/32  of  the  unsupported 
distance  between  the  nearest  lines  of  their  connecting  rivets  or  the  roots  of  their  rolled 

flanges.  The  thickness  of  the  cover  plates  or  of  the  webs  connecting  the  segments  shall 
be  not  less  than  1/40  of  the  unsupported  distance  between  the  nearest  lines  of  their 
connecting  rivets  or  the  roots  of  their  rolled  flanges.  For  such  members  in  which  the 

stress  is  less  than  that  allowable,  the  denominators  32  and  40  may  be  multiplied  by  the 

factor  V/>//. 

p  =  the  allowable  unit  stress. 
/  =  the  unit  stress  in  the  member. 

Article  409.    Add  a  footnote  at  end  of  article  as  follows: 

Note. — A  history  and  elucidation  of  the  foregoing  method  of  obtaining  net  sections 
was  published  in  a  paper  by  C.  H.  Chapin  in  the  Proceedings,  Vol.  36,  193S,  page  775. 

Article  426.    Substitute  the  following  for  the  present  article: 

Plate  girders,  I-beams,  and  other  members  subject  to  bending  that  produce  tension 
on  one  face,  shall  be  proportioned  by  the  moment-of-inertia  method.  The  neutral  axis 
shall  be  taken  along  the  center  of  gravity  of  the  gross  section.    The  tensile  stress  shall 
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be  computed  from  the  moment  of  inertia  of  the  entire  net  section  and  the  compressive 

stress  from  the  moment  of  inertia  of  the  entire  gross  section. 

Article  427.    Substitute  the  following  for  the  first  paragraph  of  the  present  article: 

In  order  to  offset  the  effects  of  corrosion  and  the  possible  crookedness  of  the  com- 
pression flange  of  a  plate  girder  or  a  rolled  beam,  the  gross  section  of  the  compression 

flange  shall  not  be  less  than  the  gross  section  of  the  tension  flange. 

Article  431.    Substitute  the  following  for  the  present  article: 

The  thickness  of  the  webs  of  plate  girders  shall  be  not  less  than  1/170  of  the  clear 

distance  between  the  flanges,  except  that  if  the  extreme  fiber  stress  in  the  compression 

flange  is  less  than  that  allowable,  the  denominator  170  may  be  multiplied  by  the  factor 

yJJJ. 
p  =  the  allowable  extreme  fiber  stress. 
/  =  the  extreme  fiber  stress  in  the  compression  flange. 

Article  435.    Slubstitute  the  following  for  the  present  article: 

There  shall  be  bottom  lateral  bracing  in  all  spans  except  deck  spans  less  than  SO  feet 

long.  There  shall  be  top  lateral  bracing  in  all  deck  spans  and  in  through  spans  that 
have  enough  head  room. 

If  the  construction  of  the  floor  is  such  as  to  afford  the  specified  lateral  resistance, 

the  floor  shall  be  taken  as  the  lateral  bracing  required  in  its  plane. 
Article  443.    Revise  the  first  sentence  to  read: 

In  spans  more  than  70  feet  long,  there  shall  be  hinged  bearings  at  both  ends  and 

rollers  or  rockers  at  the  expansion  end. 

Article  445.    Omit  the  last  paragraph  reading: 

In  spans  more  than  70  feet  long  there  shall  be  hinged  bearings  at  both  ends. 
Article  446.    Revise  the  article  to  read  as  follows: 

For  spans  on  an  inclined  grade  and  without  hinged  bearings,  the  masonry  plates 

or  the  sole  plates  shall  be  beveled  so  that  the  masonry  surfaces  may  be  made  level. 
Article  513.    Revise  the  first  sentence  to  read  as  follows: 

Riveted  trusses,  chords  of  pin-connected  trusses,  and  skew  portals  shall  be 
assembled   

Article  520.     Change  15  percent  to  10  percent. 
Article  523a.    Substitute  the  following  for  the  present  article: 

Carbon  steel  may  be  flame-cut,  provided  a  smooth  surface  is  secured  by  the  use 
of  a  mechanical  guide.  Flame  cutting  by  hand  shall  be  done  only  where  approved  by 

the  Engineer  and  the  surface  shall  be  made  smooth  by  planing,  chipping  or  grinding. 

The  cutting  flame  shall  be  so  adjusted  and  manipulated  as  to  avoid  overheating  the 

metal  or  cutting  beyond  the  prescribed  lines.     Re-entrant  cuts  shall  be  filleted. 
Articles  531,  532,  533  and  Section  6.    Revise  these  articles  and  Section  6  as  follows: 
Transfer  Articles  531,  532,  and  the  last  two  paragraphs  of  Article  533  to  Section  6, 

and  change  title  of  Section  6  to  "Eye-Bars". 
531  becomes 601. Formation 

532  becomes 602. Accuracy  of  Boring 

Last  two  paragraphs of  533 become 
603. Annealing 

601  becomes 604. 

602  becomes 
60S. 

603  becomes 
606. 

604  becomes 607. 

60S  becomes 608. 

606  becomes 609. 
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The  numbers  531  and  532  and  the  sub-title  "Eye-Bars"  disappear. 
Article  539.    Omit. 

Article  541.     Substitute  the  following  for  the  present  article: 

Omit  the  word  "hot"  before  "straightened"  in  second  hne.  The  article  will  then 
read  as  follows: 

"The  top  and  bottom  surfaces  of  base  and  cap  plates  of  columns  and  pedestals  shall 
be  planed  or  straightened  and  the  parts  of  members  in  contact  with  them  faced  to  fit. 

Connection  angles  for  base  plates  and  cap  plates  shall  be  riveted  to  compression  members 

before  the  members  are  faced." 

Article  544.  Omit  the  sentence  "They  shall  not  be  painted"  and  substitute  the 
following: 

If  shop  assembled,  contact  surfaces  shall  not  be  painted;  if  field  assembled,  there 

shall  be  apphed  one  coat  of  lacquer  or  other  protective  coating  suitable  for  the  expected 
period  of  exposure  before  erection. 

Article  823.     Substitute  the  following  for  the  present  article: 

The  finished  material  shall  be  free  from  injurious  defects  and  shall  have  a  work- 
manlike finish. 

Surface  imperfections  that  do  not  affect  the  fuU  utility  of  the  pieces  shall  not  be 

considered  as  injurious  defects  in  structural  shapes  ̂   inch  or  more  in  thickness.  Such 
pieces  may  be  processed  by  the  following  methods  in  order  to  give  them  a  workmanlike 
finish : 

(1)  If  the  surface  imperfections  are  less  than  tW  inch  in  depth,  they  may  be 

removed  by  grinding. 

(2)  If  the  surface  imperfections  are  -^  inch  or  more  in  depth,  the  pieces  may 
be  subjected  to  chipping  and  welding  under  limiting  conditions  as  follows: 

The  cross-sectional  area  of  any  piece  shall  not  be  reduced  more  than  1.5 
percent  at  any  point,  nor  shall  the  total  area  of  the  chipped  surface  of  any  piece 
exceed  2  percent  of  the  total  surface  area  of  that  piece. 

After  any  imperfection  has  been  completely  removed,  the  maximum  depth 

of  depression  shall  not  exceed  the  following: 

Depth  of  Depression, 
Thickness  of  Material,  Inches  Maximum,  Inches 

J^  up  to     1/2     tW 
^  up  to  1     % 
1  up  to  1J4     T% 

1J4  up  to  2J4     'A 
2^  up  to  3H     H 

An  experienced  mill  inspector  shall  inspect  the  work  after  the  chipping 

operation  to  see  that  the  defects  have  been  completely  removed  and  that  the 

limitations  specified  above  have  not  been  exceeded.  The  inspector  representing 
the  purchaser  shall  be  given  full  opportunity  to  make  this  same  inspection.  All 

welding  shall  be  done  by  qualified  welders  using  suitable  coated  welding  rods. 
The  welds  shall  be  sound,  the  weld  metal  being  thoroughly  fused  on  all  surfaces 
and  edges  without  undercutting  or  overlap.  Weld  metal  shall  project  at  least 

I'g^  inch  above  the  rolled  surface  after  welding,  and  the  projecting  metal  shall 
be  removed  by  chipping  and  grinding  to  make  it  flush  with  the  rolled  surface 
and  produce  a  workmanlike  finish.  Chisel  marks  shall  be  removed,  leaving  a 
smooth  surface. 

Article  913.  Add  to  the  first  paragraph  "or  they  may  conform  to  the  dimensions 
shown  in  Figure  1505,  Article  817". 
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Section  10,  Nickel  Steel.    Substitute  for  Section  10,  Nickel  Steel,  new  Section  10, 
Nickel  Steel,  as  follows: 

X— STRUCTURAL  NICKEL  STEEL 

The  chemical  and  physical  requirements  for  Structural  Nickel  Steel  in  these  Specifications  are 
identical  with,  and  the  other  requirements  are  similar  to,  those  of  the  Specifications  of  the  American 
Society  for  Testing  Materials,  Serial  A8-36T. 

1001.  Process 

Structural  nickel  steel  shall  be  made  by  either  or  both  of  the  following  processes: 

open-hearth  or  electric-furnace. 

1002.  Discard 

A  discard  shall  be  made  from  each  ingot  sufficient  to  secure  freedom  from  injurious 

piping  and  undue  segregation. 

1003.  Chemical  Composition 

The  steel  shall  conform  to  the  following  requirements  as  to  chemical  composition: 

Ladle  Check 
Analysis  Analysis 

Carbon,   maximum,  percent               0.43  0.45 
Manganese,  maximum,  percent               0.80  0.85 
Phosphorus,  maximum,  percent              0.04  0.05 
Sulfur,  maximum,  percent               0.05  0.063 
Nickel,    percent        3.00  to  4.00  3.00  to  4.00 
Copper,  when  copper  steel  is  specified,  minimum,  percent  . .          0.20  0.20 

1004.  Ladle  Analyses 

An  analysis  of  each  melt  of  steel  shall  be  made  by  the  manufacturer  to  determine 

the  percentages  of  carbon,  manganese,  phosphorus,  sulfur,  and  nickel;  also  copper,  when 
copper  steel  is  specified.  This  analysis  shall  be  made  from  a  test  ingot  taken  during  the 

pouring  of  the  melt.  The  chemical  composition  thus  determined  shall  be  reported  to  the 
Engineer,  and  if  it  does  not  conform  to  the  requirements  of  Article  1003,  the  melt  shall 

be  rejected. 

1005.  Check  Analyses 

Analyses  may  be  made  by  the  Engineer  from  finished  material  representing  each 

melt.  If  the  chemical  composition  thus  determined  does  not  conform  to  the  require- 
ments of  Article  1003,  the  melt  shall  be  rejected. 

1006.  Physical  Properties 

The  steel  shall  conform  to  the  following  requirements  as  to  physical  properties, 

except  as  specified  in  Articles  1007  and  1008: 

Tensile  strength,  pounds  per  square  inch       90,000  to  115,000 
Yield  point,  minimum,  pounds  per  square  inch     0.5  tensile  strength 

but  in  no  case  less  than    55,000 
Elongation  in  8  inches,  minimum,  percent    1,600,000 

tensile  strength 

Elongation  in  2  inches,  minimum,  percent    1,700,000 
tensile  strength 

Reduction  of  area,  minimum,  percent    30 

Tests  of  annealed  specimens  of  eye-bar  flats  shall  be  made  for  information  only. 
The  elongation  of  pins  and  rollers  shall  be  measured  in  2  inches. 
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1007.  Tests  of  Eye-Bars 

Full-size  tests  of  annealed  eye-bars  shall  conform  to  the  following  requirements  as 
to  physical  properties: 

Tensile  strength,  pounds  per  square  inch      85,000  to  100,000 
Yield  point,  minimum,  pounds  per  square  inch      48,000 
Elongation  in  18  feet,  minimum,  percent      10 
Reduction  of  area,  minimum,  percent      30 

1008.  Modification  in  Elongation 

For  plates,  shapes,  and  unannealed  bars  over  ̂   inch  in  thickness,  a  deduction  of 

0.25  percent  from  the  percentage  of  elongation  in  8  inches  specified  in  Article  1006,  shall 
be  made  for  each  ̂   inch  in  thickness  above  54  inch  to  a  minimum  elongation  of 

14  percent. 

1009.  Yield  Point 

The  yield  point  for  test  specimens  shall  be  determined  by  the  drop  of  the  beam  or 

the  halt  in  the  gage  of  the  testing  machine ;  for  full-size  eye-bars  by  the  halt  in  the  gage. 

1010.  Speed  of  Testing  Machine 

The  cross-head  speed  of  the  testing  machine,  for  specimen  tests,  shall  be  such  that 
the  beam  of  the  machine  can  be  kept  balanced,  but  in  no  case  shall  the  values  given  in 
the  following  table  be  exceeded: 

Maximum  Cross-head  Speed  (inches 
Gage  Length  of  per  minute)  in  determining: 
Specimen  Yield  Point        Tensile  Strength 

2  inches      O.S  2.0 
8  inches    2.0  6.0 

1011.  Character  of  Fracture 

The  appearance  at  the  surface  of  the  fracture  of  broken  tension  test  specimens  shall 

be  either  silky  or  finely  granular,  of  uniform  color,  and  free  from  coarse  crystals. 

1012.  Bend  Tests 

Test  specimens  shall  be  bent  cold  through  180  degrees  as  follows: 

(a)  For  material  54  inch  or  less  in  thickness,  around  a  pin  V/^  inches  in  diameter. 

(b)  For  material  more  than  54  inch  and  up  to  1%  inches  in  thickness,  around 

a  pin  2  inches  in  diameter. 

(c)  For  material  more  than  1%  inches  and  up  to  2  inches  in  thickness,  around 

a  pin  2^  inches  in  diameter. 

If  there  is  any  cracking  on  the  outside  of  the  bent  portion,  the  melt  shall  be  rejected. 

1013.  Drift  Tests 

Punched  rivet  holes  with  their  centers  two  diameters  from  a  planed  edge  shall  be 

enlarged  by  drifting  until  the  diameter  is  increased  SO  percent.  If  there  is  any  cracking 

of  the  metal,  the  melt  shall  be  rejected. 

1014.  Test  Specimens 

Specimens  shall  be  prepared  for  testing  from  the  material  in  its  rolled  condition. 

1015.  Test  specimens  shall  be  so  taken  that  the  longitudinal  axis  coincides  with  the 

direction  of  rolling  and,  except  as  specified  in  Article  1016,  shall  be  of  the  full  thickness 
or  diameter  of  the  material  as  rolled. 
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Test  specimens  for  plates,  shapes,  and  flats  may  be  machined  to  the  form  and 

dimensions  shown  in  Fig.  1504,  Article  816,  or  with  both  edges  parallel. 

1016.  Tension  test  specimens  for  eye-bar  flats  over  IJ/2  inches  in  thickness  may  be 
machined  to  a  thickness  or  diameter  of  not  less  than  54  inch  for  a  length  of  not  less 
than  9  inches,  or  they  may  conform  to  the  dimensions  shown  in  Fig.  ISOS,  Article  817. 

Bend  test  specimens  for  eye-bar  flats  over  V/i  inches  in  thickness,  may  be  machined 

to  j4-inch  square  section. 

1017.  The  machined  edges  of  rectangular  bend  test  specimens  may  have  the  corners 

rounded  to  a  radius  of  not  over  tt  inch.  * 

1018.  Number  of  Tests 

One  tension  and  one  bend  test  shall  be  made  from  each  melt,  except  that  if  the 

material  rolled  from  one  melt  varies  ̂   inch  or  more  in  thickness,  both  the  thickest  and 
the  thinnest  material  shall  be  so  tested. 

1019.  If  a  test  specimen  shows  defective  machining  or  develops  flaws,  it  may  be  dis- 
carded and  another  specimen  substituted. 

1020.  Retests 

A  retest  shall  be  allowed  if  the  percentage  of  elongation  of  any  specimen  is  less 

than  that  specified  in  Article  1006  and  if,  in  addition,  any  part  of  the  fracture  of  a 

2-inch  specimen  is  more  than  ̂ 4  inch  from  the  center  of  the  gage  length  or,  of  an  8-inch 
specimen  is  outside  the  middle  third  of  the  gage  length  as  indicated  by  scribe  marks  made 

on  the  specimen  before  testing. 

1021.  Finish 

The  finished  material  shall  be  free  from  injurious  defects.  The  finish  shall  be 
workmanlike. 

1022.  Permissible  Variations  in  Weight  and  Thickness 

The  permissible  variation  in  weight  of  structural  nickel  steel  plates  shall  be  the 

same  as  provided  in  Article  824  for  structural  steel  plates. 

1023.  Identification  Marks 

The  name  or  brand  of  the  manufacturer  and  the  melt  number  shall  be  stamped  or 

rolled  legibly  on  the  finished  material,  except  that  lacing  bars,  and  other  small  sections 

shall  be  made  into  bundles  and  the  bundles  marked  for  identification.  These  identifica- 

tion marks  shall  be  stamped  legibly  on  one  end  of  each  pin  and  roller.  The  melt  number 

shall  be  marked  legibly,  by  stamping  if  practicable,  on  each  test  specimen. 

1024.  Inspection 

The  Inspector  shall  be  allowed  free  access,  while  work  on  the  contract  of  the  Com- 
pany is  in  progress,  to  the  parts  of  the  works  used  in  the  manufacture  of  the  material 

ordered.  The  manufacturer  shall,  without  charge,  afford  the  Inspector  facilities  for 

making  the  inspection  and  furnish  the  test  specimens  required,  and  the  testing  machines, 
tools,  and  labor  necessary  to  make  the  tests. 

Inspections  and  tests  (except  check  analyses)  shall  be  made  at  the  place  of  manu- 
facture before  shipment,  unless  otherwise  specified,  and  shall  be  so  conducted  as  not 

to  interfere  unnecessarily  with  the  operation  of  the  works. 

1025.  Rejection 
Unless  otherwise  agreed,  any  rejection  based  on  check  analyses  shall  be  reported 

within  five  working  days  from  the  receipt  of  the  samples. 



  Iron    and    Steel    Structures   161^ 

Specimens  representing  material  rejected  as  the  result  of  check  analyses,  shall  be 

preserved  for  two  weeks  from  the  date  of  the  report.  In  case  of  dissatisfaction  with  the 
result,  the  manufacturer  shall  be  allowed  a  rehearing  within  that  time. 

Material  in  which  any  injurious  defect  is  found  after  its  acceptance  at  the  works 
will  be  rejected  and  the  manufacturer  so  notified. 

Article  1104.     Add  a  paragraph  as  follows: 

"A  record  of  annealing  charges  shall  be  furnished  the  Engineer,  showing  the  forgings 
in  each  charge,  the  melts  from  which  they  were  secured,  and  the  treatment  they 

received." 

Add  to  the  note  in  fine  print  under  the  title  of  Section  XI:  "and  the  second 

paragraph  of  Article  1104". 
Section  12,  Cast  Steel.  Substitute  for  Section  12,  Cast  Steel,  a  new  Section  12,  Steel 

Castings,  as  follows: 

XII— STEEL  CASTINGS 

The  chemical  and  physical  requirements  for  Steel  Castings  in  these  Specifications  are  identical  with, 
and  the  other  requirements  are  similar  to,  those  of  the  specifications  of  the  American  Society  for 
Testing  Materials,  Serial  A2  7-36T,  for  Grade  B-1. 

1201.  Process 

Steel  for  castings  shall  be  made  by  one  or  more  of  the  following  processes:  open- 
hearth,  electric-furnace,  converter,  or  crucible. 

1202.  Annealing 

Castings  shall  be  full  annealed.  The  procedure  for  full  annealing  shall  be  as  fol- 
lows: allow  the  castings  to  cool,  after  pouring,  to  a  temperature  below  the  critical 

range,  then  reheat  to  the  proper  temperature  above  the  critical  range  for  the  required 
time  as  a  preliminary  procedure  for  the  ultimate  refinement  of  the  grain,  and  cool  slowly 

in  the  furnace.  The  time  for  holding  or  "soaking"  at  the  maximum  reheat  temperature 
shall  in  general  be  not  less  than  one  hour  per  inch  of  thickness  of  the  heaviest  portion 

of  the  casting.  No  casting  shall  be  removed  from  the  annealing  furnace  until  the  pyro- 

meter indicates  that  the  entire  furnace  charge  has  fallen  to  a  temperature  of  500  de- 
grees F.  (260  degrees  C),  or  lower. 

1203.  Temperature  Control 

Furnace  temperatures  for  heat  treating  shall  be  controlled  effectively  by  pyrometers. 

1204.  Chemical  Composition 

Steel  for  castings  shall  conform  to  the  following  requirements  as  to  chemical 

composition : 

Manganese,  maximum,  percent       1.00 
Phosphorus,  maximum,  percent        O.OS 
Sulfur,  maximum,  percent       0.06 

1205.  Ladle  Analysis 

An  analysis  of  each  melt  of  steel  shall  be  made  by  the  manufacturer  to  determine 

the  percentages  of  carbon,  manganese,  silicon,  phosphorus,  and  sulfur.  This  analysis 
shall  be  made  from  drillings  taken  at  least  %  inch  beneath  the  surface  of  a  test  ingot 

made  during  the  pouring  of  the  melt.  The  chemical  composition  thus  determined  shall 

be  reported  to  the  Engineer  or  his  representative,  and  shall  conform  to  the  requirements 
specified  in  Article  1204. 
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1206.  Check  Analysis 

An  analysis  may  be  made  by  the  Engineer  from  a  broken  tension  test  specimen 

or  from  a  casting  representing  any  melt.  The  chemical  composition  thus  determined 
shall  conform  to  the  requirements  specified  in  Article  1204.  Drillings  for  analysis  shall 

be  taken  at  least  %  inch  beneath  the  surface,  and  in  such  manner  as  not  to  impair  the 

usefulness  of  any  casting  selected  for  such  check  analysis. 

1207.  Tension  Tests 

(a)  The  tensile  properties  shall  be  determined  from  the  required  number  of  speci- 

mens having  a  2-inch  gage  length,  conforming  to  the  dimensions  shown  in  Fig.  ISOS, 
Article  817. 

(b)  One  or  more  coupons  sufficient  in  size  and  number  to  provide  the  required 

test  specimens  shall  be  cast  attached  in  a  manner  approved  by  the  Engineer,  to  one 
or  more  castings  in  each  melt  used  for  the  manufacture  of  the  material.  If  the  direct 

attachment  of  test  coupons  for  their  entire  length  and  width  is  inadvisable,  they  may 
with  the  approval  of  the  Engineer  be  attached  by  means  of  runners. 

(c)  Steel  for  castings  shall  conform  to  the  following  minimum  requirements  as 

to  tensile  properties: 

Tensile  strength      66,000  pounds  per  square  inch 
Yield  point      33,000  pounds  per  square  inch 
Elongation  in  2  inches    22  percent 
Reduction  of  area     33  percent 

(d)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  or  the  halt  in 

the  gage  of  the  testing  machine,  or  by  an  extensometer,  at  a  cross-head  speed  not  ex- 
ceeding Ys  inch  per  minute.  The  tensile  strength  shall  be  determined  at  a  speed  not 

exceeding  V/i  inches  per  minute. 

1208.  Test  Specimens 

(a)  Test  coupons  shall  remain  attached  to  the  castings  during  annealing  and  until 

the  material  is  submitted  for  inspection.  Test  coupons  shall  be  furnished  by  the  manu- 
facturer without  extra  charge,  in  sufiicient  number  to  provide  specimens  for  all  required 

tests. 

(b)  Tension  test  specimens  shall  be  machined  by  the  manufacturer  and  shall  con- 
form to  the  dimensions  shown  in  Fig.  ISOS,  Article  817.  The  ends  shall  be  of  a  form 

to  fit  the  holders  of  the  testing  machine  in  such  a  way  that  the  load  wiU  be  axial. 

1209.  Number  of  Tests 

(a)  One  tension  test  shall  be  made  from  each  melt  in  each  annealing  charge. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws  it  may  be 

discarded,  in  which  case  another  specimen  from  the  same  melt  in  the  same  anneahng 
charge  shall  be  substituted. 

1210.  Retests 

(a)  If  the  results  of  the  physical  test  for  the  castings  of  any  melt  in  any  annealing 
charge  do  not  conform  to  the  requirements  specified,  the  manufacturer  may  reanneal 
such  lot  of  castings,  but  not  more  than  twice.  The  results  of  acceptable  retests  shall 

conform  to  the  requirements  of  Article  1207  (c) . 

(b)  If  the  percentage  of  elongation  of  any  tension  test  specimen  is  less  than  that 

specified  in  Article  1207  (c)  and  any  part  of  the  fracture  is  more  than  ̂ 4  inch  from 
the  center  of  the  gage  length,  as  indicated  by  scribe  marks  made  on  the  specimen 
before  testing,  a  retest  shall  be  allowed. 
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1211.  Workmanship 

The  castings  shall  be  made  in  a  workmanlike  manner  and  shall  conform  substan- 
tially to  the  dimensions  on  drawings  furnished  by  the  purchaser  before  manufacture 

is  started;  or  to  the  dimensions  predicated  by  the  pattern  supplied  by  the  purchaser, 
if  no  drawing  has  been  provided. 

1212.  Finish 

(a)  The  castings  shall  be  free  from  injurious  defects,  and  shall  be  satisfactorily 
cleaned  for  their  intended  use  when  offered  for  inspection. 

(b)  Minor  defects  that  will  not  ultimately  impair  the  strength  of  the  castings 

may,  with  the  approval  of  the  Engineer,  be  welded  by  an  approved  process.  The 
defects  shall  first  be  cleaned  out  to  solid  metal,  and  after  the  castings  are  welded  they 

shall  be  reannealed,  unless  this  requirement  be  waived  by  the  Engineer. 

1213.  Marking 

The  manufacturer's  name  or  identification  mark  and  the  pattern  number,  also 

the  Engineer's  identification  marks  when  specified,  shall  be  cast  on  all  castings  excepting 

those  of  such  small  *si2e  as  to  make  such  marking  impracticable.  In  addition,  the 
numbers  of  the  melts  used  for  pouring  the  castings  shall  be  stamped  on  all  castings 

weighing  300  pounds  or  more.  The  locations  and  sizes  of  cast  identification  marks 
shall  be  as  agreed  upon  between  the  manufacturer  and  the  Engineer. 

1214.  Inspection 

The  inspector  representing  the  Engineer  shall  have  free  entry  at  all  times  while 

work  on  the  contract  is  being  performed,  to  all  parts  of  the  manufacturer's  works  which 
concern  the  manufacture  of  the  material  ordered.  The  manufacturer  shall  afford  the 

inspector,  without  charge,  all  reasonable  facilities  to  satisfy  him  that  the  material  is 
being  furnished  in  accordance  with  these  specifications.  AU  tests  (except  check  analyses) 
and  inspection  shall  be  made  at  the  place  of  manufacture  prior  to  shipment,  unless 

otherwise  specified,  and  shall  be  so  conducted  as  not  to  interfere  unnecessarily  with 

the  operation  of  the  works. 

1215.  Rejection 

(a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accordance 

with  these  specifications  shall  be  reported  within  five  working  days  from  the  receipt 
of  samples. 

(b)  Material  which  shows  injurious  defects  following  original  inspection  and 

acceptance  at  the  manufacturer's  works  will  be  rejected.  The  manufacturer  shall  be 
notified  promptly  of  such  rejection. 

1216.  Rehearing 

Tested  samples  representing  rejected  material  shall  be  held  for  14  days  from  the 

date  of  the  test  report.  In  case  of  dissatisfaction  with  the  results  of  the  tests,  the 
manufacturer  may  make  claim  for  a  rehearing  within  that  time. 

Section  13,  Cast  Iron.  Substitute  for  Section  13,  Cast  Iron,  a  new  Section  13,  Cast 
Iron,  as  follows: 

XIII— CAST  IRON 

1301.     Cast  Iron  shall  conform  to  the  requirements  of  the  Specifications  of  the  American 

Society  for  Testing  Materials,  Serial  A48-36. 
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Section  14,  Malleable  Iron  Castings.    Add  a  new  Section  14,  Malleable  Iron  Castings, 
as  follows: 

XIV— MALLEABLE  IRON  CASTINGS 

1401.     Malleable   Iron   Castings  shall   conform   to   the   Specifications  of  the  American 

Society  for  Testing  Materials,  Serial  A47-33. 

Section  IS,  Wrought  Iron.    Add  a  new  Section  IS,  Wrought  Iron,  as  follows: 

XV— WROUGHT  IRON 

1501.  Wrought    Iron    Plates    shall    conform    to    the    Specifications    of    the    American 

Society  for  Testing  Materials,  Serial  A42-36T. 

1502,  Wrought  Iron  Bars  shall  conform  to  the  Specifications  of  the  American  Society 

for  Testing  Materials,  Serial  A189-36T. 

Articles  1401,  1402,  1404,  1409,  1410  and  Appendix  A.     Revise  as  follows:     (Chang- 
ing Section  Number  to  16.) 

1601.     Unit  Stresses 

Change  Nickel  Steel  unit  stresses  as  follows: 

Potmds  per  Square  Inch 
(a)     Structural  Steel:  Nickel  Steel 

Axial  tension,  structural  steel,  net  section      30,000 
Axial  tension,  eyebars      27,000 
Tension  in  extreme  fibers  of  rolled  shapes,  girders,  and 

built  sections  subject  to  bending      30,000 
Axial  compression,  gross  section: 

For  stiffeners  of  plate  girders      30,000 

For  columns  centrally  loaded  and  with  values  of — not r 
greater  than   130  for  silicon  steel   or   120  for  nickel 
steel: 

Riveted  ends         24,000  —  0.66—. r 

Pin  ends           24,000  —  0.90 -i- 

/  =  length  of  member,  in  inches 
r  =  least  radius  of  gyration  of  member,  in  inches 

For  columns  of  known  eccentricity,  see  Appendix  A. 
Compression  in   extreme   fibers  of   rolled  shapes,  girders, 

and  built  sections,  subject  to  bending,  gross  section  (for 
I  1    P 

values  of  -  not  greater  than  40)          30,000  —  8  —  ̂  

I  =  length,  in  inches,  of  unsupported  flange  between 
lateral  connections  or  knee  braces 

b  =  flange  width,  in  inches 

♦Diagonal  tension  in  webs  of  girders  and  rolled  beams  at 
sections    where    maximum    shear    and    bending    occur 
simultaneously       27,000 

Stress  in  extreme  fibers  of  pins     44,000 
Shear  in  plate  girder  webs,  gross  section     17,500 
Shear  in  pins     22,000 
Bearing  on  pins       40,000 
Bearing  on  milled  stiffeners  and  other  steel  parts  in  contact  44,000 
Bearing  between  rockers  and  rocker  pins     18,000 

*(Enter  24,000  in  the  column  for  silicon  steel.) 
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1602.     Thickness  of  Material 

Change  fractions. 

2nd  paragraph — Change  1/28  in  third  line  to  1/25 
Change  1/36  in  fourth  line  to  1/32 

3rd  paragraph — Change  1/140  in  second  line  to  1/130 

1604.     Lacing 

In  the  formula  for  the  value  of  V,  change  the  term  -^  to  -!— - . 
70  60 

1609.  Holes 

Change  5^  inch  to  9/16  inch. 

1610.  Sheared  and  Flame  Cut  Edges 

Sheared  edges  of  alloy  steel  shall  be  planed  to  a  depth  of  %  inch  and  flame  cut 
edges  chipped  or  machined  to  a  depth  of  %  inch. 

Appendix  A.     Column  Formulas 

Change  /  for  nickel  steel  from  1.78  to   1.83. 

Change  y  for  nickel  steel  from  50000  to  SSOOO. 

The  following  revisions  are  recommended  in  Methods  of  Strengthening  Existing 
Bridges: 

Article  104.     Change  the  first  paragraph  to  read: 

The  unit  stresses  in  the  strengthened  members,  under  the  load  for  which  they  are 

strengthened,  preferably  should  not  exceed  85  percent  of  the  stresses  allowable  under 
the  Rules  for  Rating  Existing  Iron  and  Steel  Bridges  in  this  chapter.  Stresses  in  details 

as  well  as  those  in  main  members  should  be  computed. 

The  following  revisions  are  recommended  in  Rules  for  Rating  Existing  Iron  and 
Steel  Bridges: 

Article  110.    Add  a  paragraph  reading: 

In  protected  locations,  the  wind  forces  on  the  bridge  may  be  reduced  to  one  half 
those  required  above. 

Article  111.     Change  article  to  read  as  follows: 

The  lateral  force  to  provide  for  the  effect  of  the  sway  of  locomotives  shall  be 

moving  loads  equal  to  1/16  of  the  axle  loads  on  the  span  applied  at  the  top  of  the 
rail  in  either  lateral  direction.  The  resulting  vertical  loads  shall  be  disregarded.  The 
number  of  axle  loads  shall  not  exceed  those  of  one  locomotive  without  tender. 
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Appendix  B 

(2)  SPECIFICATIONS  FOR  FUSION  WELDING  AND  GAS  CUTTING 
FOR  STEEL  STRUCTURES,  COLLABORATING  WITH  ASTM 
COMMITTEE  A^l  ON  STEEL 

G.  H.  Tinker,  Chairman,  Sub-Committee;  James  Aston,  J.  E.  Bernhardt,  A.  J.  Buhler, 
A.  W.  Carpenter,  C.  H.  Chapin,  R.  P.  Davis,  G.  A.  Haggander,  O.  E.  Hovey,  F.  A. 
Howard,  Jonathan  Jones,  P.  G.  Lang,  Jr.,  F.  J.  Pitcher,  Albert  Reichmann,  H.  C. 
Tammen,  H.  T.  Welty,  C.  C.  Westfall,  A.  R.  Wilson,  W.  M.  Wilson. 

During  the  past  year  this  Sub-Committee  has  given  considerable  study  to  the  Ameri- 

can Welding  Society  Specifications.  Also  the  Committee  made  the  main  order  of  busi- 

ness for  one  of  its  meetings  the  reading  of  the  specification.  Obviously  it  would  be  ex- 
pected that  a  number  of  questions  for  further  discussion  were  raised,  but  in  general  the 

Committee  agreed  the  Specifications  represent  the  best  thought  and  practice  in  the  field 
of  welding. 

The  Committee  recommends  for  use,  the  Specifications  of  the  American  Welding  So- 
ciety, and  that  the  following  reference  be  authorized  by  the  Association  for  printing  in 

the  Manual: 

"Specifications  for  Design,  Construction,  Alteration  and  Repair  of  Highway  and 
Railway  Bridges  by  Fusion  Welding. 

"It  was  recommended  by  Committee  XV — Iron  and  Steel  Structures;  and  approved 
by  the  AREA,  that  the  Specifications  adopted  under  the  title  above  by  the  American 
Welding  Society  in  1936,  be  used  pending  further  consideration  of  the  subject  by  that 

Committee." 

Appendix  C 

(3)     DESIGN  OF  RIVET  HEADS  FOR  STEEL  STRUCTURES 

P.  G.  Lang,  Jr.,  Chairman,  Sub-Committee ;  C.  S.  Heritage,  Jonathan  Jones,  C.  H.  Mercer, 
Albert  Reichmann,  G.  H.  Tinker,  H.  T.  Welty. 

For  several  years  the  AREA  has  been  represented  by  Mr.  Lang  on  the  American 

Standards  Association,  in  connection  with  the  compiling  of  a  proposed  standard  for  large 

rivets.  This  work  was  completed  in  1936,  and  approved  by  American  Standards  Asso- 
ciation in  March,  1937.  Below  appear  such  parts  of  that  standard  as  are  appropriate 

to  cover  rivets  Yz  inch  nominal  diameter  and  larger  in  steel  structures. 

The  Committee  recommends  that  the  standard  be  published  in  the  Manual. 

LARGE  RIVETS 

5^-Inch  Nominal  Diameter  and  Larger 

The  requirements  for  Rivets  in  these  Specifications  are  identical  with  the  require- 

ments of  the  American  Standards  Association,  American  Standard,  Large  Rivets,  ̂ -inch 
Nominal  Diameter  and  Larger,  designated  ASA  B-18.4 — 1937. 
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LARGE  RIVETS 

Introductory  Notes 

The  types  of  rivets  covered  by  this  standard  are  designated  respectively  as  High  But- 
ton Head  (Acorn),  Flat-Top  Countersunk  Head  and  Round-Top  Countersunk  Head. 

These  rivets  are  furnished  ordinarily  with  straight  necks.  When  specified,  however,  the 

swell  neck  included  in  this  standard  is  applicable  to  all  standard  large  rivets  except  the 

flat-top  countersunk  and  round-top  countersunk  types.  All  other  types  of  large  rivets 
shall  be  considered  special.  These  standard  rivets  are  designed  for  use  in  structural  work 
of  bridges. 

Nomenclature.  The  nomenclature  applicable  to  rivets  as  manufactured  and  after 
driving  is  indicated  in  Fig.  1. 

Mamu  foctured 

r-Heod 

Moi-ii^  faci'L-ired 

Head  ai-fer- 
Drn/inq 

c '^'BodLJ 

A5  MANUrACTUPED 
ATTLf?    DfPlViNG 

Diameters.  Diameters  of  rivet  bodies  as  given  for  the  respective  types  of  rivets 
in  the  tables  shall  be  considered  as  standard. 

Length.  The  length  of  a  rivet  is  measured  from  the  largest  diameter  of  the  bearing 
surface  of  the  head  to  the  point  in  a  line  parallel  with  the  axis  of  the  rivet. 

Proportions  and  Dimensions.  Proportions  and  dimensions  indicated  in  the  tables 

for  the  heads  of  the  respective  types  of  rivets  shall  be  standard;  other  proportions  or 
dimensions  shall  be  considered  special. 

Where  non-standard  body  diameters  are  required  for  special  purposes,  the  propor- 
tions of  heads  should  be  interpolated  between  the  proportions  given  in  the  respective 

tables  on  the  basis  of  body  diameter. 

Fn-LETS.  Rivets  other  than  the  countersunk  types  shall  be  acceptable  with  fillets  up 

to  1/16-inch  in  radius  under  the  head. 

Tolerance.  The  tolerances  for  the  diameter  of  body  shall  be  plus  and  minus  from 

basic.  The  tolerances  for  the  diameter  of  head  shall  be  plus  and  minus  from  basic.  The 

tolerances  for  the  height  of  head  (except  for  high  button  head  type)  or  depth  of  head 

shall  be  plus  from  basic.  The  tolerance  for  height  of  head  for  the  high  button  type 
shall  be  plus  and  minus  from  basic.  The  tolerance  for  diameter  of  swell  neck  shall  be 
minus  from  basic.    The  magnitude  of  the  tolerances  is  plainly  indicated  in  the  tables. 

Finish.    The  finished  rivets  shall  be  free  from  injurious  defects. 

On  high  button  head  rivets,  when  manufactured  cold,  a  slight  flatness  of  head  within 

the  specified  head-height  tolerance  will  be  acceptable. 

Material.  The  steel  from  which  the  rivets  are  manufactured  shall  be  made  by 

either  the  open-hearth  or  the  electric-furnace  process.  Material  for  rivets  is  covered  by 

the  American  Standard  for  Structural  Rivet  Steel,  G2 1-1936  (ASTM  A141-33)  or  any 
revision  thereof. 
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Manufactured  Heads  Atter  Driving  and  Driven  Heads.  The  dimensions  of  the 

manufactured  heads  after  driving  for  the  high  button  head  are  included  in  this  standard. 

These  dimensions  apply  also  to  the  driven  heads  of  rivets  as  formed  from  the  point. 

Table  2.    High  Button  Head  (Acorn) 
(Manufactured  Shape) 

Diameter Diameter Height 
Radii Centers 

of  Body of  Head of  Head of for 
D A H H 3ad 

Head 

Radii 
Nominal Max. Min. Basic Mai. Min. Basic Max. Min. F G M N 

V-r 

0.500 0.520 0.478 0.781 0.844 
0.750 0.500 

0.531 0.484 0.656 0.094 
0.500 0.094 

% 0.625 0.655 0.600 0.969 1.032 
0.938 

0.594 0.625 0.578 0.750 
0.188 0.500 

0.094 

*4 

0.750 0.780 0.725 
1.156 1.234 1.125 0.688 

0.719 
0.657 

0.844 0.282 0.500 0.094 
Vs 0.875 0.905 0.850 1.344 1.422 

1.313 
0.781 0.812 0.750 0.937 0.375 

0.500 
0.094 

1 1.000 1.030 0.975 1.531 1.609 1.500 0.875 0.906 

0.844 
1.031 0.469 0.500 0.094 

1.125 1.160 1.098 1.719 1.813 
1.688 

0.969 
1.016 0.938 

1.125 0.563 0.500 0.094 IJ^ 
1.250 1.285 1.223 1.906 2.000 1.875 1.063 1.110 1.032 1.219 0.657 

0.500 

0.094 
VA 

1.375 1.415 1.345 2.094 2.188 
2.063 1.156 1.203 1.125 

1.312 0.750 0.500 0.094 

m 1.500 1.540 1.470 2.281 2.375 2.250 1.250 1.313 1.219 
1.406 

0.844 

0.500 
0.094 1"^ 

1.625 1.665 1.588 2.469 2.563 2.438 1.344 1.407 1.313 1.500 0.938 
0.500 0.094 iH 

1.750 1.790 1.713 2.656 2.765 2.625 1.438 1.501 1.407 1.594 
1.032 

0.600 0.094 

All  dimensions  given  b  inches. 

Proportions  (Basic):  A  =  1.50D+0.031;    H  =  0.75D+0.125;    F  =  0.76D+ 0.281; 
G  =  0.75D— 0.281;    M=0.50;    N  =  0.094. 

Tolerance  for  diameter  of  body  is  plus  and  minus  from  nominal  and  for  J4-inch  size  equals+0.020,  — 0.022;  for  sizes  % 
to  1-inch,  inclusive,  equals+0.030,— 0.025;  for  sizes  IJ^  and  IK-inch  equals  +0.035,  —0.027;  for  sizes  IH  and  IJ^inoh 
equals  +0.040,— 0.030,  for  sizes  IJ^  and  lM->nch  equals  +0.040,  —0.037. 

Tolerance  for  diameter  of  head  is  plus  and  minus  from  basic  and  for  sizes  J^  and  ̂ Inch  equals  +0.063,  — 0.031!  for 
sizes  H  to  1-inch,  inclusive,  equab  +  0.078,  —0.031;  for  sizes  IH  to  IJ^-inoh,  inclusive,  equals  +  0.094,  —0.031;  for  IJ^- 
inch  size  equals  -{-0.109,  —0.031. 

Tolerance  on  height  of  head  is  plus  and  minus  from  basic  and  for  sizes  }^  and  J^inch  equals  +  0.031,  — 0.016,  for 
sizes  *4,  to  1-inch,  inclusive,  equals  ±0.031;  for  sizes  1}^  and  1^  inch,  i  nclusive,  equals  +  0.047,  — 0.031;  for  sizes  IJ^  to 
IJi-inch,  inclusive,  equals  +0.063,  —0.031. 

The  length  (L)  is  measured  from  the  largest  diameter  of  the  bearing  surface  of  the  head  to  the  point  in  a  line  parallel 
with  the  axis  of  the  rivet. 

Rivets  with  fillets  under  the  head  of  not  more  than  ̂ -inch  in  radius,  are  acceptable. 
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Table  4.    Flat-Top  Countersunk  Head 
(Manufactured  Shape) 

Diameter  of  Body Diameter  of  Head Depth  of  Head Included 
D A H 

Angle  of 
Head 

Nominal Max. Min. Basic Max. Min. Max. Min. 

(Basic) 

A. 
^ 0.500 0.520 0.478 0.905 0.936 

0.874 0.281 
0.250 

78 

V, 
0.625 0.655 0.600 1.131 1.194 

1.068 
0.344 0.313 78 

0.750 0.780 0.725 1.358 1.421 1.295 0.406 0.375 

78 

0.875 0.905 0.850 

'1.584 

1.647 1.521 
0.469 0.438 

78 

1 1.000 1.030 0.975 1.810 1.873 1.747 0.531 0.500 

78 

m 1.125 1.160 1.098 2.036 2.114 1.973 0.610 0.563 

78 

1^ 1.250 1.285 1.223 2.263 2.341 2.200 
0.672 

0.625 

78 

\% 1.375 1.415 1.345 2.489 2.567 2.426 0.751 0.688 

78 

\V, 1.500 1.540 1.470 2.715 2.793 2.652 0.813 0.750 

78 

1% 1.625 1.665 1.588 2.941 3.019 2.878 0.876 0.813 

78 

IH 1.750 1.790 1.713 3.168 3.262 3.105 
0.938 

0.875 78 

All  dimensions  given  in  inches,  unless  otherwise  specified. 
Proportions  (Basic):    A  =  1.81D,    H  =  0.50D,    Q  =  78  deg. 
Tolerance  for  diameter  of  body  is  plus  and  minus  from  nominal  and  for  J^-inch  size  equals  +0.020,  — 0.022 ;  for  sizes  ̂   to 

1-inch,  inclusive,  equals  +0.030,  — 0.025,  for  sizes  IH  and  IJi-inch  equals  +  0.035,  —0.027,  for  sizes  15^  and  ij^inch  equals 
+0.040,  —0.030,  for  sizes  l^  and  IJ^-inch  equals  +0.040,  —0.037. 

Tolerance  for  diameter  of  head  is  plus  and  minus  from  basic  and  for  J^inch  size  equals  +  0.031,  — 0.031;  for  sizes  %  to 
1-inch  inclusive,  equals  +0.063,  — 0.063;  for  sizes  li4  to  l^inch,  inclusive,  equals  +  0.078,  — 0.063;  for  IJ^-inch  size  equals 
+0.094,  —0.063. 

Tolerance  for  depth  of  head  is  plus  from  basic  and  for  sizes  J^  to  1-inch,  inclusive,  equals  +0.031;  for  sizes  1}4  and  IJi- 
1  noh  equab  +  0.047;  for  sizes  1%  to  IJ^-inch,  inclusive,  equals  +0.063. 

The  length  (L)  is  measured  from  the  largest  diameter  of  the  bearing  surface  of  the  head  to  the  point  in  line  parallel  with 
the  axis  of  the  rivet. 
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Table  S.    Round-Top  Countersunk  Head 

(Manufactured  Shape) 

Diameter Diameter Depth Included 
of  Body of  Head of  Head Height 

Radius 

Anele 

D A H of of of 
Round 

Top 

Round 

Top 

Head 
Q Nominal Max. Min. Basic Max. Min. Max. Min. 

(Basic) 
C G 

Deg. 

14 0.500 0.520 0.478 0.905 0.936 0.874 0.281 0.250 
0.095 1.125 78 

0.625 0.655 0.600 1.131 1.194 1.068 0.344 0.313 
0.119 

1.406 78 
5i 0.750 0.780 0.725 1.358 1.421 1.295 0.406 

0.375 0.143 1.688 78 
j| 0.875 0.905 0.850 1.584 1.647 1.521 0.469 0.438 

0.166 1.969 78 

1 1.000 1.030 
0.975 1.810 1.873 1.747 0.531 0.500 

0.190 
2.250 78 

1.125 1.160 1.098 2.036 
2.114 1.973 0.610 0.563 0.214 

2.531 78 IJi 
1.250 1.285 1.223 2.263 2.341 2.200 

0.672 0.625 0.238 
2.813 

78 
m 1.375 1.415 1.345 

2.489 2.567 2.426 
0.751 0.688 

0.261 3.094 
78 iH 

1.500 1.540 1.470 2.715 2.793 2.652 0.813 0.750 
0.285 3.375 78 1^ 

1.625 1.665 1.588 2.941 3.019 
2.878 

0.876 0.813 
0.309 

3.656 

78 

m 1.750 1.790 1.713 3.168 3.262 3.105 0.938 0.875 
0.333 3.938 78 

All  dimensions  in  inches,  unless  otherwise  specified. 

Proportions  (Basic):  A  =  1.81D;    H  =  O.SOD;    C  =  0.19D;    G  =  2.25D;    Q  =  78  deg. 
Tolerance  for  diameter  of  body  is  plus  and  minus  from  nominal  and  for  H-inch  size  equals  +0.020,  — 0.022;  for  sizes  %  to 

1-inch,  inclusive,  equals  +0.030,  —0.025;  for  sizes  l}4  and  IJ^-inch  equals  +0.035,  —0.027;  for  sizes  V/i  and  IJ/^inch  equals 
+0.040,  —0.030,  for  sizes  1%  and  IJi-inch  equals  +0.040,  —0.037. 

Tolerance  for  diameter  of  head  is  plus  and  minus  from  basic  and  for  H-inch  size  equals  +  0.031,  — 0.031;  for  sizes  %  to 
1-inch,  inclusive,  equals  +0.063,  — 0.063;  for  sizes  IH  to  l^inch,  inclusive,  equals  +0.078,  —0.063;  for  IJ^-incb  size  equals 
+0.094,  —0.063. 

Tolerance  for  depth  of  head  is  plus  from  basic  and  for  sizes  }4  to  1-inch,  inclusive,  equals  +0.031;  for  sizes  1%  and  IJi- 
inch  equals  +0.047;  for  sizes  IH  to  IJ^-inch,  inclusive,  equals  +  0.063. 

The  length  (L)  is  measured  from  the  largest  diameter  of  the  bearing  surface  of  the  head  to  the  point  in  a  line  parallel  with 
the  axis  of  the  rivet. 
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Table  9.    High  Button  Head  (Acorn) 

(Manufactured  Head  after  Driving  and  Driven  Head) 

Body  Diameter  of  Rivet Manufactured Head  after  Driving  an d  Driven  Head 

D A H F G 

Yi                  0 .500 0.875 0.375 0.563 0.375 
Ys                  0 .625 1.063 0.453 

0.672 
0.453 

H.                  0.750 1.250 0.531 0.797 0.531 
Yi                  0.875 1.438 0.609 

0.922 
0.609 

1                       1 .000 1.625 0.688 1.031 0.688 

V/i                  1.125 1.813 0.766 1.156 

0.7661 

XK                   1 .250 2.000 
0.844 

1.281 
0.844 

\Yi                   1.375 2.188 0.938 1.391 0.938 

<< 

V/i                   1 .500 2.375 1.000 
1.500 

1.000 
m                   1.625 2.563 1.094 1.625 1.094 
m                   1 .750 2.750 1.172 1.750 

1.172 

All  dimensions  given  in  inches. 
Proportions  of  manufactured  head  after  driving  and  diven  head: 

A  =  1.5D+0.125;    H  =  0.425A;    F  =  1.5H;    G  =  0.425A. 
The  dimensions  have  been  adjusted  to  the  decimal  equivalents  of  the  nearest  common  fractions. 
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Appendix  D 

(9)  REVIEW  SPECIFICATIONS  FOR  OVERHEAD  HIGHWAY 
BRIDGES  OF  ASSOCIATION  OF  STATE  HIGHWAY  OFFICIALS 
IN  SO  FAR  AS  THEY  RELATE  TO  STEEL  CONSTRUCTION, 
CONFERRING  WITH  THAT  ASSOCIATION 

J.  B.  Hunley,  Chairman,  Sub-Committee;  R.  P.  Davis,  Herbert  Ensz,  W.  G.  Grove, 
Shortridge  Hardesty,  O.  E.  Hovey,  Jonathan  Jones,  F.  J.  Pitcher,  Albert  Reichmann, 
O.  E.  Selby,  S.  M.  Smith,  G.  L.  Staley,  H.  T.  Welty,  C.  C.  WestfaU. 

The  Sub-Committee  has  completed  its  review  of  the  specifications,  agreeing  with 
Committee  on  Bridges  and  Structures,  AASHO,  as  to  certain  revisions,  in  so  far  as  they 
relate  to  steel  construction,  and  President  Irwin  has  suggested  it  would  be  advantageous 

to  have  some  representatives  of  this  Sub-Committee  sit  in  on  a  proposed  conference 
of  the  Bridge  Committee  from  the  AASHO  and  from  AREA  Committees  on  Masonry, 

and  Wood  Bridges  and  Trestles,  to  ascertain  what  effect,  if  any,  further  discussion  may 
have  on  the  items  that  mainly  affect  Committee  XV. 

Until  such  time  as  the  AASHO  Specifications  are  reviewed  by  AREA  Committees 

on  Masonry,  and  Wood  Bridges  and  Trestles,  so  far  as  masonry  and  timber  are  con- 
cerned, in  which  review  representatives  from  Committee  on  Iron  and  Steel  Structures 

will  sit,  the  assignment  can  be  considered  as  only  partially  complete,  and  the  Committee 
presents  the  report  as  information. 
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Committee. 

To  the  American  Railway  Engineering  Association: 

Committee  XV — Iron  and  Steel  Structures,  submits  the  following  supplemental 
report   on  the  subject:     Revision  of   Manual: 

A  few  tjTJOgraphical  errors  and  minor  corrections  in  the  text  of  the  report  appear- 
ing in  Appendix  A,  page  154  of  Bulletin  399,  are  corrected  and  some  further  recommended 

changes  in  the  Manual  appear  in  Appendix  E  following. 

The  Committee  on  Iron  and  Steel  Structures, 

R.  A.  Van  Ness,  Chairman. 
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Appendix  E 

Changes  in  Appendix  A — Bulletin  399 

REVISION  OF  MANUAL 

Page  154,  Article  208: 

1500  ,       ISOO 

Last  equation  under  table,  S=    ̂ j     (£4-3)  should  read  5  =— -w-- (£  +  ■3). 

Page  154,  Article  209; 

Last  line  on  the  page:     change  "as  follows":  to  "of  the  following  surfaces". 

Page  155,  Article  409: 

Last  line:     omit  "in  a  paper  by  C.  H.  Chapin". 

Page  155,  Article  426: 

Third  line  from  bottom  of  page:     "produce  tension"  should  read  "produces  tension". 

Page  157,  Article  823: 

Third   line   from   bottom   of  last  paragraph:     after  "removed   by"   insert   "grinding 

or  by". 

Page   163,  Article  1301: 

Add  "Class  25"  after  "Serial  A  48-36". 

Page  164,  Article  1502: 

Insert   'shapes  and"  after   "Wrought   Iron",  and  change   "Serial  A    18^36  T"  to 
"Serial  A  207-37  T". 

Page  165,  Rules  for  Rating,  Article  110: 

Change  the  added  paragraph  to  read: 

In   protected  locations,  the  wind   forces   on  the  bridge  and  the  train  may   be 

reduced  to  a  minimum  of  one-half  those  required  above. 

SUPPLEMENT  TO  APPENDIX  A— BULLETIN  399 

The  following  additional  changes  in  the  Manual  are  recommended: 

SPECIFICATIONS  FOR  STEEL  RAILWAY  BRIDGES: 

Contents — page  15-2:     change  "Column"  to  "Compression"  in  last  line  on  page. 

Change  "columns"  to  "compression  members"  in  Article  301  in  7th,  13th  and  14th 
lines  of   (a):     and  Article  1401  in  9th,  17th  and  18th  lines  of   (a). 

Change  Article  451,  page  15-18,  to  read: 

451.  There  shall  be  a  name  plate,  showing  in  raised  letters  and  figures  the  name  of  the 

manufacturer  and  the  year  of  construction,  at  a  point  convenient  for  inspection, 
near  each  end  of  each  span. 

Appendix   A — page   15-47:     Revise   the   entire  page  to   read  as  follows: 

Formulas  for  Compression  Members  15—47 
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Appendix  A 

FORMULAS  FOR  COMPRESSION  MEMBERS 

The  permissible  unit  stresses  in  axial  compression  for  centrally  loaded  members 

given  by  the  parabolic  formulas  in  Articles  301  and  1601  agree  so  closely  with  those 
obtained  by  the  secant  formula  that  they  may  be  used  without  substantial  error  for 
slenderness  ratios  within  the  limits  shown. 

The  corresponding  secant  formulas,  which  should  be  used  when  the  slenderness  ratio 
exceeds  those  Umits,  are: 

y 

For  riveted  ends.        p  =   =:^   (1) 0.75/     /   fp 

1  +  0.2S  Sec.  -^;ry  -^ 

For  pin  ends.       p  =    ^     (2) 0.87S  /     /  fp 

For  compression  members  with  known  eccentricity  of  loading,  for  all  slenderness 
ratios,  the  formulas  are: 

y 

For  riveted  ends.      p  =   ^     (3) 
/  ec  \  0.75  /    /  fp 

l+(-7-  +  0.2SJSec.^;-|/-£- 
y 

For  pin  ends.       p  =    *-   —   (4) /  ec  \         0.875/     /  fp 

l+(-7-+0.25)Sec.-^^y-f 

P  =  allowable  average  compressive  unit  stress. 
e  =  known  eccentricity  of  applied  load,  in  inches. 
c  =  distance,  in  inches,  from  neutral  axis  to  extreme  fiber  in  the  direction  of  the*  known 

eccentricity. 
I  =  length  of  member,  in  inches. 
r  =  least  radius  of  gyration  of  member,  in  inches,  for  formulas  (1)  and  (2)  and  radius 

of  gyration  in  the  direction  of  the  known  eccentricity  for  formulas  (3)  and  (4). 
E  =  modulus  of  elasticity  =  29,400,000. 
y  =  yield  point  in  tension: 

33,000  for  structural  steel. 
45,000  for  silicon  steel. 
55,000  for  nickel  steel. 

/  =  factor  of  safety  based  on  yield  point: 
1.76  for  structural  steel. 
1.80  for  silicon  steel. 
1.83  for  nickel  steel. 

The  coefficient  0.25  in  the  denominators  of  the  formulas  provides  for  inherent 
crookedness  and  unknown  eccentricity. 

When  the  eccentricity  of  the  applied  load  is  small  and  the  radius  of  gyration  normal 
to  the  direction  of  eccentricity  is  much  less  than  that  in  the  direction  of  eccentricity, 

formulas  (1)  and  (2),  assuming  the  member  as  centrally  loaded,  may  give  smaller 
permissible  unit  stresses  than  formulas   (3)   and  (4). 
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RULES  FOR  RATING  EXISTING  IRON  AND  STEEL  BRIDGES: 

Article  102,  page  15-121:  in  the  third  line  of  (e)  change  "columns  or  compression" 

to  "compression  members  or'". 

Article  108,  page  15-124:  in  first  line  of  next  to  last  paragraph,  insert  "or"  after 
"rail". 

Article  110.  page  15-124:  change  entire  article  to  read  like  Article  209  of  Specifica- 
tions for  Steel  Railway  Bridges,  as  revised  in  this  report,  with  the  addition  recommended 

on  page  165  of  Bulletin  399. 

Article  115,  page  15-126:  change  "columns"  to  "compression  members"  in  the 
6th  and  I5th  lines,  and  change  "column"  to  "compression"  in  the  18th  line. 

METHODS  OF  STRENGTHENING  EXISTING  BRIDGES: 

Article  402,  page  15-130:  insert  "if"  after  "as"  in  second  line,  and  omit  "columns" 
in  third  line  of  (a) . 

SPECIFICATIONS  FOR  STEEL  RAILWAY  BRIDGES: 

Article  212,  page  15-8:  add  the  sentence:  "The  resulting  vertical  forces  shall  be 

disregarded." 

I 



REPORT  OF.SPECIAL  COMMITTEE  ON  IMPACT 

J.  B.  HuNLEY,  Chairman;  C.  S.  Johnson,  C.  P.  Schantz, 
O.  F.  Dalstrom,  a.  N.  Laird,  F.  E.  Turneaure, 
Theo.  Doll,  P.  G.  Lang,  Jr.  W.  M.  Wilson, 
S.  F.  Grear,  B.  R.  Leffler,  Committee. 
Meyer  Hirschthal,  J.  A.  Newlin, 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subjects: 

(1)  Tests  of  short  steel  spans  with  open  floor,  together  with  effect  of  inequalities 
of  track  and  effect  of  worn  wheels  on  such  track.    No  report. 

(2)  Tefets  of  steel  spans  with  ballasted  deck,  including  spans  with  precast  and 

poured-in-place  concrete  decks;  also  tests  on  ballasted  decks  with  timber  floor;  particular 
attention  to  be  given  to  the  damping  due  to  the  type  of  deck  and  the  track  ballast.  No 
report. 

(3)  Tests  of  dynamic  shear  in  girder  spans  and  truss  spans.    No  report. 

(4)  Tests  of  impact  in  columns  and  hangers  of  steel  spans.    No  report. 

(5)  Tests  of  rigid  frame  structures  of  steel  and  concrete.    No  report. 

(6)  Outline  of  work  for  ensuing  year.     (Appendix  A). 

The  Special  Committee  on  Impact, 

J.  B.  Hunley,  Chairman. 

Appendix  A 

Your  Committee  recommends  that  the  present  assignments  be  continued,  but  until 

such  time  as  the  necessary  equipment  and  personnel,  as  recommended  in  its  1937  report, 
are  provided,  little  can  be  done  in  the  way  of  conducting  the  tests  assigned. 

Bulletin  399,  November,  1937. 
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REPORT  OF  SPECIAL  COMMITTEE  ON  ECONOMICS  OF 
BRIDGES  AND  TRESTLES 

Arthur  RiDGWAY,  CAairwan;  A.  C.  Irwin,  F.  J.  Pitcher, 
F.  H.  Cramer,  A.  M.  Knowles,  L.  W.  Skov, 
R.  P.  Hart,  H.  S.  Loeffler,  T.  H.  Strate, 

Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subject: 

Comparative  economic  value  of  steel,  treated  timber,  and  concrete  in  bridges,  trestles, 

and  viaducts  under  various  conditions  of  service,  with  due  consideration  of  relative 

influence  of  durability  of  materials  and  obsolescence  of  property. 

Due  to  the  fact  that  all  members  are  also  members  of  other  committees  requiring 

attendance  at  meetings  thereof  it  has  been  impossible  to  schedule  a  meeting  of  this 
committee  subsequent  to  the  March,  1937,  convention.  It  can  therefore  only  report 
individual  study  of  the  subject  with  no  opportunity  thus  far  for  coordination  into  a 

formal  progress  report. 

Special  Committee  on  Economics  or  Bridges  and  Trestles, 

Arthur  Ridgway,  Chairman. 

Bulletin  399,  November,  1937. 
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REPORT  OF  COMMITTEE  XII- 
ORGANIZATION 

E.  H.  Barnhart,  Chairman; 
M.  M.  Backus, 
W.  C.  Barrett, 
D.  P.  Beach, 
L.  D.  Beatty, 
Richard  Brooke, 
H.  L.  Browne, 

W.   O.   CUDWORTH, 
J.  L.  Downs, 
A.  B.  Griggs, 
W.  A.  Guild, 
H.  C.  Hayes, 
A.  A.  Jackson, 
B.  R.  KuLP, 

-RULES  AND 

P.  D.  Coons,  Vice-Chairman; 
H.  A.  March, 

John  R.  Nagel, 
S.  C.  Roberts, 
R.  E.  Warden, 
F.  B.  Wiegand, 

Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subjects: 

(1)  Revision  of  Manual  (Appendix  A). 

(2)  Rules  for  fire  protection,  collaborating  with  Committee  XIII — ^Water  Service, 

Fire  Protection  and  Sanitation.     Progress  in  study — no  report. 

(3)  Prepare  rules  for  welding  of  frogs,  switches  and  rail  ends  in  track,  collaborating 

with  Committees  V — Track,  and  XXII — Economics  of  Railway  Labor  (Appendix  B). 
Presented  as  information. 

The  Committee  on  Rules  and  Organization, 

E.  H.  Barnhart,  Chairman. 

(1) 

Appendix  A 

REVISION  OF  MANUAL 

P.  D.  Coons,  Chairman,  Sub-Committee;  M.  M.  Backus,  D.  P.  Beach,  W.  C.  Barrett, 
A.  B.  Griggs,  B.  R.  Kulp,  R.  E.  Warden. 

Rail 

Distribution  and  Handling 

Present 
Rule  720 

The  most  expensive  and  the  most  easily 
damaged  part  of  the  track  structure  is  the 

rail,  therefore  care  must  be  exercised  in  un- 
loading and  handling.  In  unloading  from 

cars,  rail  must  be  skidded  or  otherwise 
carefully  lowered  to  prevent  injury.  Where 
it  is  necessary  to  drop  it,  both  ends  must 
be  dropped  at  the  same  time,  and  the 
greatest  care  taken  to  avoid  its  falling  on 
hard  or  uneven  surfaces.  Rail  received  in 

gondola  cars  should  be  unloaded  with  an 
approved  device  to  prevent  injury. 

Rule  720 
Proposed 

Since  rail  is  the  most  expensive  portion 
of  the  track  structure  and  may  be  seriously 

damaged  by  improper  handling,  the  great- 
est care  must  be  exercised  in  its  handling 

at  all  times.  In  unloading  from  cars,  rail 
must  be  skidded  or  otherwise  carefully 
lowered.  In  unloading  from  gondola  cars, 

a  crane  or  other  approved  unloading  de- 
vice must  be  used.  When  necessary  to  drop 

rail,  both  ends  must  be  dropped  at  the 
same  time  and  great  care  taken  to  prevent 
its  falhng  on  hard  or  uneven  surfaces.  It 
should  not  be  left  unevenly  supported  in  a 
manner  that  may  cause  permanent  bending 
of  the  rail. 

Rule  722 

Rail  laying  may  be  done  in  the  winter 
months,  or  at  such  seasons  of  the  year, 

depending  on  the  climate,  unfavorable  for 
doing  other  track  work. 

Bulletin  400,  December,  1937. 

Renewals 

Rule  722 

Omit. 
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Present 
Rule  723 

Wliere  practicable,  rail  must  be  laid  one 
at  a  time.  Standard  expansion  shims  must 
be  used. 

Rule  724 

Care  must  be  exercised  by  those  in 
charge  of  rail  laying  gangs  to  see  that  adz- 

ing is  carefully  done  and  rail  left  in  proper 
line,  gage  and  surface.  Shims  must  be  used 
if  the  track  is  frozen  and  ties  cannot  be 
lifted  to  eliminate  low  spots.  Tie  plates 
and  anti-creepers  must  be  placed  the  same 
day  rail  is  laid.  It  is  especially  important 
to  prevent  creeping  of  rail  by  applying  a 
sufficient  number  of  anti-creepers  at  once, 
as  rail  creeping  changes  the  expansion  in 
the  joints,  making  some  joints  wide  and 
others  close,  resulting  in  battered  joints, 
and  in  hot  weather  danger  from  buckling 
of  the  track  where  joints  are  tight. 

Rule  725 

Rail  shall  not  be  curved  before  laying 
except  for  curves  above   ....   degrees. 

Rule  726 

Kinked  or  crooked  rail  must  be  straight- 
ened before  being  laid;  if  surface  bent,  it 

must  either  be  straightened  or  removed. 

Rule  727 

In  making  temporary  connections  in 
main  tracks,  an  old  rail  must  be  cut  and 
fastened  to  the  new  rail,  using  compromise 
joints  when  necessary. 

Rule  728 

When  replacing  rail  of  approximately  the 
same  width  of  base,  so  that  the  tie  plates 
need  not  be  changed,  but  two  lines  of 
spikes  are  to  be  drawn.  When  a  different 
tie  plate  is  required,  all  spikes  must  be 
drawn.  Where  no  tie  plate  is  required,  all 
spikes  must  be  drawn.  Where  no  tie  plates 
are  in  use  but  three  lines  of  spikes  need  be 
drawn  for  any  change  in  the  width  of  base 
of  rail. 

Proposed 
Renumber  to  722 

The  proper  expansion  allowance  must  be 
determined  periodically  during  each  day  by 
the  use  of  a  thermometer  so  exposed  as  to 
determine  the  temperature  of  the  rail,  and 
the  proper  thickness  of  standard  expansion 
shim,  thus  determined,  must  be  used.  In 
setting  each  rail,  it  must  be  placed  hard 
against  the  expansion  shim  and  the  shim 
must  remain  in  place  until  the  joint  is 
fully  bolted. 

Renumber  to  723 

Care  must  be  exercised  by  those  in 
charge  of  rail  laying  gangs  to  see  that  adz- 

ing is  carefully  done,  and  rail  left  in  proper 
line,  gage  and  surface.  Shims  must  be  used 
if  roadbed  is  frozen  and  ties  cannot  be 

lifted  to  eliminate  low  spots.  Anti-creepers 
should  be  placed  before  track  is  opened  to 
traffic  in  order  to  prevent  creeping  of  rail 
and  the  loss  of  uniform  expansion. 

Renumber  to  724 

All  rails  to  be  used  on  curves  of  .... 
degrees  and  over  must  be  curved  before 
being  laid. 

Renumber  to  725 

Kinked,  crooked  or  surface  bent  rails 
must  be  straightened  before  being  laid  in 
main  track. 

Renumber  to  726 

Temporary  closures  for  passage  of  trains 
at  restricted  speeds  during  working  hours 
may  be  made  by  using  switch  points 
properly  spiked  and  braced  or  clamped. 
When  the  closure  is  for  overnight  service 
or  for  unrestricted  speeds,  it  shall  be  made 
by  cutting  an  old  rail  to  correct  length. 
This  rail  must  be  bolted  to  the  new  rail, 

using  compromise  joint  bars  where  neces- 
sary to  fit  abutting  rail  sections. 

Renumber  to  727 

When  a  different  tie  plate  is  required  in 
replacing  rail,  spikes  should  be  pulled,  tic 
plugs  driven  and  ties  adzed  to  secure 
proper  seating. 
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Present 

Rule  729 

Spikes  shall  be  driven  vertically  with 
face  in  contact  with  the  base  of  rail.  They 
must  not  be  straightened  while  being 
driven.  Rail  must  be  fully  spiked,  and  the 
spikes  staggered  so  that  outside  spikes  will 
be  on  the  same  side  of  tie.  and  inside  spikes 
on  opposite  side.  Where  shoulder  tie  plates 
are  used,  a  third  spike  may  be  driven  on 
inside  of  rail,  with  back  of  spike  against 
base  of  rail.  Good  second-hand  spikes  must 
be  used  for  the  third  spike. 

Proposed 
Renumber  to  728 

Rail  must  be  fully  spiked  and  the  spikes 
staggered  so  that  the  outside  spikes  will  be 
on  the  same  side  of  the  tie,  and  inside 
spikes  on  opposite  side. 

Rule  730 

Rule  731 

New 

Renumber  to  729 

Renumber  to  730 

Rule  731 

All  bolt  holes  must  be  drilled.  Under  no 
circumstances  shall  a  bolt  hole  be  burned 
through  a  rail. 

Bonding 

Rule  735 

Where  track  circuits  are  used  for  opera- 
tion of  signals  or  other  purposes,  bonding 

of  rail  is  necessary.  This  feature  must  re- 
ceive proper  consideration  and  the  work 

be  carefully  and  efficiently  performed. 
Where  air,  electricity  or  other  power  is 
available,  any  mechanical  arrangement 
which  will  operate  drilling  machines  suc- 
ces.sfully  is  preferable. 

Rule  735 

Where  track  circuits  are  used  for  the 
operation  of  signals,  train  control,  crossing 
bells  or  other  purposes,  the  bonding  of 
rails  must  closely  follow  the  rail  laying  so 
that  all  circuits  are  in  proper  operation 
when  track  is  opened  to  traffic.  For  chan- 

nel pin  or  plug  type  bonds  the  bonding 
must  be  done  immediately  after  holes  are 
drilled.  The  terminals  of  welded  type 
bonds  must  be  located  as  low  as  possible 
on  rail  heads  leaving  only  sufficient  space 
for  removal  of  joint  bars. 

Replacement — Inspection  of  Rail  in  Track 

Rule  740 

Accurate  records  of  rail  renewals  and  all 
data  of  value  in  connection  therewith  must 

be  kept  on  prescribed  forms.  These  rec- 
ords must  be  kept  up  to  date,  every 

change,  whether  of  individual  rails  or 
many  rails,  being  recorded  immediately. 

Rule  740 

Accurate  records  of  rail  renewals  and  all 
data  of  value  in  connection  therewith  must 

be  kept  on  prescribed  forms.  These  rec- 
ords must  be  keot  up  to  date,  every 

change,  whether  of  individual  rails  or 
many  rails,  being  recorded  immediately, 
and  forwarded  to  the  proper  officer. 

Rule  741 

Track  walkers  must  be  properly  in- 
structed to  look  for  broken  or  defective 

rails,  and  report  same,  when  discovered,  to 
the  Section  Foreman,  taking  proper  pre- 

caution to  protect  traffic,  if  necessary,  on 
account  of  the  condition  of  the  rail  found. 

Rule  741 

Track  walkers,  where  employed,  must  be 
properly  instructed  to  look  for  broken  or 
defective  rails,  and  report  same,  when  dis- 

covered, to  the  Section  Foreman,  taking 
proper  precaution  to  protect  traffic. 
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Ballast 
Present 

Rule  783 

Section  Foremen  must  provide  proper 
protection  by  slow  order,  caution  signs,  or 
flag,  or  all  of  these,  if  necessary,  when 
raising  track,  and  must,  except  in  emer- 

gency, raise  against  the  current  of  traffic, 
where  there  is  more  than  one  track.  A 
long  easy  runoff  must  always  be  prepared 
ahead  of  fast  passenger  trains. 

Proposed 
Rule  783 

When   raising  track,  the  following  must be  observed:  ^ 

(a)  Protect  traffic  by  slow  orders,  cau- 
tion signs,  or  flag,  or  all  of  these  if necessary. 

(b)  Wherever  practicable,  raise  track 
against  the  current  of  traffic. 

(c)  Provide  a  long  easy  runoff  for  trains 
maintaining  schedule  speeds. 

Rule  784 Omit. 

Rule  785 — Last  sentence 

Where  necessary  to  raise  the  roadbed 
level,  porous  material  must  be  used  to 
avoid  the  forming  of  water  pockets. 

Rule  785 — Last  sentence 

Where  necessary  to  raise  the  roadbed 
shoulder  to  support  the  ballast  section, 
porous  material  must  be  used  to  avoid  the 
forming  of  water  pockets. 

Rule  787 — First  sentence 

Where  directed  by  the  Division  Engi- 
neer, preparatory  to  the  distribution  of 

new  ballast,  all  old  ballast  and  unsuitable 
material  must  be  removed  to  the  bottom 

of  the  ties,  for  the  full  width  of  the  road- 
bed, the  old  ballast  cleaned,  and  the  un- 

suitable material  used  for  widening  em- 
bankments or  for  other  purposes. 

Rule  787 — First  sentence 

In  preparing  for  the  distribution  of  new 
ballast,  all  old  ballast  and  unsuitable  mate- 

rial must  be  removed  to  the  bottom  of  the 
ties,  for  the  full  width  of  the  roadbed,  the 
old  ballast  cleaned,  and  the  unsuitable 
material  used  for  widening  embankments 
or  for  other  purposes. 

Rule  788 

Ballast  grade  stakes  must  be  set  after 
the  ditching,  bank  widening,  skeletoning 
and  re-tieing  have  been  done  and  before 
the  ballast  material  has  been  dumped  and 
spread.  It  is  desirable  to  avoid,  as  far  as 
possible,  interference  with  the  stakes,  yet 
to  have  them  available  as  a  guide  for  the 
unloading  of  ballast. 

Rule  788 

As  a  guide  to  the  unloading  of  ballast,! 
ballast  grade  stakes  must  be  set  after  the! 
ditching,  bank  widening,  skeletonizing,  and! 
tie  renewals  have  been  done,  and  before! 
the  ballast  material  has  been  unloaded. 

Rule  790 — Second  sentence 

Cleaning  should  be  to  the  sub-shoulder 
and  where  cribs  are  cleaned,  to  the  bottom 
of  ties,  but  if  the  cribs  are  not  cleaned, 
cross  ditches  should  be  cleaned  at  least 
every  rail  length  but  no  cross  ditch  should 
be  placed  at  any  rail  joint. 

Rule  790 — Second  sentence 

Cleaning  should  be  to  the  sub-ballast 
and  where  cribs  are  cleaned,  to  the  bottor 
of  ties,  but  if  the  cribs  are  not  cleanedJ 
cross  ditches  should  be  cleaned  at  leasf 
every  rail  length  but  no  cross  ditch  shoulc 
be  placed  at  any  rail  joint. 

Rule  791 

When  old  ballast  has  been  thoroughly 
cleaned,  sufficient  new  ballast  should  be 
unloaded  to  make  the  first  raise,  which  is 
usually  made  by  shovel  tamping  the  ties. 
When  ballasting  or  surfacing  track  out  of 
face,  both  rails  must  be  raised  together. 

Rule  798 

Rule  791 

When   old  ballast   has  been   thoroughlj 
cleaned,    sufficient   new   ballast    should 
unloaded  to  make  the  first  raise. 

Renumber  to  778  and  place  under  a  newj 

heading  entitled  "Earth  Surfacing." 
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Present 
Rule  799 

Where  track  is  electrically  bonded,  the 
ballast  must  be  kept  at  least  one  inch  be- 

low base  of  rail.  At  road  crossings,  plat- 
forms, etc.,  where  this  is  not  practicable, 

rails  may  be  insulated  by  painting  them 
with  an  asphaltum  or  tar  product,  and 
good,  clean  stone  mixed  with  the  same 
material  may  be  used  for  at  least  one  foot 
each  side  of  rails. 

Proposed 
Renumber  to  798 

Where  track  is  bonded,  the  ballast  must 
be  kept  at  least  one  inch  below  the  base 
of  rail. 

Rule  800 

Where  raise  is  sufficient  to  require  a  fill- 
ing lift,  a  preliminary  surfacing  gang  must 

follow  the  unloading  as  closely  as  the  reg- 
ularity of  the  ballast  supply  will  permit. 

Rule  800 

Where  the  raise  is  sufficient  to  require 
one  or  more  maximum  lifts,  hereinafter 

described  as  "filling  lifts,"  a  preliminary 
surfacing  gang,  must  follow  the  unloading 
as  closely  as  the  regularity  of  the  ballast 
supply  will  permit. 

Rule  801 Renumber  to  799 

Rule  802 

The  "filling  lift"  must  be  made  by  jack- 
ing the  track  up  to  the  required  height  and 

the  ballast  then  forked  or  shoveled  in  and 
worked  to  as  uniform  a  surface  as  possible 
by  the  use  of  shovels.  It  shall  then  be 
left  to  be  compacted  by  traffic,  but  a  small 

"lookout"  gang  must  go  over  it  after  a  few 
trains  have  passed  and  pick  up  any  spots 
that  show  too  great  an  inequality  of 
settlement. 

Renumber  to  801 

The  fillmg  lift  must  be  made  by  jack- 
ing the  track  up  to  the  required  height  and 

the  ballast  then  forked  or  shoveled  in  and 
worked  to  as  uniform  a  surface  as  possible 
by  the  use  of  proper  tools.  It  shall  then  be 
left  to  be  compacted  by  traffic,  but  a  small 
gang  must  go  over  it  after  a  few  trains 
have  passed  and  pick  up  any  spots  that 
show  too  great  an  inequahty  of  settlement. 

Rule  803 Renumber  to  802 

Rule  804 

When  the  track  has  been  raised  to  with- 
in two  or  three  inches  of  the  final  grade 

and  properly  compacted,  a  finishing  lift 
must  be  made  by  jacking  up  the  track  to 
the  desired  grade  and  the  necessary  ballast 
forked  or  shoveled  in  and  then  driven  to 
place  by  the  tamping  machines,  tamping 
picks  or  bars,  if  rock  or  heavy  ballast  is 
used.  Shovel  tamping  should  be  used  with 
gumbo,  cinder  or  light  sandy  gravel  ballast. 
In  making  all  lifts,  the  spot  board  and 
level  board  must  be  used  with  care,  and 
the  track  brought  to  surface. 

Renumber  to  803 

When  the  track  has  been  raised  to  with- 
in two  or  three  inches  of  the  final  grade 

and  properly  compacted,  a  finishing  lift 
must  be  made  by  jacking  up  the  track  to 
the  desired  grade  and  the  necessary  ballast 
forked  or  shoveled  in,  and  then  driven  to 
place  with  the  proper  tools.  In  making  all 
lifts,  the  spot  board  and  level  board  must 
be  used  with  care,  and  the  track  brought 
to  surface. 

Rules  SOS,  806,  807  and Renumber    to    804,    80S, 
respectively. 

806,    and     807 

Rule  809 Omit. 



182 Rules   and   Organization 

RULES  FOR  INSPECTION  OF  BRIDGES,  TRESTLES 
AND  CULVERTS 

Masonry  and  Composite  Structures 

Present  Rule  1390 

Points  to  be  Examined:     (j) 

Soundings  shall  be  taken  to  determine 
the  relative  elevation  of  the  bed  of  stream 
and  the  bottom  of  the  masonrv. 

New 

Proposed  Rule  1390 
(J) 

1 — Soundings,  to  determine  the  relative 
elevation  of  the  bed  of  stream  and  the 
bottom  of  the  masonry,  shall  be  taken  at 
least  once  each  year,  and  recorded  on 
form  provided  for  that  purpose.  How- 

ever, in  case  of  high  water  or  floods  tax- 
ing capacity  of  waterways,  soundings  will 

be  taken  immediately,  to  determine  extent 
of  scouring  around  abutments  and  piers. 
Bridge  Inspectors  shall  be  provided  with 
necessary  equipment  for  making  such 
soundings  in  emergencies. 

2 — Bridge   Inspectors  shall   be   provided, 
and  have  in  their  possession,  data  relating  j 
to  depth  and  character  of  foundations  ofj 
abutments     and     piers     on     bridges    overj 
waterways. 

3 — If  soundings  develop  deep  holes,! 
scouring  and  possible  undermining,  subse-j 
quent  to  previous  soundings,  Bridge  In- 

spector will  immediately  advise  superior] 
officer  and  arrange  to  protect  train  move- 

ment until  condition  of  foundations  has] 
been  fully  determined. 

4— Where  there  is  any  doubt  about  thej 
soundings  not  fully  determining  the  extentj 
of  any  undermining  of  abutments,  wing- 
walls     and     piers,     further     investigation 
should  be  made  by  a  diver. 

(n) 

If  fill  supporting  the  roadbed  back  or 
wingwalls  has  been  partially  washed  outj 
no  back-filling  should  be  done  until  the 
foundations  of  wingwalls  have  been  exam-j 
ined  and  found  not  to  be  undermined. 

New 

General 
New 

New 

(o) 

Foundation  inspections  should  determind 
the  character  of  soil  to  develop  if  mud  oi 
silt  has  been  washed  in  or  deposited,  filln 
ings  holes  previously  scoured  out  under  olj 
adjacent  to  the  masonry. re) 

Immediate  inspection  of  waterway 
bridges,  including  culverts,  in  a  flooded 
territory,  is  imperative  for  safeguarding 
train  movements. 

(f) Inspectors  shall  look  for  accumulation 
of  driftwood  or  other  debris  around  bridge 
masonry  or  in  channel. 
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Present  Rule  1390  Proposed  Rule  1390 

New  (g) 
When  timber  foundations  supporting 

masonry  structures  and  originally  built 
under  water,  become  exposed  to  air,  they 
shall  be  inspected  for  possible  decay. 

Culverts  and  Pipes 

Rule  1400  Rule  1400 
General  General 

(a)  Openings — noting  if  they  are  in  good  (a)  Openings — noting  if  they  are  in  good 
condition,  clean  and  free  of  all  debris.  condition,  clean  and  free  of  all  debris,  in- 

cluding  channel   and   surrounding   ground 
above  the  inlet. 

RULES  FOR  MAINTENANCE  OF  BRIDGES— MASONRY 

Present  Proposed 

Rules  1152,  115S,  1156,   1157,  1158,   1161,       Eliminate 
1162,  and  1163 

Rules  1153,  1154,  1159,  1160,  and  1164  Renumber  to  1152,  1153,  1154,  1155,  and 
1156,  respectively. 

RULES  FOR  FIRE  PROTECTION 

Present  Proposed 
Rule  1926  Rule  1926 

All  bulk  gasoline  and   oil  stations,  and  All  bulk  gasoline  and  oil  stations,  and 
gasoline  loading  and  unloading  racks,  must  gasoline  loading  and  unloading  racks,  must 
conform  with  the  requirements  of  the  conform  with  the  requirements  of  the 
Bureau  of  Explosives,  and  in  accordance  Interstate  Commerce  Commission,  of  the 
with  state  laws  and  city  ordinances.  Association  of  American  Railroads,  and  in 

accordance     with     state     laws     and     city 
ordinances. 

Appendix  B 

(3)     RULES    FOR    WELDING    OF    FROGS,    SWITCHES    AND 
RAIL  ENDS  IN  TRACK 

M.  M.  Backus,   Chairman.   Sub-Committee;   L.   D.  Beatty,  R.  Brooke,  H.  L.  Browne, 
A.  A.  Jackson,  J.  R.  Nagel. 

WELDING— GENERAL 

1.  Rail  or  other  parts  to  be  welded  must  be  clean,  free  from  dust,  grease,  paint,  or 
other  foreign  substance.  Laminations,  oxidized  metal  or  cracks  existing  under  rail  head 

surface  must  be  removed  so  that  the  weld  will  be  applied  to  the  clean  original  rail  steel. 

2.  Before  proceeding  with  the  use  of  electric  welder  on  tracks  in  track  circuited 

territory,  the  Supervisor  of  Signals  in  whose  territory  the  work  is  to  be  done  must  be 
notified  a  sufficient  time  in  advance  to  have  Signal  Maintainer  present  when  work  is 
started. 
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3.  When  welding,  goggles  or  spectacles  must  be  worn. 

4.  When  welding,  gauntlet  gloves  must  be  worn  by  the  operator.  A  shield  .... 

inches  high  should  be  used  to  protect  the  arc  from  air  drafts.  The  arc  must  never  be 
observed  without  protection  for  the  eyes. 

5.  Hose  which  has  been  used  on  the  acetylene  cylinder  must  not  be  used  on  the 

oxygen  cylinder,  or  vice  versa,  as  this  is  very  dangerous  and  may  cause  an  explosion. 
The  acetylene  hose  must  be  marked  to  distinguish  it  from  the  oxygen  hose. 

6.  All  welded  rail  ends  should  be  stenciled  on  the  outside  of  the  head  of  the  rail 

with  the  welder's  number  and  with  the  month  and  year  repaired.  All  welded  frogs 
should  be  stenciled  in  like  manner  on  the  top  surface  of  the  wing  rail. 

WELDING— RAIL  ENDS 

1.  All  rail  ends  having  any  batter  less  than  ....  of  an  inch  should  be  welded. 

2.  Rail  with  ends  battered  in  excess  of   inches,  or  distorted  by  line  or  surface 

kinks  or  with  general  corrugated  surface,  should  not  be  welded. 

3.  Joint  must  be  thoroughly  tamped  and  brought  to  proper  surface  and  cross  level 
before  any  welding  is  done.  Bars  must  fit  snugly  throughout,  particularly  at  the  center 

of  the  top  of  the  bar,  with  sufficient  drawing  space  between  inside  of  bar  and  web  of] 

rail.  If  inside  of  bar  is  in  contact  with  web  of  rail,  or  is  too  close  to  allow  proper  draw- 
ing space,  or  does  not  have  a  close  fit  at  the  center  of  the  top  of  the  bar,  condition  musti 

be  corrected  by  changing  the  bars,  using  shims  or  other  methods.  Bolts  must  be  tightened] 
and  if  necessary  must  be  renewed. 

4.  Joint  ties,  when  necessary  to  provide  proper  joint  support,  must  be  renewed. 

5.  Ballast  at  joints  must  be  cleaned  to  provide  proper  drainage. 

6.  All  chipped  or  spalled  rail  ends  must  be  removed  to  clean  parent  metal,  welded] 
and  ground  to  a  true  surface.  Rail  ends  which  are  cupped  and  the  surface  upset  should 

have  the  cupped  surface  built  up  and  the  upset  portion  ground  down  to  a  true  surface.! 

7.  Proper  expansion  of  rail  at  joints  must  be  provided  and  maintained  to  avoid] 
chipping  of  rail  ends. 

8.  (a)  After  welding  an  insulated  joint,  proper  insulation  must  be  applied  before] 
starting  the  welding  on  another  insulated  joint. 

(b)     Sharp  or  rough  points  on  the  rail  ends  must  be  removed  after  making  the 
cut  to  prevent  insulated  end  posts  being  cut  out. 

WELDING— FROGS 

1.  No  frog  should  be  repaired  where  the  cost  of  repairs  will  be  more  than   . 
percent  of  new  frog. 

2.  If  frog  is  welded  in  track,  ties  must  be  adzed  or  renewed  as  necessary  to  give  it] 
uniform  bearing.    All  spikes  must  be  driven  down  to  prevent  distortion  of  frog  during 
welding.    If  necessary,  angle  bars  must  be  replaced  before  frog  is  welded. 

3.  Any  frog  that  is  out  of  surface  or  gage,  or  where  the  guard  rail  is  so  loose  that: 

the  frog  point  has  become  badly  sideworn  on  the  thin  end,  must  not  be  welded  undeij 
traffic. 

4.  If  frog  is  welded  out  of  track,  it  should  be  supported  at  two  points  near  the 
center  of  the  frog  and  the  ends  clamped  down  to  prevent  warping. 

5.  Inspection  must  be  made  of  spring  wing  to  determine  whether  or  not  the  weldi 

would  be  of  such  length  as  to  cause  distortion  which  would  impede  the  free  movement^ 
thereof,  and  if  so  found,  frog  should  be  renewed. 
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6.  Prior  to   welding,  bolts   must   be  tightened   and   broken   bolts   replaced,   using 
standard  heat-treated  bolts. 

7.  Welders  must  check  gage  at  frog  point  and  flangeway  opening  at  guard  rail. 

8.  Where  necessary,  rail  ends  must  be  built  up  at  the  toe  and  heel  of  frog. 

9.  Electric  arc  welding  only  should   be   used   in   building   up  manganese  or  open- 
hearth  rail  immediately  adjacent  thereto. 

WELDING— SWITCHES 

1.  No  switch  point  should  be  repaired  where  the  cost  of  repairs  will  be  more  than 
....  percent  of  new  switch  point. 

2.  Inspection  must  be  made  to  see  that  stock  rail  is  in  good  condition. 

(a)  If  stock  rail  is  too  badly  worn,  it  must  be  changed  out  before  point  is 
built  up. 

(b)  If  not  badly  worn  but  has  over-flowed,  this  over-flow  must  be  removed 
before  point  is  built  up. 

(c)  Point  must  be  in  perfect  alinement  and  heel  filler  bolts  tight. 

3.  The  contour  of  weld  must  be  kept  uniform  so  as  to  permit  the  safe  passage  of 
trains  at  any  time  during  the  operation. 

4.  The  switch  point  while  being  built  up  must  be  clamped  against  a  rail  of  the 
same  section  with  which  it  is  to  be  used. 

5.  Finished  point  must  conform  with  standard  plan  as  near  as  possible,  special  care 
being  taken  to  see  that  point  is  not  too  thick  at  end. 





REPORT  OF  COMMITTEE  XIII— WATER  SERVICE,  FIRE 
PROTECTION  AND  SANITATION 

R.  C.  Barjdwell,  Chairman; 
W.  M.  Barr, 
F.  J.  Bishop, 
C.  W.  Brown,  Jr., 
C.  B.  Bryant. 
R.  W.  Chorley, 
R.  E.   COUGHLAN, 
\V.  L.  CURTISS, 
J.  H.  Davidson, 
B.  W.  DeGeer, 
R.  N.  Foster, 
C.  H.  Fox, 
W.  P.  Hale, 
J.  S.  Hancock, 
J.  P.  Hanley, 
H.  M.  Hoffmeister, 

R.  L.  Holmes, 
A.  VV.  Johnson, 
H.  F.  King, 
C.  R.  Knowles, 

J.  J.  L audio, 
O.  E.  Mace, 
T.  C.  Main, 
Ray  McBrian, 
M.  E.  McDonnell, 
W.  A.  McGee, 
H.  L.  McMullin, 
R.  H.  Miller, 
E.  R.  Morris, 
L.  B.  Paine, 
A.  B.  Pierce, 
W.   G.   POWRIE, 

E.  M.  Grime,  V ice-Chairman; 
W.  A.  Radspinner, 
O.  T.  Rees, 
Owen  Rice, 

C.  P.  Richardson, 
H.  L.  Roscoe, 

J.  A.  Russell, 
H.  E.  SiLCOx, 
D.  A.  Steel, 
R.  M.  Stimmel, 
C.  P.  Van  Gundy. 
H.  W.  Van  Hovenberg, 
R.  E.  Wachter, 

J.  C.  Wallace, 
J.  B.  Wesley, 
J.  B.  Young, 

Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  presents  its  report  covering  the  following  subjects: 

(1)  Revision  of  Manual.    No  report. 

(2)  Taste  and  odor  control  of  drinking  water  (Appendix  A).  Complete  and 
offered  as  information. 

(3)  Types  of  tannins  used  in  water  treatment.    No  report. 

(4)  Cause  of  and  remedy  for  pitting  and  corrosion  of  locomotive  boiler  tubes  and 
sheets,  with  special  reference  to  status  of  embrittlement  investigations  (Appendix  B). 
Progress  report  and  received  as  information. 

(5)  Value  of  water  treatment  with  respect  to  estimating  and  summarizing  possible 

savings  effected  (Appendix  C).    Progress  report  and  received  as  information. 

(6)  Fire  hydrants,  design,  operation  and  maintenance  (Appendix  D).  Complete 
and  offered  as  information. 

(7)  Progress  being  made  by  Federal  or  State  Authorities  on  regulations  pertaining 

to  railway  sanitation,  collaborating  with  Joint  Committee  on  Railway  Sanitation,  AAR 
(Appendix  E).    Progress  report  and  received  as  information. 

(8)  Clarification  and  disinfection  of  small  railway  drinking  water  supply  (Appendix 
F).    Complete  and  offered  as  information. 

(9)  Classification  of  water  service  material,  collaborating  with  Purchases  and  Stores 

Division  (Appendix  G).     Complete  and  offered  as  information. 

The  Committee  on  Water  Service,  Fire  Protection  and  Sanitation, 

R.  C.  Bardwell,  Chairman. 

Bulletin  400,  December,  1937. 
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Appendix  A 

(2)     TASTE  AND  ODOR  CONTROL  OF  DRINKING  WATER 

R.  M.  Stimmel,  Chairman,  Sub-Committee;  J.  H.  Davidson,  O.  E.  Mace,  H.  L.  McMullin, 
E.  R.  Morris,  A.  B.  Pierce,  Owen  Rice,  H.  W.  Van  Hovenberg. 

One  of  the  principal  problems  encountered  in  producing  satisfactory  drinking  water 

has  been  the  elimination  of  tastes  and  odors.  Until  within  the  last  ten  years  the  only 
methods  generally  used  to  combat  these  troubles  were  aeration  and  the  treatment  of 

reservoirs  with  copper  sulfate.  Such  rapid  progress  has  been  made  recently  toward  the 
solution  of  the  problem  that  it  has  been  stated  that  a  palatable  water  can  be  produced 

under  almost  any  condition  if  money  is  available  for  the  installation  and  proper  operation 

of  suitable  equipment.  Tastes  and  odors  in  water  do  not  necessarily  indicate  polludon 
or  a  dangerous  condition.  However,  their  control  is  a  health  problem  because  many 

people  revert  to  the  use  of  a  palatable  water  of  questionable  quality  if  the  safe  water 
becomes  unpleasant  to  drink.  The  report  of  the  committee  is  a  summary  of  current 

information  concerning  taste  and  odor  control  of  drinking  water. 

Causes  of  Tastes  and  Odors 

The  principal  sources  of  tastes  and  odors  in  water  are  microscopic  organisms,  leaves, 
decaying  animal  and  vegetable  matter,  gases,  domestic  sewage,  and  industrial  waste. 

Tastes  and  odors  of  many  kinds  are  introduced  or  accentuated  by  the  chlorine  used  for 

sterilization  of  water.  Although  the  first  three  causes  are  most  commonly  encountered, 

the  tastes  and  odors  due  to  sewage  and  industrial  waste  pollution  are  usually  more  severe 

and  disagreeable.  Wastes  which  may  cause  these  troubles  are  discharged  from  by-product 
coke  ovens,  gas  plants,  canneries,  oil  refineries  and  wells,  paper  mills,  beet  sugar  mills, 

tanneries,  creosoting  plants,  dye  manufacturing  plants,  and  many  other  industrial  plants. 

Prevention  of  Tastes  and  Odors 

The  production  of  a  palatable  water  is  effected  by  two  general  methods:  the  pre- 
vention of  the  entrance  of  tastes  and  odors  into  the  water;  and,  their  removal  when 

unavoidably  present.  However,  when  the  pollution  is  due  to  sewage  or  industrial  waste 

the  first  method  may  not  be  applicable  because  of  high  cost  for  treatment  or  disposal  of 

the  waste.  If  the  amount  of  waste  is  small  it  may  sometimes  be  stored  and  discharged 
into  streams  during  flood  periods  or  at  other  convenient  intervals.  A  large  amount  of 

phenolic  waste  trouble  has  been  eliminated  in  recent  years  due  to  the  development  of  a 

successful  treatment  for  this  material  at  by-product  coke  ovens.  Sewage  purification 
works  are  also  being  installed  in  large  numbers. 

Odors  imparted  by  leaves  and  decaying  vegetation  are  often  difficult  of  removal. 

These  odors  should  be  prevented  from  entering  the  water,  if  possible,  by  the  elimination 
of  stagnant  areas  and  swamps  from  the  water  shed.  Methods  for  the  removal  of  such 

areas  include  drainage,  filling  or  deepening,  channeling  of  fresh  water  around  or  through 
the  swampy  ground,  and  the  exclusion  of  stagnant  water  through  the  erection  of  dams 
and  embankments.  Shallow  coves  in  large  reservoirs  may  cause  odor  troubles  and  in 

such  cases  may  be  eliminated  by  isolating  the  cove  by  means  of  a  dyke  or  by  filling. 

Microscopic  Organisms 

Microscopic  organisms  are  probably  the  most  common  source  of  tastes  and  odors  in 

water.  Since  algae  require  for  growth  only  sunlight  and  carbon  dioxide,  either  free  or 

from  bicarbonates,  they  may  occur  in  almost  any  water  supply  except  a  turbid  one.    It 
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is  reported  that  over  half  of  the  water  supplies  are  affected  at  some  time.  Trouble  from 

microscopic  organisms  may  be  controlled  by  preventing  their  growth  or  by  removing 
the  taste  and  odor  forming  compounds,  produced  by  the  algae,  from  the  water  in  the 

treating  plant.  The  method  to  be  selected  will  depend  on  local  conditions.  Organisms 

may  be  removed  and  tastes  and  odors  reduced  by  aeration  and  filtration,  but  these 
methods  of  control  used  alone  are  not  solutions  of  the  problem.  Where  water  is  filtered 

it  may  be  cheaper  to  destroy  the  organisms  in  small  reservoirs.  If  the  reservoir  is  a 

large  impounding  one  it  may  be  better  to  treat  the  water  after  it  enters  the  plant.  If  the 
water  is  not  filtered  after  storage  in  the  reservoir  it  is  usually  desirable  to  effect  the 
treatment  in  the  reservoir. 

Copper  Sulfate  Treatment 

Control  of  algae  growths  may  be  necessary  in  both  impounding  and  distributing 

reservoirs.  Both  chlorine  and  copper  sulfate  are  effective  in  destroying  microorganisms. 
Chlorine  dosages  are  difficult  to  control  except  in  a  treating  plant.  Copper  sulfate  is 

almost  universally  used  for  this  purpose,  although  chlorine  is  used  successfully  in  some 
cases. 

Copper  sulfate  was  first  used  in  reservoirs  in  1901.  The  dosage  required  is  not  the 

same  for  all  types  of  growth  or  for  all  conditions,  and  tables  were  developed  showing 
dosages  which  should  be  used  for  different  cases.  The  tables  have  been  modified  from 

time  to  time  but  essentially  neither  the  dosages  nor  the  method  of  application  were 

changed  materially  from  those  first  used  until  recently.  By  the  original  method  of  treat- 
ment copper  sulfate  in  bags  or  metal  containers  was  dragged  behind  boats  or  launches 

over  the  surface  of  the  reservoir.  The  reservoir  was  covered  by  taking  triangular  or 

parallel  courses  over  the  area  to  be  treated.  Where  boats  could  not  be  used,  inner  tubes 

containing  the  chemical  have  been  pulled  over  the  water.  The  application  should  be 
based  on  results  of  laboratory  tests,  if  possible,  so  that  accurate  treatment  will  be  obtained 

for  the  particular  algae  present  and  so  that  adjustments  of  dosages  can  be  made  for 

temperature,  alkalinity,  organic  matter,  carbon  dioxide,  etc. 

It  is  claimed  that  the  full  dose  of  copper  sulfate  should  be  given  at  one  treatment 

and  that  too  small  an  amount  is  frequently  a  complete  waste  of  the  chemical.  Although 

there  is  very  little  danger  of  human  injury  from  the  use  of  the  material  because  a  heavy 
dose  will  make  the  water  very  disagreeable  to  drink,  there  is  the  possibility  that  fish 

will  be  killed.  If  fish  are  present  the  table  showing  the  amount  of  copper  sulfate  liable 
to  kill  various  kinds  of  fish.  Bulletin  No.  76,  Bureau  of  Plant  Industry,  United  States 

Department  of  Agriculture  (1905),  by  G.  T.  Moore  and  B.  F.  Kellerman,  should  be 
consulted. 

A  new  technique  for  the  application  of  copper  sulfate  to  large  reservoirs  or  lakes 

has  been  developed  by  the  Los  Angeles  Water  Department.  One  of  the  principal  objec- 
tions to  the  old  method  was  that  a  large  part  of  the  copper  sulfate  was  changed  to  other 

copper  compounds  by  the  carbonates  in  the  water,  which  compounds  are  less  toxic  than 

the  copper  sulfate.  By  the  new  method  copper  sulfate  is  added  to  the  water  in  pul- 
verized form.  The  sulfate  will  thus  dissolve  as  it  sinks  and  organisms  at  various  depths 

will  be  attacked  by  the  freshly  dissolved  chemical,  its  most  toxic  form.  Not  only  may 

the  water  be  treated  at  any  desired  depth  by  the  new  method,  but  also  the  distribution 
of  the  chemical  will  be  more  uniform.  The  pulverized  copper  sulfate  is  spread  by 

dropping  on  a  rapidly  revolving  disc.  In  addition  to  giving  more  uniform  treatment, 
it  is  claimed  that  the  new  system  of  application  is  less  laborious  and  time  consuming 
than  the  other  method. 
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The  copper  sulfate  treatment  referred  to  above  is  for  the  purpose  of  destroying 

organisms  already  in  the  reservoir.  This  chemical  has  also  been  applied  continuously  to 
water  as  it  enters  the  reservoir  to  prevent  the  growth  of  microorganisms.  When  applied 
in  this  manner  the  sulfate  is  used  as  a  strong  solution.  Treatment  of  water  as  it  enters 

the  reservoir  is  particularly  useful  for  cases  where  the  water  is  from  swampy  areas  or 
contains  a  very  heavy  concentration  of  organisms. 

Taste  and  Odor  Prevention  with  Ammonia-Chlorine  Treatment 

After  chlorine  was  introduced  as  a  sterilizing  agent,  new  taste  and  odor  problems 
developed.  These  troubles  were  due  to  tastes  from  the  chlorine  itself  as  well  as  to  tastes 

and  odors  produced  from  the  reaction  of  chlorine  with  industrial  waste  and  microscopic 

organisms.  Ammonia  added  to  the  water  ahead  of  chlorine  has  been  very  effective  in 

preventing  chlorinous  taste  troubles.  The  chloramine  formed  does  not  cause  unpleasant 

tastes  and  does  not  react  with  the  industrial  waste  to  produce  tastes  and  odors.  Ammonia 

added  after  the  chlorine  is  not  effective  because  odor  and  taste  producing  substances  once 
formed  are  not  destroyed  by  the  ammonia. 

Chloramine  was  first  investigated  as  a  sterilizing  agent,  and  it  was  not  generally 

known  until  1929  that  tastes  due  to  chlorine  or  those  accentuated  by  chlorine  could  be 

prevented  by  the  use  of  ammonia  prior  to  chlorination.  The  ammonia-chlorine  treat- 
ment supplemented  by  activated  carbon  for  the  removal  of  tastes  not  prevented  by  the 

ammonia  is  now  widely  used.  This  type  of  treatment  is  used  in  small  plants  not  pro- 
vided with  automatic  chlorine  control  equipment.  In  such  plants  there  will  be  periods 

when  water  usage  is  low  and  the  chlorine  dosage  is  heavy.  At  such  times  the  ammonia 

is  effective  in  preventing  chlorinous  tastes.  When  not  required  before  chlorine  for  the 

prevention  of  taste  troubles,  ammonia  has  been  added  after  the  chlorine  for  the  pre- 
vention of  algae  growths  in  treated  water  reservoirs.  As  a  means  of  preventing  the 

occurrence  of  tastes  and  odors  in  stagnant  sections  of  distribution  systems,  the  ammonia- 
chlorine  treatment  has  been  reported  as  almost  universally  successful. 

Ammonia  is  usually  used  as  a  gas,  although  chemical  compounds  of  ammonia  have 

been  used.  When  used  as  a  gas  the  normal  ammonia  to  chlorine  ratio  is  1:3.  Under 

severe  conditions  an  ammonia-chlorine  ratio  of  1:1  has  been  used. 

Removal  of  Tastes  and  Odors 

In  probably  the  majority  of  cases  tastes  and  odors  cannot  be  prevented  from  enter- 
ing the  water  and  corrective  treatments  are  necessary.  These  include  one  or  more  of  the 

following:  Aeration,  Prechlorination,  Superchlorination  with  dechlorination,  Potassium 

Permanganate,  Bleaching  Clay,  Ozone,  and  Activated  Carbon. 

Aeration 

The  use  of  aeration  solely  for  the  removal  of  odors  is  probably  decreasing.  Odors 
and  tastes  due  to  iron  and  dissolved  gases  are  usually  largely  removed  and  those  due 

to  the  essential  oils  produced  by  microorganisms  may  be  reduced  sufficiently  to  permit 

smaller  doses  of  other  chemicals.  Also,  the  palatabiUty  of  a  water  is  frequently  im- 
proved by  the  oxygen  introduced  into  the  water  by  aeration.  Aeration  wiU  probably 

continue  to  be  used  for  odor  removal  but  its  use  for  this  purpose  is  no  longer  a  necessity. 

Prechlorination 

For  sterilization  purposes  chlorine  has  been  added  to  the  water  prior  to  filtration 
because  of  the  longer  sterilization  action  obtained.  Chlorine  added  at  this  point  has 
eliminated  tastes  and  odors  in  some  cases.     In  others,  tastes  and  odors  have  been  so 
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accentuated  that  later  corrective  measures  have  been  ineffective.  Prechlorination  fol- 
lowed by  activated  carbon  and  then,  after  filtration,  by  ammonia  and  chlorine  is  one  of 

present  trends  in  the  solution  of  taste  and  odor  troubles. 

Super-chlorination 

Chlorine  in  water  acts  as  a  strong  oxidizing  agent  destroying  many  unpleasant  tastes 
and  odors.  The  amount  of  chlorine  required  for  the  sterilization  of  water  is  not  always 

adequate  for  destruction  of  taste  and  odor  producing  substances.  Super-chlorination,  or 
the  application  of  very  large  amounts  of  chlorine,  has  been  employed  for  the  oxidation 
of  such  substances.  Since  chlorine  of  itself  affects  the  palatability  of  water,  the  excess 
chlorine  must  be  reduced  or  removed.  Dechlorinators  used  include  sulfur  dioxide,  sodium 

bisulfite,  sodium  thiosulfate  and  activated  carbon. 

Ozone-Potassium  Permanganate-Bleaching  Clays 

Although  ozone  is  used  extensively  as  a  sterilizing  agent  in  some  foreign  countries, 

its  use  in  this  country  has  been  limited.  It  is  reported  as  very  effective  for  destroying 

some  taste  and  odor  producing  substances.  Troubles  with  taste  from  the  sterilizing 

agent,  such  as  are  encountered  with  chlorine,  do  not  occur  when  ozone  is  used.  At 

present,  costs  for  ozone  are  high,  but  it  may  be  possible  to  use  ozone  at  small  plants 
where  most  of  the  water  treated  is  used  for  drinking  purposes. 

Potassium  permanganate  was  first  known  as  a  germicide  but  was  used  for  odor 

removal  as  far  back  as  1913.  Satisfactory  results  are  reported  from  its  use  but  recent 

developments  of  other  methods  have  caused  the  use  of  potassium  permanganate  to  de- 
crease. Bitter  tastes  have  been  reported  as  due  to  the  chemical  itself.  It  will  probably 

not  be  important  in  the  future  except  in  special  cases. 

Bleaching  clays  and  Fullers  earth  have  not  been  used  extensively.  They  are  re- 
ported as  effective  for  some  petroleum  wastes.  They  function  through  absorption,  but 

the  number  of  taste  and  odor  producing  substances  absorbed  is  limited. 

Activated  Carbon 

The  purifying  properties  of  activated  carbons  have  been  applied  in  industry  for 
many  years  but  the  material  was  not  utilized  in  water  treatment  until  recently.  Since 
about  1930  the  use  of  this  substance  for  control  of  tastes  and  odors  has  been  extended 

widely.  Present  trends  indicate  that  activated  carbon  alone  or  with  other  treatments 

will  be  used  in  correcting  these  troubles  in  nearly  all  cases  except  when  ammonia  is  used 
for  the  prevention  of  chlorinous  tastes. 

Carbon  in  the  form  of  charcoal  has  been  known  as  a  water  purifier  for  over  a  cen- 
tury. The  capacity  of  the  charcoal  for  removing  harmful  substances  is  limited  and  it 

was  used  principally  by  individual  consumers  of  water  rather  than  at  large  plants.  The 

carbon  functions  by  adsorption  of  the  tastes  and  odors,  which  is  a  surface  phenomena. 
The  surface  area  of  charcoal  is  small  as  compared  with  the  form  of  carbon  now  used. 

In  addition,  this  form  of  carbon  (powdered  activated  carbon)  has  very  highly  adsorptive 
surface  atoms  due  to  the  special  treatments  given  in  its  preparation. 

Active  carbon  may  be  prepared  from  almost  any  carbonaceous  material.  It  is  usu- 
ally prepared  by  the  decomposition  of  carbonaceous  material  at  temperatures  below 

600  degrees  C,  the  inactive  carbon  being  prepared  by  a  similar  decomposition  at  higher 

temperatures.  The  material  after  carbonization  at  low  temperatures  is  activated  by  heat- 

ing with  steam  or  other  gases  in  closed  retorts  at  higher  and  definitely  controlled  tem- 
peratures. The  powdered  form  is  prepared  by  grinding  after  activation.  The  capacity 

of  activated  carbons  for  absorbing  various  substances  depends  on  the  method  of  manu- 
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facture  and  the  material  used.  The  active  carbon  used  for  taste  and  odor  control  should 

be  the  carbon  with  the  highest  adsorptive  capacity  per  unit  cost.  Other  properties  to  be 

considered  are  resistance  to  abrasion  from  handling  and  washing,  and  specific  gravity 
which  should  be  sufficiently  high  that  the  materials  will  not  float  or  wash  away  in  the 

plant. 
Powdered  activated  carbon  is  an  insoluble  substance  and  it  is  usually  apphed  by 

dry  feed  machines,  preferably  by  equipment  especially  designed  for  the  purpose.  Solu- 
tion type  feeds  are  also  used,  the  fine  particles  of  carbon  being  carried  in  suspension  to 

the  point  of  application.  Thorough  agitation  is  necessary  when  the  activated  carbon  is 

added  to  the  solution  tank  because  the  particles  are  difficult  to  wet  completely.  In  small 

plants  barrels  with  agitating  devices  and  constant  discharge  have  been  used  successfully. 

The  point  at  which  the  material  should  be  added  to  the  water  depends  on  several 
conditions,  such  as:  the  quality  of  the  water;  the  character  and  intensity  of  tastes  and 

odors;  and  the  design  of  the  plant.  Application  may  be  made  prior  to  filtration  either 
to  the  raw  water  or  in  the  mixing  basin.  In  the  mixing  basin  activated  carbon  has  been 

added  before,  with,  or  after  the  coagulant.  The  activated  carbon  is  sometimes  added  to 
the  settled  water  either  in  the  settling  basin  or  at  the  influent  to  the  filters.  Activated 

carbon  is  also  added  directly  to  the  filters.  It  is  claimed  that  the  greatest  efficiency  of 

the  carbon  will  be  obtained  by  this  last  method  of  application.  Addition  of  the  material 

directly  to  the  filters  is  frequently  used  as  an  emergency  when  tastes  and  odors  have 

penetrated  the  water  in  the  plant.  Carbon  applied  at  this  point  causes  shortening  of 

filter  runs,  but  the  exact  effect  has  not  been  definitely  determined. 

It  is  not  practical  in  most  cases  to  add  the  carbon  directly  to  the  filters  and  it  is 

most  commonly  used  prior  to  sedimentation,  either  separately  or  with  the  coagulant  in 

the  mixing  basin.  Activated  carbon  when  used  directly  in  the  raw  water  may  be  very 
effective  when  taste  troubles  are  excessive  but,  in  general,  dosages  required  are  greater  at 

this  point.  When  water  is  softened,  the  carbon  is  preferably  added  before  the  water 
reaches  the  mixing  chambers.  Conditions  favorable  to  the  use  of  powdered  activated 

carbon  in  the  mixing  basin  are  as  follows:  For  the  removal  of  regularly  occurring  odors; 

for  the  removal  of  severe  tastes  and  odors  requiring  heavy  treatment;  and  for  the  pre- 
vention of  taste  and  odors  coming  from  the  putrefaction  of  sludge  in  the  coagulation 

process. 
Powdered  activated  carbon  is  used  after  coagulation  when  taste  and  odor  troubles 

are  mild  or  of  short  duration,  or  in  emergency  for  the  removal  of  tastes  and  odors  which 
have  penetrated  the  plant. 

Many  plants  are  equipped  to  add  the  carbon  both  to  the  mixing  basin  and  to  the 
settled  water.  At  some  of  these  plants  the  carbon  is  added  at  both  points  regularly. 

At  others,  the  second  point  of  application  is  used  only  in  emergency.  Powdered  acti- 
vated carbon  is  also  used  with  other  taste  and  odor  treatments  such  as  were  mentioned 

under  prechlorination. 

Dosages  of  carbon  required  are  reported  to  vary  between  as  low  as  1  pound  per 

million  gallons  of  water  to  as  high  as  1200  pounds  per  million  gallons.  The  dosage  re- 
quired has  been  most  generally  determined  by  actual  plant  experience  and  test,  although 

laboratory  methods  of  control  are  coming  more  into  general  use. 

Activated  Carbon  Application  to  Reservoirs 

Where  plants  are  not  provided  with  sand  filters,  taste  and  odor  removal  has  been 

accomplished  by  the  application  of  powdered  activated  carbon  to  reservoirs.  The  acti- 
vated carbon  is  not  applied  dry,  as  carbon  particles  do  not  wet  readily.  Various  devices 

have  been  used  for  the  application  of  the  material.     One  method  of  application  is  from 
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a  motor  boat.  The  carbon,  kept  in  suspension  in  a  barrel,  is  permitted  to  drop  on  the 
propeller  blades  of  the  boat.  Carbon  is  best  applied  to  reservoirs  one  or  two  days  after 

copper  sulfate  has  been  used.  The  copper  sulfate  aids  in  the  coagulation  and  settling 

of  the  carbon  particles.  The  reservoir  should  not  be  used  for  about  24  to  48  hours  after 
carbon  has  been  applied.  This  allows  a  contact  period  of  the  material  with  the  taste  and 

odor  producing  substances  and  prevents  the  entrance  of  carbon  particles  into  the 
distribution  system. 

Granular  Activated  Carbon 

Beds  of  granular  activated  carbon  were  used  before  the  powdered  form  was  tried 
in  water  treatment.  The  powdered  form  is  now  used  much  more  extensively.  In  large 

installations  the  cost  of  the  bed  of  granular  carbon  and  of  the  equipment  required  has 

made  this  type  of  treatment  expensive.  Beds  of  the  material  are  more  generally  used 
for  installations  such  as  small  municipal  water  works,  industrial  plants  and  for  the  home 

where  odor  and  taste  free  water  is  not  available.  The  principal  advantages  of  the  gran- 
ular beds  are  the  slight  amount  of  attention  required  and  the  ease  of  operation.  When 

sufficient  contact  time  with  the  water  is  allowed,  the  carbon  filter  always  functions  until 

the  bed  has  worn  out.  Beds  of  granular  carbon  will  remove  chlorine  from  water  even 

after  the  capacity  for  removal  of  other  substances  has  been  exhausted. 

Summary 

The  selection  of  the  most  suitable  method  for  the  control  of  tastes  and  odors  in 

water  and  the  determination  of  amounts  of  chemicals  required  has  been  complicated  by 

the  fact  that  very  few  of  the  compounds  causing  these  troubles  can  be  identified.  The 

only  exception  to  this  are  compounds  which  cause  chlorinous  tastes.  Chemical  tests  to 

determine  the  particular  substance  causing  trouble  are  therefore  impossible  in  the  routine 
control  of  tastes  and  odors.  The  odors  are  described  by  making  comparison  with  familiar 

ones.  Lists  giving  the  main  odors  show  as  many  as  36  different  kinds.  The  most  familiar 

list  is  in  Standard  Methods  of  Water  Analysis,  where  the  following  twelve  odors  occur- 
ring in  water  are  shown:  aromatic,  free  chlorine,  disagreeable,  earthy,  fishy,  grassy, 

moldy,  musty,  peaty,  sweetish,  hydrogen  sulfide,  and  vegetable. 

Also,  methods  have  not  been  available  for  making  specific  determinations  of  the 

intensity  of  odors  and  of  the  degree  of  freedom  of  water  from  odors.  The  intensity  of 
odors  given  in  Standard  Methods  of  Water  Analysis  are  expressed  as  follows: 

Numerical 
Value  Term  Definition 

0  None  No  odor  perceptible. 
1  Very  faint  Not  detectable  by  the  average  consumer,  but  detectable  by 

the  experienced  observer  in  the  laboratory. 
2  Faint  An   odor  that   the   consumer  might   detect   if  attention   was 

called  to  it,  but  that  would  not  otherwise  attract  attention. 
3  Distinct  An  odor  that  would  be  detected  readily  and  that  might  cause 

the  water  to  be  regarded  with  disfavor. 
4  Decided  An  odor  that  would  force  itself  on  the  attention  and  might 

make  the  water  unpalatable. 
5  Very  strong    An  odor  of  such  intensity  that  the  water  would  be  absolutely 

unfit  to  drink.     (A  term  to  be  used  only  in  extreme  cases.) 

The  method  for  determining  the  intensity  of  odors  given  in  Standard  Methods  of 

Water  Analysis  has  not  been  considered  entirely  satisfactory  because  of  the  impossibility 
of  eUminating  the  personal  factor.  In  1931  what  is  known  as  the  threshold  method  of 

odor  determination  was  developed.  In  this  procedure  the  water  being  tested  is  diluted 

with  odor-free  water.    The  dilution  is  continued  until  the  odor  is  just  detectable.    The 
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dilution  is  called  the  threshold  number.  This  number  gives  a  measure  of  the  concen- 

tration of  odor  producing  substances  as  compared  with  just  detectable  odors.  The  sen- 
sity  of  the  test  has  since  been  improved  by  the  use  of  a  nose  piece  to  conduct  the  odors 

directly  from  the  testing  equipment  to  the  nostrils  without  dilution  by  air. 
Since  the  chemical  composition  of  the  substances  causing  taste  and  odor  troubles  is 

not  generally  known  and  since  the  kinds  of  these  substances  vary  greatly  for  different 
waters,  the  method  for  control  of  tastes  and  odors  should  be  based  on  experiment  with 

the  individual  water  supply.  Although  laboratory  testing  methods  for  odors  are  not 

quantitative  chemical  methods,  it  is  claimed  that  they  aid  materially  in  solving  taste  and 
odor  problems.  Improvements  will  probably  be  made  in  laboratory  methods  in  this 

connection,  but  by  the  use  of  the  present  available  tests  it  should  be  possible  to  control 

chemical  doses,  select  the  best  method  of  treatment,  and  furnish  a  palatable  water  except 
under  very  unusual  conditions. 

Appendix  B 

(4)  CAUSE  OF  AND  REMEDY  FOR  PITTING  AND  CORROSION  OF 
LOCOMOTIVE  BOILER  TUBES  AND  SHEETS,  WITH  SPECIAL 
REFERENCE  TO  STATUS  OF  EMBRITTLEMENT  INVESTI- 
GATIONS 

R.  E.  Coughlan,  Chairman,  Sub-Committee;  J.  H.  Davidson,  B.  W.  DeGeer,  E.  M. 
Grime,  Ray  McBrian,  0.  T.  Rees,  H.  L.  Roscoe,  J.  B.  Wesley,  J.  B.  Young. 

During  the  past  three  years,  this  Committee  has  been  assembling  all  available  infor- 
mation regarding  the  peculiar  cracking  of  boiler  sheets  and  rivets,  which  cracking  has 

been  commonly  called  "Embrittlement"  or  "Caustic  Embrittlement." 
It  is  particularly  unfortunate  that  these  names  were  applied  to  this  trouble  as  present 

investigations  indicate  that  the  trouble  is  not  one  of  embrittlement  at  all,  and  furthermore, 

it  has  been  found  possible  to  develop  the  same  type  of  cracking  in  solutions  containing 
no  trace  of  any  caustic  material. 

During  the  year  1936,  the  Association  of  American  Railroads  appropriated  $15,000 

to  be  used  in  research  on  this  particular  subject.  This  research  work  is  being  conducted 

at  the  Bureau  of  Mines,  College  Park,  Md.,  under  the  capable  direction  of  Dr.  W.-  C. 
Schroeder.  Your  Committee  has  been  in  close  contact  and  is  co-operating  with  Dr. 

Schroeder  to  the  fullest  extent.  It  is  hoped  that  conclusive  results  will  be  obtained  dur- 
ing the  next  year,  which  will  not  only  completely  clarify  this  particular  boiler  trouble, 

but  will  afford  positive  means  for  its  elimination. 

It  must  be  understood  that  all  of  the  cracking  occurring  in  boiler  materials  is  not 

of  this  type  and  the  studies  and  investigations  being  conducted  do  not  include  the 

cracking  of  boiler  material  across  the  grains  of  steel,  such  as  fatigue  cracks,  strain  cracks, 
fire  cracks  or  those  of  a  similar  nature.  The  particular  cracking  under  investigation  is 

that  in  which  the  breaks  occur  around  the  grains  of  steel  following  the  grain  boundries 
as  they  develop  into  cracks  visible  to  the  naked  eye.  It  is  for  this  reason  that  the  word 

"embrittlement"  is  a  misnomer  in  as  much  as  it  is  now  proven  that  this  cracking  is  a 
true  Intercryistalline  Corrosion,  occurring  in  stressed  steel  when  the  proper  factors 

are  present  to  dissolve  the  material  of  the  grain  boundries,  thus  causing  the  small  micro- 
scopic break  to  develop  into  a  serious  boiler  trouble.  In  steel  which  has  not  been  stressed, 

it  is  impossible  to  develop  these  cracks  in  any  solution. 
Your  Committee  has  met  with  Dr.  Schroeder  and  his  assistants  on  several  occasions 

during  the  past  year.  At  the  meeting  in  May  at  College  Park,  Md.,  the  entire  scope  of 
the  research  was  outlined  and  thoroughly  discussed  by  all  in  attendance.     Dr.  Schroeder 
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outlined  the  progress  to  date  and  from  these  several  meetings  the  report  of  this  Com- 
mittee has  been  compiled. 

The  early  tests  on  this  type  of  corrosion  were  made  in  solutions  of  Sodium  Hydrox- 

ide-Sodium Silicate  at  482  degrees  F.  (250  C).  It  has  recently  developed  that  solutions 
of  proper  strength  of  Sodium  Nitrate-Manganous  Chloride,  or  Sodium  Hydroxide-Lead 

Oxide  and  even  Nitric  Acid-Manganous  Chloride,  are  more  conducive  to  producing  inter- 
crystalline  corrosion  in  steel,  than  is  a  solution  of  Sodium  Hydroxide-Sodium  Silicate. 

Investigations  are  now  being  made  on  the  action  of  possible  protective  compounds 

at  lower  temperatures  and  in  solutions  other  than  Sodium  Hydroxide-Sodium  Silicate 
Solutions.  The  object  of  these  investigations  is  to  determine  definitely  what  factors 
cause  this  cracking  in  steel,  and  what  will  protect  against  them. 

A  series  of  tests  confirmed  the  fact  that  the  protection  afforded  by  the  use  of  Sodium 
Sulfate  is  decidedly  limited.  Sodium  Sulfate  will  afford  protection  against  cracking  at 
ordinary  temperatures  and  in  high  concentrations  of  Sodium  Sulfate.  Indications  are 

that  the  temperature  of  482  degrees  F.  (250  C)  could  be  obtained  without  the  cracking 

occurring.  It  was  also  found  that  Sodium  Sulfate  would  not  prevent  cracking  of  the 

steel  if  the  steel  is  stressed  at  the  temperature  at  which  the  cracking  takes  place.  The 
theory  is  that  Sodium  Sulfate  and  similar  substances  dissolved  in  the  boiler  water,  might 

act  as  protective  agents  by  plugging  capillary  seams  and  openings  to  prevent  the  solution 
from  reaching  the  steel. 

Among  the  other  materials  of  an  inorganic  nature  which  were  tested  as  protective 
agents  were:  chlorides,  carbonates,  phosphates  and  sulfites.  It  was  found  that  chlorides 

in  relatively  low  concentrations  seem  to  exert  a  definite  tendency  to  promote  cracking. 

Carbonates,  phosphates,  sulfites,  arsenates,  borates,  fluorides  and  iodides  will  not  prevent 
cracking  if  the  steel  is  stressed  or  tension  is  applied  at  482  degrees  F.  (250  C). 

In  tests  where  phosphates,  carbonates  and  sulfites  were  used  to  prevent  cracking,  it 
was  found  that  protection  existed  only  when  the  Sodium  Silicate  concentrations  were  low. 

Of  the  inorganic  chemicals,  it  was  found  that  Sodium  Sulfate  appears  to  have  but  one 
advantage  in  preventing  cracking.  This  is  when  the  ratio  of  Sodium  Silicate  to  Sodium 
Hydroxide  is  high. 

The  inorganic  chemicals  that  have  been  found  to  reduce  cracking  are  those  that  act 

as  oxidizing  agents  with  respect  to  iron.  These  are  principally  Sodium  Chromate,  Sodium 
Nitrate  and  Potassium  Permanganate. 

Considerable  care  must  be  used  in  experimenting  with  the  use  of  oxidizing  agents 

in  boUer  water.  While  it  is  known  that  under  certain  conditions,  they  may  act  to  pre- 
vent cracking  of  steel,  it  is  further  known  that  they  will  increase  corrosion  as  well. 

Improper  concentration  adjustments  of  these  chemicals  may  result  in  severe  pitting  or 
corrosion  or  in  release  of  undesirable  products  in  the  boCer  water,  or  the  steam.  It  has 

been  found  that  Nitrates  and  Chromates  may  actually  cause  intercrystalline  cracking  at 
the  atmospheric  boiling  point  under  certain  concentration  conditions. 

A  summary  of  the  entire  work  in  so  far  as  it  is  known  today,  indicates  that  the 

above  inorganic  chemicals  may  prevent  cracking  only  under  certain  limited  operating 
conditions. 

It  was  found,  however,  that  certain  organic  materials  exert  a  very  marked  influence 

in  the  prevention  of  cracking.  Lignin  compounds  appear  to  be  extremely  effective,  re- 
gardless of  the  temperature  or  tension  applied,  the  concentration  of  Sodium  Silicate,  or 

the  presence  of  other  undesirable  chemicals  in  the  solution. 

Certain  Tannin  materials,  such  as  Cutch  and  Quebracho  were  very  effective  in  pre- 
venting cracking  and  in  some  cases  as  effective  as  Lignin.  It  appears  that  the  prevention 

of  cracking,  in  so   far  as  the  present  investigations  have  revealed,  will  be  accomplished 
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by  means  of  the  organic  materials  of  a  similar  nature  to  Lignin,  which  are  inexpensive 

enough  to  be  used  in  boiler  water  conditioning.  This,  of  course,  applies  to  the  type  of 

cracking  known  as  "Intercrystalline  Corrosion"  which  does  not  include  strain  or  fatigue 
cracks  or  cracks  developed  in  the  working  or  formation  of  the  sheets  or  metal  of  the 
boiler  materials. 

Considerable  work  is  yet  to  be  done  before  definite  recommendations  can  be  offered 

which  will  eliminate  this  type  of  cracking  under  all  operating  conditions,  solution  con- 
centrations and  tension  stresses  applied,  so  that  this  report  is  offered  as  information  only. 

Appendix  C 

(5)     VALUE  OF  WATER  TREATMENT  WITH  RESPECT  TO  ESTI- 
MATING AND  SUMMARIZING  POSSIBLE  SAVINGS  EFFECTED 

C.  P.  Richardson,  Chairman,  Sub-Committee;  R.  W.  Chorley,  B.  W.  DeGeer,  R.  N. 
Foster,  C.  H.  Fox,  J.  S.  Hancock,  R.  L.  Holmes,  C.  R.  Knowles,  T.  C.  Main,  H.  L. 
McMullin,  R.  H.  Miller,  W.  G.  Powrie,  O.  T.  Rees,  J.  B.  Wesley,  J.  B.  Young. 

The  economics  of  properly  treated  boiler  feed  water  are  well  known  on  the  average 

railroad.  During  recent  years  your  Committee  has  reported  specific  data  as  to  actual 
savings  made  and,  also,  progress  made  in  the  art  of  water  treatment  for  boiler  feed 
water.  These  reports  date  back  about  forty  years  when  scientific  treatment  of  water 
was  started  on  American  railroads. 

In  1907  (Vol.  8)  a  formula  was  presented  to  determine  the  minimum  scaling  and 

corrosive  solids  to  justify  the  capital  expense  required  for  lime-soda  ash  water  treat- 
ment. In  1913  your  Committee  placed  a  unit  value  of  7  cents  per  pound  for  scaling 

solids  removed,  and  later,  in  1924,  increased  to  13  cents  to  correspond  with  increased 

maintenance  and  operating  costs  of  that  date;  continuing  this  report  as  follows: 

"When  this  subject  was  assigned  for  study,  it  doubtless  was  intended  to  mean 
complete  chemical  treatment  of  the  water  for  the  removal  of  all  ingredients  harmful 
to  a  boiler;  but  there  are  in  use  on  various  railroads  partial  treatments  of  boiler 
water,  some  outside  the  boiler  and  some  inside,  which  are  cheaper  than  complete 
treatment;  and  we  are  endeavoring  to  determine,  for  each  of  these  partial  treatments, 
its  range  of  usefulness  and  the  point  at  which  the  damage  still  remaining  will  justify 

the  expense  of  complete  chemical  treatment." 

During  the  past  ten  years  the  use  of  partial  or  wayside  treatment  to  remove  sulfate 

hardness  has  been  rapidly  extended.  These  installations  have  been  due,  in  part,  to  in- 
creased demands  on  steam  power  and,  also,  the  small  consumption  at  many  stations 

would  not  justify  the  initial  capital  expenditure  required  for  complete  treatment.  At  the 

present  time  the  American  railroads  are  using  around  135  billion  gallons  of  treated  boiler 

feed  water  annually.  Of  this  amount  approximately  75  percent  is  fully  treated.  It  is 

further  estimated  that  200  billion  gallons  of  boiler  feed  water  are  now  used  without  treat- 
ment. Under  such  conditions,  a  great  field  for  further  savings  is  offered  for  new 

installations  and  refinements  in  the  older  plants. 

While  detailed  savings  have  been  compiled  from  time  to  time,  basic  data  on  the 

extensive  economies  gained  from  water  treatment  lacks  the  fundamentals  necessarily  re- 

quired for  consideration  of  present-day  improvements.  High  speed,  extended  runs  of 
locomotives,  increased  size  of  power,  and  the  competing  Diesel  engine,  make  it  imperative 

that  the  steam  engine  be  provided  with  the  best  grade  of  water  that  can  be  economically 

procured. 
Your  Committee  reported,  in  1914  (page  686),  as  follows: 

"Much  information  has  been  published  from  time  to  time  showing  clearly  the 
benefits  to  be  derived  from  the  treatment  of  water  for  hardness,  but,  on  the  whole. 
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this  has  been  of  a  descriptive  character,  containing  insufficient  numerical  data  to 
show,  mathematically,  the  relation  between  the  character  of  the  water  and  the 

economy  of  treatment.  .  .  ." 
"The  difficulty,  however,  is  in  assigning  numerical  values  to  the  various  terms. 

The  principal  reasons  for  this  are  as  follows: 

"(1)     Many  of  the  benefits  are  of  such  an  intangible  nature  as  to  be  very 
difficult  of  mathematical  expression. 

"(2)     Presence  of  other  variables,  as  in  making  a  comparison  between  two  divi- 
sions of  a  road,  one  with  softeners  and  one  without,  or  on  a  given  divi- 
sion, before  and  after  installation  of  softeners.     In  the  one  ca£3,  we  en- 

counter variation  in  physical  conditions,  traffic,  personnel,  in  the  other 
changes  in  equipment  and  poUcy,  while  both  are  affected  by  transfer  of 
power  from  division  to  division. 

"Efforts  on  the  part  of  your  Committee  to  collect  data  giving  numerical  values 
for  the  economy  or  benefits  of  water  treatment  have,  therefore,  not  been  met  with 

an  appreciable  success." 

In  1936,  the  Manual  was  revised  to  include  a  unit  saving  per  pound  of  incrusting 

soUds  removed  and  formulae  for  the  determination  of  the  economic  principles  involved 

in  water  treatment.  Lack  of  basic  data,  however,  continues  to  greatly  retard  the  making 
of  necessary  capital  expenditures  and  substantiate  the  increased  water  costs  which  are 

essential  in  meeting  present  day  locomotive  boiler  requirements. 

Your  Committee  believes  that  this  subject  has  been  completely  reported  along  lines 

usually  available  to  committees.  On  the  other  hand,  forty  years  of  experience,  including 

test  installations  for  the  treatment  of  boiler  feed  water,  should  make  it  possible  for 
organized  research  to  formulate  authoritative  data  acceptable  as  standard  on  all  railroads. 

\'ery  few  other  branches  of  railroad  engineering  present  such  attractive  fields  for  organ- 

ized research  as  this  Committee's  assignment  5 — Value  of  Water  Treatment. 
As  reported  last  year,  an  estimated  $12,000,000  can  be  saved  annually  by  elimination 

of  corrosion,  and  a  much  larger  amount  with  the  elimination  of  scaling  solids  in  boiler 
feed  water.  Fortunately,  the  two  treatments  go  hand  in  hand,  as,  in  most  instances,  the 

elimination  of  coaling  sohds  overcomes  corrosive  difficulties. 

The  following  brief  summary  of  available  data  on  boiler  feed  water  treatment  for 
22  railroads,  indicates  the  practice  of  these  several  roads. 

1.  Number  of  railroads  reporting     22 
2.  Main  track  mileage      96,500 
3.  Water  used  annually  (gallons)      87,618,221,000 

Divided : 
Complete  Treatment      26.957,243,000 
Partial  Treatment     15,428,832,000 
No  Treatment     45,232,146,000 

4.  Number  water  stations       4,688 
Divided: 

Complete  Treatment       568 
Partial  Treatment       701 
No  Treatment       3,419 

5.  Types  of  Water  Treating  Plants 
Lime-Soda  Ash      525 
Zeolite       43 
Soda   Ash       214 
Caustic  Soda       73 
Premixed  Compound      294 
Not  Classified       120 
Total       1 ,269 

6.  Use  of  Tannin  in  Water  Treatment  15,248,000,000  gallons 
Lime  Soda  Plants     .SO 
Partial  Treating  Plants       414 
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7.  Use  of  Coagulent  with  Lime  and  Soda  Ash 
Plants  using      397 
Plants  not  using      138 

8.  Pounds  of  Incrusting  Solids  removed  annually             64,975,000 

This  progress  report  is  presented  as  information. 

Appendix  D 

(6)     FIRE  HYDRANTS,  DESIGN,  OPERATION,  AND  MAINTENANCE 

W.  A.  Radspinner,  Chairman,  Sub-Committee;  W.  L.  Curtiss,  J.  P.  Hanley,  A.  W. 
Johnson,  W.  A.  McGee,  L.  B.  Paine,  A.  B.  Pierce,  J.  A.  Russell,  H.  E.  Silcox,  R.  E. 
Wachter,  J.  C.  Wallace. 

The  term  hydrant  as  in  general  use  applies  to  any  valve  or  device  used  for  the 

delivery  of  water  for  various  purposes  and  may  apply  to  any  one  of  the  various  types 
of  fire  hydrants  of  more  or  less  elaborate  design  or  it  may  simply  apply  to  a  valve  and 

a  piece  of  pipe.  In  the  strictest  sense  of  its  use,  however,  it  applies  to  a  device  of  special 

design,  including  not  only  the  valve,  but  the  complete  hydrant,  of  which  there  are  many 

different  designs  for  both  fire  protection  and  general  service. 
The  National  Fire  Protection  Association  and  the  American  Water  Works  Association 

have  developed  specifications  in  which  there  is  substantial  argument,  the  intent  being  to 

develop  a  hydrant  free  from  such  difficulties  as  trouble  in  opening  and  closing,  the  work- 
ing loose  of  interior  mechanical  parts,  leakage,  excessive  friction  losses,  failure  to  drain 

properly  and  loose  nipples. 

In  order  to  be  recognized  by  the  National  Board  of  Fire  Underwriters  as  a  satis- 
factory fire  protection  unit,  a  fire  hydrant  must  not  have  less  than 

(1)  6  inch  connection  with  the  water  main 
(2)  S  inch  bottom  valve 
(3)  6  inch  riser  barrel 
(4)  Two  lYz  inch  outlets 

Many  fire  hydrants  have  a  large  4  inch  outlet  in  addition  to  the  lYz  inch  outlets. 

This  large  outlet  is  called  a  steamer  connection  and  is  the  source  of  water  supply  for 

pumpers  which  carry  special  suction  hose  for  coupling  up  to  the  steamer  outlet.  The 
modern  fire  department  now  carries  both  a  steamer  hose  and  two  hose  with  a  Siamese 

connection  so  that  when  a  hydrant  is  not  buUt  with  a  regular  steamer  outlet  the  same 

results  can  be  obtained  with  the  lYz  inch  and  Siamese  pump  connection. 

The  three  types  most  generally  used  are  shown  in  Fig.  1,  2  and  3,  the  principles  of 
which  are  described  as  follows: 

Fig.  1  is  the  positive  type  in  which  the  valve  closes  against  the  flow  of  water  or 

against  pressure.  The  lower  end  of  the  stem  is  threaded  and  works  in  a  nut  in  the 
hydrant  bottom.  By  this  means  the  valve  is  drawn  instead  of  pushed  to  its  seat  and 

the  valve,  being  held  in  position  from  below  by  the  stem,  prevents  the  escape  of  water 
should  the  standpipe  be  broken  off  or  the  cover  removed.  The  entire  standpipe  can  be 
removed  without  shutting  off  the  water  in  the  street. 

Fig.  2  shows  what  is  known  as  the  compression  type  fire  hydrant  where  the  pressure 

of  the  water  assists  in  closing  of  the  main  valve  and  holding  it  in  place.  It  permits  the 

repacking  of  the  packing  box  and  removal  of  all  the  top  parts  without  shutting  off  the 
water  in  line  leading  to  hydrant. 

Fig.  3  shows  the  sUde  gate  valve  type.  The  gate  valve  travels  up  and  down  on  a 
screw  of  the  main  stem.     The  advantnge  claimed  by   this  type  valve  is  that  when  the 
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hydrant  is  fully  open  neither  the  valve  face  or  valve  seat  is  subjected  to  direct  impact 
of  foreign  material  entering  with  the  water.  It  is  also  claimed  to  lessen  the  water  hammer. 

All  fire  hydrants  are  equipped  with  drip  valves  which  are  so  arranged  that  when 
the  main  valve  is  closed  the  water  remaining  in  the  hydrant  passes  through  it  and 

escapes  as  waste  water  into  the  ground.  Without  this  arrangement,  water  remaining  in 
the  hydrant  would,  during  severe  cold  weather,  freeze  and  burst  the  hydrant. 

In  some  severe  cases,  where  ground  drainage  is  unsatisfactory  or  where  ground  water 

stands  at  dangerous  levels,  the  drip  valve  may  be  closed  up  entirely.  Then  it  is  neces- 
sary to  pump  out  hydrant  barrels  periodically. "^■• 

a 

FIG.  I FJG.    Z FiG.    3 

Positive  Type Compression 
Type 

Slide  Gate 
Valve  Type 
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Many  fire  hydrants  and  most  especially  those  used  by  private  fire  brigades  have 

independent  nozzle  valves  which  control  the  flow  of  the  water  at  the  nozzle  and  permit 
connecting  or  disconnecting  the  hose  without  having  to  close  the  main  valve  of  the 

hydrant.  They  may  be  outside  or  inside  independent  valves,  the  outside  being  operated 
by  a  handwheel  and  the  inside  by  an  operating  unit. 

In  an  approved  water  system  it  is  important  that  fire  hydrants  be  installed  in  such 

a  manner  as  to  insure  continuous  service.  To  this  end  a  secondary  gate  valve  is  installed 

in  order  to  shut  off  the  water  directly  in  front  of  the  hydrant  when  it  is  necessary  to 

remove  the  internal  parts  of  the  hydrant  for  examination,  or  repairs  instead  of  having 
to  close  valves  in  the  distributing  mains. 

Hydrants  properly  designed  and  installed  will  present  a  minimum  of  maintenance 

difficulties.    The  major  item  of  periodic  maintenance  is  a  check  for  leaks,  such  as 

(1)  In  main  valve  when  hydrant  is  closed. 
(2)  In  drip  valve  when  main  valve  is  open  but  outlets  capped. 
(3)  In  mains  near  the  hydrant. 

There  are  stethescope-like  listening  devices  which  may  be  used  for  this  purpose. 
Maintenance  routine  should  provide  for  an  operating  test,  repair  of  leaks  and  pumping 
out  the  hydrant  where  necessary.  Threads  of  the  butts  and  caps  should  be  oiled  and 

greased  and  hydrant  kept  well  painted. 

The  common  interest  of  city,  town  and  railroad  fire  departments  is  the  outside 

diameter  and  number  of  threads  per  inch  of  the  outlet  nipple  on  the  fire  hydrant.  The 

National  Fire  Protection  Association  has  established  the  standard  of  7^  threads  per 

inch  and  St^j  as  outside  diameter,  with  the  thought  that  such  a  standard  would  permit 
large  cities  to  send  aid  to  smaller  communities  when  it  is  needed  or  vice  versa. 

With  the  railroads  it  is  very  important  that  their  threads  conform  to  that  of  the 

city  or  town  nearest  to  them  if  they  expect  any  outside  help  in  the  event  of  a  large  fire 
in  their  properties. 

The  Fire  Prevention  and  Water  Service  Departments  should  keep  on  file,  preferably 

in  chart  form,  as  shown  on  Table  A,  the  size  of  hose  used  for  fire  protection  by  the 

municipalities  located  on  the  railroads  as  well  as  company  installations,  and  the  number 
of  threads  per  inch  and  outside  diameter  of  the  thread  on  the  hydrant  discharge  nipple. 

Such  a  chart  is  also  an  aid  in  checking  material  requisitions  for  hose  couplings  ordered 

to  fit  fire  hydrants  of  different  sizes. 

There  is  now  a  movement  sponsored  by  the  National  Board  of  Fire  Underwriters 

to  mark  fire  hydrants  in  accordance  with  their  capacity  and  classify  them  as  follows: 

Class  A — Hydrants   that    on   individual    test    usually   have   a    flow   capacity    of 
1000  G.P.M.  or  greater. 

Class  B — Hydrants   that    on   individual   test   usually   have   a    flow    capacity    of 
500  to  1000  G.P.M. 

Class  C — Hydrants  that  on  individual  test  usually  have  a  flow  capacity  of  less 
than  500  G.P.M. 

The  capacities  are  to  be  rated  by  flow  measurement  tests  of  individual  hydrants  at 
a  period  of  ordinary  demand. 

The  capacity  color  scheme  has  been  recommended  for  public  hydrants  with  the 
thought  that  it  would  be  an  advantage  for  a  Fire  Chief  to  see  at  a  glance  the  relative 

fire  flow  which  may  be  expected.  In  order  to  avoid  confusion  the  colors  indicated  below 
have  been  adopted  by  the  organizations  interested: 

Class  A — Tops  and  nozzle  caps — GREEN 
Class  B—    "        "  "         '•    —ORANGE 
Class  C—    "       "  "         "    —RED 
All  barrels  to  be  of  chrome  yellow  except  where  other  color  is  desired. 
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TABLE 

"A" 

REVISIONS 

THE    CHESAPE> 

FIRE  HYDRANT - 

VKE  AND  OHIO  RAILWAY    CO. 

HOSE  AND  COUPLING  CHART 

LOCATION 

HOSE 

COUPLINGS STEAMER 
CONNECTION REMARKS 

ODT 

TPI 

DIA 

HOSE 

OD.T 

TP  1 

DIA 

HO.SE 

FORDWICK,  VA * 

^16 

'? 

2^
" 

FORT    MONROE,  VA 

3f.- 

tI 

Sf 

4 

"? 

FORT    THOMAS,  KY 

3.f; 

6 

^? 

=  1" 

4 

S"
 

STD  FORCINCINNATI.O 

FOSTORIA,OHIO * 

3rk"
 

i 

4"
 

3i^B 

V^
 

4"
 

GALLIPOLIS,  OHIO 

3"
 

8 

4"
 

3"
 

8 

^?"
 

GLADSTONE,  VA * 

3f.
- 

^> 2? 

GORDONSVILLE,  VA. * 

3,-
^' 

^^ 

4"
 

=V 

4
^
 

4"
 

STO.  FOR  GORDONSVILLE, VA 

GREENUP,    KY. * 

3|i
" 

^^ 
^V 

3i
" 

6 

3"
 

HAMMOND.  IND. * 

3^6
" 

^i 

4'
 

NO  C.i.0.  PROPERTY 

HAMPTON.  VA. h; 

^^ 
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The  same  Committee  that  made  the  above  recommendations  covered  the  subject  of 

private  fire  hydrants  as  follows: 

(1)  Within    private   enclosures,   the   marking   to    be   at    the   discretion    of    the 
owners. 

(2)  When  in  public  streets  they  should  be  painted  to  distinguish  them  from 
public  hydrants. 

With  the  railroads  the  matter  of  color  should  be  given  careful  consideration  and  the 

color  assigned  to  the  Fire  Prevention  Departments  for  fire  hydrants  should  not  be  used 

for  any  other  purpose.  For  example,  if  the  barrel  of  the  hydrant  is  red  and  top  is  white, 
the  Car  Department  should  not  paint  their  jacks  red  with  a  white  top  because  it  could 

readily  be  taken  for  a  fire  hydrant  at  night  and  such  an  error  cause  considerable  delay 

in  laying  hose  to  a  fire.  The  color  selected  should  be  one  that  will  not  fade  and  can  best 
be  seen  at  night. 

This  report  is  submitted  as  information. 

Appendix  E 

(7)  PROGRESS  BEING  MADE  BY  FEDERAL  OR  STATE  AUTHOR- 
ITIES ON  REGULATIONS  PERTAINING  TO  RAILWAY  SANI- 

TATION, COLLABORATING  WITH  JOINT  COMMITTEE  ON 
RAILWAY  SANITATION,  AAR 

H.  W.  Van  Hovenberg,  Chairman,  Sub-Committee;  C.  H.  Fo.x,  W.  P.  Hale,  M.  E. 
McDonnell,  A.  B.  Pierce,  C.  P.  Van  Gundy. 

Members  of  the  Committee  met  May  28,  1937,  in  Washington,  with  a  Sub-Committee 

of  the  Joint  Committee  on  Railway  Sanitation,  and  prepared  a  circular  for  general  dis- 
tribution to  raDroads  embodying  essential  advice  in  (a)  Sanitary  Handling  of  Water  and 

Ice  on  or  Around  Railroad  Cars,  and  (b)  Sanitation  in  Connection  with  Car  Toilets, 

Lavatories,  Coach  Yards,  etc.,  which  was  printed  and  forwarded  to  Member  Railroads 
as  Circular  M.&S.  194  under  date  of  October  25,  1937. 

Much  of  the  material  for  this  circular  was  abstracted  from  M.&S.  Circular  133  dis- 
tributed in  1931  by  the  Joint  Committee  on  Railway  Sanitation,  but  by  rearrangement 

and  some  elaboration,  your  Committee  hopes  to  offer  this  new  circular  for  the  particular 

use  of  those  directly  in  charge  of,  or  those  actually  doing,  this  class  of  work  on  railroads, 

as  a  working  guide  in  this  essential  phase  of  sanitation  until  such  time  as  Circular  M.&S. 
133  can  be  completely  rewritten  to  embody  such  modifications  as  have  been  suggested 

or  may  be  suggested  by  member  railroads. 

The  information  presented  in  this  circular  is  substantially  as  follows  and  was  dis- 
tributed for  information  only  for  the  use  of  employees  engaged  in  car  watering  and 

cleaning,  and  possibly  the  Sanitary  Inspectors  representing  the  Public  Health  Service. 
The  references  noted  are  from  AAR  Circular  M.&S.  133  dated  1931,  which  contained  the 

report  of  the  Joint  Committee  on  Railway  Sanitation,  on  which  committee  your  Asso- 
ciation has  three  representatives. 

(a)     SANITARY  HANDLING  OF  W.\TER  AND  ICE  ON  OR  AROUND 
RAILROAD  CARS 

1.     Source  of  Water  (Interstate  Quarantine  Regulations) 

Water  used  for  drinking  or  culinary  purposes  by  railroad  companies  operating  inter- 
state must  be  from  a  source  approved  annually  by  the  Surgeon  General  of  the  United 

States  Public  Health  Service  based  on  surveys  made  by  the  State  Department  of  Health 
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of  the  State  in  which  the  supply  is  located  or  by  the  Public  Health  Service  with  suitable 
recommendations  to  the  Surgeon  General. 

The  handling  of  water  from  approved  sources  through  hose  connections  and  water 
buckets  introduces  possibilities  for  contamination  and  it  is  urged  that  employees  engaged 

in  such  work  familiarize  themselves  with  the  following  suggestions. 

2.  Hydrants  (Chapter  D-6) 

Care  should  be  exercised  to  couple  drinking  water  hose  to  or  fill  water  buckets  only 
from  hydrants  that  are  known  to  be  a  source  of  safe  drinking  water,  and  to  avoid  use 

of  unsafe  tap  water  in  those  instances  where  there  are  dual  supplies.  Whenever  hydrant 

boxes  have  become  filled  with  water  for  any  reason,  the  boxes  must  be  bailed  or  drained, 
the  drain  line  cleared  of  stoppage  and  the  hydrant  washed  and  flushed  for  at  least  30 
seconds  before  the  hose  is  coupled  to  the  hydrant.  Boxes  not  provided  with  drains  shall 

not  be  used  unless  the  use  of  such  boxes  is  permitted  by  the  inspecting  authority,  either 
State  Health  Department  or  Public  Health  Service.  If  it  becomes  necessary  to  use  such 

boxes  in  emergencies  they  shall  be  bailed  and  the  hydrant  washed  and  flushed  through 
a  short  hose  for  at  least  30  seconds  before  the  water  hose  is  coupled  to  the  hydrant.  The 

water  hose  after  coupling  shall,  in  addition,  be  flushed  as  provided  in  Section  4.  Both 

the  flush  and  the  post  type  hydrants  should  be  self-draining  and  non-freezing  and  clearly 

marked  with  white  paint  or  metallic  luster  paint,  and  have  the  words  "Drinking  Water" 
painted  on  or  cast  in  the  post  or  cover.  The  post  type  hydrants  should  extend  at  least 

18  inches  above  the  ground  and  terminate  in  downward  bend  or  gooseneck. 

3.  Water  Hose  (Chapter  D-2) 

Water  hose  should  be  standard  1  inch  AAR  Specifications.  The  hydrant  end  of 

the  hose  should  be  provided  with  a  type  of  coupling  permitting  quick  attachment  and 
removal  of  the  hose  by  a  simple  motion  and  this  connection  should  be  protected  by  a 

metal  disc  approximately  6  inches  in  diameter  and  fitted  8  inches  from  the  hydrant  end 

of  hose.  Where  practicable  the  hose  should  be  disconnected  from  the  hydrant  and  drained 

of  water  and  stored  on  a  reel  or  in  a  receptacle  free  from  contamination.  Before  attach- 

ing hose  to  hydrant,  the  hydrant  should  be  flushed  briefly.  Immediately  after  connect- 

ing the  hose  to  a  hj'drant  and  before  using  any  water  from  the  hose  it  should  be 
thoroughly  flushed. 

4.  Hose  Nozzle  (Chapter  D-2) 

It  is  recognized  that  the  universal  type  of  hose  nozzle  in  use  which  consists  of  a 

metal  pipe  or  hose  guarded  by  a  6  inch  metal  disc  is  not  ideally  suited  for  use  in  filling 

cars  and  for  this  reason  the  employees  should  exercise  extreme  care  in  keeping  the  nozzle 

end  of  the  hose  out  of  danger  from  pollution  by  its  being  thrown  under  the  cars  or 

pulled  along  the  ground.  However,  the  type  of  hose  nozzle  which  will  permit  filling  the 
car  water  systems  through  the  tapered  nipple  in  use  on  many  cars  and  at  the  same  time 

permit  its  use  in  filling  Pullman  water  tanks  has  advantages.  The  operator  should  in  all 
cases  flush  the  end  of  the  nozzle  thoroughly  before  using  the  hose  to  fill  either  the 
overhead  tanks  or  the  Pullman  water  tanks. 

5.  Car  Filling  Connections  (Chapter  C-2) 

The  general  type  of  car  filling  pipe  connection  has  a  tapered  nipple  extending  from 
the  side  of  the  car  or  underneath  the  car  and  protected  by  a  metal  box.  This  box  is 

provided  to  prevent  contamination  by  waste  discharges  from  the  car  and  the  operator 
should  thoroughly  flush  this  box  and  nipple  before  making  the  hose  connection.    Such 
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a  tapered  nipple  connection  on  each  side  of  the  car  is  desirable  as  this  malies  it  unneces- 

sary to  throw  or  drag  the  hose  from  one  side  of  the  car  to  the  other. 

6.  Car  Water  Systems  (Cliapter  C-1) 

Where  the  water  tanks  are  located  under  the  roof  of  the  car  the  water  flows  by 

gravity  to  all  of  the  car  fixtures  and  all  such  fixture  outlets  should  be  designed  to  be 

flushed  from  the  overhead  tanks.  Pressure  tanks  underslung  on  the  car  should  be  pro- 

vided with  drain  taps  so  that  they  can  be  readily  flushed.  Periodic  flushing  of  the  over- 

head and  underslung  tanks  should  be  done  at  least  once  each  month  with  drinking  water 

and  more  often  if  necessary.  In  all  cases  where  cars  have  been  standing  in  the  yards 

and  are  about  to  be  put  into  service  this  flushing  should  be  thoroughly  done.  In  cases 

where  water  used  in  the  car  filling  system  has  been  contaminated  this  flushing  should  be 

accompanied  by  the  use  of  a  disinfecting  agent.  In  cases  of  known  pollution  of  a  car 

water  system,  such  as  might  occur  by  filling  the  tank  with  water  intended  only  for 

washing  cars,  the  following  procedure  is  suggested  for  disinfecting  the  system:  (1)  Make 

a  paste  by  adding  a  little  water  gradually  to  2  level  tablespoonsful  of  chloride  of  lime  or 

other  chlorine  disinfecting  compounds.  To  this  paste  or  mixture  add  1  gallon  of  water. 

This  stock  solution  will  suffice  for  disinfecting  500  gallons  of  water  and  can  be  added 

intermittently  with  the  water  used  in  flushing  the  system.  The  stock  solution  should  be 

poured  in  the  tank,  all  fixtures  opened  momentarily  and  the  mixture  then  left  for  a  period 

of  15  minutes.  On  reopening  the  fixtures  a  faint  odor  of  chlorine  should  be  noticeable. 

The  system  should  then  be  drained  and  flushed  with  approved  water  before  refilling. 

7.  Coolers  (Chapter  C-3) 

It  is  preferable  that  coolers  be  an  integral  part  of  the  closed  water  system  of  cars 

since  there  is  less  possibility  of  introducing  contamination  in  the  drinking  water.  They 

should  be  constructed  of  non-corrosive  material  and  in  such  manner  that  they  can  be 

easily  inspected  and  removed  when  necessary.  Where  the  coolers  are  an  integral  part 

of  the  closed  water  system  flushing  with  drinking  water  at  the  end  of  each  trip  should 

suffice  to  keep  them  in  good  sanitary  condition.  If  contamination  occurs,  the  coolers  will 
be  sterilized  along  with  the  sterilization  of  the  entire  water  system  described  above.  In 
the  case  of  removable  coolers  now  in  general  use  it  should  suffice  to  remove  them  not 

oftener  than  once  each  month  for  thorough  cleaning  and  in  the  interim  to  flush  them 

thoroughly  at  the  end  of  each  round  trip  or  seven-day  period  without  removal  from  the 
car.  It  has  been  demonstrated  that  there  is  an  element  of  danger  in  the  removal  of 

coolers,  for  washing  and  that  there  is  no  real  necessity  for  removing  them  oftener  than 

once  each  month  provided  they  are  thoroughly  flushed  as  described  above.  When  coolers 

are  removed  for  thorough  cleaning  this  should  be  done  on  a  platform  protected  against 

dust  and  other  contamination  borne  by  the  wind.  It  may  be  necessary  to  use  a  suitable 

grease  remover  or  washing  powder  in  some  cases.  Card  records  both  of  the  flushing  and 
of  the  cleaning  should  be  kept  near  the  cooler. 

8.  Filters  (Chapter  C-4) 

Filters  are  not  considered  necessary.  Where  they  are  provided  on  account  of  the 

character  of  the  water  used  in  the  car  system  they  should  be  cleaned  out  at  regular 

intervals  under  strict  and  uniform  supervision.  This  procedure  should  be  as  directed  by 

the  manufacturers  for  the  care  of  filter  equipment.  Card  records  of  filter  cleaning  should 
be  kept  beside  the  filter  or  near  it. 
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9.  Water  Buckets  (Chapter  D-5) 

Water  buckets,  in  general  use,  have  tight  fitting  covers  and  spouts  extending  from 
the  side  of  the  bucket.  Cover  should  be  kept  closed  when  not  in  use.  These  buckets 
should  be  stored  in  cabinets  free  from  dust  and  other  contamination.  The  cabinets 

should  be  used  solely  for  this  purpose  and  preferably  painted  white  on  the  inside  and 

provided  with  a  secure  lock.  The  buckets  should  be  marked  "For  Drinking  Water  Only" 
and  kept  painted.  These  buckets  should  be  thoroughly  flushed  each  time  before  using 

and  should  be  kept  under  cover  as  much  as  possible  from  the  time  the  water  is  drawn 
from  the  hydrant  or  hose  until  water  is  supplied  to  car  coolers. 

10.  Handling  of  Ice  (Chapter  D-4) 

In  the  bulk  storage  of  ice  care  should  be  taken  to  see  that  floor  drains  are  kept 

open  at  all  times  and  that  there  is  free  drainage  to  the  drainage  outlet.  Doors  leading 
to  storage  rooms  for  ice  should  be  kept  closed.  Ice  used  from  bulk  storage  for  icing 

coolers  should  be  withdrawn  in  ample  time  to  wash  it  thoroughly  before  placing  into  the 

ice  carts  provided  for  the  purpose.  Lids  on  these  ice  carts  should  be  kept  closed  until 
ice  is  removed.  Ice  carts  should  be  built  so  as  to  drain  and  with  space  sufficient  to 

house  the  bucket  used  in  carrying  ice  into  the  cars.  The  ice  carts  and  buckets  should  be 

painted  white  and  stencilled  "Ice"  and  should  be  used  for  this  purpose  solely. 

(b)     SANITATION   IN   CONNECTION   WITH   CAR   TOILETS,   LAVATORIES, 
COACHYARDS,  ETC. 

11.  Car  Toilets  and  Lavatories  (Chapter  C-5) 

Toilets  and  lavatories  should  be  maintained  in  a  clean  and  sanitary  condition  at  all 

times.  At  the  end  of  each  run  they  should  be  cleaned  with  soap  and  water  or  with  ̂ yater 
containing  suitable  grease  remover  or  washing  powder.  When  offensive  odors  occur  in 

toilets  and  are  not  removed  by  cleaning,  these  places  should  be  treated  with  some  odor 
destroying  substance.  The  use  of  deodorants  should  not  be  resorted  to  as  a  substitute 

for  proper  cleaning.     Toilet  rooms  should  be  locked  after  cleaning. 

Toilet  rooms  should  be  locked  when  cars  pass  over  streams  or  areas  stipulated  by 

proper  authorities  as  furnishing  public  water  supplies  and  when  entering,  standing  at,  or 
leaving  a  station  and  when  in  the  coachyard. 

Where  sleeping  cars  are  parked  in  connection  with  conventions  or  other  public 

movements,  or  at  stations  prior  to  late  departure,  or  after  early  arrival,  soil  cans  or 
sewer  connections  must  be  provided  before  continued  use  of  the  toilets  is  permitted. 
Employees  shall  not  use  car  toilets  while  cars  are  at  the  station  or  in  the  coachyard. 
Adequate  toilet  facilities  should  be  installed  at  convenient  locations  for  use  of  employees. 

Toilet  rooms  are  to  be  supplied  with  toilet  paper.  Soap  and  individual  towels  should 

be  made  available.  Insofar  as  practicable,  toilet  and  lavatory  compartments  are  to  be 

maintained  in  a  clean  and  sanitary  ̂   condition  while  cars  are  enroute.  The  cuspidors 
should  be  cleaned  regularly,  the  contents  being  disposed  of  in  the  same  manner  as  soil 

can  contents  at  coachyards,  or  into  car  toilets  where  cuspidors  are  cleaned  enroute.  For 
cleaning  enroute  dumping  and  rinsing  is  usually  sufficient. 

12.  Soil  Cans  (Chapter  D-3) 

Suitable  apparatus  for  cleaning  soil  cans  after  each  usage  should  be  provided  at 

terminals,  to  be  kept  separate  from  other  cleaning  apparatus,  and  used  only  for  this 
purpose.  The  cans  should  be  cleaned  by  flushing  for  at  least  three  minutes,  and  until  no 

dirt  is  visible,  with  water  at  the  nozzle  pressure  of  at  least  twenty  pounds  and  at  the 
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water  main  temperature.  A  steam  connection  may  be  provided  to  assist  when  necessary 
in  removing  contents  adhering  to  the  can.  The  use  of  a  brush  or  cloth  is  undesirable 

because  of  the  possibility  of  dispersing  fecal  matter.  The  cans  should  be  stored  separate 

from  other  equipment  in  a  special  rack  or  locker.  Persons  handling  soil  cans  should 

wash  their  hands  before  engaging  in  any  other  work,  particularly  in  '^nnection  with 
the  handling  of  food,  drinking  water  or  ice. 

13.  Car  Refuse  Disposal  (Chapter  D-7) 

Railway  garbage  should  be  stored  in  covered  rat-proof  metal  cans  and  disposed  of 
daily  by  city  collection  or  by  incineration.  Garbage  cans  should  preferably  be  stored  in 

a  separate  all-enclosed  room  or  building  provided  with  concrete  floor.  Suitable  washing 

and  drainage  facilities,  and  loading  platform  should  be  provided.  Paper  and  other  com- 
bustible matter  should  be  incinerated.  Where  the  location  of  the  incinerator  is  at  such 

distance  as  to  require  transportation  of  the  refuse,  it  should  be  stored  in  suitable  covered 

containers  prior  to  daily  collection.  Other  refuse  should  be  removed  as  quickly  as  pos- 

sible to  a  sanitary  dump  ground  or  fill  and  a  suitable  loading  platform  should  be  pro- 
vided at  the  track.  Terminals  and  coachyards  should  be  kept  free  from  rubbish  by  daily 

policing. 

14,  General  Sanitation  at  Terminals  and  Coachyards  (Chapters  D-1,  8  and  9) 

To  safeguard  properly  the  drinking  water  supply-*  against  contamination  certain  pre- 
cautions must  be  taken  in  the  terminals  and  at  the  coachyards.  They  should  be  equipped 

with  platform  or  track  drains  to  facilitate  drainage.  Drains  and  platforms  should  be 

flushed  daily  with  water  at  sufficient  hose  pressure  to  rid  the  premises  of  any  sources 
of  contamination. 

Metal  rat-proof  garbage  and  trash  cans,  with  tightly  fitting  covers,  should  be  pro- 
vided, and  contents  disposed  of  daily,  preferably  by  incineration,  unless  handled  by 

municipal  collection. 

The  terminal  and  coachyard  area  should  be  policed  daily  for  collection  of  garbage 

and  refuse.     This  will  improve  sanitation  as  well  as  appearance. 

Adequate  toilet  and  lavatory  facilities  for  employees  should  be  provided  at  the 

coachyards  and  kept  clean.  Employees  should  be  prevented  from  using  the  toilets  in 
coaches  parked  at  yards  or  terminals. 

In  the  majority  of  cases  the  terminal  is  remote  or  apart  from  the  coachyard.  Trains 

are  made  up  in  the  yards,  and  cleaned,  water  and  iced  before  being  moved  to  the  ter- 
minal. In  the  cleaning  of  coaches  the  floors  are  mopped,  the  windows  washed,  and  the 

toilets  cleaned  and  flushed.  Unless  the  toilets  are  locked  an  occupied  Pullman  car  should 

be  equipped  with  soil  cans  while  in  the  coachyard  or  at  the  terminal.  Directly  after  use 
the  material  should  be  dumped  into  a  sewer,  remote  from  the  location  of  a  watering 

point  or  storage  place  of  drinking  water  equipment,  and  the  cans  thoroughly  flushed  out 

with  water,  discharging  all  flushings  into  a  sewer.  Soil  cans  should  be  deodorized  by 

treating  with  a  strong  chlorine  or  phenol  solution.  Soil  cans  should  be  stored  in  a 

separate  place  remote  from  drinking  water  equipment. 
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Appendix  F 

(8)     CLARIFICATION  AND   DISINFECTION  OF  SMALL  RAILWAY 
DRINKING  WATER  SUPPLIES 

Owen  Rice,  Chairman,  Sub-Committee;  J.  H.  Davidson,  W.  P.  Hale,  H.  M.  Hoffmeister, 
R.  L.  Holmes,  A.  W.  Johnson,  C.  R.  Knowles,  O.  E.  Mace,  J.  A.  Russell. 

Wells  are  the  most  common  source  of  small  railway  drinking  water  supplies,  and 
should  be  so  located  and  constructed  as  to  be  free  from  the  possibility  of  contamination. 

To  meet  this  requirement,  wells  should  be  located  at  the  highest  point  and  as  far  re- 
moved from  possible  sources  of  contamination  as  the  general  layout  of  the  premises  will 

permit.  Casings  should  extend  a  minimum  of  six  inches  above  the  surface  and  should 

extend  water-tight  a  sufficient  distance,  depending  upon  formations,  and  be  so  grouted 
and  sealed  as  to  completely  shut  off  surface  wash  and  seepage.  (See  Vol.  30,  1931, 
page  182  for  Methods  Used  in  Obtaining  Wells  in  Fine  Sand  Formation.) 

Before  placing  a  new  well  in  service  or  after  making  repairs,  it  is  advisable  to  guard 

against  any  contamination  occurring  during  construction  or  repairs,  by  disinfection. 
There  are  now  available  a  number  of  disinfectants  which  may  be  used  to  advantage 

for  this  purpose.  The  hypochlorites  are  probably  the  cheapest,  most  readily  avail- 
able and  easiest  to  use.  Sufficient  hj'pochlorite  should  be  used  to  give  at  least  18  ppm. 

available  chlorine.  This  corresponds  to  one  pound  of  calcium  hypochlorite  to  1500 

gallons  of  water.  This  is  best  added  by  dissolving  in  a  small  volume  of  water,  then 

diluting  to  40-50  gallons  before  adding  to  the*  well.  A  minimum  retention  period  of 
one  hour  should  be  permitted,  after  which  enough  water  should  be  pumped  to  waste  to 

remove  at  least  the  greater  part  of  the  disinfectant.  This  would  also  apply  to  tank  cars 
and  cisterns. 

Supplies  obtained  from  storage  tanks  where  treated  with  lime  or  lime  and  soda  ash 

to  produce  caustic  alkalinity  in  the  water  may  also  be  used.  Repeated  and  thorough 

tests  have  shown  the  complete  effectiveness  of  this  method,  no  trace  of  harmful  bacteria 
being  found  after  the  caustic  alkalinity  has  been  maintained  in  the  water  for  several 

hours.  Complete  softening  of  many  railway  water  supplies  makes  this  method  of  puri- 
fication particularly  applicable.  Objectionable  taste,  if  present  in  the  water  so  treated  is 

easily  removed  by  the  addition  of  alum  or  copperas,  followed  by  filtration. 

Supplies  that  may  be  contaminated  and  are  pumped  directly  to  service  lines  may  be 
disinfected  by  any  of  the  following  methods: 

(1)  Direct  chlorination  of  the  water  to  give  approximately  0.2  ppm.  residual 
chlorine.  The  difficulties  of  operation  and  control  make  this  method  of  disinfection 
somewhat  objectionable. 

(2)  Calcium  and  sodium  hypochlorites  are  well  adapted  to  the  disinfection  of 
small  drinking  water  supplies.  These  chemicals  are  cheap  and  readily  obtainable  and 
are  easily  dissolved  in  water  for  application  with  suitable  types  of  proportioning 
equipment. 

(3)  The  use  of  alum  or  copperas  alone,  followed  by  filtration,  will  effect  a  con- 
siderable reduction  in  bacteria,  and  where  contamination  is  slight,  may  be  sufficient  for 

disinfection. 

(4)  Similarly,  activated  carbon  will  disinfect  water  not  too  heavily  contaminated. 
This  material  is  also  useful  in  the  removal  of  tastes  sometimes  encountered  when  dis- 

infecting water  by  the  use  of  chlorine  or  hypochlorites. 
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(5)  Ultra-violet  light  is  a  bactericide,  and  water  can  be  purified  by  exposure  to 
these  rays. 

(6)  Possibly  the  newest  method  of  disinfection  is  by  the  use  of  metallic  silver 

In  amounts  up  to  two  gallons  per  minute,  the  water  is  passed  through  a  filter  contain- 
ing the  finely-divided  silver.  In  larger  amounts  the  water  is  passed  through  a  cell  in 

which  the  metallic  silver  is  added  to  the  water  electrically.  Due  to  the  simplicity  of 

operation  this  method  presents  distinct  advantages,  although  at  this  time  complete  data 
on  its  effectiveness  are  not  at  hand. 

(7)  Distillation  affords  another  method  for  the  purification  of  drinking  water.  This 

means  is  almost  universally  adopted  for  providing  potable  water  on  floating  equipment, 

and  is  also  used  where  high  salt  content  makes  the  water  undesirable.  Drinking  water 

stills  insure  complete  disinfection,  and  if  desired,  much  of  the  "flat"  taste  may  be  removed 
by  aeration. 

Summary 

Uncontaminated  wells  are  the  best  source  of  small  drinking  water  supplies,  and 

should  be  used  when  possible.  Surface  supplies  may  be  purified  by  treatment  with  lime 
or  soda  ash  and  lime,  or  by  the  application  of  chlorine  or  hypochlorites.  The  use  of 

alum  followed  by  filtration,  or  the  use  of  activated  carbon  alone  is  effective  in  removing 

bacteria  from  water  supplies  not  heavily  contaminated.  Irradiation  with  ultra-violet  light 
and  contact  with  metallic  silver  are  also  effective  in  disinfection.  Drinking  water  stills 

are  another  source  of  purified  water  particularly  adapted  to  treatment  of  certain  supplies, 

and  find  manj'  applications. 

Appendix  G 

(9)     CLASSIFICATION  OF  WATER  SERVICE  MATERIAL 

D.  A.  Steel,  Chairman,  Sub-Committee;  W.  L.  Curtiss,  J.  P.  Hanley,  H.  F.  King,  W.  A. 
McGee,  L.  B.  Paine,  W.  G.  Powrie,  H.  E.  Silcox,  R.  E.  Wachter. 

For  the  purposes  of  this  report,  water  service  materials  are  divided  into  materials 

which  are  peculiar  to  or  specially  set  aside  for  water  works,  materials  the  use  of  which 

is  not  confined  to  water  service  and  materials  dependent  on  water  service.  The  mate- 
rials in  each  of  these  classes  vary  with  differences  in  plant  and  organization,  but  may  be 

approximately  outlined  as  follows: 

Materials  Peculiar  to  Water  Service 

Pipe,  cast  iron,  and  fittings,  for  water  line — 2  inches  to  30  inches 
Pipe,  soil,  and  fittings,  for  plumbing — 2  inches  to  6  inches 
Pipe,  wrought  iron  and  steel,  for  water  line  and  well- — 6  inches  and  over 
Pipe,  cement  and  composition,  for  water  line 
Pipe  fittings  especially  for  water  works 
Special  tools  and  equipment  for  water  lines 
Fire  hydrants  and  apparatus 
Water  columns  and  parts 
Pumps  and  parts  for  water  stations 
Water  tanks  and  material 
Material  for  drilling  and  operating  wells 
Water  softening  equipment 
Valves  and  specials  for  water  lines 
Engines  for  pumping  water 
Motor  driven  pumps 
Machinery  for  water  stations 
Steam  boilers  and  pumps  for  water  stations 
Chemicals  for  water  treatment 
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Materials  Used  in  Common  With  Other  Departments 

Building  materials  for  water  stations 
Pump  house  supplies 
Fuel  for  water  stations 
Construction  materials 
Tools  for  water  supply  gangs 
Pipe — steel  and  wrought  iron — under  6  inches 

Materials  Dependent  on  Water  Service 

Locomotive  feedwater  heaters 
Boiler  tubes 
Injectors,  branch  pipes,  blowoff  cocks,  etc.  for  boilers 
Boiler  washing  facilities 
Heating  and  plumbing  material 
Water  coolers  and  other  drinking  water  apparatus 

Several  hundred  varieties  and  sizes  of  materials  are  usually  carried  in  stock  as  stand- 
ard items  of  water  service  on  railroads,  and  the  number  of  items  of  material  in  which 

water  service  forces  are  directly  or  indirectly  interested  is  increased  by  special  materials 

which  are  purchased  only  as  required.  Over  500  items  of  strictly  water  service  materials 
are  stored  on  one  representative  railroad. 

Complete  information  regarding  the  total  expenditures  which  are  made  by  indi- 
vidual railroads  or  by  all  the  railroads  for  water  service  materials  is  not  available,  but 

there  are  indicators.  During  1936,  according  to  figures  which  have  been  compiled  by 
the  Interstate  Commerce  Commission  from  reports  filed  by  individual  railroads,  operating 

expenses  of  the  Class  I  railroads  of  the  United  States  included  $5,860,164  for  maintaining 

water  stations,  $15,900,521  for  water  for  train  locomotives,  and  $3,326,531  for  water  for 

yard  locomotives — a  total  of  $25,087,216.  These  expenses  include  charges  for  labor  and 
incidentals  as  well  as  for  material.  At  the  same  time,  they  exclude  a  considerable, 

although  undetermined,  expenditure  for  water  facilities  and  services  not  chargeable  to 

locomotives  and  stations,  such  as  water  for  heating,  fire  protection,  stock  yard  operation, 

water  for  station  use,  hotels,  passenger  trains,  icing  plants  and  drinking  supplies.  The 

annual  report  of  the  Interstate  Commerce  Commission  also  shows  that  the  Class  I  rail- 
roads spent  $4,362,142  in  1935  (1936  not  available)  for  additions  and  betterments  to 

water  stations.  This  total  is  also  not  confined  to  material.  At  the  same  time,  these 

expenditures  for  investment  and  also  the  expenses  for  operating  and  maintenance  dis- 

regard expenditures  for  materials  and  equipment  for  power  plants  and  for  boiler  mate- 
rials and  accessories  which  while  not  strictly  water  service  materials  are  often  included 

among  the  material  of  interest  to  water  service  forces,  and  in  the  selection  of  which 
water  service  forces  often  participate. 

One  railroad  in  1930  spent  $1,430  for  water  boxes,  $250,000  for  boiler  compound, 

$6,500  for  disinfectants,  $6,300  for  fire  extinguishers,  $1,200  for  faucets,  $3,800  for  filters, 
$1,000  for  drinking  fountains,  $600  for  water  gages,  $10,000  for  water  hose,  $5,000  for 
laboratory  supplies,  $3,000  for  lavatories  and  supplies,  $2,000  for  cup  leathers,  $40,000 

for  lime  and  $5,000  for  pump  packing. 

Expenditures  by  the  same  railroad  in  1930  included  $4,500  for  pipe  fittings,  $76,000 

for  cast  iron  fittings,  $11,000  for  steel  pipe,  $13,000  for  galvanized  pipe,  $50,000  for 
wrought  iron  pipe,  $2,000  for  brass  pipe  and  fittings,  $56,500  for  iron  and  steel  pipe 

fittings,  $2,000  for  soD  pipe  fittings,  $11,000  for  pump  heads,  $31,000  for  steam  and 
motor  pumps,  $2,000  for  hand  and  force  pumps,  $22,000  for  radiators  and  parts,  $4,000 

for  caustic  soda,  $3,000  for  sodium  phosphate,  $10,000  for  sodium  aluminate,  $85,000  for 

soda  ash,  $10,000  for  softening  plant  equipment,  $2,000  for  tank  parts  and  $5,200  for 
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steam  traps.  Other  expenditures  of  interest  included  $100,000  for  boiler  tubes,  $91,000 

for  brass  valves,  $1,500  for  pump  valves,  $3,200  for  water  closets,  $1,600  for  windmills 
and  $5,800  for  pipe  wrenches. 

It  is  roughly  estimated  that  aggregate  purchases  made  by  the  railroads  of  this 
country  in  connection  with  the  maintenance,  operation  and  improvement  of  their  water 

services  exceed  $19,000,000  per  year,  including  $1,600,000  for  pumps,  $950,000  for  power 
units,  $2,500,000  for  water  tanks,  $600,000  for  water  columns,  $3,200,000  for  cast  iron 

pipe,  $1,500,000  for  wrought  iron  and  steel  pipe,  $790,000  for  valves,  $6,700,000  for 
chemicals  for  water  treatment,  $169,000  for  hydrants  and  accessories  and  approximately 
$1,100,000  for  rubber  products. 

On  most  railroads,  store  departments  are  largely  in  charge  of  the  unapplied  water 

service  materials,  and  the  detail  of  keeping  the  available  supply  material  stock  replenished 

and  filling  orders  for  these  materials.  This  has  not  relieved  users  of  water  service  mate- 
rials from  responsibility  for  the  kind  and  amount  of  materials  purchased  and  stored, 

however.  The  problem  of  selection  and  use  is  not  as  simple  under  maintenance  as  when 
construction  was  dominant;  but  as  railroads  are  forced  to  examine  their  costs  more 

minutely,  the  function  of  users  as  well  as  suppliers  of  these  materials  is  evident.  The 
selection  of  materials  which  are  best  suited  to  the  needs  is  still  paramount,  and  engineers 

who  neglect  to  improve  their  knowledge  of  the  material  used  in  water  service  or  avail- 
able for  water  service,  and  who  fail  to  assert  and  defend  their  authority,  are  derelect  in 

their  duty  and  can  hardly  complain  when  supply  and  other  forces  less  informed  in  the 
science  of  materials  and  their  use,  and  less  responsible  for  operating  results,  overstep 

jurisdictional  lines  and  assume  the  authority  of  other  departments.  A  thorough  under- 
standing of  materials  is  not  established  by  jurisdiction  or  title  alone,  however,  and  the 

technical  forces  must  not  lose  sight  of  the  fact  that  there  are  no  real  or  permanent 

substitutes  for  knowledge  in  formulating  and  defending  their  decisions. 

At  the  same  time  it  must  be  recognized  that  the  eif&cient  selection  and  use  of  water 

service  materials  under  present  conditions  requires  an  understanding  of  and  an  interest 

in  the  problems  and  conditions  arising  in  manufacture,  purchase,  storage,  handling  and 

disposition.  Commercial  standards,  markets  and  quantities  purchased  and  carried  are 
factors  to  be  considered;  also  questions  of  interchangeability,  care  during  storage,  cost  of 

handling  in  transit,  obsolescence  and  the  cost  of  application  and  repair.  In  the  modern 

conception  of  water  service,  the  study  of  materials  thus  is  not  limited  to  the  determina- 
tion of  the  adaptability  and  cost  of  materials  for  the  projects  immediately  in  view,  but 

also  extends  to  the  appropriateness  and  economy  of  the  material  in  a  well  co-ordinated 
transportation  machine. 

Technical  and  supply  forces  and  those  for  whom  the  water  service  is  provided  can 

and  should  co-ordinate.  Familiarity  with  the  supply  department  methods  is  a  means  to 
this  end.  Water  service  engineers  should  get  acquainted  with  purchasing  and  stores 

officers  and  employees  who  handle  the  materials  and  should  familiarize  themselves  with 

supply  department  records  and  procedure.  This  practice  is  mutually  helpful.  It  should 

place  the  user  of  material  in  a  better  position  to  know  what  is  available  for  his  require- 
ments and  how  to  get  it,  and  should  eliminate  misunderstandings  and  mistakes  in  methods 

which  interfere  with  the  prompt  and  economical  procurement  and  delivery  of  the 

materials  or  the  supplying  of  inferior  materials. 

Unused  materials  should  be  returned  to  stock  promptly;  and  so  far  as  possible  all 
unapplied  materials  should  be  stored  where  they  are  most  accessible.  This  does  not  mean 
necessarily  that  such  materials  should  all  be  kept  in  one  place;  neither  does  it  mean  that 

water  service  materials  should  necessarily  be  kept  at  central  storehouses,  as  many  store- 
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keepers  often  insist.  The  purpose  of  the  material  and  the  problems  of  the  user  must 
be  considered,  as  well  as  the  convenience  of  the  supply  forces. 

At  the  same  time,  materials  which  are  scattered  or  sequestered  are  quite  likely  to 
prove  as  useless  to  water  service  forces  when  needed  as  though  they  had  not  been 

purchased. 

Some  store  departments  prepare  lists  of  surplus  material.  In  other  cases,  users  of 
water  service  materials  prepare  their  own  lists.  These  lists  must  be  kept  up  to  date  to 

be  of  value,  but  the  practice  of  preparing  them  should  be  universally  adopted  as  a  means 

of  keeping  the  user  of  the  materials  informed  as  to  the  kind,  amount  and  location  of 

materials  readily  available  to  him  and  obtaining  his  help  in  avoiding  unnecessar>' 
expenditures. 

The  same  opinion  cannot  be  expressed  regarding  statements  prepared  by  stores 

departments  which  purport  to  show  aggregate  expenditures  made  for  water  service  mate- 
rials and  the  aggregate  value  of  the  materials  on  hand.  Figures  of  this  nature  are  valu- 
able to  users  of  water  service  material  as  well  as  to  storekeepers  if  they  are  reasonably 

accurate,  and  they  should  be  obtained  and  studied  by  water  service  forces.  In  most  in- 
stances, however,  these  statements  are  inaccurate,  either  because  they  do  not  include  all 

water  service  materials  or  because  they  include  materials  not  related  to  those  used  in 
water  service. 

The  present  difficulty  is  mainly  the  result  of  depending  for  such  information  upon 

statements  which  were  originally  conceived  by  store  departments  for  the  purpose  oi 

comparing  the  performance  of  storehouses  where  materials  were  divided  from  the 
standpoint  of  material  handling  or  storehouse  administration.  Sources  from  which  the 

materials  came  and  the  uses  to  which  they  were  put  are  largely  ignored  or  imperfectly 

considered.  Largely  for  the  purpose  of  comparing  one  road's  storehouse  performance 
with  others,  a  standard  classification  of  materials  has  been  recommended  by  the  Pur- 

chases and  Stores  Division,  AAR,  which  creates  SO  classes  of  materials.  This  classification 

is  now  followed  more  or  less  closely  by  all  Class  I  railroads.  The  AAR  classifications 

have  been  revised  in  slight  particulars  from  time  to  time  and  subdivisions  of  some  pri- 
mary classes  have  been  outlined  to  meet  special  needs.  It  does  not  appear,  however, 

that  efforts  to  segregate  water  service  materials  have  met  with  great  success. 
At  present,  water  service  materials  are  found  in  many  of  the  classifications,  but  more 

particularly  in  Classes  3,  9,  37,  42  and  47.  In  Class  3,  soda  ash  and  cast  iron  pipe  and 
fittings  are  included  with  approximately  100  other  materials,  such  as  cement  bags,  paving 

blocks,  brick,  cement,  concrete  products,  gravel,  roofing  materials,  building  lime,  stone 
and  sand,  roof  ventilators,  waterproofing  materials,  wall  board  and  blasting  powder. 

In  Class  9a,  water  service  material,  such  as  pumps,  filters,  water  columns,  well 

strainers,  water  tanks  and  water  treating  facilities,  are  assembled  with  fuel  station  mate- 
rials and  scales  for  weighing.  Boiler  compound  is  listed  under  Class  37  with  supplies 

for  cooling  hot  boxes,  journal  box  packing,  grease,  lubricants  for  cars  and  locomotives, 
oils  for  burning  weeds,  cleaning  locomotives  and  for  illumination,  and  with  other  oil 
house  materials  including  waste.  Other  chemicals  for  water  treatment,  such  as  hydrated 

lime,  sodium  aluminate,  iron  sulfate  and  sodium  phosphate,  are  allocated  to  Class  47 

with  painters'  supplies,  disinfectants  and  drugs  of  various  kinds,  hospital  supplies,  rat 
biscuit,  window  glass,  graphite,  oxygen,  acetylene,  chemicals  for  weed  killing,  chemicals 
for  wood  preservation  and  a  variety  of  other  unrelated  supplies.  The  composition  of 
these  four  classifications,  as  recommended  by  the  AAR,  is  appended. 

These  abnormalities,  from  the  standpoint  of  the  user  of  water  service  materials,  are 

not  observed  without  realizing  the  difficulty  of  segregating  all  water  service  materials 
from  other  materials  without  impairing  some  of  the  present  standard  classifications  for 
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other  purposes.  However,  subdivisions  of  the  primary  classes  should  be  established  in 
which  strictly  water  service  materials  are  segregated  from  other  materials  in  the  same 
classes,  and  it  is  particularly  urged  that  water  treating  chemicals  should  be  assembled 
together.  Without  such  revisions,  the  figures  in  such  statements  are  useless  in  water 
service. 

In  the  interest  of  promoting  a  more  complete  understanding  of  the  economics  of 

railway  water  service  and  for  the  purpose  of  facilitating  studies  necessary  to  good  man- 
agement and  advancement  in  the  science  and  art  of  water  service,  it  is  further  recom- 
mended that  engineers  in  charge  of  water  service  should  have  statistics  which  disclose 

with  reasonable  accuracy  the  consumption  of  each  of  the  more  important  commodities 

used  in  water  service.  Purchasing  departments  or  store  departments  of  most  roads  have 

records  from  which  such  statistics  could  be  prepared.  In  their  absence,  similar  informa- 

tion can  be  obtained  by  keeping  a  tally  record  of  the  items  ordered  from  the  store  de- 
partment. The  need  for  such  information  is  indicated  by  the  fact  that  few  railroads 

know  how  much  water  they  purchase  or  use  or  how  much  electric  power,  fuel  oil  and 
lubricants  are  consumed  for  water  service;  and  most  users  of  water  service  have  little 

conception  of  the  quantity  of  items  consumed  annually  by  them  for  maintenance.  Facts 
are  the  first  step  in  sound  research,  and  it  should  be  evident  that  an  inspection  of  such 
records  would  suggest  investigations  which  could  be  made  to  advantage  for  improving 

the  materials,  reducing  waste  or  promoting  other  economies.  It  should  widen  the  per- 
spective of  water  service  forces  and  disclose  new  opportunities  for  the  exercise  of  their 

special  talents. 

The  adoption  of  a  standard  list  of  significant  items  of  materials  in  use  will  establish 

a  basis  for  observing  trends  during  stated  periods  and  for  comparing  the  results  obtained 
and  the  experience  on  different  railroads.  Such  a  list  should  preferably  be  limited,  in 

the  initial  stages  of  the  study,  to  materials,  the  consumption  of  which  and  the  expendi- 
tures for  which  can  be  compiled  by  supply  departments.  A  trial  period  of  12  months, 

beginning  January  1,  1938,  is  urged,  during  which  each  railroad  will  keep  a  record  of 

quantities  consumed  and  the  expenditures  for  the  following  items: 

Cast  iron  pipe     feet 
Wrought  and  steel  pipe,  6  inches  and  over       feet 
Wrought  and  steel  pipe,  up  to  6  inches      feet 
Pipe  fittings,  excluding  valves          units 
Pipe  valves,  all  kinds     units 
Pumps  for  water  service     units 
Water  columns      units 
Boiler  tubes     feet 
Soda  ash  for  water  treatment     pounds 
Lime  for  water  treatment      pounds 
Sodium  aluminate  for  water  treatment     pounds 
Iron  sulfate  for  water  treatment      pounds 
Boiler  compound     pounds 
Water  purchased  from  water  companies  and  other  railroads....  gallons 

On  some  railroads,  users  of  material  are  required  to  recognize  material  classifications 

when  ordering  materials  by  designating  the  classification  number  of  all  material  ordered 

from  storehouses  and  by  writing  separate  requisitions  for  the  materials  of  different  classi- 
fications. The  advantage  of  this  practice  to  store  departments  is  not  questioned.  Stores 

routine  is  simplified  by  requisitions  which  can  be  filled  in  one  sub-department  or  prepared 
for  purchasing  or  accounting  with  the  least  rehandling. 

While  water  service  forces  which  operate  under  this  plan  have  generally  been  co- 
operating in  preparing  requisitions  in  the  manner  outlined,  the  advantage  of  the  practice 

to  the  requisition-maker  is  not  so  apparent.    The  classifications  are  meaningless  to  the 
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users  of  materials  and  only  a  few  are  equipped  with  adequate  information  with  which 
to  tell  under  any  and  all  circumstances  the  correct  classification  of  the  material  ordered. 

The  practice  also  puts  the  requisition-maker  to  the  inconvenience  and  expense  of  making 
several  requisitions  when  one  should  serve  the  purpose.  A  multiplicity  of  requisitions 
affords  no  assurance  that  the  materials  will  be  shipped  together  or  at  one  time. 

The  practice  is  relatively  new  and  the  Committee  is  not  prepared  to  take  a  positive 
stand  on  its  merits  for  all  railroads.  However,  the  performance  of  store  department  work 
by  water  service  forces  introduces  complications  in  water  service,  the  value  of  which  is 

doubtful,  except  to  the  store  department.  It  is  suggested  that  the  study  of  store  depart- 
ments could  be  directed  more  profitably  to  reducing  than  to  increasing  red  tape  in 

obtaining  water  service  requirements.  The  practices  should  be  examined  critically  by 
water  service  forces  and  by  supply  forces  from  this  standpoint,  and  where  the  users  of 

material  follow  the  practice,  they  should  be  provided  with  suitable  classification  guides. 

Indexes  similar  to  those  published  by  the  AAR  are  suggested. 

The  Committee  submits  its  report  for  information,  with  the  following  conclusions 
and  recommendations: 

Custody  of  water  service  materials  by  store  department  has  not  relieved  users  of 
materials  from  responsibility  for  the  kind  and  amount  of  these  materials  which  are 

purchased  and  carried. 

The  efficient  selection  and  use  of  water  service  material  under  present  conditions 

requires  an  understanding  of  and  an  interest  in  the  problems  and  conditions  surrounding 

their  manufacture,  purchase,  storage,  handling  and  distribution. 

Users  of  water  service  materials  should  be  furnished  with  lists  of  surplus  material 

for  use  in  preparing  their  orders. 

Figures  referred  to  users  of  water  service  materials  which  purport  to  show  the  cost 

of  materials  purchased  and  carried  in  stock  are  usually  misleading,  either  by  not  includ- 
ing all  water  service  materials  or  failing  to  segregate  such  materials  from  unrelated 

materials. 

Subdivisions  of  primary  material  classifications  which  will  segregate  water  service 
materials  from  unrelated  materials  are  recommended. 

Statistics  showing  the  quantities  of  the  more  important  water  service  materials 
consumed  will  stimulate  research  in  railway  water  service. 

The  justification  of  store  department  procedure  which  requires  users  of  water  service 
materials  to  use  classification  numbers  when  ordering  materials  and  to  write  separate 

requisitions  for  materials  of  different  classifications  is  questioned. 

It  is  recommended  that  this  report  should  be  submitted  to  the  Purchases  and  Stores 
Division,  Association  of  .\merican  Railroads,  for  study  and  comment. 
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Appendix  G-1 
MATERIAL  CLASSIFICATIONS  IN  WHICH  PRINCIPAL  ITEMS  OF 

WATER  SERVICE  MATERIALS  ARE  INCLUDED,  AS  RECOM- 
MENDED BY  THE  PURCHASES  AND  STORES  DIVISION,  ASSO- 
CIATION OF  AMERICAN  RAILROADS,  REVISED  TO  1931 

WATER  SERVICE  MATERIALS  UNDERLINED 

Class  3 

Building  and  Paving  Brick,  Cement,  Lime,  Stone,  Cast  Iron  Water  and  Culvert  Pipe, 
Roofing  Tile  and  Slate,  Prepared  Roofing,  All  Kinds,  Sewer  and  Drain  Tile,  Etc. 

Ash,  soda 

Asphalt 
Bags: 

Cement 
Cloth  for  washout  Uses 

Bars,  concrete 
Bends: 

Cast-iron  pipe 
Vitrified 

Blocks: 
Cement 
Concrete 
Paving 

Branches: 
Cast-iron  pipe 
Vitrified 

Brick: 
Common 
Paving 

Buildings  and  parts,  portable  metal 
Caps: 

Blasting 
Roofing 

Cement: 
Plaster 
Portland,  building 

Compositions,  paving 
Concrete: 

Curbing 
Posts 
Rail  rests 
Slabs  and  piling 
Watering  trough 

Covers,  manhole,  sewer 
Crosses: 

Cast-iron  pipe 
Vitrified 

Down  spout  and  fittings 
Dynamite 
Elbows: 

Cast-iron  pipe 
Vitrified 

Explosives 
Fittings: 

Cast-iron  pipe 
Vitrified 

Flanges,  cast-iron  pipe 
Fuse,  blasting 
Gravel : 

Concrete Roofing 

Gutter,  galvanized 

Hair,  plasterers' Increasers: 
Cast-iron  pipe 
Vitrified  pipe 

Iron,  galvanized  corrugated 

Jacks,  smoke,  for  roundhouse 
Lime,  common 
Lining,  flue 

Metal,  expanded 

Nipples,  cast-iron  pipe 
Paper,  roofing 
Paper,  tar 
Pipe: 

Cast-iron 
Concrete 
Drain 

Sewer 

Sou 
Vitrified 

Pitch 

Plaster: Building 

Cement 
Plugs,  cast-iron  pipe 
Powder,  blasting  and  gun 
Reducers: 

Cast-iron  pipe 

Vitrified 
Roofing: 

Gravel 
Prepared,  all  kinds 

Sand,  building 
Screening,  expanded  metal 
Shingles,  composition 
Sills,  stone  building 
Slate,  roofing 

Sleeves,  cast-iron  pipe 

Sodium,  alumnite 
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Stone: 
Building 
Crushed 
Cut 
Foundation 
Lintel 
Ornamental  building 
Paving 

Tar 
Tees: 

Cast-iron  pipe 
Soil  pipe 

Vitrified  pipe 

Tile: 

Drain 
Roofing 

Sewer 

Traps,  vitrified 
Ventilators,  shops 

Water-proofing  material 
Wire,  triangular  mesh Y-bends: 

Cast-iron  pipe 
Vitrified  pipe 

Wall  board,  all  kinds 

Class  9-A 

Fuel  and  Water,  and  Sand  Station  Material,  and  Scales  and  Parts 

Beams,  scale 

Bells,  scale  gong 

Blanks,  counterpoise 
Boilers: 

For  heating  and  lighting  buildings 
For  water  station 

Casings,  well 

Clamps,  hydrant 

Columns  and  parts  (water) 

Columns,  oil,  and  parts 
Engines: 

Lightning,  for  stations,  etc.,  and  parts 
Steam  and  gas,  for  pumping  stations. 

and  parts 

Filters  and  parts 

Floats,  copper 

Gongs,  scale 
Governors,  engine,   for  pumping  station? 
Hands,  tank  indicator 

Hydrants 
Injectors  and  parts  for  stationary  boilers 
Inspirators    and     parts,     for     stationary 

boilers 

Lubricators,    for   pumps    and   stationary 
engines 

Machinery  and  parts  for  water  stations 
Meters,  water 

Mills,  wind,  and  parts 

Pipes,  stand,  and  parts 

Plants,  hot  water,  boiler  washout,  pumps 

and  parts 
Plungers,  pump 

Points,  well  drive 
Pumps: 

Hand,  water  and  parts 

Power,  for  water  stations  and  parts 

Steam,  for  water  stations  and  parts 
Water,  and  parts 

Rods,  well 
Sand  station  and  parts  (excluding  pumps 

and  parts) 
Scales: 

Counter 
Platform 

Spring  balance 
Stockyards 
Track 
Wagon 

Seats,  tank  valve 

Spouts: Crane 

Tank 

Springs,  steam  pump 

Stacks,  pumping  station 
Strainers,  well 
Tanks: 

Oil-storage 

Water,  and  parts 
Water  treatment  facilities 

Weights,  scale 
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Class  37 

Oil  House  Material,  All  Kinds,  Including  Lubricating  Oils  and  Grease,  Illuminating  Oils, 
Boiler  Compound,  All  Kinds,  and  Waste,  All  Kinds 

Barrels,  emptj' 
Bungs,  barrel 
Carbon,  hydro  (snow  burning  oil) 
Carboys 
Cloth  or  rags,  wiping 
Compound: 

Air  brake 
Boiler 

Cutting 
Drilling 
Hot  box  cooling 
Soft  soap 

Dope 
Driving  journal  compound 
Grease: 

Anti-rust 
Badger 

Center  plate Rod  cup 

I>ubricant,  anti-friction,  triple  valve 
Oil: 

For  cleaning  locomotives 
For  burning  weeds 
For  oiling  rails 
Illuminating 
Lubricating 

Non-fluid 
Pneumatic  hammer 
Road  (for  keeping  dirt  down) 
Snow  burning 

Oil  tempering  for  spring  work 

Soap,  jelly  oil Waste 

Class  42 

Pipe,  Iron  and  Steel,  and  Fittings,  All  Kinds,  for  Steam,  Air  and  Water; 
Valves  and  Cocks  for  Same 

Air  cocks 
Bends: 

Iron  pipe 
Railing 
Y 

Branches,  iron  pipe 

Bushings,  pipe 

Caps,  pipe 
Cocks: 

Air,  tee  handle 
Bibb 
Brine 
Check  and  waste 

Compression  hose 
Frost 

Hydrant Plug 

Steam 
Stop 

Stop  and  waste 
Siphon 

Couplings,  pipe 
Crosses, 

pipe 
Disks,  valve 
Elbows, iron  pipe 

Faucets 

Fittings, 
pipe Flanges, 
pipe 

Gates: 
Molasses 
Oil 

Hangers: 
Expansion  pipe Pipe 

Hooks,  pipe,  conductor 

Joints: Ball 

Expansion  pipe 
Flexible,  and  parts 
Flexible  pipe 

Nipples: Pipe 

Radiator 
Soldering 

Nozzles,  hose 
Nuts,  lock  (pipe) 
Pipe: 

Extra  heavy  steel 
Galvanized 
Steel 

Wrought  iron 
Plates: 

Floor  (pipe) 
Hook  (pipe) Railing 

Plugs,  pipe 

Reducers,  pipe 
Saddles,  pipe 
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Traps,  steam,  for  buildings 
Tees,  pipe 
Toilet  fittings,  for  buildings 
Unions: 

Pipe 
Soldering 

\'alves: 
Angle 
Butterfly 

Check 

Cross 

Foot 

Gate 

Globe 
Plug 

Radiator 

Class  47 

Glass,   Drugs,   Chemicals  and   Painters'  Supplies,   Such   as   Brushes,   Scrapers,   Sand  and 
Emery  Paper  and  Cloth;  Also  Paints,  Oils  and  Varnishes,  All  Kinds, 

for  Equipment  and  Buildings 

Acid: 
Muriatic 
Nitric 
Oxalic,  crystak 
Sulfuric 

Acetylene  gas 
Alabastine 
Alcohol 
Alum 

Aluminum  leaf 

Aluminum  powder 
Ammonia 

Ammoniac,  Sal 
Apparatus,  laboratory 
Arsenate  of  soda 

Asphaltum 
Baiio  compound 
Balls,  camphor  or  moth 
Bandages,  muslin 
Beeswax 
Benzine 

Bicarbonate  of  potash 
Bicarbonate  of  soda 

Biscuit,  rat 
Blaugas 
Bones,  for  case  hardening 
Borax 

Boxes,  medical  supply 
Bran 
Brushes: 

Painters' 
Carbide 
Calcium  chloride 
Carborundum 
Cement: 

Cast  steel 
Loco.,  front  end 
Pipe  joint 
Plastic  car 
Rubber 

Chemicals,  fire  extinguisher 
Cleaner,  car  (all  kinds) 

Cloth: 
Carborundum Emery 

Colors: 

Dry 

Mixed 
In  oil 

Compounds: 
Bako 
Case  hardening 
Cleaning 

Grinding  (all  kinds) 
Sarco Welding 

Cornstarch 

Cotton,  absorbent 
Disinfectant  (all  kinds) 
Drugs 

Dusters,  painters' Electrolyte Emery 

Ether' 

Exterminator,  bug 

Flux,  welding   (all  kinds) 
Formaldehyde 

Gas: Blau 

Acetylene 
Pintsch,  for  lighting  passenger  cars 

Glass,  window,  all  kinds 
Glue: 
Common 
Liquid 

Glycerine : Crude 
Pure 

Graphite: 
Flake 
Stick  and  flake 

Insecticide 
Instruments,  surgical 

Lacquer 
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Lead 
Red 
White 

Manganese,  black  oxide 
Mirrors 

Oil,  linseed  (boiled  or  raw) 
Oil,  Japan 
Oxygen 
Paper: 

Emery 
Sand 
Stencil 

Paste,  billposter 
Paste,  waterproof 
Plumbago 

Potash,  prussiate  of 
Potassium,  cyanide  of 
Poison,  rat  or  roach 
Powder,  insect 
Putty 

Remover,  paint  and  varnish 

Respirators  and  filters  for  same Rosin 
Sal  ammoniac 
Sal  soda 
Salts,  soldering 
Sarco,  compound 
Scrapers,  paint 
Shellac 
Skins,  chamois 
Smaltz 

Soda: 
Arsenate  of 
Bicarbonate  of 

Caustic 

Sal 

Spatulas 
Sponges 
Sprayers,  paint 
Starch,  corn 
Steel,  crushed 
Stone: 

Pumice,  lump  or  powder Rubbing 

Sublimate,  corrosive 

Sulphur 
Supplies  for  medical  boxes Teverlene 
Thermit 

Thermit  welding  supphes 

Turpentine 
Varnish 
Vaseline 

Vitriol,  liquid  acid 
Water,  distilled 
Wax: 

Bees 
Floor 

Weed  killer Whiting 

Wool,  steel 
Yellow  chrome 

1 
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Committee. 

To  the  American  Railway  Engineering  Association : 

Your  Committee  respectfully  reports  on  the  following  subjects: 

(1)  Revision  of  Manual.     Progress  in  study — -no  report. 

(2)  Passenger  station  layouts  (Appendix  A).     Progress  report. 

(3)  Expediting  of  freight  car  movements  through  yards,  collaborating  with  Com- 

mittee XXI — Economics  of  Railway  Operation  (Appendix  B).     Final  report. 

(4)  Scales  used  in  railway  service   (Appendix  C).     Progress  report,  recommending 
changes  in  Manual. 

(5)  Bibliography  on  subjects  pertaining  to  yards  and  terminals  appearing  in  current 

periodicals  (Appendix  D).    Progress  report. 

(6)  Freight  house  and  team-yard  driveway   widths    (Appendix   E).     Final  report, 
with  recommended  conclusions  for  publication  in  the  Manual. 

(7)  Classification  yards,  collaborating  with  Committee  XXI — Economics  of  Railway 

Operation.    Progress  in  study — no  report. 

The  Committee  on  Yards  and  Terminals, 

Hadley  Baldwin,  Chairman. 

Bulletin  400,   December,   1937. 
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Appendix  A 

(2)     PASSENGER  STATION  LAYOUTS 

C.  H.  Mottier,  Chairman,  Sub-Committee;  J.  R.  W.  Ambrose,  John  E.  Armstrong, 
Hadley  Baldwin,  H.  F.  Burch,  W.  F.  Cummings,  F.  T.  Darrow,  R.  B.  Elsworth, 
W.  H.  Giles,  J.  L.  Gressitt,  R.  J.  Hammond,  M.  J.  J.  Harrison,  E.  M.  Hastings, 
W.  H.  Hobbs,  Noah  Johnson,  E.  T.  Johnston,  T.  R.  Ratcliff,  H.  L.  Ripley,  W.  C. 
Sadler,  C.  U.  Smith,  H.  L.  Vandament,  W.  J.  Ycarsley. 

In  1923,  1924  and  192S  the  Yards  and  Terminals  Committee  made  extensive  reports 

on  "The  Proper  Size  and  Arrangement  of  Large  Passenger  Station  Facilities  as  Determined 
by  the  Business  Handled".*  The  principal  basis  for  these  reports  was  information  col- 

lected in  response  to  an  elaborate  questionnaire  (Exhibit  A,  Volume  24,  p.  931-934) 
circulated  in  1922,  replies  to  which  are  tabulated  in  the  1923  (Volume  24)  report. 

In  view  of  the  large  amount  of  material  now  available  in  the  Proceedings  and  Manual 

on  Passenger  Station  Layouts,  it  was  decided  to  confine  the  work  of  the  Sub-Committee 

to  the  consideration  of  present  trends  in  passenger  station  design  which  should  be  con- 
sidered in  connection  with  the  information  collected  previously  and  now  available  to  the 

Association. 

Inquiries  were  directed  to  the  47  stations  (Exhibit  B,  Volume  24,  p.  935)  that  sub- 
mitted replies  to  the  questionnaire,  to  which  previous  reference  has  been  made,  asking 

them  to  advise  what  changes,  if  any,  have  been  made  in  their  station  in  the  last  fifteen 

years,  or  are  now  contemplated,  and  the  reason  for  such  changes. 

Special  study  was  also  given  to  the  stations  buDt  or  extensively  remodeled  in  that 

period.  These  have  been  reported  on  in  technical  and  railroad  trade  papers,  references 
to  which  appear  in  bibliographies  accompanying  the  reports  of  this  Committee.  A  few 

of  these  references  applying  to  several  of  the  more  extensive  new  and  reconstructed 

stations  appear  in  Exhibit  A  of  this  report. 

The  following  general  trends  in  passenger  service  and  associated  activities  in  the  past 
fifteen  years  have  affected  passenger  station  design. 

1.  The  relative  reduction  in  local  and  increase  in  long  distance  travel  has  resulted 

in  a  tendency  to  reduce  and  consolidate  facilities  in  the  smaller  stations  and  to  place 

increased  demands  on  many  of  the  more  important  terminals  located  in  the  larger  cities. 
2.  Increased  length  of  trains. 

3.  Increased  use  of  automobiles  by  patrons  arriving  at  and  departing  from  the 
station. 

4.  Greater  attention  to  the  convenience  and  comfort  of  the  patron  in  order  to 

attract  his  patronage.  These  are  principally  evidenced  through  the  use  of  air-conditioning 
and  more  attractive  and  convenient  appointments  in  the  station. 

5.  The  desirability  of  increasing  revenue  from  concessions  and  the  necessity  of 

reducing  expenses. 
6.  The  tendency  to  replace  trunk  baggage  with  hand  baggage. 
7.  Faster  schedules. 

These,  together  with  other  influences  which  are  being  felt  generally,  have  resulted  in 
certain  trends  and  some  new  developments  in  passenger  station  design  which  have  been 
evidenced  in  the  alterations  made  in  many  of  the  older  stations  and  have  been  dominant 

in  the  design  of  the  new  stations.    The  more  important  of  these  are  indicated  below: 
1.  Increase  in  number  and  kind  of  concessions.  Some  of  the  station  facilities,  such 

as  restaurants,  lunchrooms,  parcel  checking  facilities  and  toilet  rooms,  previously  oper- 

Volume  24.  192.?,  p.  849-942;   Volume  25,   1924,  p.  488-547;   Volume  26.   1925.  p.   728-770. 
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ated  by  the  railroads,  in  many  cases,  are  now  being  operated  by  concessionaires.  The 

use  of  pay-toilet  facilities  has  now  become  general,  and  in  the  larger  stations  there  are 
more  pay  toilets  than  free  toilets. 

2.  Increase  in  length  of  station  platforms  to  accommodate  longer  trains. 

3.  Increase  in  use  of  air-conditioning.  This  applies  not  only  to  facilities  located 
in  the  station  building,  but  also  to  the  providing  of  facilities  along  the  station  tracks 

and  in  the  yards  to  serve  air-conditioned  equipment. 

4.  Need  for  ample  parking  space  for  buses,  taxicabs  and  private  autos  with  con- 

venient auto  approaches  to  the  station  and  "short-cut"  exits  from  platforms  to  auto- 
loading facilities. 

5.  Increase  in  parcel-checking  facilities  and  decrease  in  facilities  for  heavy  baggage. 

There  is  a  strong  tendency  to  supplement  the  central  parcel-check  facility  with  coin- 
operated  lockers  distributed  throughout  the  station. 

6.  The  increase  in  mail  and  parcel  post  has  resulted  in  a  tendency  to  install  mechan- 
ical equipment  for  the  handling  of  mail.  In  the  newer  stations  where  the  volume  of  mail 

will  justify  such  action,  postal  substations  have  been  built  adjacent  to  the  station  so 

that  mail  can  be  handled  between  the  station  and  the  postal  substation  by  mechanical 

means.  Extensive  mail  handling  equipment  has  been  installed  recently  in  the  following 
stations:  Boston  North  Station,  Boston  South  Station,  Chicago  Union  (Railway  Age, 

January  21,  1933,  p.  71),  Cleveland  Union,  Detroit  (New  York  Central),  Kansas  City 
(Railway  Age,  August  4,  1934,  p.  136),  Milwaukee  (Chicago,  Milwaukee,  St.  Paul  & 

Pacific),  Minneapolis  (Great  Northern),  New  York  (Pennsylvania  Railroad)  (Railway 
Age,  December  7,  193S,  p.  772,  and  February  29,  1936,  p.  351),  and  Philadelphia  (30th 
St.,  Pennsylvania  Railroad). 

7.  Increased  use  of  public  address  systems  for  train  announcing. 

8.  Tendency  toward  more  elaborate  furnishing  of  waiting  rooms  to  present  more 

of  a  club-like  atmosphere. 

9.  Less  use  of  exclusive  men's  smoking  rooms. 
10.  More  attention  is  being  given  to  the  attractiveness  of  the  interior  of  stations 

with  a  more  frequent  use  of  murals  in  the  decorative  scheme.  The  tendency  probably 

wiU  continue  away  from  the  extremely  high  ceilings  in  waiting  rooms  and  concourses. 
There  is  a  greater  tendency  now  to  protect  concourses  from  the  weather  and  heat  them, 
to  add  to  the  convenience  of  the  patron  and  to  make  them  more  available  as  waiting 
rooms. 

11.  Greater  number  and  distribution  of  telephone  booths  in  station. 

12.  Improved  track  and  signal  arrangements  to  permit  faster  movement  of  trains 

entering  or  leaving  the  station  and  shorter  switching  movements. 

13.  Use  of  the  electric  eye  to  open  and  close  doors. 

14.  Moving  stairways  (also  known  as  electric  stairways  and  escalators)  for  through 

passengers. 

The  applications  of  the  foregoing  tendencies  are  so  apparent  that  further  comment 
on  them  is  not  necessary,  with  the  possible  exception  of  the  electric  eye  and  moving 

stairway,  which  have  only  recently  been  applied  to  passenger  stations.  They  will  be 
discussed  further. 

Electric  Eye  Automatic  Door  Openers 

Automatic  door  openers  are  in  use  at  Pennsylvania  Station,  New  York.  Four  pairs 

of  swinging  doors  between  the  passenger  concourse  and  the  wide  passageway  between 
that  concourse  and  the  ticket  lobby  have  been  fitted  with  automatic  openers  in  such  a 

way  that  two  pairs  are  outbotmd  door?  while  the  other  two  pairs  are  inbound. 
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The  arrangement  is  simple  and  efficient.  At  each  single  door  equipped  with  an 

opener,  a  substantial  rail  extends  along  each  side  of  the  path  to  be  taken  by  the  pas- 
senger. The  ends  of  these  railings  are  approximately  three  feet  away  from  the  door  in 

both  directions.  A  passenger  approaching  the  door  from  the  proper  direction  intercepts 

a  ray  of  light  at  the  end  of  the  railing.  This  immediately  causes  the  door  to  swing  open 

away  from  the  passenger  so  that,  by  the  time  the  passenger  has  advanced  approximately 
one  pace,  the  door  is  wide  open.  When  the  door  is  open,  another  ray  of  light  from  the 
farther  end  of  the  railing  strikes  a  second  cell  and  would  cause  the  door  to  close  if  not 

intercepted.  However,  by  the  time  the  door  has  swung  open  wide  enough  to  permit  the 
second  ray  of  light  to  strike  the  cell  on  which  it  is  focused,  the  passenger  has  advanced 

to  a  point  where  he  intercepts  that  ray.  Furthermore,  there  is  a  time  relay  in  the  circuit 

so  arranged  that  a  perceptible  lapse  of  time  occurs  after  the  passenger  passes  out  of  the 

second  ray  of  light  until  the  door  starts  to  close.  The  effect  of  this  is  to  permit  the  pas- 
senger and  his  luggage  to  be  entirely  free  of  the  door  before  it  closes.  Furthermore,  the 

door  will  not  close  if  the  first  ray  of  light  is  intercepted  before  the  time  relay  in  the 

circuit  controlled  by  the  second  ray  of  light  has  had  opportunity  to  function.  The  effect 

of  this  is  to  hold  the  door  continuously  open  if  passengers  are  uniformly  spaced  five 

feet  or  less  apart.  For  a  greater  spacing,  the  door  will  partly  or  entirely  close  between 

passengers. 

Moving  Stairways  (Also  known  as  electric  stairways  and  escalators) 

Moving  stairways  are  in  use  at  30th  Street  Station,  Philadelphia,  at  Newark  and  at 

Pennsylvania  Station,  New  York.  At  the  first  two  points  they  were  incorporated  in  the 

original  design;  at  the  latter  point,  they  were  built  in  an  existing  structure. 

At  30th  Street,  Philadelphia,  the  ultunate  plan  provides  for  the  operation  of  through 

trains  on  the  lower  level,  where  five  passenger  platforms  are  provided.  Each  platform 

is  connected  with  the  concourse  by  one  wide  fixed  stairway  and  at  another  point  by  a 

moving  stairway  paralleled  by  a  narrow  fixed  stairway.  Each  moving  stairway  may  be 

started,  stopped  or  reversed  from  either  the  platform  or  the  concourse  by  a  station 

attendant.  They  are  usually  operated  from  the  platform  up  to  the  concourse,  but  may 

be,  and  occasionally  are,  operated  downward  from  the  concourse  to  the  platform  for 
the  benefit  of  invalids,  etc. 

The  upper  level  tracks  at  this  station  are  intended  ultimately  for  exclusively  sub- 
urban service,  and  this  level  is  provided  with  three  passenger  platforms.  One  of  these 

platforms  is  exclusively  an  inbound  platform.  It  connects  to  the  concourse  by  two  wide 
fixed  stairways  and  no  moving  stairway  is  provided.  Each  of  the  other  two  platforms 

is  connected  to  the  concourse  by  one  wide  and  one  narrow  fixed  stairway  and  one 

moving  stairway.  These  moving  stairways  are  controlled  the  same  as  those  connecting 
the  concourse  to  the  through  passenger  platforms. 

All  moving  stairways  at  30th  Street  are  of  the  same  width,  which  is  approximately 
42  inches. 

At  the  new  station  at  Newark,  which  was  put  in  service  on  June  27,  1937,  there  are 

ten  moving  stairways.  From  the  inbound  Hudson  and  Manhattan  Rapid  Transit  Rail- 
road platform,  which  is  at  the  upper  level  of  the  station,  a  passenger  has  his  choice  of: 

(a)  one  double  length  moving  stairway  downward  through  one  of  the  eastbound  plat- 
forms to  the  city  bus  lanes  (a  distance  of  about  a  story  and  a  half)  ;  (b)  two  moving 

stairways  (each  of  which  is  made  up  of  two  single  length  stairways  making  a  total  of 

four)  to  street  level;  (c)  two  ramps,  one  to  each  of  the  westbound  main-line  platforms; 
and  (d)  three  fixed  stairways  adjoining  and  parallel  to  the  moving  stairways  mentioned 
in  (a)  and  (b). 
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From  street  level,  outbound  passengers  have  their  choice  of  fixed  or  moving  stair- 

ways up  to  both  westbound  main-line  platforms,  and  to  two  eastbound  main-line  plat- 
forms. A  separate  moving  stairway  is  provided  for  the  use  of  H&M  passengers  to  one 

of  the  eastbound  platforms. 

At  Pennsylvania  Station,  Xew  York,  five  moving  stairways  have  been  installed, 

each  leading  from  a  passenger  platform  to  the  inbound  passenger  concourse.  Each  of 

these  five  platforms  serve  two  tracks  ordinarily  used  by  arriving  main-line  trains. 

Two  moving  stairways  have  been  installed  from  the  inbound  passenger  concourse 

up  to  the  outbound  passenger  concourse,  which  is  on  the  principal  floor  level  of  the 
station. 

From  the  ticket  lobby  to  the  passageway  leading  toward  the  7th  Avenue  entrance 
to  the  station,  two  moving  stairways  have  been  installed,  side  by  side.  A  feature  of 

this  installation  is  the  fact  that  they  both  operate  upward  during  the  morning  rush 

period,  at  which  time  the  preponderance  of  traffic  at  this  particular  point  is  upward. 

.\t  some  such  time  as  mid-morning,  one  of  these  moving  stairways  is  reversed  to  operate 
downwards  for  the  remainder  of  the  day.  It  has  been  observed  that  approximately 

90  percent  of  the  people  passing  between  the  ticket  lobby  and  the  7th  Avenue  thorough- 
fare use  the  upward  moving  stairway  in  preference  to  the  adjoining  stairs,  and  that 

approximately  75  percent  of  the  persons  moving  downwards  use  the  moving  stairway 
in  preference  to  the  adjoining  fixed  stairways. 

It  is  reported  by  an  official  of  the  Pennsylvania  Railroad  that  there  has  been  no 

increase  in  the  number  or  severity  of  accidents  by  reason  of  the  substitution  of  moving 

stairways  for  fixed  stairs  either  by  people  carrying  luggage  or  otherwise. 

Exhibit  A 

BIBLIOGRAPHY  OF  LARGE  STATIONS  BUILT  OR  EXTENSIVELY 
REMODELED  SINCE  1923 

1.  Boston  (North  Station)    ...    Railway  Age,  March  5,  1932,  p.  390 
Engineering  News-Record,  February  28,   1929,  p.  339 

2.  Boston   (South  Station)    ...    Railway  Age,  January  16,  1932,  p.  115 
3.  Buffalo  (New  York  Central)    Railway  Age,  March  18,  1929,  p.  1147 
4.  Chicago  (La  Salle  St.)         Engineering  News  Record,  September  20,  1934,  p.  363 
5.  Cincinnati    (Union)          Railway  Age,  April  22,  1933,  p.  575 

Engineering  News-Record,  February  26,   1931,  p.  348 
Engineering  News-Record,  November   2,   1933,  p.   524 

6.  Cleveland   (Union)         Railway  Age,  June  28,  1930,  p.  1553 
7.  London,  Ont.   (Canadian 

National)         Railway  Age,  February  13,  1937,  p.  285 
8.  Los  Angeles  (Union)         Railway  Age,  January  16,  1937,  p.  142 
9.  Newark   (Pennsylvania  RaD- 

road)        Railway  Age,  March  30,  1935,  p.  485 
Railway  Age,  June  26,  1937,  p.  1044 

10.  Omaha  (Chicago,  Burlington 
&   Quincy)        Railway  Age,  January  10,  1931,  p.  136 

11.  Omaha   (Union)       Railway  Age,  January  17,  1931,  p.  187 
12.  Philadelphia    (Broad   Street)  Engineering  News-Record,  October  9,  1930,  p.  565 
13.  Philadelphia  (30th  St.)       Railway  Age,  July  28,  1934,  p.  92 
14.  Sacramento  (Southern 

Pacific)         Railway  Age,  August  14,  1926,  p.  273 
15.  St.  Louis  (Union)        Engineering  News-Record.  November  22,  1028,  p.  766 
16.  Syracuse  (New  York 

Central)         Railway  Age,  October  10,  1936,  p.  504 
17.  Toronto        Railway  Age,  December  24,  1927,  p.  1243 
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Appendix  B 
(3)     THE  EXPEDITING  OF  FREIGHT  CAR  MOVEMENTS 

THROUGH  YARDS 

W.  F.  Cummings,  Chairman,  Sub-Committee;  J.  R.  W.  Ambrose,  John  E.  Armstrong, 
Hadley  Baldwin,  E.  J.  Beugler,  N.  C.  L.  Brown,  H.  F.  Burch,  F.  T.  Darrow, 
R.  B.  Elsworth,  J.  L.  Gressitt,  R.  J.  Hammond,  E.  M.  Hastings,  E.  T.  Johnston, 
L.  L.  Lyford,  C.  A.  Mitchell,  T.  R.  Ratcliff,  W.  B.  Rudd,  W.  J.  Yearsley. 

The  Committee  this  year  requested  the  Operating  Officers  of  fifty  Class  I  railroads 

to  give  it  the  benefit  of  their  experience  with  facilities  intended  to  expedite  yard  move- 
ment; soliciting  answers  to  the  following  specific  questions: 

(1)  What  facilities  to  expedite  freight  car  movements  through  yards  has  your  rail- 
road installed  since  the  end  of  Federal  Control?  Please  answer  this  in  as  much 

detail  as  you  care  to  give. 
(2)  What  outstanding  effect  have  these  various  installations  had? 
(3)  Have  you  any  suggestions  as  to  possible  improved  operating  use  of  such 

facilities  ? 

(4)  What  facilities,  in  addition  to  those  listed  by  the  Committee,  do  you  consider 
important  ? 

The  replies  to  the  first  question  showed  that  all  of  the  railroads  canvassed  realize  the 
importance  of  expediting  the  movement  of  cars  through  yards  and  most  of  them  have 
installed  such  facilities  as  are  necessary  and  economically  justified  to  accomplish  that 
result. 

From  the  answers  to  the  second  question,  it  was  the  consensus  that  excellent  and 
satisfactory  results  were  obtained  from  the  improved  conditions  and  that  the  movement 

through  yards  had  been  speeded  up  and  economies  effected. 
Generally  speaking,  the  replies  to  the  third  question  indicated  that  the  best  use  is 

being  made  of  facilities  available  to  minimize  delay  and  interference  to  movement  through 

yards.  However,  constant  vigilance  is  being  exercised  to  improve  this  feature  of  operation 
where  possible. 

The  replies  to  the  fourth  question  indicated  that  the  list  of  facilities  hereafter 

enumerated  by  this  Committee  in  this  report  is  reasonably  complete. 

The  problems  involved  in  the  expediting  of  freight  car  movements  might  be  generally 
sub-divided  as  follows: 

(a)  Movement  from  point  of  origin  to  first  departure.  This  includes  industrial 
switching,  transfer  movements  and  primary  classification. 

(b)  Movement  through  intermediate  yards. 
(b-1)  Major  intermediate  yards  where  trains  are  broken  up  such  as  at 

important  interchange  points  and  reclassification  points. 
(b-2)  Secondary  intermediate  yards  where  through  freights  are  main- 

tracked.  Tonnage  may  be  added  or  subtracted  at  these  points. 
It  may  be  necessary  to  change  power  and  usually  is  necessary  to 
change  cabooses. 

(c)  Movement  from  last  terminal  to  destination,  which  is,  of  course,  the  reverse 
of  (a). 

The  problem  is  affected  among  other  things  by: 

Operating  program  and  routine. 
Yard  and  terminal  design. 
Construction  and  operating  economies. 
Loading  and  unloading  methods  of  shippers  and  consignees. 
Public  body  regulations. 
Highway  truck  movements  between  terminals  and  points  of  origin  and  destination. 
Co-operation  at  transfer  points  as  between  railroads. 
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The  first  consideration  should  be  to  study  improved  methods  of  operation,  many  of 

which  are  in  effect  on  railways  today.    These  include  among  others: 

Improved  methods  of  classification  over  the  entire  system,  assigning  particular 
duties  to  each  yard  and  obtaining  a  clear  idea  as  to  what  is  to  be  done  at  each 
terminal. 

The  quick  assembling  and  get  away  of  freight  trains  when  freight  houses  are 
closed. 

The  quick  assembling  of  cars  from  industries  and  other  railroads. 
The  advance  classification  of  cars  on  one  railroad  for  another. 
The  running  of  locomotives  of  one  railroad  through  on  others. 
The  unification  and  coordination  in  use  of  terminals. 
The  use  of  smaller  and  lighter  equipment  on  short  haul  work. 
The  segregation  of  short  haul  work. 
The  use  of  off-rail  terminals. 
Use  of  container  cars. 
Use  of  demountable  body  cars  or  cars  adjusted  to  rail  and  highway  service. 
Main  tracking  of  trains. 

This  having  been  done,  there  should  then  be  the  planning  of  proper  facilities  to  carry 

out  the  operating  program.  Some  of  the  features  that  may  help  to  speed  up  the  move- 
ment through  yards  are: 

Hump  yards. 
Installation  of  car  retarders. 
Inspection  pits  in  hump  leads. 
Hump,  repeater  and  trimmer  signals  properly  located. 
Main  track  coaling  stations  so  arranged  that  coal,  water  and  sand  can  be 

taken  at  the  same  stop,  particularly  at  intermediate  yards  where  power  is  run  through 
and  trains  main-tracked  as  much  as  possible. 

High  speed  turnouts  at  yard  entrances  and  other  locations. 
Power  operated  turnouts  at  yard  entrances  and  other  locations. 
Spring  switches  at  departure  ends  of  yards. 
Laying  heavier  rail  in  yard  entrances  and  exits,  running  tracks  and  switching 

leads. 

Tracks  of  sufficient  lengths  to  accommodate  trains  without  doubling. 
Floodlights  for  night  switching. 
Numbering  of  switches  with  illuminating  colors  for  night  service. 
Hot  oiling  facilities. 
Communication  facilities  (teletype,  pneumatic  tubes,  loud  speaker,  etc.). 
Air  lines  in  receiving  and  departure  yards. 
Good  alinement  on  running  tracks. 
Good  gradients  on  running  tracks. 
Signals  on  long  running  tracks  used  in  both  directions. 
Proper  spacing  of  tracks  in  receiving  and  departure  yards  to  facilitate  inspection 

and  light  running  repairs. 
Proper  design  at  hump  end  of  receiving  yards  and  entrances  and  exits  of  flat 

yards  to  release  road  power  with  minimum  interference. 
Compact  arrangement  of  turnouts  in  flat  yards  to  minimize  time  necessary  to 

throw  switches  and  for  switching. 
Proper  length  of  ladders  in  flat  yards  to  avoid  unnecessary  engine  mileage. 
Proper  length  of  classification  tracks  in  flat  yards  to  avoid  unnecessary  engine 

mfleage. 
Proper  gradients  for  ladders  and  body  tracks  in  flat  yards. 
Good  visibility,  particularly  on  ladders  and  drill  tracks  in  flat  yards. 
Convenient  and  proper  location  and  size  of: 

Yard  offices. 

Light  repair  tracks. 
Icing  stations. 
Poultry  feeding  platforms,  etc. 
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Classification  yards  with  respect  to  points  of  interchange  with  other  rail- 
roads and  industries  and  freight  houses,  as  well  as  number  of  tracks 

with  relation  to  number  of  classification?. 
Secondary  classification  yards. 
Receiving  yards  in  relation  to  classification  yards. 
Hold  tracks. 
Departure  tracks. 
Caboose  tracks. 
Engine  facilities. 

The  question  of  terminal  delays  has  been  given  attention  by  this  and  other  com- 
mittees of  this  Association  heretofore.  In  Volume  19,  pp.  316  to  323,  is  a  report  on  War 

Emergency  Yard  Improvements,  and  in  Volume  20,  pp.  159  to  172  inclusive  is  an  excel- 
lent report  on  the  unit  operation  of  large  terminals,  including  a  Catechism  on  Unit 

Operations  of  Railroad  Terminals,  which  this  Committee  recommends  as  being  timely. 

Committee  IV  in  1935  and  Committee  VII  in  1936  and  1937  of  the  American 

Association  of  Railroad  Superintendents  presented  reports  on  this  subject  and  your 

Committee  recommends  them  as  being  most  helpful. 

From  time  to  time  Committee  XIV — Yards  and  Terminals,  Committee  XVIII — 

Electricity  and  Committee  XXI — Economics  of  Railway  Operation  have  reported  as  to 
good  practice  with  respect  to  some  of  the  items  which  this  Committee  has  stated  above 

may  help  to  expedite  the  movement  of  freight  cars  through  yards.  For  ready  reference 
a  tabulation  of  such  is  given  herewith. 
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YARD  FACILITIES 

A.R.E.A.  References 
Manual — Revised  to 

March  18, 1937  Proceedings 
(Chapter  and  Page)  (Volume  and  Pagr) 

1 — Loading  and  Unloading  Tracks 
(a)  House,  team  and  industry  tracks 

(1)  Tracks  to  head  in  same  di- 
rection, if  possible,  to  facil- 

itate switching    
(2)  Each  group  to  be  located  as 

compactly  as  possible   
(3)  Convenient  track  connec- 

tions between  all  points 
where  cars  are  to  be  picked 
up  or  delivered      14 — 24 

(4)  Lead  tracks  for  switching 
clear  of  running  tracks  . . . 

(5)  Numbering  of  switches  with 
illuminating  colors  for  night 
service     

2 — Receiving  Yard       14 — 23 
(1)  Close  to  classification  yard 
(2)  Facilities   for   quick   release 

of  road  engines       14—21 
(3)  Compressed  air  connections 

for  testing  air  brakes   
(4)  High  speed  turnouts   

3 — Classification  Yard        14 — 23 

19—318;   26—719,723;   27—372; 
29—410;   37—322,324 
26—724;  32—210;  33—114; 
37—321,  322 

26—723 

19—318;  25—735;  27—372; 
29—410;  32—210;  33—115; 
35—420;  37—324;  38—66 

(a)  Hump  Yard 14—20.  21, 

22,23 

(1)  Car  retarders      14 — 22,  23 

(2)  Power  operated  switches  .  .  14 — 22 

(3)  Teletype  machines       14 — 22 

(4)  Pneumatic  tubes      14 — 22 

(5)  Loud  speakers     14 — 22 
(6)  Floodlighting       14 — 20,  22 

(7)  Hot  oilers       14—22 
(8)  Flange  oilers        14—22 

7—130;  9—249,514;  18—714; 
27—375;  28—654;  29—453; 
30—762;  31—781,1014;  32—210, 
693;  33—114,129;  34 — 168,177; 
35—420;  37—321,322;  38—66 
27—381;  28—650;  29—415; 
31—781;  32—213;  33-115; 
34—178;  37—323 
29—415;  31—781 
33—115 

29^16;  32—213 37—323 
29—416;  32-213 
37—323 

32—213;  33—115 
9—528;   29—415 

Bulletin,  August  1930,  p.  51; 
31—1445;  32—213;  Bulletin, 
August  1931,  p.  53;  32—213; 
33—115;   Bulletin,  August   1932, 
p.  57;  Bulletin,  September  1933 
p.  98;  Bulletin  369,  September 
1934,  p.  74;  37—321,323 
32—213;  33—116;  37—323 
32—213;  33—116;   37—323 

32—213; 

33-115; 

33—115; 

37—323 30—451; 
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(9)  Track  scales  properly  located  14 — 24 

( 10)  Caboose  tracks        14—24 
(11)  Inspection  pits  in  hump 

leads    

(12)  Semaphore  and  light  signals 

properly  located  with  re- 
spect to  the  hump   

(b)  Flat  Yard        14—20 
(1)  Compact  switch  groups  ... 
(2)  Short  ladders    
(3)  Power  operated  switches  .. 
(4)  Loud  speakers     

(5)  Floodlighting         14—20 

(6)  Good  visibility    14 — 24 
(7)  Track  scales  properly  located  14 — 24 
(8)  Caboose  tracks      14 — 24 
(9)  Numbering  of  switches  with 

illuminating  colors  for  night 
service     

(c)  Double  end  classification  tracks 

(d)  Car  repair  facilities       14—24 

4— Departure  Yard       14 — 23,  24 

(1)  Close  to  or  extension  of 
classification  tracks   

(2)  Long  tracks        14—23 
(3)  Convenient  engine  terminal 

facilities    

(4)  Compressed   air   connection 
for  air  brakes     14 — 24 

21- 
33- 

37- 

-886;   29—417;  32- 
-115;  35—421,422 

-325 

-212; 

27—374;  35—420;  37—321 

9—528;  30—451;  31-1445: 
Bulletin,  August  1931,  p.  SZ\ 
Bulletin,  August  1932,  p.  57; 
Bulletin^  September  1933,  p.  98; 
Bulletin  369,  September  1934,  p. 

74;  37—321 

35-421,422 
37—325 

29 — diagram  facing  p.  412 

29—411;  37—324 

19—318;  26—719;  27—372; 
29—411;   37—321,324 
23—83;  29 — 411;  32—210; 
33—114 

27—373;  37—324 

26—720,721;  29—414 

29--I16;  37—324 

5 — Intermediate  Yard     

(a )  Major  Yard     

(1)  Similar  facilities  for  reclas- 
sification of  trains  to  those 

at  terminal  yards    
(2 )  High  speed  turnouts   
(3)  Properly  located  crossovers 
(4)  Icing  facilities  accessible  to 

pull-in  tracks        6 — 221,  222 
14—24 

(5)  Inspection  facilities  for  re- 
frigerator cars     

(6)  Stock  feeding  and  watering 
facilities  accessible  to  pull- 
in  tracks        14     24 

19—318 

5- 

33-
 

-174;  29—415;  32- 

-114 

-211; 

29—415;   32—211;  33—114 
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(b)  Secondary  Yard      

( 1 )  Pull-in  tracks  convenient  to 
jard  tracks  for  taking  ton- 

nage on  or  off  at  rating 
change  point      

( 2 )  Convenient  for  quick 
changes  of  crews  and  en- 

gine power     

Your  Committee  reiterates  its  belief  that  this  problem  is  primarily  one  of  operation, 
although  modern  facilities,  where  economically  justified,  if  properly  designed  and  located, 
are  a  most  important  factor. 

It  is  recommended  that  there  shall  be  included  in  the  Manual,  after  Paragraph  (g) 

on  page  14-19  and  after  Paragraph  (i)  on  page  14-20,  the  following  notation: 

A  Report  on  "The  Expediting  of  Freight  Car  Movements  Through  Yards"  is  given 
on  pages  224  to  229  inclusive  of  Volume  39  of  the  Proceedings  of  the  Association. 

Appendix  C 

(4)     SCALES  USED  IN  RAILWAY  SERVICE 

M.  J.  J.  Harrison,  Chairman,  Sub-Committee;  John  E.  Armstrong,  Hadley  Baldwin, 
H.  G.  Basquin,  W.  J.  Brennen,  E.  D.  Gordon,  E.  M.  Hastings,  H.  O.  Hem,  A.  B. 
Jacobus,  P.  L.  Koehler,  E.  K.  Lawrence,  C.  L.  Richard,  H.  M.  Roeser,  W.  C. 
Sadler,  C.  U.  Smith,  E.  P.  Vroome. 

Proposed  revision  of  Section  55  of  Chapter  14  of  Manual: 

Pages  14-107  and  14-108  of  the  Manual  cover  tolerances  for  large-capacity,  auto- 

matic-indicating scales.  This  material,  adopted  by  the  Association  in  1925,  at  the  time 
of  its  adoption  closely  followed  the  corresponding  material  adopted  by  the  National 

Conference  on  Weights  and  Measures  and  recommended  for  uniform  adoption  by  the 
National  Bureau  of  Standards. 

Since  1925,  certain  minor  revisions  have  been  adopted  by  the  National  Conference 

on  Weights  and  Measures,  and  at  its  1937  meeting  that  Conference  completed  a  com- 

prehensive revision  of  its  material  with  reference  to  tolerances  for  all  large-capacity 

scales,  including  automatic-indicating  scales.  This  revision,  in  addition  to  liberalizing 
certain  features  of  its  requirements,  had  the  immediate  effect  of  making  obsolete  the 
present  AREA  material.  Your  Committee  has  carefully  reviewed  the  material  adopted 

by  the  National  Conference  on  Weights  and  Measures,  and  has  concluded  to  recommend 

the  withdrawal  of  the  present  Manual  material  and  the  adoption  in  lieu  thereof  of 

certain  other  material  which  is  based  on  currently  effective  National  Conference  rec- 
ommendations and  differs  therefrom  only  in  arrangement. 

Attention  is  called  to  the  fact  that  present  Manual  material  applies  only  to  auto- 

matic-indicating scales,  whereas  the  newly  adopted  National  Conference  material  applies 
to  all  scales  of  the  stipulated  types.  It  has  appeared  to  your  Committee  that  the  scope 
of  the  Manual  material  should  be  broadened  to  include  all  types  of  scales  as  covered 
by  the  National  Conference  material. 

In  conformity  with  the  foregoing,  your  Committee  recommends  the  deletion  of  the 

material  now  appearing  on  pages  14-107  and  14-108  of  the  Manual,  and  the  adoption 
and  publication  in  the  Manual  of  the  following: 
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55.     LARGE-CAPACITY  SCALES— TOLERANCES,  SR  REQUIRE- 
MENTS, AND  REGULATIONS 

1938 

Definitions 

For  purposes  of  the  application  of  the  requirements  hereinafter  stated,  a  large- 
capacity  scale  is  one  having  a  nominal  capacity  of  more  than  400  pounds;  a  vehicle 

scale  is  a  large-capacity  scale  designed  to  be  used  to  determine  the  weight  of  a  motor 

truck  or  wagon,  loaded  or  unloaded;  an  automatic-indicating  scale  is  a  scale  which 
embodies  or  to  which  is  attached  a  mechanism  actuated  by  the  applied  load,  which 

automatically  shows  the  weight  of  any  applied  load  within  its  nominal  capacity,  and 

which  may  be  used  with  other  indicating  elements  to  determine  quickly  weight  values 
exceeding  its  own  nominal  capacity. 

Tolerances 

The  maintenance  tolerances  to  be  allowed  in  excess  or  deficiency  for  tests  at  in- 

creasing loads  approximately  centered  on  the  load-receiving  element,  on  all  large-capacity 
scales  except  railway  track  scales,  mine  tipple  scales,  ore  hopper  scales,  grain-weighing 
scales,  and  other  special  types  of  scales,  shall  be  the  values  shown  in  Table  1413,  subject 
to  the  following  provisos: 

(a)  The  indications  of  a  scale  shall  be  accurate  within  tolerance  when  a  load 

equal  to  or  less  than  the  capacity  of  the  scale  divided  by  the  number  of  main  load 

bearings  is  applied,  as  nearly  as  may  be,  through  any  one  of  the  main  load  bear- 
ings, and  when  a  load  of  one-half  the  capacity  of  the  scale,  or  more,  is  distributed 

over  any  part  of  the  load-receiving  element:  provided,  however,  that  in  the  test 
of  a  vehicle  scale  the  indication  with  the  test  load  applied  at  any  main  load  bearing 

may  be  in  error  by  twice  the  stipulated  tolerance,  but  the  mean  of  the  errors  with 
the  load  applied  at  any  laterally  opposite  main  load  bearings  shall  not  exceed  the 

stipulated  tolerance. 

(b)  On  an  automatic-indicating  scale,  the  tolerance  shall  not  be  legs  than 
the  value  of  one  of  the  minimal  graduations  on  the  reading  face,  or  one  five- 
hundredth  of  the  capacity  of  the  reading  face,  whichever  is  less,  except  that  the 

tolerance  shall  not  be  less  than  1  pound  when  the  minimal  graduation  on  the  reading 

face  is  1  pound  or  more. 

(c)  On  an  automatic-indicating  scale,  the  tolerance  on  any  beam  and  the 
tolerance  on  ratio  shall  not  be  less  than  the  minimal  value  arrived  at  by  the 

operation  of  proviso  (b). 

(d)  On  an  automatic-indicating  scale  under  test  with  both  increasing  and 

decreasing  loads,  the  spread  between  indications  under  a  given  test  load,  for  in- 
creasing-load and  for  decreasing-load,  shall  not  exceed  the  sum  of  the  tolerances 

in  excess  and  in  deficiency  for  the  load  in  question. 

(e)  On  a  beam  scale,  the  tolerance  shall  not  be  less  than  the  value  of  one  of 

the  minimal  graduations  on  the  weighbeam. 

(f)  On  a  vehicle  scale,  when  the  amount  of  test  weights  used  is  not  less  than 

8000  pounds,  the  tolerance  shall  not  be  less  than  S  pounds  when  the  value  of  the 

minimal  graduation  on  the  weighbeam  or  reading  face  is  2i^  pounds  or  less,  10 
pounds  when  such  value  is  5  pounds  or  10  pounds,  or  20  pounds  when  such  value 

is  20  pounds. 
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(g)'  On  an  automatic-indicating  scale  in  use  exclusively  in  determining  weights 
for  the  sole  purpose  of  fixing  charges  for  the  transportation  of  freight,  the  tolerances 

to  be  applied  shall  be  twice  the  stipulated  maintenance  tolerances. 

On  a  new  or  newly  rebuilt  scale  to  which  the  values  shown  in  Table  1413  would 

apply  as  maintenance  tolerances,  the  tolerances  to  be  allowed  in  excess  or  deficiency 

shall  be,  for  vehicle  scales,  one-half  of  the  class  B  values  shown,  and  for  all  other 
scales,  one-half  of  the  class  A  values  shown. 

Table  141.5 

Tolerances  for  Large- Capacity  Scales 

Load  (3)  Class  A  (1) 
Tolerance  on 
weighbeam, 
reading  face 

or  unit  weight 
indications 
(ounces) 

1 
2 
4 
6 

Tolerance 
on  ratio  (4) 

(pounds)  (ounces) 

0  to    99,  inclusive         J/2 
100  to  199,  inclusive       2 
200  to  299,  mclusive       3 
300  to  399,  inclusive       4 
400  to  499,  inclusive       5 
500  to  599,  inclusive        7 
600  to  799,  inclusive       S 
800  to  999,  inclusive     11 

1000  and  over       ^  pound 

per  1000 
pounds 

Class  B  (2) 

Tolerance  on 
weighbeam, 
reading  face 

Tolerance       or  unit  weight 
on  ratio  (4)       indications 
(ounces)  (ounces) 

10  13  20 
12  17  24 
16  22  32 

1  pound  lyi  pounds  2  pounds 
per  1000  per  1000  per  1000 
pounds  pounds  pounds 

(1)  "Class  A"  scales  include  all  large-capacity  scales  which  are  not  specifically  included  within 
"Class  B". 

(2)  "Class  B"  scales  include  only  vehicle  scales,  and  scales  of  the  self-contained  and  built-in 
types  which  are  not  installed  inside  of  a  building  having  side  walls  and  roof. 

(3)  The  amount  of  weight  on  the  load-receiving  element  of  the  scale. 
(4)  This   tolerance   is   applied   to  parts   requiring   the  employment  of   removable   weights. 

(For  maintenance  and  acceptance  tolerances  applicable  to  railway  track  scales,  see 

page  14-39,  AREA  Manual.  For  tolerances  applicable  to  grain-weighing  scales,  see 
specifications  and  rules  covering  such  scales.) 

SR  Requirements 

The  SR  of  a  large-capacity  scale,  at  any  load  not  greater  than  its  nominal  capacity, 
shall  not  exceed  the  value  of  two  of  the  minimal  weighbeam  graduations,  except  that 

the  SR  of  a  vehicle  scale  shall  not  be  required  to  be  less  than  10  pounds. 

The  SR  of  a  new  or  newly  rebuilt  large-capacity  scale,  at  any  load  not  greater  than 
its  nominal  capacity,  shall  not  exceed  the  value  of  one  of  the  minimal  weighbeam 

graduations. 

Regulations 

A  scale  shall  be  maintained  in  correct  zero-load  balance. 
A  scale  shall  not  be  subjected  to  loads  greater  than  its  capacity. 

A  vehicle  scale  shall  not  be  used  for  weighing  loads  of  less  than  1000  pounds. 
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Tolerances  on  Counterpoise  Weights   (Customary  System) 

Weight  Tolerance 
(pounds)  (grains) 

10        20 
8         18 
5          U 
4          12 
.^          10 
2            S 
1            5 

(ounces) 
10       4 
8       i 
5        2 
4        2 

2,  1  or  H          1 

Editorial  Note. — The  above  material  follows  that  adopted  by  the  National  Con- 
ference on  Weights  and  Measures  and  promulgated  by  the  National  Bureau  of  Standards 

in  its  handbook  H-22. 

Proposed  revision  of  specifications  covering  two-section  track,  scales: 

At  the  1937  Convention,  your  Committee  submitted  as  information  a  proposed  re- 

vision of  the  material  appearing  on  pages  14-67  to  14-83,  inclusive,  of  the  Manual  under 

the  heading,  "Specifications  for  the  Manufacture  and  Installation  of  Two-Section,  Knife- 

Edge  Railway  Track  Scales"'. 
During  the  past  year  your  Committee  has  received  and  considered  several  letters 

of  constructive  criticism  of  its  1937  report.  The  matters  involved  are  of  such  funda- 
mental importance  to  the  subject,  and  the  diversity  of  expressed  opinion  has  been  so 

wide,  that  your  Committee  is  not  at  this  time  prepared  to  submit  its  final  recommenda- 
tion. It  is  accordingly  recommended  that  final  action  on  this  subject  be  deferred  until 

the  1939  Convention,  at  which  time  your  Committee  expects  to  submit  its  full  proposal. 

Appendix  D 

(5)     BIBLIOGRAPHY  ON  SUBJECTS  PERTAINING  TO  YARDS  AND 

TERMINALS,  APPEARING  IN  CURRENT  PERIODICALS 

E.  E.  R.  Tratman,  Chairman,  Sub-Committee;  the  Committee  as  a  whole. 

GENERAL 

Coordination  of  Transport — Argentina  (National)  and  Buenos  Aires  (municipal) ;  law 
proposed  for  coordination  of  all  transport  services — Railway  Gazette  (London),  1937, 
January  8,  page  73;  February  12,  pages  266,  294. 

Coordination  of  Transport — Buenos  Aires,  Argentina;  all  local  transportation  systems  to 
be  operated  under  a  commission,  as  at  London;  (local  and  suburban  railway  service, 
rapid-transit  subways,  street  railways  and  bus  lines) — Railway  Gazette  (London), 
1937,  January  1,  page  10;  January  22,  page  155. 

Coordination  of  Transport — Canada;  new  government  Department  of  Transport — Engi- 
neering  News-Record,    1937,    February    2,   page   314 — Railway    Gazette    (London), 

1936,  November  20,  page  832. 

Coordination  of  Transport — Ceylon  Government  Railways;  report  of  special  commission 
on  coordination  of  railway  and  road  transport  services — Railway  Gazette  (London), 
1937,  June  11,  pages  1100,  1113. 
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Coordination  of  Transport — France ;  railways  proposed  as  part  of  general  public  transport 
system— Railway  Gazette  (London),  1937,  January  29,  page  183;  April  9,  page  704. 

Coordination  of  Transport — India;  Nizam's  State  Railway  Administration  (Hyderabad) 
coordinates  rail  and  road  services,  using  its  own  bus  equipment — Railway  Gazette 
(London),  1937,  March  12,  page  492;  June  4,  page  1078. 

Coordination  of  Transport — Nigerian  Railways,  Africa.  Railway,  road,  river  and  dock 
activities  coordinated  under  a  Director  of  Transport — Railway  Gazette,  1937,  Jan- 

uary 1,  page  5. 
Coordination  of  Transport — Railway  ownership  of  motor  transport  concerns — Railway 

Age,  1936,  November  28,  page  799. 
Trains,  Cost  of  Stopping — Signal  Section,  Association  of  American  Railroads,  1937,  Pro- 

ceedings, Volume  34,  No.  2,  page  425. 

PASSENGER  STATIONS  AND  TERMINALS 

Belfast  and  Dublin;  Great  Northern  Railway  of  Ireland — Railway  Gazette   (London), 
1936,  November  6,  page  752. 

Bergen    and    Haparanda — Swedish    State    Railways;    pictures    only — Railway    Gazette 
(London),  1937,  January  8,  page  60. 

Boston — Boston  &  Maine  Railroad  terminal  improvements — Boston   &  Maine  Railroad 
Employees  Magazine;  1927,  January;  1928,  February,  May,  July;  1930,  September; 
1931,  October. 

Calcutta,  India — Project  for  a  central  station,  with  connecting  lines  from  two  existing 
stations — Railway  Gazette  (London),  1937,  September  10,  page  437. 

Capetown,  South  Africa — New  station  plans  for  the  South  African  Government  Railways 
and    Harbors    Administration — Railway    Gazette    (London),    1937,    September    17, 
page  468. 

Cincinnati — Pictures   of    Cincinnati   Union    Station — Railway    Gazette    (London),    1937, 
August  20,  pages  306,  and  324. 

Chicago — History  of  the  several  terminal  stations — Journal  of  the   Western   Society  of 
Engineers,  1937,  June. 

Chicago;  Union  Station — Concrete  slab  under  approach  tracks — AREA  Proceedings,  1937, 
pages  175,  176. 

Copenhagen,  Denmark — Through  terminal  with  12  station  tracks  and  coach  yard — Rail- 
way Gazette  (London),  1937,  February  12,  page  274. 

DubUn,  Ireland — Eliminating  the  old  Broadstone  terminal  by  new  connecting  line — Rail- 
way Gazette  (London),  1936,  November  6,  page  762;  1937,  January  22,  page  157. 

Edinburgh,  Scotland — Waverley  Station;  signaling  revised  for  15  through  and  stub  station 
tracks— Railway  Gazette  (London),  1936,  November  27,  pages  879,  890. 

Frankfort,  Germany — Improved  layout  by  German  State  Railways —  Railway  Gazette 
(London),  1937,  March  19,  page  523. 

Helsingfors,   Finland — Pictures   of   new   passenger   station — Railway    Gazette    (London), 
1937,  March  26,  page  601. 

Kansas  City — Joint  ticket  office  building — Railway  Age,  1936,  November  28,  page  809. 
London,  England — Early  passenger  terminal  stations;  1836-1936— Railway  Gazette,  1936, 

December  11,  pages  966,  984;  1937,  July  23,  page  147. 
London,  England — Paddington  Station,  Great  Western  Railway;  handling  trains  in  and 

out,  or  station  operation — Railway  Gazette  (London),  1937,  January  IS,  page  120. 
London,  Ontario — -Station  with  five  tracks;  tracks  elevated;  concrete  track  deck — Cana- 

dian Railway  and  Marine  World,  1936,  November,  page  491— Railway  Age,  1937, 
February  13,  page  285. 

Los  Angeles — New  union  station  for  Santa  Fe,  Southern  Pacific  and  Union  Pacific  rail- 
ways— Railway  Age,  1937,  January  16,  page  142. 

Mainz,  Germany — Reconstruction  of  modern  type  station  building;  German  State  Rail- 
ways— Railway  Gazette  (London),  1937,  February  26,  page  371;  March  5,  page  434. 

Needles,  California — Air-conditioning  of  station  and  hotel;  Santa  Fe  Railway — Railway 
Age,  1937,  August  7,  page  158. 

Newark,  New  Jersey — Pennsylvania  Railroad;  new  passenger  station — Engineering  News- 
Record,  1937,  June  3,  page  841 — Railway  Age,  1937,  June  26,  page  1044. 

New  Orleans — Southern  Pacific  (Texas  &  Louisiana  Lines) — Terminal  changes  necessitated 
by  new  Mississippi  River  Bridge  connections — Railway  Age,  1937,  June  5,  page  935. 

New  York — Pennsylvania  Railroad;  concrete  slab  for  track — Proceedings  AREA,  1937, 
page  177. 
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New  York — Pennsylvania  Railroad;  new  telephone  facilities — Railway  Age,  1937,  June  12, 
page  991. 

Rome,  Italy — Revision  of  Central  Station;  rearrangement  of  24  station  tracks — Railway 
Gazette  (London),  1937,  February  19,  page  317. 

San  Francisco — Atchison,  Topeka  &  Santa  Fe  Railroad ;  bus  service  between  San  Francisco 
city  ticket  office  and  railway  terminal  in  Oakland — Railway  Age,   1937,  July   24, 
page  122. 

San  Francisco — Southern  Pacific  and  Key  Line  terminals  and  suburban  service  over  the 
Oakland  Bridge — Railway  Age,  1937,  May  22,  page  865. 

San  Francisco — Terminal  station  for  suburban  rapid-transit  trains  of  the  Oakland  Bridge 
lines — Engineering  News-Record,  1937,  September  2,  page  372. 

Syracuse — New   York    Central   station   and   track   elevation — Engineering    News-Record, 
1936,  September  24,  page  457;  December  24,  page  881 — Railway  Age,  1936,  October 
3,  page  476;  October  10,  page  504;  December  19,  page  904. 

Wellington,  New  Zealand — New  station — Railway  Gazette   (London),  1937,  October  1, 
page  572. 

.\ir-conditioning  plant  for  cars  at  coach  yards  and  stations— AREA  Bulletin  397,  1937. 
September,  page  8. 

Bus  service  of  Maine  Central  Railroad — Railway  Age,  1936,  December  26,  page  953. 
Bus  Terminal   at    Blackpool,    England — Parking    space   for    62    buses — Railway    Gazette 

(London),  1936,  November  20,  page  851. 

Bus  Terminal  at  Glasgow,  Scotland — Bus  accommodation  at  the  Buchanan  St.  station ; 
twelve    entrance    driveways    between    twelve    platforms;    one    wide    exit — Railway 
Gazette  (London),  1937,  February  12,  page  286. 

Bus  Terminal  at  Hackensack— Municipal  project,  serving  twenty  bus  lines — Engineering 
News-Record,  1937,  September  30,  page  546. 

Bus  Terminal  at  Liverpool,  England— Prize  design,  with  loading  platforms  arranged  in 
echelon — Railway  Gazette  (London),  1937,  January  15,  page  110. 

Bus  Terminal    at    Los    Angeles — Terminal    for    Greyhound    Lines — Railway    Age,    1936, 
December  26,  page  955. 

Bus  Terminal  at  Louisville — Terminal  for  Greyhound  Lines — Railway  Age,  1937,  June  26, 
page  1061. 

Bus  Terminal  at  St.   Louis — Station  for  National  Trailways— Railway  Age,   1937,   Sep- 
tember 26,  page  452. 

Bus  Terminal — Architect's  design — Architectural  Record,  1937,  January. 
Cabstand  and  baggage  transfer  concessions;    form   of  agreement  with   railway — AREA 

Proceedings,  1937,  page  188. 

Coach  Yard — Station  at  Wellington,  New  Zealand — Railway  Gazette    (London),   1937, 
October  1,  page  572. 

Concrete  Track  Floors — AREA  Proceedings,  1937,  page  174. 
English    Railways — Stations   as   social   and    business    centers.      Exhibition    halls,   moving 

picture    shows,    shops,    etc.,    at   large    stations — Railway    Gazette    (London),    1937, 
January  22,  page  129. 

English    Railways — Use   of   loud   speakers    and    announcers   at   large   stations — Railway 
Gazette  (London),  1937,  August  6,  page  221. 

English  Railways — Prize  designs  for  union  ticket  offices,  including  passenger  and  freight 
receiving  services — Railway  Gazette  (London),  1936,  November  20,  pages  831  and  864. 

Flooded   Stations — Stations  at   Cincinnati  and  Ohio   River  towns — Railway  Age,   1937. 
January  30,  page  214;  February  6,  page  247. 

Marine  Passenger  Stations — Lecture  at  Institute  of  Transport  (England) — The  Engineer 
(London),  1936,  December  11,  page  631. 

Rail-Car  Service — Canadian  National  Railways — American  Society  of  Mechanical  Engi- 
neers, Proceedings,  1937,  May — Railway  Age,  1937,  August  14,  page  208. 

Rail-Car  Service — Seaboard  Air  Line — Railway  Age,  1936,  September  19,  page  409. 
Small  Stations — Chicago,  Milwaukee,  St.  Paul  &  Pacific  Railroad;  designs  for  small  sta- 

tions— Railway  Age,  1937,  February  20,  page  323. 
Small  Stations — Gulf,  Mobile  &  Northern  Railroad;   small  flag-stop  stations — Railway 

Age,  1937,  July  31,  page  139. 
Small    Stations — (Iterating    methods — American    Society    of    Railroad    Superintendents, 

Proceedings,  1937— Railway  Age,  1937,  August  21,  page  233. 
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FREIGHT  STATIONS,  TERMINALS  AND  YARDS 

Chicago — Baltimore  &  Ohio  Railroad;  motor  freight  station  for  rail  and  truck  service — 
Railway  Age,  1937,  August  14,  page  200. 

Chicago — Galewood  Yard  of   Chicago,  Milwaukee,   St.   Paul  &   Pacific   Railroad;   with 
teletype  service  (typewriting  by  wire) — Railway  Age,  1937,  February  20,  page  333. 

Galesburg — Terminals  and  truck  service  of  Burlington  Transportation  Company — Railway 
Age,  1937,  August  28,  page  279. 

Galesburg — ^Chicago,   Burlington   &  Quincy  Railroad;   revision   of  hump   yard — Railway 
Age,  1932,  December  24,  page  938. 

Hull,  England — Hump  yard  of  the  London  &  Northeastern  Railway;  floodlighting  and 
hydraulic  track  brakes  or  car  retarders — Railway  Gazette  (London),  1936,  November 
20,  page  833. 

Manchester,  England — London,  Midland  &  Scottish  Railway;  new  freight  terminals  and 
freight  houses  with  mechanical  handling  equipment;  at  Manchester  and  Derby — The 
Engineer  (London),  1937,  February  5,  page  149 — Railway  Gazette   (London),  1937, 
February  5,  page  246. 

London,  England — Southern  Railway;   warehouse  and  grain  elevator  and  storage — The 
Engineer  (London),  1936,  November  27,  page  582 — Railway  Gazette  (London),  1936, 
November  27,  page  895. 

New  Orleans — Yard  and  transfer  service  as  altered  on  account  of  connections  with  new 
Mississippi  River  bridge — Railway  Age,  1937,  June  5,  page  934. 

New  York — Erie  Railroad;  piers  and  refrigerator  car  handling — Marine  Engineering,  1937, 
March,  page  157. 

New  York — New  York  Central  Railroad;   depressed  West  Side  freight  line  and  yard — 
Engineering  News-Record,  1937,  July  1,  page  4 — Railway  Age,  1937,  July  3,  page  6. 

San  Francisco — Southern  Pacific  yard  for  handling  material  for  the  San  Francisco  and 
Oakland  Bridge — Railway  Age.  1937,  May  15,  page  859. 

South  Chicago — Bridge  crane  unloader  for  ore  steamers  at  Carnesiie-Illinois  steel  works — 
Iron  Age,  1937,  September  23,  page  51. 

Buildings — Fire  protection  and  insurance — AREA  Proceedings,  1937,  page  288. 
Car  Dumpers — English  types;  Babcock  &  Wilcox  Company — Railway  Gazette  (London), 

1937,  August  6,  page'  228. Car  Dumpers — Chesapeake  &  Ohio  Railway;  at  Toledo — Railway  .'V^ge,  1936,  October  17, 
page  556. 

Car  Dumpers — Japanese   Government   Railways,   at   Muroran   harbor;    two   dumpers   of 
revolving  barrel  type  for  shipping  coal — The  Engineer  (London),  1937,  February  12, 
page  185. 

Car  Dumpers — Norfolk  &  Western  Railway;  coal  pier  at  Lambert  Point,  Va. — Railway 
Age,  1937,  April  24,  page  704. 

Car  Dumpers — Paris,   Lyons  &  Mediterranean  Railway,  France ;   transferrinc  coal   from 
narrow-gage  to  standard-gage  cars  at  St.  George  de  Commiers — Bulletin  of  Inter- 

national Railway  Congress,  1036,  November,  page  1288. 
Car  Retarders— AREA  Proceedings,  1937,  page  66 — AREA  Bulletin  396,  1937,  pape  7. 
Car  Retarders  and  Retarder  Yards — General  Railwav  Signal  Companv,  Bulletin  No.  155, 

1929,  March. 

Classification  Yard's — New  England  Railroad  Club  Bulletin,  1927,  December  13. 
Coal  Car  Yards — Chesapeake  &  Ohio  Railway;  at  Toledo — Railway  Age,  1936.  October 

17,  page  557. 
Coal  Mine  Yards — Norfolk  &  Western  Railway;  coal  mine  yards  on  new  line — Railway 

-Ase.  1937.  June  10,  page  1010. 
Coal  Piers — Chesapeake  &  Ohio  Railway;   at  Toledo — Railway   Age,    1936,   October   17, 

paee  555. 
Coal  Piers — Norfolk  &  Western   Railway;   at  Lambert   Point,  Va. — Railway   Age,   1937, 

April  24,  page  704. 
Coal  Shipping — Shipping    methods    at    Muroran    Harbor,    Japan ;    cable    incline    to    car 

dumper — The  Engineer  (London),  1937,  February  17,  page  185. 
Coal  Tipple — Aerial  cable  tramway  from  mine  to  tipple  at  Otsego,  W.  Va. — Mining  and 

Metallurgy,  1937,  May,  page  238. 
Coal  Transportation — Methods    on    American    and    foreign    railways^— Railway    Gazette 

(London),  1937,  Februarv'  12,  page  2  70. 
Cold  Storage  Plants — Small  plants  at  terminals — .AREA  Proceedings,  1937,  page  293. 

L 
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Containers  and  Road-Rail  Wagons — International  Railway  Association  Bulletin,  1937, 
September,  pages  1929,  1932— AREA  Bulletin  396,  1937,  June,  pages  7  and  9. 

Containers — Insulated;  for  fish  traffic;  Swedish  State  Railways — Railway  Gazette 
(London),  1937,  September  24,  page  528. 

Containers — Large  and  small  on  foreign  railroads — International  Railway  Congress  Asso- 
ciation Bulletin,  1936,  November,  page  1121. 

Containers— Use  in  Europe— AREA  Bulletin  396,  1937,  June,  page  7. 
Door-to-Door  Service — Canadian  Pacific  Railway  Express  Company — Canadian  Trans- 

portation, 1937,  May,  page  242;  June,  page  309. 
Door-to-Door  Service — Erie  Railroad — Canadian  Transportation,  1937,  May,  page  243. 
Door-to-Door  Service — German  Railways  haul  freight  cars  on  transfer  trucks  over  roads 

and  narrow-gage  railways  between  freight  houses  and  factories — Railway  Gazette 
(London),  1936,  October  30,  page  702. 

Enginehouses  and  Terminals — Oil-electric  locomotive  accommodation  and  servicing— 
AREA  Proceedings,  1937,  page  137. 

Enginehouses  and  Terminals — Great  Western  Railway,  England;  rectangular  enginehouse 
at  Bristol,  with  two  4S-ft.  turntables  inside  and  radial  tracks;  also  a  rectangular 
house  with  parallel  tracks — ^Railway  Gazette  (London),  1937,  August  6,  page  237. 

Express  Terminal — Terminal  and  operation  at  New  York ;  American  Express  Agency- 
Railway  Age,  1936,  December  26,  page  948. 

Freight  Stations — London,  Midland  &  Scottish  Railway,  England;  modernizing  and 
mechanical  handling — Railway  Gazette  (London),  1937,  March  S,  page  423. 

Freight  Yards — Expediting  movements  of  cars  through  yards — American  Association  of 
Railroad  Superintendents,  Proceedings,  1936  and  1937 — Railway  Age,  1936,  Sep- 

tember 26,  page  44S ;  1937,  June  26,  page  1057 — AREA  Proceedings,  1937,  page  67; 
and  Bulletin  396,  June,  1937. 

Fire  Protection — AREA  Proceedings,  1937,  page  94 — American  Railway  Bridge  and  Build- 
ing Association,  Proceedings,  1937 — Railway  Engineering  and  Maintenance,  1937, 

November. 

Gravity  Switching  and  Hump  Yards— European  practice— AREA  Bulletin  306,  1937, 
June,  page  7. 

Hump  Yards — Design  of  yards — AREA  Proceedings,  1937,  page  6. 
Hump  Yards — Eastern  Bengal  RaDway,  at  Naihati,  India;  hydraulic  car  retarders  and 

slipper  skates — Railway  Gazette  (London),  1937,  October  8,  page  607. 
Icing  Refrigerator  Cars — Portable  ice  plant — Railway  Mechanical  Engineer,  1937,  May, 

page  217. 
Icing  Refrigerator  Cars — Tests  of  melting  rates  of  ice — Railway  Mechanical  Engineer, 

1937,  August,  page  346. 

Industry  Tracks — Service  given  by  European  railways — AREA  Bulletin  396,  1937,  June, 
page  8. 

L.C.L.  Service — Handling  by  Railway  Express  Agency  opposed  by  independent  truckers — 
Railway  Age,  1937,  July  17,  page  86. 

L.C.L.  Service — Modernized  handling — American  Association  of  Railroad  Superintendents, 
1937,  Proceedings — Railway  Age,  1937,  June  26,  page  1062. 

Light  Fast  Freight  Service — Special  local  freight  service  on  the  London,  Midland  &  Scot- 
tish Railway,  England — Railway  Gazette  (London),  1937,  June  4,  page  1059. 

Motor  Trucking — Administration  of  the  motor  carrier  Act — Railway  Age,  1937,  January 
23,  page  197. 

Motor  Trucking — Labor  conditions;  Interstate  Commerce  Commission  report — Railway 
Age,  1936,  December  5  and  26,  pages  829  and  945. 

Motor  Trucking — Railway  motor-truck  freight  services — Railway  Age,  1937,  August  28, 
page  282. 

Passing  Sidings — Seaboard  Air  Line;  spring  switches  to  reduce  stops  and  delays — Railway 
Age,  1937,  July  10,  page  36. 

Platforms — Cement-grouted  macadam  paving — AREA  Proceedings,  1937,  page  128. 
Produce  Traffic — Fruit  handling  on  the  London,  Midland  &  Scottish  Railway,  England — 

Railway  Gazette  (London),  1937,  September  17,  pages  461,  462. 
Road-and-Rail  Service— Canada ;  addresses  on  competition  and  adjustment — Canadian 

Transportation,  1937,  January  and  February,  pages  11  and  144. 
Road-and-Rail  Service — Canadian  National  Railways;  coordination  of  services — Railway 

Age,  1937,  January  23,  page  191;  February  27,  page  364;  September  25,  page  417. 
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Road-and-Rail  Service — Canadian  National  Railways;   special  car  to  run  on  track  or 
highways;  freight  and  passengers — Canadian  Transportation,  1937,  August  and  Sep- 

tember, pages  373  and  450. 
Road-and-Rail  Service — Canadian  Pacific  Railway;  at  Montreal  and  Toronto — Railway 

Age,  1937,  March  27,  page  SS6. 
Road-and-Rail    Service — Canadian    Pacific    Railway    service    at    Montreal,    operated    by 

Canadian  Pacific  Express  Co. — Railway  Age,  1937,  May  22,  page  876. 
Road-and-Rail  Service — Central  Vermont  Railway — Railway  Age,  1937,  April  24,  page 

721. 

Road-and-Rail  Service — Chicago   Great  Western  Railroad  and  Keeshin  Motor  Express 
Company;  trucks  and  trailers  hauled  on  flat  cars — Railway  Age,  1936,  November  28, 
page  802. 

Road-and-Rail  Service — Chicago,  North  Shore  &  Milwaukee  Railway;  carrying  Keeshin 
Company  trucks  on  flat  cars — Railway  Age,  1936,  October  26,  pages  601,  603. 

Road-and-Rail  Service — Chicago,  Rock  Island  &  Pacific  Railway ;  trailers  carried  as  con- 
tainers on  flat  cars — Railway  Age,  1936,  September  26,  page  455. 

Road-and-Rail   Service — Delaware,   Lackawanna   &  Western   Railroad;   mail   service  not 
under  Motor  Carrier  Act — Railway  Age,  1937,  July  10,  page  SO. 

Road-and-Rail  Service — Trials  in  England,  Ireland  and  New  Zealand — Railway  Gazette 
(London),  1937,  May  7,  pages  901,  90S  and  908. 

Road-and-Rail  Service — Practice  on  English  Railways — Railway  Age,  1937,  February  27, 
page  369. 

Road-and-Rail  Service — Louisiana  &  Arkansas  Railway;   interstation  trucking  service — 
Railway  Age,  1937,  June  26,  page  1060. 

Road-and-Rail    Service— Coordination    of   services — Railway   Age,    1937,   September    25, 
page  420. 

Road-and-Rail  Service— New  York,  New  Haven  and  Hartford  Railroad ;  buses  and  motor 
trucks — Purchases  and  Stores  Division  (AAR),  1937,  Proceedings — Railway  Age,  1937, 
June  26,  page  1064. 

Road-and-Rail  Service — Pennsylvania  Railroad;  I.C.C.  holds  it  not  a  contract  carrier — 
Railway  Age,  1937,  June  19,  page  1030. 

Road-and-Rail    Service — Pennsylvania     Railroad;     l.c.l.    services — Railway     Age,     1936, 
October  26,  page  597. 

Road-and-Rail   Service — Pennsylvania   Truck   Lines    (Pennsylvania   Railroad)  ;    common 
and  contract  carrier— Railway  Age,  1936,  October  3,  page  481. 

Road-and-Rail  Service — St.  Louis  Southwestern  Railway;  local  freight  service — Railway 
Age,  1937,  July  2,  page  112. 

Road-and-Rail  Service — Southern   Pacific    (Louisiana  and  Texas  Lines) — Railway  Age, 
1937,  May  22,  page  875. 

Road-and-Rail  Service — Foreign  practice;  cars  or  trucks — International  Railway  Congress 
Association,  Bulletin,  1936,  November,  page  1121. 

Rail-and-Road  Service — Interstate  Commerce  Commission  enquiry  at  Chicago — Railway 
Age,  1936.  December  12,  page  878. 

Road-and-Rail  Service — Motor  truck  service  by  railroads — Railway  .A.ge,  1936,  October  17, 
page  565. 

Road-and-Rail   Service — Proposed   collect  and   delivery   service   by   Eastern    railroads — 
Railway  Age,  1936,  September  26,  October  24  and  31,  November  7,  pages  456,  591, 
629,  653  and  671. 

Road-and-Rail  Service — Review  of  passenger  and  freight  services  of  several  railways — 
Railway  Age,  1937,  May  22,  page  879. 

Road-and-Rail  Service — Tractor-trailers  to  carry  freight  cars  through   streets;    German 
State  Railways — Engineering  News-Record,  1935,  March  28,  page  452. 

Road-and-Rail  Service — Truckers  in  contract  with  railroads  as  common  carriers — Railway 
Age,  1937,  September  IS,  page  388. 

Scales — Track  scales;   two-section  knife-edge  scales;    specifications — AREA   Proceedings, 
1937,  page  68. 

Seatrain — Through  rates  and  rates  with  railways  for  rail  and  ship  service  proposed  by 
Interstate  Commerce  Commission — Railway  Age,  1937,  June  12,  page  989. 

Slipper   Brakes — Skids   or   skates   for   checking   cars   in   switching — AREA   Proceedings; 
Bulletin  396,  1937,  June,  page  7. 

Slipper  Brakes — Supplementing  track  brakes  for  cars  that  have  bolts  or  rivets  on  the  rim ; 
Naihati   hump   yard.   Eastern   Bengal   Railway — Railway   Gazette    (London),    1937, 
October  8,  page  607. 
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Stock  Pens— Design  and  layout— AREA  Proceedings,  1937,  page  297. 
Switching  Locomotives — Diesel-electric   110-ton,  660-H.P.  engine;    Baldwin  Locomotive 

Works — Railway  Age,  1936,  November  21,  page  746 — Railway  Mechanical  Engineer. 
1937,  February,  page  51. 

Switching  Locomotives — Birmingham  Southern  Railway;  diesel-electric  for  heavy  trans- 
fer service;  900-H.P.,  115-ton  engine— Railway  Mechanical  Engineer,  1937,  August, 

page  339— Railway  Age,  1937,  July  3,  page  3. 
Switching  Locomotives — Fort  Worth  &  Denver  City  Railway;  1000-H.P.,  90-ton  engine — 

Railway  Age,  1937,  September  25,  page  3Q6. 
Switching  Locomotives — Illinois  Central  Railroad;  2000-H.P.,  173-tonsr— Railway  Mechan- 

_  ical  Engineer,  1936,  September,  page  383. 
Switching  Locomotives — London,   Midland   &   Scottish   Railway,   England;    and   similar 

engine  for  India — Railway  Age,  1937,  June  28,  page  1055. 
Switching  Locomotives — New  York,  New  Haven   &   Hartford   Railroad;   diesel-electric, 

600-H.P.,    100-ton    engine — Railway    Age,    1936,    October    31,    page    615— Railway 
Mechanical  Engineer,  1936,  December,  page  523. 

Switching  Locomotives — Northampton  &  Bath  Railroad ;  800-H.P.  diesel-electric  engine — 
Railway  Mechanical  Engineer,  1937,  March,  page  111. 

Water  Supply — American  Railway  Bridge  and  Building  Association,  Proceedings,  1937 — 
Railway  Engineering  and  Maintenance,  1937,  November. 

Wheat  Handling  Service — Heavy  traffic;  field  and  terminal  handling — Railway  Age,  1937, 
August  14,  page  193. 

Yard  Operation — Bulletin  108;  Union  Switch  &  Signal  Company,  1 — 1926,  September. 
Yard  Operation — Flat  and  hump  yards;  mechanical  equipment  and  automatic  switches. — 

International  Railway  Congress  Association,  Bulletin,  1936,  November,  page  1113. 
Yard  Operation — Handling  and  turnaround  of  empty  cars — International  Railway  Con- 

gress Association,  Bulletin,  1937,  September,  pages  1928,  1932— ARE.\  Bulletin  306. 
1937,  June,  page  8. 

Yard  Operation — Train  service  between  division  yards — International  Railway  Congress 
Association,  1936,  November,  page  1116. 

Yard  Service  Operation — Organization,  track  brakes,  car  retarders,  remote-control  switches 
— International  Railway  Congress  Association,  Bulletin,  1937,  September,  pages  1125, 
1120— AREA  Bulletin  396,  1937,  June,  page  8. 

Yards,  Flooded — Flooded  freight  yards  in  Ohio  River  towns — Railway  Age,  1937,  January 
30  and  Februar>'  6,  pages  214  and  247. 

RAIL-AND-WATER  TERMINALS 

Bayonne,  N.J. — Progress — Engineering  News-Record,  1937,  April  29,  page  649. 
Brownsville,  Texas — New  port  with  wharf  and  transit  shed  and  railroad  tracks — Engi- 

neering News-Record,  1937,  April  IS,  page  556. 
Dunkerque,  France — Landing  facilities  for  England-France  car-ferry  steamers — Engineer- 

ing News-Record,  1936,  November  5,  page  68,  638. 
Fleetwood,  England- — ^Ship  coaling  plant;  London,  Midland  &  Scottish  Railway;  six  car 

dumpers  and  conveyors — The  Engineer  (London),  1937,  September  3,  page  261 — 
Railway  Gazette  (London),  September  3,  page  396. 

Halifax,  Nova  Scotia — Canadian  Railway  and  Marine  Review,  1936,  November,  page  527. 
London,  England — Dock  and  railway  improvements — Engineering  News-Record,  1937, 

January  14,  page  50. 
Naples,  Italy — ^Large  terminal  station  on  steamer  pier — The  Engineer  (London),  1937, 

January  1,  page  15. 
New  York — Erie  Railroad;  freight  terminal — Marine  Engineering,  1937,  March,  page  157 

—AREA  Proceedings,  1937,  page  150. 
Norfolk — Pier  and  warehouse ;  Norfolk  &  Western  Railway — AREA  Proceedings,  1937, 

page  146. 
St.  John,  New  Brunswick — Pier  and  freight  sheds — Engineering  News-Record,  1936, 

October  22,  page  569 — Canadian  Railway  and  Marine  Review,  1936,  October,  page 
483 — Canadian  Transportation,  1937,  May  and  June,  pages  253  and  315. 

Savannah — Welded  pier  shed;  Central  of  Georgia  Railway— Railway  Age,  1936,  December 
19,  page  907. 

Seattle — Warehouse;  Northern  Pacific  Railway — AREA  Proceedings,  1937,  page  148. 
Weehawken — Piers  and  warehouse;  Erie  Railroad — AREA  Proceedings,  1937,  page  150. 
Car  Ferries— Denmark  State  Railways;  combination  vessels  for  automobiles  and  railway 

cars — Railway  Gazette  (London),  1937,  February  12,  page  274. 
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Car  Ferries — England-France;  landing  facilities  at  Dunkerque — Engineering  News-Record, 
1936,  November  5,  page  638. 

Car  Ferries — England-France;   three  special  steamers — Railway  Age,   1936,  October  31, 
page  626 — The  Engineer  (London),  1937,  January  1,  pages  21  and  22. 

Car  Ferries — Lake  Constance,  Switzerland— Railway  Gazette  (London),  1934,  October  19; 
1937,  January  1,  page  27. 

Car  Ferries — Lake  Michigan;   Mackinac  Straits;   car-ferry  steamers  also  carry  automo- 
biles— Civil  Engineering,  1937,  October,  page  694. 

Car  Ferries — Scotland;  Edinburgh   (Granton  to  Burntisland)  ;  side-wheel  steamers  with 
four  funnels  operated  in  1848 — Railway  Gazette  (London),  1936,  December  18,  page 
1018;  1937,  February  5  and  19,  pages  226  and  337. 

Car  Ferry  Slips — Waterways  between  piers — AREA  Proceedings,  1937,  page  153. 
Car  Floats — Car  transfer  service  of  Pennsylvania  Railroad  in  New  York  harbor — Marine 

Engineering,  1937,  July,  page  376. 

Cargo  Handling — Methods  and  pier  equipment;  notes  on  this  subject  in  every  monthly 
issue  of  Marine  Engineering. 

Great  Lakes — Freight  services;  docks,  ships  and  traffic — Civil  Engineering,  1937,  October, 
page  694. 

Great  Lakes — Package  freight  service  in  relation  to  the  railways — ^Marine  Engineering, 
1936,  October,  page  550;  1937,  August  and  September,  pages  433  and  494. 

Marine  Passenger  Stations — Lecture  at  Institute  of  Transport  (England) — The  Engineer 
(London),  1936,  December  11,  page  631. 

Piers — Warehouse  piers;  design — AREA  Proceedings,  1937,  page  142. 
Port  Rules  and  Rates — Relations  between  railroads  and  rail-and-water  terminals — Port 

Book,  Houston,  Texas,  1936,  November. 

Port  Terminals — Federal  regulation — Shipping  Register  and  World  Ports,  1936,  Decem- 
ber 12,  page  26. 

River  Terminals — Terminals  on  the  Tennessee  River — Engineering  News-Record,   1936, 
December  17,  page  865. 

Slips — Waterways  between  shipping  piers — AREA  Proceedings,  1937,  page  152. 
Warehousing  Charges — Charges  by  railways  at  New  York — Railway  Age,  1936,  September 

5,  page  353. 
Wharfage  Charges — Charges  by  railways  at  Philadelphia  and  Boston— Railway  Age,  1937, 

June  5,  page  951;  July  10,  page  51. 

Appendix  E 

(6)     FREIGHT  HOUSE  AND  TEAM-YARD  DRIVEWAY  WIDTHS 

W.  J.  Hedley,  Chairman,  Sub-Committee;  J.  R.  W.  Ambrose,  C.  E.  Armstrong,  C.  J. 
Astrue,  W.  O.  Boessneck,  F.  T.  Darrow,  C.  U.  Smith. 

SCOPE  OF  ASSIGNMENT 

Your  Committee  has  considered  this  assignment  to  be  a  continuation  of  the  work 

done  on  this  subject  in  previous  years.  An  extensive  report  was  presented  to  the  Asso- 
ciation in  1928  and  published  on  pages  418  to  434,  inclusive,  of  Volume  29  of  the  Pro- 

ceedings. The  conclusions  contained  in  that  report  were  published  in  the  1929  Manual, 
pages  1003  and  1004. 

Prior  to  the  publication  of  the  new  Manual,  the  material  on  freight  house  and  team 

yard  driveways  was  revised  and  all  specific  recommendations  on  driveway  widths  were 
deleted  in  anticipation  of  new  conclusions  to  be  reached  upon  completion  of  the  present 
assignment.    The  deleted  material  was  as  follows: 

"(81)  There  probably  will  not  be  any  further  tendency  to  increase  the  max- 
imum size  of  trucks  now  being  operated  in  team-track  and  freight  house  service. 

The  maximum  overall  size  of  truck  recommended  for  determining  team-track  and 
freight-bouse  driveway  widths  is  8  X  27  feet. 
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"(85)     The  following  clear  width   of  team-track  driveways  are  recommended for  the  various  conditions  indicated: 

(a)  Where  side  loading  of  trucks  is  employed  exclusively: 
For  driveway  alongside  one  track       20  feet 
For  driveway  between  two  tracks     30  feet 

(b)  Where  side  loading  of  trucks  is  not  universally  followed: 
Normal  conditions, 

For  driveway  alongside  one  track     37  feet 
For  driveway  between  two  tracks     40  feet 
For  backing-up  space  alongside  a  public  thoroughfare  27  feet 

Where  land  value  is  high, 
For  driveway  between  two  tracks     35  feet 

"(90)     Freight-house  driveways  should  be  of  the  following  maximum  widths for  the  various  conditions  indicated: 

(a)  With  tailboard  on  one  side      47  feet 
(b)  With  tailboard  on  both  sides       70  feet 

(c)  Free  back-up  space  alongside  a  public  street       27  feet" 

In  its  recent  endeavors,  your  Committee  has  pursued  the  plan  of  building  upon  the 

work  done  in  previous  years,  with  the  particular  purpose  of  securing  up  to  date  infor- 
mation on  widths  of  driveways  now  in  use  and  the  sizes  of  vehicles  using  them.  A  review 

of  the  1928  report  will  be  of  material  aid  to  the  proper  understanding  of  the  material 
contained  herein. 

DRIVEWAY  TRAFFIC  SURVEY 

Through  the  office  of  the  Secretary  of  the  Association,  your  Committee  circulated  a 

questionnaire  entitled  "Driveway  Traffic  Survey"  to  active  members  of  the  Association  in 
some  40  of  the  largest  cities  in  the  United  States  and  Canada.  A  copy  of  this  question- 

naire is  reproduced  herein  as  Exhibit  1.  The  replies  to  this  questionnaire  formed  the 
basis  of  the  study  this  year. 

Replies  were  received  from  30  large  cities,  well  distributed  geographically,  and  from 
12  smaller  locations,  7  in  the  southeast  and  5  in  the  northwest  of  the  United  States. 
Although  it  was  the  intention  of  the  Committee  to  secure  information  on  all  freight 

house  and  team-track  driveways  located  in  the  cities  to  which  questionnaires  were  sent, 
in  a  few  instances  the  replies  included  only  those  facilities  owned  by  one  railway. 

As  a  result  of  this  driveway  traffic  survey,  your  Committee  has  available  to  it  the 

widths  of  221  house  driveways  and  514  team-track  driveways  and  the  lengths  of  10,471 
vehicles  using  them,  together  with  certain  pertinent  facts  regarding  the  nature  of  business 
handled  and  the  characteristics  of  vehicular  traffic. 

A  summary  of  driveway  widths  is  contained  in  Table  1.  In  this  table  and  through- 
out the  report  the  edge  of  a  driveway  adjoining  a  track  is  considered  to  be  5  feet  from 

the  center  of  track.    Table  2  is  a  tabulation  of  all  vehicles  measured. 

LEGAL  RESTRICTIONS  OF  VEHICLE  LENGTHS 

Your  Committee  has  also  reviewed  the  legal  restrictions  placed  upon  vehicles  in  the 

various  states  and  provinces.  It  has  been  suggested  to  us  that  the  maximum  lengths 

allowed  on  state  and  provincial  highways  would  form  a  basis  for  design  of  driveways. 

Table  3  sets  out  the  maximum  lengths  of  vehicles  allowed  by  state  and  provincial 
regulations,  and  includes  in  the  center  column  the  maximum  length  single  unit  vehicle 

measured  in  the  various  jurisdictions  in  the  driveway  traffic  survey.  An  inspection  of 

this  chart  shows  that  generally  the  maximum  length  of  vehicles  measured  in  each  state 

or  province  was  somewhat  less  than  the  maximum  permitted  on  the  highways.  Of  8,093 

single  unit  vehicles  measured,  only  15,  or  less  than  0.2  percent  had  an  overall  length  equal 
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to  or  in  excess  of  the  maximum  allowed  on  state  and  provincial  highways.  It  appears, 
therefore,  that  legal  restrictions  do  not  form  a  satisfactory  basis  for  the  determination 
of  driveway  widths. 

LENGTHS  OF  VEHICLES 

Of  the  10,471  vehicles  measured  in  the  driveway  traffic  survey,  8093,  or  77.29  percent, 

were  of  the  single  unit  type;  1713,  or  16.36  percent,  were  trailers  or  semi-trailers  which 
were  detached  from  tractors  during  the  period  of  loading  or  unloading,  and  665,  or  6.35 

percent,  were  combination  vehicles,  consisting  of  tractor  and  semi-trailer  or  some  other 
truck-trailer  combination. 

Table  4  shows  the  range  of  lengths  of  these  vehicles;  one  column  includes  all 

vehicles  measured ;  the  other  includes  only  single  unit  vehicles.  Table  5  sets  up  an  accu- 
mulated percentage  of  vehicles  for  various  lengths.  Fig.  1  is  a  chart  showing  the  per- 

centage of  vehicles  measured  coming  within  any  indicated  maximum. 
From  a  study  of  the  information  contained  in  these  tables,  the  following  facts  may 

be  stated: 

(1)  Of  all  vehicles  measured,  less  than  10  percent  have  a  length  in  excess  of 
28  feet,  and  less  than  2  percent  have  a  length  greater  than  35  feet. 

(2)  Considering  single  unit  vehicles,  only  approximately  3]^  percent  are  longer 
than  28  feet,  and  only  0.1  percent  are  in  excess  of  35  feet. 

In  its  1928  report,  this  Committee  pointed  out  the  fact  that  vehicles  used  for  handling 
freight  logically  divide  themselves  into  two  classes  insofar  as  their  operations  have  an 
influence  on  the  size  of  truck  used. 

In  one  class,  which  predominates,  vehicles  are  used  for  the  local  accumulation  and 

distribution  of  freight,  and  operate  only  to  points  within  the  metropolitan  area.  Trucks 

used  for  this  purpose  must  operate  through  busy  city  streets,  and  often  in  narrow  alleys, 

and  must  render  service  in  many  places  where  there  is  considerable  congestion.  For 
this  reason,  they  are  restricted  in  overall  length. 

The  other  class  of  truck  is  used  for  long  haul  and  moves  over  the  road  outside  the 

immediate  metropolitan  area.  Trucks  in  this  class  are  generally  longer.  There  has  been 
a  considerable  increase  in  the  use  of  trucks  in  this  class  during  the  last  few  years. 

Table  6  is  a  tabulation  of  vehicles  measured  in  freight  house  and  team-track  drive- 
ways at  facilities  in  which  5  percent  or  more  of  vehicles  move  over  the  road  outside  the 

immediate  metropolitan  area.  Table  7  shows  the  range  of  lengths  of  these  vehicles,  and 
Table  8  shows  the  accumulated  percentage  of  vehicles  for  each  1  foot  increase  in  length 
above  14.5  feet. 

From  these  tables  we  find  that  the  vehicles  at  facilities  which  accommodate  "over 

the  road''  vehicles  are  somewhat  longer  than  the  general  average  at  all  facilities.  Approx- 
imately 13  percent  exceed  28  feet  in  length,  as  compared  with  the  average  of  less  than 

10  percent.  Approximately  8  percent  are  more  than  30  feet  long,  and  somewhat  more 
than  2  percent  have  a  length  in  excess  of  35  feet.  This  increase  in  the  percentage  is 
appreciable  even  though  at  many  of  the  facilities  in  which  the  vehicles  listed  in  Table  6 

were  measured  the  proportion  of  "over  the  road"  vehicles  was  only  5  percent  to 
10  percent. 

Because  of  the  fact  that  team-track  traffic  differs  somewhat  from  that  to  and  from 

houses,  a  separate  tabulation  was  made,  including  only  the  vehicles  found  in  team  yard 
driveways.  Table  9  shows  the  range  of  lengths  of  these  vehicles,  and  Table  10  shows 
the  accumulated  percentage  for  each  1  foot  increase  in  length  above  14.5  feet. 

Of  the  1197  vehicles  measured  in  team-track  driveways,  1111,  or  92.8  percent,  were 
of  the  single  unit  type.     Of  the  total,  approximately  7.5  percent  had  lengths  in  excess  of 
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28  feet  and  about  1  percent  were  more  than  35  feet  long.     Considering  single  unit  vehicles 

only,  less  than  4  percent  exceed  28  feet  in  length  and  none  were  longer  than  35.5  feet. 

TREND  OF  VEHICLE  LENGTHS 

The  1928  report  includes  a  table  showing  the  range  of  vehicle  lengths  as  determined 

from  a  survey  made  in  the  City  of  Chicago  in  1927.  Table  11  herein  sets  out  that 
information,  together  with  the  range  of  lengths  in  the  City  of  Chicago  determined  by  the 

driveway  traffic  survey  recently  conducted. 

In  1927,  100  percent  of  all  vehicles  measured  were  less  than  27.0  feet  long,  whereas 

in  1936  approximately  8  percent  had  lengths  in  excess  of  27.0  feet,  and  1.1  percent  were 
more  than  35.5  feet  long.     The  average  length  was  20.11  feet  in  1927  and  21.34  in  1936. 

FREIGHT  HOUSE  DRIVEWAYS 

Information  obtained  in  the  driveway  traffic  survey  and  set  out  in  Table  1  show.< 
that  for  existing  house  driveways  with  tailboard  on  both  sides  the  average  width  is 
53.0  feet,  and  that  the  mean  of  the  city  averages  of  the  existing  widths  considered 

adequate  for  right  angle  parking  is  61.7  feet.  For  house  driveways  with  tailboard  on 
one  side  only,  the  average  width  is  43.4  feet,  and  the  mean  of  the  city  averages  of  those 
considered  adequate  for  right  angle  parking  is  48.4  feet. 

The  Manual  now  contains  the  following: 

"3S2  (b)  The  maximal  width  of  a  freight  house  driveway  should  allow  for 
trucks  backed  up  to  the  freight  house  at  right  angles  and  leave  room  in  front  of  the 

truck  for  2  trucks  to  pass." 

Your  Committee  feels  that  this  paragraph  is  fundamentally  correct,  but  suggests  the 
following  modified  version: 

"352  (b)  The  width  of  a  freight  house  driveway  should  allow  trucks  to  be 
backed  up  to  the  freight  house  at  right  angles  and  leave  additional  room  for  two 

thoroughfare  lanes  for  moving  vehicles." 

Modification  of  the  requisite  of  two  thoroughfare  lanes  may  be  made  in  individual 

cases  where  for  some  controlling  reason  it  may  be  practical  and  desirable  lo  establish 

"one  way"  traffic  regulation,  but  this  practice  is  not  recommended  lor  the  reason  that 
one  thoroughfare  lane  width  is  not  sufficient  to  allow  vehicles  to  swing  back  to  and 

away  from  the  tailboard  without  causing  considerable  delay  to  themselves  and  to  traffic 
moving  in  the  thoroughfare  lane. 

The  1928  report  recommends  a  lane  width  of  10  feet  for  moving  vehicles,  assuming 

8  feet  as  the  maximum  width  of  vehicle.  State  regulations  permit  widths  in  excess  of 

8  feet  in  only  3  states,  and  in  one  of  those  8  feet  is  the  maximum  except  in  large  cities. 

Spot  checks  of  widths  conducted  by  your  Committee  proved  that  8  feet  still  may  be 

taken  as  a  practical  maximum  width.  Ten  feet  is  gcnerallj'  accepted  as  a  proper  lane 
width. 

Your  Committee  recommends  that  28  feet  be  used  as  the  maximum  length  of  vehicle 

in  the  design  of  freight  house  driveways  where  the  traffic  is  expected  to  serve  the  metro- 

politan area  only  and  recommends  35  feet  as  the  maximum  where  "over  the  road"  vehicles 
are  to  be  accommodated  or  at  other  locations  where  highly  congested  conditions  exist. 

In  support  of  these  recommendations,  it  offers  the  following  observations: 

(1)  Less  than  10  percent  of  the  10,471  vehicles  measured  in  the  driveway  traffic 

survey  exceeded  28  feet  in  length. 

(2)  Only  approximately  3.5  percent  of  the  single  unit  vehicles  were  longer  than 
28  feet. 
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(3)  Excluding  vehicles  measured  at  facilities  serving  "over  the  road"  vehicular 
traffic,  only  545  of  7296,  or  7.5  percent,  exceeded  28  feet;  and  of  this  number  279,  or 
more  than  half,  were  combination  vehicles. 

(4)  An  occasional  long  vehicle  may  project  into  one  of  two  thoroughfare  lanes 
without  becoming  a  serious  impediment  to  the  flow  of  traffic. 

(5)  An  occasional  long  combination  vehicle  may  be  parked  with  the  forward  unit 
at  right  angles  to  the  unit  backed  up  to  the  tailboard. 

(6)  While  vehicle  lengths  have  increased  during  recent  years,  the  development  of 

"cab  over  engine"  types  for  use  in  metropolitan  centers  is  tending  at  present  to  reduce 
overall  lengths  or  at  least  to  hold  down  the  tendency  to  increase,  because  they  permit 
greater  body  capacity  within  any  given  overall  length. 

(7)  However,  the  driveway  traffic  survey  shows  that  even  where  relatively  small 

percentages  of  "over  the  road"  vehicles  use  driveways,  the  proportion  of  vehicles  having 
lengths  in  excess  of  28  feet  is  increased  to  approximately  13  percent  and  that  slightly 
more  than  2  percent  exceeded  35  feet  in  length. 

(8)  In  a  congested  driveway  having  any  appreciable  percentage  of  long  vehicles, 

drivers  have  no  opportunity  to  turn  tractors  at  right  angle  to  trailer  or  semi-trailer  which 
is  backed  up  to  tailboard. 

(9)  Only  11  of  the  states,  and  none  of  the  provinces,  permit  single  unit  vehicles 
longer  than  35  feet  to  operate  on  the  highways. 

(10)  The  American  Association  of  State  Highway  Officials  recommends  regulation 

restricting  the  length  of  single  unit  vehicles  and  tractor,  semi-trailer  combinations  to 
35  feet. 

(11)  If  the  3S-foot  length  is  used  as  a  design  basis,  and  only  a  limited  number  of 
long  vehicles  is  anticipated,  one  10-foot  thoroughfare  lane  is  recommended  instead  of 

two  lanes,  even  though  traffic  is  not  restricted  to  "one  way"  movements. 

TEAM-YARD  DRIVEWAYS 

Information  obtained  in  the  driveway  traffic  survey  and  set  out  in  Table   1  shows 

that  existing  team-yard  driveways  are  on  the  average  38.1  feet  wide. 
The  Manual  now  contains  the  following: 

"352  (c)  Team-track  driveways  normally  should  be  of  sufficient  width  to  allow 
the  longest  trucks  using  the  driveway  to  stand  at  right  angles  to  the  car,  with 
sufficient  space  remaining  in  front  of  the  truck  to  allow  another  truck  of  maximal 

width  to  pass." 
"(f)  Stub-ended  driveways  serving  team  tracks  should  be  avoided.  Where 

team  tracks  are  more  than  20  cars  long  (per  single  track),  intermediate  connecting 
cross  drives  should  be  provided.  In  large  team  track  developments  where  exception- 

ally long  tracks  are  provided,  cross  drives  should  be  introduced  so  that  14  cars  per 

track  is  the  maximal  length  between  any  two  drives." 

Your  Committee  suggests  that  those  two  paragraphs  remain  unchanged  except  that 

the  words  "single  unit''  be  inserted  between  "longest"  and  "trucks"  in  352   (c)    . 
It  recommends  that  28  feet  be  used  as  the  maximum  length  of  vehicle  in  the  design 

of  team-yard  driveways,  which  establishes  38  feet  as  the  recommended  width,  except  in 
intensively  used  facilities  where  a  width  up  to  45  feet  may  be  justified. 

In  support  of  this  recommendation,  the  following  observations  are  offered: 

(1)  Of  the  1197  vehicles  measured  in  team-track  driveways,  only  about  7.5  percent 
exceeded  28  feet  in  length,  and  approximately  half  of  those  were  combination  vehicles. 

(2)  Combination  vehicles  may  be  easily  turned  in  driveway  to  aid  in  keeping  it 

open.     Any  vehicle  may  be  turned  if  the  occasion  demands. 
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(3)  An  occasional  long  vehicle  which  will  not  allow  another  to  pass  will  not 

seriously  interfere  if  the  Manual  recommendations  in  Paragraph  352  (f)  are  followed. 

(4)  Team-track  driveways  generally  have  very  light  vehicular  traffic.  Many  drive- 
ways checked  in  the  driveway  traffic  survey  had  no  vehicles  in  them  over  long  periods 

of  time,  and  very  few  reported  any  appreciable  density  of  traffic  even  during  the  peak 
traffic  period. 

Conclusions 

Your  Committee  recommends  the  following  revisions  in  the  Manual: 

Under  Article  352 — Freight  House  and  Team  Yard  Driveways: 

(1)  Substitute  for  paragraph  (b),  which  at  present  reads: 

"(b)  The  maximal  width  of  a  freight  house  driveway  should  allow  for  trucks 
backed  up  to  the  freight  house  at  right  angles  and  leave  room  in  front  of  the  truck  for 

2  trucks  to  pass.",  a  new  paragraph  as  follows: 

"(b)  The  width  of  a  freight  house  driveway  should  allow  trucks  to  be  backed  up 
to  the  freight  house  at  right  angles  and  leave  additional  room  for  two  thoroughfare  lanes 

for  moving  vehicles." 

(2)  Substitute  for  paragraph  (c),  which  at  present  reads: 

"(c)  Team  track  driveways  normally  should  be  of  sufficient  width  to  allow  the 
longest  trucks  using  the  driveway  to  stand  at  right  angles  to  the  car,  with  sufficient  space 

remaining  in  front  of  the  truck  to  allow  another  truck  of  maximal  width  to  pass,",  a 
new  paragraph  as  follows: 

"(c)  Team-track  driveways  normally  should  be  of  sufficient  width  to  allow  the 
longest  single  unit  trucks  using  the  driveway  to  stand  at  right  angles  to  the  car,  with 
sufficient  space  remaining  in  front  of  the  truck  to  allow  another  truck  of  maximal  width 

to  pass." 
(3)  Add  a  new  paragraph: 

"(d)  For  general  use  at  locations  where  vehicles  operate  only  within  the  immediate 
metropolitan  area  the  size  of  vehicle  recommended  for  determining  driveway  widths  is 

8  feet  X  28  feet.  At  locations  where  'over  the  road'  traffic  is  to  be  accommodated,  or 
where  extreme  congestion  may  occur,  the  size  of  vehicle  recommended  is  8  feet  X  35  feet. 

Ten  feet  is  the  proper  width  for  a  thoroughfare  lane.  If  the  35-foot  length  is  selected 

for  design  purposes  and  only  a  limited  number  of  long  trucks  is  anticipated,  one  thor- 

oughfare line  may  be  provided  even  though  traffic  is  not  limited  to  'one  way'  operation." 

(4)  Change  succeeding  paragraph  designations,  (d)  to  (e),  (e)  to  (f)  and  (f) 
to  (g). 

(5)  Add  a  new  paragraph: 

"(h)  Extensive  reports  on  the  subject  of  freight  house  and  team  yard  driveways 
are  contained  in  the  Proceedings,  Volume  29,  pages  418  to  434,  inclusive,  and  Volume  39, 

pages  239  to  254,  inclusive." 
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Table  4 

Range  of  Lengths  of  Vehicles  Using  Freight  House  and  Team-Track  Driveways 

Overall  Length  in  Feet 
Percent  of  All 

Vehicles  Measured 
Percent  of  Single 
Unit  Vehicles  Only 

3.13 

1.80 

3.38 
4.39 
7.47 
5.70 

10.28 
12.66 
11.21 
8.66 
7.50 
5.20 
3.51 4.72 

2.60 
.99 1.16 

1.39 
.91 
.63 

.76 .94 1.02 

3.65 Between  14.6  and  15.5           ... 
1.79 

15.6  and  16.5            3.66 16.6  and  17.5       B.IO 

"         17.6  and  18.5            
7.41 

18.6  and  19.5   ..    -             
5.08 

19.6  and  20.5       8.80 
20.6  and  21.5                                  ... 14.34 
21.6  and  22.5..      ....     12.26 
22.6  and  23.5         10.24 23.6  and  24.5          .    .                           - 8.43 
24.6  and  25.5   -    -    -      

5.62 

25.6  and  26.5   4.01 
26.6  and  27.5   

5.22 

27.6  and  28.5    .,    -           --_      2.19 28.6  and  29.5   .57 
29.6  and  30.5       .63 
30.6  and  31.5      ....     

.52 

31.6and32.5         
.30 

"         32.6  and  33.5           .01 
33.6  and  34.5          .    .    .-.      .07 

"         34.6  and  35.5 

.09 

.01 

100.00 100.00 

Table  5 

Accumulated  Percentage  of  Vehicles  of  Various  Lengths 

Overall  Length  in  Feet 

14.5  or  less 

15.5  ' 
16.5  • 
17.5  ' 

18.5  • 
19.5  • 
20.5  ' 
21.5  ' 

22.5  ' 
23.5  ' 
24.5  • 
25.5  ' 
26.5  • 
27.5  ' 
28.5  ' 
29.5  ' 
30.5  ' 
31.5  ' 
32.5  ' 
33.5  ' 34.5 

35.5  ' More  than  35.5. 

Percent  of  All Percent  of  Single 
Vehicles  Measured Unit  Vehicles  Only 

3.13 
3.65 

4.93 
5.44 

8.31 

9.10 

12.70 14.20 
20.17 21.61 25.87 26.69 
36.15 

35.49 
48.80 

49.83 

60.01 62.09 
68.67 72.33 

76.17 
80.76 

81.37 86.38 
84.88 90.39 
89.60 95.61 
92.20 

97.80 
93.19 

98.37 94.35 
99.00 

95.74 99.52 

96.65 99.82 
97.28 

99.83 
98.04 99.90 
98.98 99.99 

1.02 
0.01 
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Table  7 

R.ANCE  OF  Lengths  of  Vehicles  Measured  at  Facilities  in  Which  S  Percent  or  More 

OF  Vehicles  Mox-e  "Over  the  Ro.\d"  Outside  the  Immediate  Metropolitan  Area 

Overall  Length  in  Feet 

Percent 

Vehicles  Measure<i 

Less  than  14.6.-  .                             . 

2.77 

Between  14.6  and  15.5    ..--.-                                              ..                     -. 1.38 
"         15.6  and  16.5 2.33 

16.6  and  17.5..    ..                .                .                      
3.97 17.6  and  18.5             .         ...      

3.59 
18.6  and  19.5                                          3.78 
19.6  and  20.5                  6.33 
20.6  and  21.5          ...                                                       .            .    .    .. 9.29 
21.6and22.5             .    .           14.56 
22.6  and  23.5. 13.22 
23.6  and  24.5        .    ..      .   .      ...           

8.63 24.6  and  25.5.                   .                                                                       ... 
6.50 25.6  and  26.5...      ..........        _-.....        4.95 

26.6  and  27.5        
.1.05 

27.6  and  28.5..    .    .        .        .    .                    .            ....         . 5.51 
28.6and29.5               

1.16 29.6  and  30.5.-            ...                         .            ...        . 
1.63 

30.6  and  31.5            1.93 
31.6  and  32.5                              .                                      .            .      

1.46 32.6  and  33.5      ..      .    ...    .   ...   .59 
33.6  and  34.5                                                                                               .66 
34.6  and  35.5      ..         ....   .....           .97 

More  than  35.5 1.74 

100.00 

T.^BLE   8 

.\ccumulated  Percentage  of  Vehicles  of  Various  Lengths  at  Facilities 

Accommodating  "Over  the  Road  Vehicles" 

Overall  Len^h  in  Feet 

Percent  of 
Vehicles  Measured 

14.5  or  less   .._....._      _          .      .      ._       ..   2.77 

15.5    "     "                                         .           -.-'.- 4.15 

16.5    "     "       6.48 

17.5    "     "       
18.5    "     "     ...                    .-    y    .    . 

10.45 
14.04 

19.5    "     "                      .                         .... 
17.82 

20.5    "     "     ..           ...    .-      
24.15 

21.5    "     " 
33  44 

22.5    "     "     ..    ..                  48.00 

23.5    "     "       
61.22 

24.5    "     "     ..    ..              -    .    . 
69.85 

25.5    "     "     . 
76  35 

26.5    "     "     ..      ...-...-                  
81.30 

27.5    "     "                
84,35 

28.5    "     "     ..      .    .-    -             89.86 

29.5    "     "     - 91  02 

30.5    "     "     -.           .    .        -        92.65 
31.5    "     "              . 94  58 

32.5    "     "     -.    -.        ...    ..      96.04 

33.5    "     "           
96.63 

34.5    "     "       ...             97.29 

35.5    "     " 98.26 
More  than  35.5   ..        .           .   . 

1.74 
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Table  9 

Range  of  Lengths  of  Vehicles  Measured  in  Team  Track  Driveways 

Overall  Length  in  Feet 

Less  than*14.G   
Between  14.6  and  15.5 

15.6  and  16.5 
16.6  and  17.5 
17.6  and  18.5 
18.6  and  19.5 
19.6  and  20.5 
20.6  and  21.5 
21.6  and  22.5 
22.6  and  23.5 
23.6  and  24.5 
24.6  and  25.5 
25.6  and  26.5 
26.6  and  27.5. 
27.6  and  28.5. 
28.6  and  29.5. 
29.6  and  30.5. 
30.6  and  31.5. 
31.6  and  32.5. 
32.6  and  33.5. 
33.6  and  34.5. 
34.6  and  35.5. 

More  than  35.5   

Percent  of  All 
Vehicles  Measured 

2.6 1.1 

3.5 3.2 
11.9 6.0 

10.0 
14.6 11.5 4.8 

3.8 
3.2 1.4 

12.9 

4.2 0.4 
1.1 
0.5 0.7 

0.3 
0.4 
1.3 
0.6 

100.0 

Percent  o{  Single 

Unit  Vehicles  Only* 

2.6 1.2 
3.4 
3.8 

14.3 
7.2 

12.0 
17.6 
13.9 
5.7 
4.6 2.8 

1.2 
4.2 
3.6 0.3 

0.6 
0.2 
0.2 

0.0 

0.1 0.5 

0.0 

100.0 

•►Excluding  horse-drawn  vehicles. 

Table  10 

Accumulated  Percenta(;e  of  Vehicles  of  Various  Lengths  in  Team  Track  Driveways 

Overall  Length  in  Feet 

Percent  of  All 
Vehicles  Measured 

Percent  of  Single 

Unit  Vehicles  Only* 

2.6 
3.7 
7.2 

10.4 

22.3  ■ 

28.3 
38.3 52.9 
64.4 
69.2 

73.0 
76.2 
77.6 90.5 
94.7 
95.1 96.2 

96.7 
97.4 
97.7 
98.1 

99.4 0.6 

2.6 
3.8 7.2 

1 7  e;     •'      "                                                           11.0 

jS  5    "     "                                         -      
25.3 

32.5 44.5 

21  5    "     "                                       -.                  62.1 
76.0 81.7 
86.3 
89.1 90.3 

94.5 98.1 

29  5"     "                                                   _.- 
98.4 

99.0 99.2 

32  5"     "   
99.4 99.4 
99.5 

35  5    "     "                                      - 
100.0 

0.0 

♦Excluding  horse-drawn  vehicles. 



Yards    and    Terminals 251 

Table  11 

Trend  of  \'ehicle  Lengths  as  Determined  by  Surveys  ht  Cut  or  Chicago,  III. 

Survey  of 1927 Survey  of  1936 

Overall  Length 
(Feet) 

Percent  of 
Vehicles  Measured 

Overall  Length 
(Feet) 

Percent  of 
Vehicles  Measured 

0  4 

14.6  to  15.5-- 2  9 
15.6  to  16.5.. 

4  5 

16.6  to  17.5 
3  8 

17.6  to  18.5   
18.6  to  19.5_     ...    -.. 

9  5 

Less  than  20.0      49.8 
14.8 
10. 0 12.7 
4.4 

6.6 1.3 
0.4 

12  6 20.0  to  20.9      ... 19.6  to  20.5-- 

13  3 21.0  to  21.9   20.6  to  21.5..   .... 

18  0 
22.0  to  22.9..            21.6  to  22.5 

10  2 23.0  to  23.9   
24.0  to  24.9..            

22.6  to  23.5   
23.6  to  24.5 

5.9 5  9 

25.0  to  25.9   
26.0  to  26.9.-               . 

24.6  to  25.5   
25.6  to  26.5   
26.6  to  27.5   
27.6  to  28.5      . 
28.6  to  29.5        
29.6  to  30.5   
30.6  to  31.5--   
31.6  to  32.5    
32.6  to  33.5        _     ._ 
33.6  to  34.5       ,.. 
34.6  to  35.5        .. 
More  than  35.5   

2.7 

1  6 0  9 
0  4 0  5 

-          
1.2 

0  7 
-    -    -                     --- 

0.9 

0.9 
0  7 

     -    ■- 
1.4 
1.1 
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Exhibit  1 

DRIVEWAY  TRAFFIC  SURVEY 

American  Railway  Engineering  Association — Committee  XIV 

Location              

City  Name  of  Facility 

General  Character  of  Facility  (Check  one) 

L.C.L.  Freight  House    

Team-Track    

Warehouse    

Other    

Give  Descriptive  Name 

Name  of  Owner      

Name  of  Operator  or  Principal  User   

Name  of  Railway  Gi\tng  Track  Service    

What  is  clear  width  of  driveway?    (Allow  5  feet  from  center  of  track  to  clearance,  if 
driveway  is  adjacent  to  track)      

Does  driveway  serve  tailboard  or  track  on  (Check  one) 

One  side  only    

Both  sides    

Is  traffic  exclusively  "one  way"  ?     

How  are  vehicles  parked?    (Check  one) 

Parallel  to  tailboard  of  track    

At  right  angle  to  tailboard  or  track    

At  another  angle       What  angle     

Are  tractors  of  tractor-trailer  combinations  parked?    (Check  one) 

At  right  angles  to  trailer    

In  line  with  trailer    

How  many  vehicles  can  be  accommodated  ?     

What  percent  of  tailboard  frontage  is  used  in  peak  traffic  period?     

For  how  many  hours  per  day  is  traffic  heavy  ?    

Does  truck   traffic   to   and   from   this  driveway   operate   to   points   within   metropolitan 

area  only  ?    

If  answer  to  above  question  is  "No",  approximately  what  proportion  of  traffic  moves 

"over  the  road"  outside  the  immediate  metropolitan  area  ?     
Is  existing  driveway  width  adequate  ?     
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Measure   overall   length   ol   each   vehicle    (front   bumper   to   end   of   tailgate   opened   for 

loading)  parked  in  driveway,  and  tally  each  in  proper  space  in  table  below 

Overall  Length 
(Feet) 

Less  than  14.6 
Between  14.6  and  15.5 

15.6  and  16.5 
16.6  and  17.5 
17.6  and  18.5 
18.6  and  19.5 
19.6  and  20.5 
20.6  and  21.5 
21.6  and  22.5 
22.6  and  23.5 
23.6  and  24.5 
24.6  and  25.5 
25.6  and  26.5 
26.6  and  27.5 
27.6  and  28.5 
28.6  and  29.5 
29.6  and  30.5 
30.6  and  31.5 
31.6  and  32.5 

"        32.6  and  33.5 
"        33.6  and  34.5 
'■        34.6  and  35.5 

More  than  35.5 

Single  Unit  Vehicles 
Trailers  and  Semi- 

Trailers* 

Combination 

Vehicles** 

*  When  tractor  is  removed  during  loading  and  unloading  period. 
**  Measure  overall  length  of  combination  vehicles  regardless  of  how  they  are  parked.  Designate  thus 

"*''  tally  of  vehicles  parked  with  tractor  at  right  angle  to  trailer  or  semi-trailer. 
NOTE:— Check  of  vehicle  lengths  may  be  for  any  period  of  time  but  at  least  should  include  one 

complete  check  of  driveway  from  end  to  end  during  active  period  of  the  day.  Use  as  many  tally  sheet? 
iis  necessary  to  secure  complete  record. 



REPORT  OF  COMMITTEE  XXIII— SHOPS  AND 
LOCOMOTIVE  TERMINALS 

L.  H.  Laffoley.  C/ia/r wan;     A.  W.  Johnson,  H.  C.  Lorenz,  V ice-Chairman; 
C.  M.  Angel,  A.  S.  Kent,  V.  B.  W.  Poulsen, 
W.  J.  Bennett,  L.  P.  Kimball,  W.  A.  Radspinner, 

H.  G.  Dalton,  '     J.  M.  Metcalf,  E.  H.  Roth, A.  G.  Borland,  C.  E.  Morgan,  J.  C.  Ryan, 
E.  A.  Dougherty,  F.  E.  Morrow,  L.  K.  Sh-lcox, 
Benjamin  Elkind,  B.  M.  Murdoch,  H.  W.  Williams, 
A.  T.  Hawk,  E.  S.  Pennebaker,                                           Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subjects: 

(1)  Revision  of  Manual — no  report. 

(2)  Installation  of  welding  equipment  in  shops  and  locomotive  terminals  (Appendix 
A).     Complete  and  presented  as  information. 

(3)  Adaptation  of  enginehouses,  shops  and  engine  terminal  layouts  handling  oil- 
electric  locomotives  and  rail  cars. — Progress  in  study — no  report. 

(4)  Power  plants  (Appendix  B).  Final  with  recommendations  that  subject  be 
discontinued. 

(5)  Drop  pits — Progress  in  study — no  report. 
The  Committee  on  Shops  and  Locomotive  Terminals, 

L.  H.  Laffoley,  Chairman. 

Appendix  A 

(2)     INSTALLATION   OF  WELDING  EQUIPMENT   IN   SHOPS  AND 
LOCOMOTIVE  TERMINALS 

H.  C.  Lorenz,  Chairman,  Sub-Committee;  C.  M.  Angel,  W.  J.  Bennett,  H.  G.  Dalton, 
E.  A.  Doughertv,  C.  E.  Morgan,  E.  S.  Pennebaker,  W.  A.  Radspinner,  J.  C.  Ryan, 
L.  K.  Sillcox,  H.  W.  Williams. 

AUTOGENOUS  WELDING 

Autogenous  welding  is  a  general  term  applying  to  welding  performed  by  a  fusion 
process,  where  the  metals  to  be  welded  are  raised  to  a  temperature  where  they  will  flow 

together  and  form  a  weld  without  force  or  pressure.  The  oxy-acetylene  and  electric  arc 
welding  and  cutting  are  the  most  commonly  known  processes  of  this  class. 

In  considering  the  subject  of  welding,  it  was  the  view  of  the  Committee  that  the 

study  be  confined  to  oxy-acetylene  and  electric  arc  welding  as  used  in  connection  with 
the  approved  practices  on  railroads. 

Due  to  the  constant  changes  and  improvements  in  welding  and  cutting  apparatus, 

it  is  impossible  to  cover  the  specialized  equipment  used;  therefore,  this  study  covers  the 
generation  of  gases  and  electric  current,  and  their  delivery  to  point  of  use  in  the  best 

manner  available.  If  the  gases  and  electric  current  are  distributed  in  the  proper  manner 
and  arrangement  so  taken  care  of  that  in  each  case  all  are  available  at  the  proper  time, 

it  may  be  said  that  the  process  is  being  applied  in  its  best  and  most  economical  form, 

and  in  all  probability  an  organization  so  fitted  will  be  in  a  position  to  develop  as  rapidly 
as  the  process  advances. 

Bulletin  400,  December,  1937. 

2SS 
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OXY-ACETYLENE  CUTTING  AND  WELDING 
GENERAL  DESCRIPTION 

The  use  of  oxygen  acetylene  for  welding  and  cutting  is  divided  into  two  systems, 

namely,  low  and  medium  pressure  systems  As  to  each  system's  suitability  for  perform- 
ing the  work,  it  has  been  found  that  both  types  perform  the  work  in  a  satisfactory 

manner.  The  low  pressure  plant  utilizes  an  acetylene  pressure  of  8  to  12  ounces  per 

square  inch,  while  the  medium  pressure  system  uses  an  acetylene  pressure  of  15  pounds 

per  square  inch.  The  acetylene  side  of  the  two  systems  is  different ;  however,  the  oxygen 

is  the  same.  Therefore,  to  handle  the  different  acetylene  pressures  there  is  a  difference 
in  the  apparatus  used. 

Oxygen  and  acetylene  gas  may  be  purchased  from  any  number  of  concerns  manu- 
facturing gas  products,  and  is  supplied  in  specially  constructed  cylinders.  These  gases 

are  known  as  compressed  oxygen  and  compressed  and  dissolved  acetylene.  At  a  temper- 
ature of  70  degrees  F.,  an  oxygen  cylinder  contains  220  cubic  feet  at  a  pressure  of  2000 

pounds,  while  an  acetylene  cylinder  contains  250  cubic  feet  at  a  pressure  of  275  to  300 

pounds. 
When  using  the  gas  from  the  cylinders  for  welding  and  cutting,  it  is  necessary  to 

transport  the  gas  to  where  the  work  is  being  performed.  The  cylinders  are  either  stood 

upright  near  the  work  or  mounted  on  a  small  wheel  truck  holding  one  acetylene  cylinder 

and  one  oxygen  cylinder.  Also,  in  some  cases,  a  portable  acetylene  generator  type  is 

used,  which  includes  a  small  acetylene  generator  mounted  on  wheel  truck,  which  can  be 
located  close  to  the  work.  Sometimes  when  conditions  warrant,  a  group  of  acetylene 

and  oxygen  cylinders  are  handled  on  skids  and  manifolded  to  a  short  piping  system  to 

operator  stations  or  oxygraph.  In  some  cases  gas  is  delivered  from  the  main  storage 

plant  to  a  storage  location  near  point  where  welding  and  cutting  is  being  performed. 
A  small  wheel  truck  is  then  used  to  transport  one  cylinder  at  a  time  from  this  point  of 

storage  to  the  work,  and  return  the  empty  cylinders  to  point  of  storage. 

It  is  therefore  evident  that  this  method  of  operation  involves  a  substantial  handling 

charge  per  year  for  transporting  the  cylinders  from  storage  location  to  point  of  use  and 

returning  the  empty  cylinders  to  storage  location  for  return  to  the  manufacturer  for 
recharging. 

The  yearly  handling  charge  of  the  cylinders  may  warrant  a  central  gas  producing 

plant  consisting  of  a  building  constructed  to  house  a  sufficient  number  of  approved  type 

of  acetylene  generators  to  generate  the  acetylene  gas,  an  oxygen  manifold  room  contain- 
ing a  manifold  to  which  a  large  number  of  oxygen  cylinders  are  manifolded  to  an  oxygen 

line.  The  building  also  contains  ample  space  for  storage  of  calcium  carbide.  The  dis- 
charge pipes  from  the  acetylene  generators  and  oxygen  manifold  are  then  connected  to 

a  piping  system;  one  set  of  lines  carrying  oxygen  and  the  other  acetylene  gas  to  perma- 
nently located  stations  in  plant  buildings  and  yards,  to  which  regulators  and  hose  con- 

nections are  made  to  perform  the  welding  and  cutting  operations. 

The  question  may  arise  as  to  why  oxygen  also  should  not  be  generated  under  this 

plan.  This  matter  has  been  studied  by  many  investigators,  and  it  has  been  found  that 
based  on  the  average  monthly  plant  consumption,  giving  consideration  to  the  excessive 

cost  of  the  oxygen  generating  equipment,  such  an  installation  cannot  be  justified. 

CALCULATION  OF  ESTIMATED  ANNUAL  SAVINGS  TO  ASCERTAIN  IF 

OXYGEN  ACETYLENE  PLANT  WOULD  BE  JUSTIFIED 

The  installation  of  an  oxygen  acetylene  plant  and  piping  lines  is  based  mainly  on 

the  saving  in  the  cost  of  handling  the  oxygen  and  acetylene  cylinders.    Therefore,  before 
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making  any  plans  for  the  installation  of  such  a  facility,  a  time  study  should  be  con- 
ducted to  ascertain  as  nearly  as  possible  the  annual  handling  cost  of  the  cylinders  and 

the  yearly  gas  consumption  for  oxygen  and  acetylene. 

To  demonstrate  the  calculation  of  the  estimated  annual  savings  to  be  effected  by 

the  installation  of  an  oxygen  acetylene  plant  to  ascertain  if  facility  is  justified,  a  typical 
problem  is  taken  of  a  plant  using  7,000,000  cubic  feet  of  oxygen  and  2,500,000  cubic  feet 
of  acetylene  gas  per  year.  The  handling  charge  per  cylinder  was  found  to  be  75  cents 

each.  It  was  estimated  that  85  percent  of  the  acetylene  gas  would  have  to  be  generated, 
and  15  percent  furnished  in  cylinders. 

Oxygen 

7,000,000  cubic  feet  @  220  cubic  feet  per  cylmder  =z  31,818  cylinders 
Cost  of  handling  oxygen  present  system,  31,818  X  75  cents  =z  $23,863.50 
Cost  of  handling  oxygen  proposed  system  (manifold  and  pip- 

ing) based  on  distribution  of  85  percent  of  the  annual  con- 
sumption by  manifold  and  piping  and  the  balance  15  per- 

cent by  cylinders,  4,773  X  75  cents  =  3,579.75 

Estimated  gross  annual  saving  to  be  effected  in  the  distribution  of  oxygen  $20,283.75 

.ACETYXENE 

2,500,000  cubic  feet  @  250  cubic  feet  per  cylinder  =  10,000  cylinders 
Cost  of  handling  acetylene  present  system,  10,000  X  75  cents  =  $  7,500.00 
Cost  of  dissolved  acetylene  at  purchase  price  of  $2.00  per  100 

cubic  feet  =  50,000.00 

Total  cost  of  dissolved  acetylene  used  in  handling  cylinders    $57,500.00 
Cost  of  acetylene  proposed  system  by  generating  and  piping 

85  percent  of  present  consumption  or  2,125,000  cubic  feet 
including  cost  of  material  and  labor  =  $21,249.00 

Cost  of  handling  IS  percent  of  present  consumption  or  1,500 
cylinders,  1,500  X  75  cents  =  1,125.00 

Cost  of  375,000  cubic  feet  of  acetylene  gas  or  15  percent  to  be 
used  in  cylinders  at  $2.00  per  100  cubic  feet  =  7,500.00 

Total  annual  cost  of  acetylene  by  proposed  system     $29,874.00 
Estimated  gross  annual  savings  to  be  affected  by  proposed  system        27,626.00 

Oxygen  and  Acetylene — Estimated  Savings  by  Proposed  System 
Oxygen     $20,283.75 
Acetylene        27,626.00 

Total  gross  annual  savings  in  the  distribution  of  oxygen  and  the  gener- 
ation and  distribution  of  acetylene     $47,909.75 

PLAN  OF  INSTALLATION  AND  OPERATION 

Should  the  installation  of  an  acetylene  generating  plant  and  oxygen  manifold  system, 

with  necessary  piping  for  the  distribution  of  the  gases,  be  justified,  there  are  three  plans 
under  which  such  installation  can  be  made.    These  are  as  follows: 

(1)  Direct  ownership,  installation  and  operation  by  the  railway  company  involved. 

(2)  A  partial  service  contract  which  embodies  a  plan  under  which  a  service  com- 

pany will  install  all  plants  and  equipment  necessary  to  take  care  of  the  require- 
ments. The  installation  is  to  be  paid  for  by  an  upset  in  the  cost  of  oxygen 

over  the  market  price,  and  the  plant  will  become  the  property  of  the  lessee 
after  a  term  of  years. 
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(3)  A  full  service  contract  which  embodies  a  plan  by  which  the  contracting  com- 

pany owns  and  maintains  on  the  lessee's  property  suitable  facilities  to  take  care 

of  the  consumer's  needs.  Under  this  plan  the  plants  remain  the  property  of 
the  lessor.  This  type  of  contract  usually  carries  a  stipulation  that  the  user 
purchase  all  gas  and  carbide  from  the  lessor. 

GENERATOR  HOUSE  AND  PIPE  LINE  INSTALLATIONS 

The  generator  house  for  either  a  low  pressure  or  medium  pressure  plant  is  approx- 
imately the  same  design  and  construction.     A  typical  generator  house  is  shown  in  Fig.  2. 

The  generator  house  should  be  constructed  of  tile,  brick  or  concrete  and  no  openings 

should  be  allowed  between  generator  room,  oxygen  manifold  room  and  carbide  storage 

room.  All  artificial  lighting  should  be  of  vapor  proof  construction.  The  building  should 
be  well  ventilated  to  carry  off  any  gas  leakage. 

The  generator  house  should  be  located  as  central  as  practical  to  the  pipe  line  in- 

stallation.   This  would  make  the  pipe  lines  as  short  as  possible  to  operator's  stations. 
Medium  pressure  generators  are  manufactured  with  the  following  capacities  and 

ratings.  Carbide  hopper  capacity  200,  300  or  500  pounds,  ratio  of  water  capacity  to 
carbide  capacity  one  gallon  of  water  per  pound  of  carbide.  Maximum  generating  capacity 
allowed  by  the  National  Board  of  Fire  Underwriters,  one  cubic  foot  of  acetylene  gas  per 

pound  of  carbide  per  hour. 

A  room  approximately  22  feet  X  20  feet  or  440  square  feet  of  floor  space,  would  be 

required  for  installation  of  six  300-pound  generators  or  roughly  73  square  feet  per  gen- 
erator.   The  total  rough  weight  without  charge  would  be  1,530  pounds. 

The  generators  for  a  low  pressure  system  are  manufactured  with  the  following 

capacities  and  rating:  Carbide  hopper  capacity  100,  200,  300  or  600  pounds,  ratio  of 

water  capacity  to  carbide  capacity  one  gallon  of  water  per  pound  of  carbide.  The  max- 
imum generating  capacity  allowed  by  the  National  Board  of  Fire  Underwriters  is  two 

cubic  feet  of  acetylene  gas  per  pound  of  carbide  per  hour.  They  are  usually  preferably 

installed  as  a  complete  unit,  consisting  of  two  generators  and  a  gas  holder;  each  gen- 

erator working  alternately — but  whether  installed  singly  or  in  duplex,  always  requires 
the  separate  gas  holder. 

As  an  illustration,  a  complete  unit,  with  each  generator  having  a  carbide  capacity 
of  500  pounds,  would  require  a  floor  space  of  approximately  375  square  feet,  with  a 

total  net  weight  of  6,000  pounds. 

In  either  low  or  medium  pressure  systems,  required  size  of  generators  should  be 
installed  in  duplicate.  This  is  for  the  reason  that  one  can  be  washed  and  recharged  while 

the  other  is  furnishing  gas  to  the  line. 

The  oxygen  manifold  in  low  or  medium  pressure  systems  should  be  of  sufficient 

capacity  to  require  only  3  charges  per  8  hours.  They  should  be  in  duplicate  so  that  one 

can  be  changed  whDe  the  other  is  in  operation.  The  oxygen  manifold  consists  of  a  pipe 

in  generator  house  to  which  a  number  of  oxygen  cylinders  can  be  connected  in  groups. 

The  manifold  is  equipped  with  gage  to  record  pressure,  and  is  connected  to  the  oxygen 

supply  line  in  such  a  manner  so  when  changing  from  one  manifold  to  the  other  the 

change  can  be  made  without  disturbing  the  pressure,  in  the  main  oxygen  supply  line. 

Due  to  the  medium  system  operating  on  a  pressure  of  IS  pounds  per  square  inch 

permits  the  use  of  medium  size  of  distributing  lines  for  supplying  a  given  amount  of 

acetylene.  The  amount  of  gas  which  a  pipe  of  a  given  size  and  length  will  carry  will 

depend  on  the  permissible  pressure  drop  in  the  pipe.  It  is  therefore  obvious  that  for 
low  pressures,  larger  pipe  is  required  for  supplying  an  equivalent  amount  of  acetylene  at 

the  desired  pressure.      Also  the  piping   required   for  a  low  pressure  system   must  be  so 
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proportioned  as  to  assure  an  ample  suppl>'  of  gas  at  the  ends  of  the  long  pipe  lines  and 
in  consideration  of  the  pressures  used,  the  diameters  of  the  pipes  are  comparatively  large. 

A  t>pical  piping  arrangement  for  an  oxygen  acetylene  system  is  shown  in  Fig.  1. 

This  gives  the  generator  house  location  with  gas  lines  to  car  shop,  round  house  and 
back  shop. 

The  piping  in  both  systems  should  be  installed  in  accordance  with  the  best  piping 

practice.  The  overhead  piping  properly  bracketed  and  all  piping  both  that  exposed  to 

the  atmosphere  and  under  ground  properly  coated  to  protect  the  pipe  from  corrosion. 
Pipe  fittings  are  only  used  where  absolutely  necessary  and  all  joints  should  be  welded 

and  bends  in  pipe  made  where  possible. 

The  quantity  of  piping  used  in  the  medium  system  is  the  lineal  number  of  feet,  from 

the  generator  house  to  the  stations  in  shops  and  yards  used  in  actual  service  supply  lines, 

no  auxiliary  lines  being  required;  while  the  quantity  of  piping  required  for  the  low 
pressure  system  is.  of  course,  dependent  on  the  layout  as  to  the  number  of  lineal  feet 

of  actual  service  piping;  however,  additional  piping  is  required  for  the  vent  hnes  from 

the  hydraulic  back  pressure  valves  used  at  each  station  and  these  lines  are  usually  con- 
nected into  a  common  vent  header  which  causes  an  increase  in  the  amount  of  pipe  used. 

In  the  medium  pressure  operator's  station  the  drops  from  the  main  header  line 
should  be  taken  from  the  top.  This  helps  keep  moisture  out  of  the  drops.  There  usually 
is  a  globe  valve  placed  in  the  drop  both  on  the  oxygen  and  acetylene  between  the  main 
headers  and  the  regulator  connections,  and  a  check  valve  on  both  lines  between  the  globe 

valves  and  regulator  connections.  The  outside  underground  stations  are  similar  to  the 

inside  only  that  it  takes  its  supply  of  gas  from  the  underground  lines,  and  is  surrounded 

by  a  metal  or  wooden  box  for  locating  the  stations  and  protecting  them  from  the  weather. 

Photograph  Fig.  3  shows  a  typical  operator's  station  located  on  a  building  wall. 
The  oxygen  drop  to  operator  station  in  the  low  pressure  system  is  similar  to  the 

medium  pressure  system;  however,  there  is  a  difference  in  the  acetylene  drop.  The 

acetylene  drop  has  a  globe  valve  between  header  connection  and  flash  back  chamber. 
The  flash  back  chamber  consists  of  a  water  seal  by  which  the  acetylene  gas  in  the  header 

line  is  protected  from  the  flash  back.     The  acetylene  connection  to  hose  is  made  to  top 

Fig.  ,1. — Typic.xi.  Gas  Station  on  Buildtng  Watt.. 
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of  flash  back  chamber.  There  is  u  vent  from  this  chamber  which  is  connected  to  a 

common  vent  pipe  which  is  carried  through  the  wall  of  the  building  at  a  convenient 

location.  The  underground  stations  are  similar  and  are  surrounded  by  a  wooden  or  metal 
box  for  locating  the  stations  and  protecting  them  from  the  weather. 

Protective  appliances  are  very  necessary  in  the  construction  of  oxygen  acetylene 

systems.  The  medium  pressure  systems  used  a  water  seal  at  important  junction  point? 

on  the  main  supply  line  from  the  generator  house  and  long  feeder  lines  through  the  shops 

or  in  the  yards.  These  devices  prevent  flash  at  the  stations  from  reaching  the  main 

supply  lines  and  the  generators.  The  lines  are  also  designed  with  bursting  discs  made 
to  burst  at  SO  pounds  pressure  and  blow  off  valves  set  at  18  pounds  pressure.  These  are 
to  relieve  excess  pressure.  The  bursting  discs  are  usually  placed  at  the  ends  of  the  long 

feeder  lines,  as  shown  in  photograph  Fig.  4.  Also  drip  pockets  are  provided,  at  the  low 

points  in  the  lines  to  drain  off  the  condensation. 

The  low  pressure  systems  also  have  drip  pockets  located  on  the  main  supply  line  to 
drain  off  condensation — the  matter  of  safety  of  the  lines  and  prevention  of  flash  backs 

being  cared  for  by  the  hydraulic  back  pressure  valves  located  at  each  station. 

ELECTRIC  ARC  WELDING 

The  electric  arc  is  used  both  for  welding  and  cutting.  The  selection  of  the  proper 

equipment  for  a  particular  installation  is  usually  not  difficult.  If  the  work  is  to  be  done 

inside  the  shop,  A.C.  or  D.C.  equipment  may  be  used.  On  A.C.  equipment  the  length 

of  leads  should  not  exceed  SO  feet  in  order  to  avoid  excessive  inductive  drop,  which  re- 

quires that  the  motor  generator  welder  =et  must  be  permanently  located  near  the  work 

Fk;.  4. — Bursting  Disc  Locatep  at  End  of  Low 
Pressure  System. 
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or  must  be  portable.  For  work  outside,  D.C.  equipment  should  be  specified  since  the 
leads  are  usually  longer  than  SO  feet. 

For  work  which  is  scattered  or  located  where  the  proper  electrical  supply  for  the 
driving  motor  is  not  available,  a  gasoline  engine  drive  D.C.  equipment  should  be  used. 

It  should  be  mounted  either  on  skids,  wheel  mounted  (2  or  4)  or  crawler  mounted — to 
suit  conditions. 

The  capacity  of  the  power  supply  available  should  be  determined.  Full  load  pri- 
mary currents  of  the  various  types  of  equipment  are  obtainable  from  the  manufacturer 

(published  literature).  Welding  equipment  to  operate  on  220,  440  or  550  volt  circuits 
i?  obtainable  from  all  reliable  manufacturers. 

.\s  information,  the  following  list  shows  portable  equipment  obtainable  from 
manufacturers: 

D.C.  Single  Operator  Motor  Generator  Set — 

200  amp.  40  volt      ̂  
300  amp.  40  volt       y       Stationary    or    portable    gasoline    engine    or 

400  amp,  40  volt       j        motor  drive 
600  amp.  40  volt     J 

A.C.  Transformer  Type  of  Welder— 
150  amp.  ^ 
300  amp.  \ 
500  amp.  J>      Stationary  or  portable 
750  amp.  I 

1000  amp.  J 

D.C.  Multi-Operator  Motor  Generator  Set — 

500  amp.  "\ 
750  amp.  I       Gas   engine   drive    induction    motor    or   syn- 

1000  amp.  j        chronous  motor  driven 
1500  amp.  J     , 

-Automatic  Arc  Welding  Equipment — 
For  bare  or  lightly  fluxed  or  heavily  coated  electrodes,  for  alternating 
or  D.C.  metallic  arc  welding 

Atomic  Hydrogen  Type  of  Welders — 

1-        P'  1       Can  be  used  with  bottled  hydrogen  or  dis- 
,  -„        P'  (       sociated  ammonia 150  amp.  J 

Special  Type  of  Equipment — 
75  amp.  and  under  \      Can   be  used   from  an  A.C.  voltage  supply, 

J       but  delivering  rectified  D.C.  current  to  the  welder 

In  general,  there  are  two  types  of  D.C.  electric  welding  equipment  available: 

1 — The  constant  voltage  with  variable  current 
2 — The  constant  current  with  variable  voltage 

These  equipments  consist  of  motor  generator  set  either  for  single  operator  or  multi- 
operator  operation,  and  driving  motors  may  be  either  .\.C.  or  D.C.  to  suit  requirements. 

.\11  are  of  the  40  volt  arc  design,  and  range  from  100  amp.  to  1500  amp.  capacity. 
In  shops  and  enginehouses  where  it  is  more  economical  and  convenient  to  move  the 

welding  equipment  to  the  work,  power  outlets  should  be  conveniently  located  to  serve 
the  area  in  which  the  portable  welders  operate,  which,  as  previously  indicated,  are  of 

the  three  types,  "Motor  Generator  D.C".  ".A.C.  Transformer'",  and  "Rectifiers"'.  The 
wiring  should  consist  of  proper  size  main  line  power  circuit,  suitable  for  the  equipment 

to  be  emploj'ed.  From  the  main  line  power  source,  drop  connections  through  a  condulet 
are  usually  employed. 
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However,  in  the  case  of  the  multi-operator  equipment,  usually  the  one  line  of  the 

power  supply  is  run  to  the  location  of  the  set,  and  if  auxiliary  stations  are  to  be  oper- 

ated from  the  multi-operator  set,  usually  the  secondary  leads  for  the  capacity  of  the 
panel  are  placed  in  conduit  and  run  to  the  point  of  location  of  the  individual  panel,  at 
which  point  the  operator  attaches  his  welding  leads  which  usually  are  of  short  lengths. 

STATIONARY  WELDING  INSTALLATIONS 

Stationary  welding  installations  consist  of  wiring  or  cable  of  the  necessary  capacity; 

welding  stations,  consisting  of  suitable  plugging-in  devices,  and  necessary  resistors. 

These  installations  are  expensive  to  install  on  account  of  the  large  conductors  neces- 
sary (about  200  amperes  being  required  for  each  operator)  and  are  not  economical, 

unless  sufficient  work  is  assured  for  continuous  operation. 

All  wiring  should  conform  to  the  regulations  of  the  National  Board  of  Fire 
Underwriters. 

Conclusions 

Wherever  welding  is  used  for  general  purposes,  i.e.,  when  it  is  not  confined  to  routine 
work  on  a  limited  number  of  locomotives  and  car  details,  adequate  equipment  should  be 

provided  for  the  use  of  both  electric  arc  and  oxy-acetylene  methods.  It  is  impracticable 
to  define  the  proper  and  economic  field  for  either  method,  which  emphasizes  the  necessity 

for  competence  on  the  part  of  the  welder  and  the  need  for  proper  supervision. 

Appendix  B 

(4)     POWER  PLANTS 

E.  H.  Roth,  Chairman,  Sub-Committee;  Benjamin  Elkind,  A.  W.  Johnson,  A.  S.  Kent, 
L.  H.  Laffoley,  H.  C.  Lorenz,  F.  E.  Morrow,  B.  M.  Murdock,  E.  S.  Pennebaker, 
V.  B.  W.  Poulsen,  W.  A.  Radspinner,  J.  C.  Ryan,  H.  W.  Williams. 

The  attempt  has  been  made  to  study  power  plants  constructed  or  being  constructed 

at  locomotive  terminals,  and  to  measure  by  a  yard-stick  their  functions.  There  are  few 
plants  under  construction,  and  those  that  are  being  constructed  are  designed  to  perform 

limited  functions,  some  for  only  washing  and  filling  of  locomotives,  some  for  only  the 
direct  steaming  of  locomotives,  some  for  heating  buildings,  and  others  are  being  revised 

to  fit  in  with  Diesel  and  gas  power.  In  other  words,  the  demands  on  power  plants  at 
locomotive  terminals  are  decreasing. 

Steam  generating  capacity  for  a  unit  stall  of  enginehouse  should  be  fairly  dependable 
and  efficient,  but  we  find  upon  investigation  that  the  peak  demands  lower  the  efficiency 

of  the  power  plant.  The  power  plant  engineer's  job  is  to  generate  and  transmit  all  the 
power  service  needed  at  the  locomotive  terminal  such  as  steam,  hot  water,  cold  water, 
mechanical  horsepower,  kilowatts,  compressed  air,  heating  and  ventilating,  and  the 

investigation  thus  far  has  resulted  in  the  terminal  requiring  only  one  or  two  of  the 

services'  just  mentioned,  the  others  being  purchased  from  outside  sources,  or  created  by 
possibly  gas  or  Diesel  power. 

Steam  generating  capacity  is  fairly  dependable,  although  not  perfect,  and  some  power 

plants  have  installed  flow  meters  in  order  to  lower  the  peak  and  increase  the  minimum 

demands,  trying  to  arrive  at  a  more  average  consumption,  all  with  a  view  of  giving  the 

maximum  power  plant  efficiency.  There  is  no  yard-stick  to  measu  e  this  function  as  the 
facilities  supplied  by  the  plants  are  rather  varied  in  different  sections,  and  seasons. 
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Died  Nov.  17,   1937. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  followine;  subjects: 

(1)  Revision  of  Manual.     Progress  in  study — no  report. 

(2)  Service  Test  Records  for  Treated  Ties   (Appendix  .\).     Progress  report. 

{?>)     Piling  Used  for  Marine  Construction   (Appendix  B).     Progress  report. 

(4)  Effect  of  preservative  treatment  by  use  of — (a)  creosote  and  petroleum,  (b) 

zinc  chloride  and  petroleum.     Progress  in  study — no  report. 

(5)  Destruction  by  termites  and  possible  ways  of  prevention  (Appendix  C) . 

Progress  report. 

(6)  Effect  on  preservative  in  treated  ties  in  track  due  to  blowing  off  locomotives 

on  line  of  road,  collaborating  with  Committees  XHI — Water  Service,  Fire  Protection  and 

Sanitation;  XXH — Economics  of  Railway  Labor,  and  XXVH — Maintenance  of  Way 

Work  Equipment.     Progress  in  study — no  report. 

(7)  Incising  of  all  forest  products  material.    Progress  in  study — no  report. 

(8)  Investigations  being  made  for  the  determination  of  toxicity  value  of  creosote 

and  creosote  mixtures.     Progress  in  study— no  report. 

The  Committee  on  Wood  Preservation, 

C.  F.  Ford,  Chairman. 

Bulletin  400,   December,   19.57. 
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Appendix  A 

(2)     SERVICE  TEST  RECORDS  FOR  TREATED  TIES 

W.  R.  Goodwin,  Chairman,  Sub-Committee;  Z.  M.  Briggs,  G.  B.  Campbell,  E.  A.  Craft, 
L.  B.  Holt,  R.  S.  Hubley,  Edward  Kelly,  A.  J.  Loom.  F.  B.  Robins.  T.  H.  Strate. 
W.  A.  Summerhays. 

The  table  of  tie  renewals  per  mile  maintained  on  various  roads  has  been  revised  to 
include  data  for  1936. 

Reports  of  special  test  tracks  are  submitted  on  the  following  road.s: 

Chicago,  Burlington  and  Quincy 
Chicago,  Milwaukee,  St.  Paul  and  Pacific  at  Hartford,  and  Madison,  Wis. 
Great  Northern 
Northern  Pacific 
Public  Service  Company  of  Indiana, 

formerly  the 
Interstate  Public  Service  Company 

The  above  is  offered  as  a  progress  report. 

REPORT  OF  27TH  ANNUAL  INSPECTION  OF  C.  B.  &  Q.  R.  R. 
EXPERIMENTAL  TIES 

The  results  of  the  1936  inspection  of  the  experimental  ties  in  the  tracks  of  the 

Chicago,  Burlington  and  Quincy  Railroad  Company  are  given  in  the  accompanying  tabu- 
lations. These  ties  were  laid  in  1909  and  1910,  on  20  divisions  in  eight  states,  and  all 

were  placed  out-of-face.  Some  were  treated  with  coal-tar  creosote  by  the  full-cell  process, 
with  10  to  12  pounds  per  cubic  foot;  some  with  zinc  chloride  (Burnett  process)  with 

Yz  pound  per  cubic  foot;  some  with  a  mixture  of  these  two  preservatives  (Card  process), 
with  an  absorption  of  J^  pound  of  zinc  chloride  and  3  pounds  of  creosote  per  cubic  foot; 
and  some  were  untreated. 

The  report  of  the  1936  inspection  shows  that  17.9  percent  of  the  creosoted  ties. 

31.7  percent  of  the  Card  treated  ties,  and  51.5  percent  of  the  zinc  chloride  treated  ties 

have  been  removed  because  of  decay  after  27  years'  service.  Only  1  of  the  3,272  un- 
treated ties  remains  in  the  track,  about  90  percent  having  been  removed  because  of  decay, 

and  the  remainder  for  other  causes.  The  untreated  ties  had  an  actual  average  life  of 

5. 5  years.    These  figures  are  for  lines  east  and  west  combined. 

The  estimated  years  average  life  given  in  the  accompanying  tabulation  was  computed 
from  the  Forest  Products  Laboratory  curve. 

Average  Life  of  Untreated  Ties  in  Years 

Cottonwood        2.9 
Sycamore       3 .3 
Tupelo   gum       3.5 
Red  birch        3.6 
Soft   maple        3.6 
Red  gum      4.1 
Hard  maple   4.7 

Hemlock       4.9 
Beech       5.0 
Ash       5.1 
Tamarack       5.1 
Loblolly  pine       5.3 
Poplar       5.3 
Red  oak     5.3 

White  elm        5 .3 

^Hickory        5. 5 Pin  oak        6.3 

Cypress       8.3 
Chestnut        9.7 
White  oak     11.1 
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CREOSOTED  WHITE  BIRCH  TEST  TIES  PLACED  IN  TRACK  SPRING  OF  1908 

Great  Northern  Railway 

Number 

Origin- 

ally 

Placed 

Number 
Now  in 

Serv- ice 

Number 
Removed 
from  all 
Causes 

Percent 
Removed 

Estimated Average 

Expected 

Average 

Life  of 

Untreated Birch 

Life  in 
Years 

Years 
Division 

Main  Lines 

Ties  7"  X  7"-8' 

Mesabi   
Willmar   

1410 
586 

2214 
1391 
1070 

791 433 

1115 554 

618 

619 153 

1099 837 

452 

43.9 
26.1 
49.6 
60.2 
42.2 

• 
29 

31 
28 
27 

29 

5 
5 

Dakota       5 
5 

Butte   5 

Total   6671 3511 3160 47.4 28 5 

Branch  Lines 

Ties  6"  X  7"-8' 

Mesabi 
1419 
1447 

532 926 
887 

521 

62.5 

36.0 
27 
30 

5 
(Park  Rapids  Line)   5 

Total       2866 1458 1408 49.1 29 5 

Grand  Total     
9537 

4969 4568 47.9 28 5 

I 
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Northern  Pacific  Railway  Company 

Record  Test  Track  No.  1-A 

Location:  Mile  Post  89,  near  Rice,  Minn.,  to  Mile  Post  IO31/2,  near  Gregory,  Minn. 
In  eastward  main  track  on  St.  Paul  Division.  Ties  laid  in  Spring  of  1917. 
Established  as  Record  Test  Track  January  10th,  1922. 

Ties:  44,159  Hewed  Minnesota  Tamarack. 

Treatment:  Brainerd  Tie  Treating  Plant,  December,  1916.  Air  seasoned.  Bored  and 
adzed  for  90-lb.  rail.  Treated  by  Lowry  Process,  6^:4  pounds  per  cubic 
foot  with  creosote-coal  tar  solution,  80  percent  creosote  and  20  percent 
refined  coal  tar. 

Analysis  of  Preservatives 

Spec.  Gravity  at  38  degrees,  C       1 .074 
Water    000 

Distillation : 

210°     1.1  percent 
•  235     10.7 

270     28.6 
315     15.2 
355     18.7 
Residue      25.6  Soft  Paste 

Track:  Originally   90-lb.  rail  with  N.P.  standard  angle  bars  and   7"    X   9"   tie 
plates.  Average  gravel  ballast  about  six  inches  under  the  ties.  In  1923 
about  three  and  a  half  miles  of  washed  gravel  from  Darling  pit  was  placed 
on  the  east  end  of  this  track.  In  1928  four  miles  (M.P.  93>^  to  97^) 

were  relaid  with  100-lb.  rail  and  7^"  X  10^4"  tie  plates. 

Renewals:        No  renewals  up  to  1928. 

1928 —  1  Tie  account  decay.    Showed  signs  of  having  been   partially 
decayed  when  treated. 

1929 —  239  Ties  account  derailment. 
1930 —  No  renewals. 
1931 —  3  Ties  account  decay. 
1932 —  No  renewals. 
1933 —  No  renewals. 
1934 —  No  renewals. 
1935—  214  Decay  at  rail  base  caused  by  mechanical  wear. 

Total  5244  Ties  renewed,  11.88  percent  after  20  years. 

Average  life  of  ties  removed — 19.2  years. 
Date  of  last  inspection — October  12th,  1937. 
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Northern  Pacific — Hemlock  Test  Track 

Designated  by  U.S.  Forest  Service  as  Project  L-214 

Location:  Between  Mile  Post   120  and  M.P.   121   +   23S0.     Westward   main  track. 
West  end  of  Missoula  yard;  400  ties  east  and  1400  ties  west  of  Cemetery 
crossing,  Missoula,  Mont.,  Rock  Mountain  Division. 

Ties:  1800   (summary  by  species  shown  below).     Treated   at  Paradise,  Mont., 
and  placed  in  track  February,  1910.     1910  dating  nail  driven  in  each  tie. 

Treatment:      At  Paradise  Tie  Treating  Plant,  February,  1910.  Air  seasoned,  not  bored, 
adzed  or  incised.    Lowry  Process.     6%  pounds  per  cubic  foot  Creosote 
coal-tar  solution.  80  percent  No.  1  Creosote  and  20  percent  refined 
coal  tar. 

Track:  Ties  originally  laid  without  tie  plates.     7"  by  9"  tie  plates  applied  within 
first  two  years.  In  1926,  track  relaid  with  100-lb.  rail  and  7^"  by  10)4" 
N.P.  plates.  Ballast  is  ordinary  pit-run  gravel  and  drainage  is  not  con- 

sidered good. 

Summarv  by  Species  and  Record  of  Renewal: 

Annual  inspections  and  reports  made  since  1917  when,  on  account  of  de- 
railment, the  first  tie  was  removed.  Positive  identification  of  ties  by 

species  made  in  1928  in  cooperation  with  U.S.  Forest  Products  Laboratory 
proved  as  shown  below.  The  49  ties  replaced  previously  had  been  re- 

ported as  Western  Hemlock. 

Identification  of  1910  Ties  Remaining  in  1928 

Year West- 
ern 

Hem- 
lock West- ern Larch Doug- las 

Fir 
True 
Fir 

Spruce 

White 

Pine 

Pon- 
der- 

osa Pine Aspen Total 

1910   

Year 
1917   

1072 

1 
1 
4 43 

26 
49 
28 43 

29 
42 

78 

436 166 

RE 

102 

NEWA 

18 :s 2 3 1 1800 

1 
1924 1 
1926   4 
1928       43 
1929   8 

9 
8 

18 
9 

11 
24 

6 14 5 
3 
1 

59 
1932 

61 

1933   4 
1 
5 
3 
4 

i 
6 
4 
1 
5 

42 
1934       68 
1935     .   .                       .       . 47 
1936   .   - 1 58 
1937     - 4 115 

Total   

Percent  renewed   

Avg.  Yrs.  Per  Tie     

344 
32.09 

23.34 

87 

19.95 

24.43 

23 

13.86 

23.52 

31 30.39 

22.39 

13 

72.22 

22.46 

0 

0 

0 

1 

33.33 

26.00 

0 

0 

0 

499 

27.72 

23.46 

Six  ties  removed  prior  to   1928  were  broken  by  derailments.     Others  all 
removed  account  decay  hastened  by  damage   from  past  derailments  and 
mechanical  wear  at  rail  base. 
27.72  percent  renewals  in  27  years. 
Average  life  of  ties  replaced  23.46  years. 
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Appendix  6 

(3)     PILING  USED  FOR  MARINE  CONSTRUCTION 

Wm.  G.  Atwood,  Chairman,  Sub-Committee;  C.  S.  Burt,  H.  R.  Condon,  Wm.  F.  Clapp, 
G.  R.  Hopkins,  H.  E.  Horrocks,  M.  F.  Jaeger,  A.  L.  Kammerer,  A.  M.  Knowles, 
F.  B.  Robins. 

The  Committee  submits  its  report  on  the  present  condition  of  the  long-time  test 
pieces  under  its  observation  together  with  such  other  pertinent  information  as  it  has 
obtained  during  the  year. 

Tropical  Timber 

All  the  specimens  placed  under  test  by  this  Committee  or  its  predecessor,  the  Com- 
mittee of  the  National  Research  Council,  have  been  lost  except  those  in  the  Panama  Canal 

Zone.  The  government  of  the  Canal  Zone  have  also  placed  many  specimens  under  test 
and  two  reports  have  been  received  from  Colonel  C.  S.  Ridley,  Governor.  Some  parts 

of  these  reports  have  been  combined  in  our  report  and  some  have  been  quoted  in  full. 
The  following  tests  have  shown  failure  and  the  specimens  have  been  removed  from 

the  water,  split  up  and  carefully  examined  with  the  results  indicated: 

"1638-23  Greenheart,  (Nectandra  rodioe),  Demarara,  light  brown  heart,  submerged 
July  18,  1932.  There  were  15  teredoes,  some  of  them  J^-inch  in  diameter,  mostly  con- 

fined to  within  3  inches  of  the  surface,  the  center  of  the  timber  sound.  There  was  slight 
gribble  work  on  the  surfaces. 

"1640-26  Greenheart,  (Nectandra  rodioe),  Demarara,  yellow  heart,  submerged  July 
18,  1932.  There  were  9  teredoes,  the  largest  ̂ -inch  in  diameter.  There  was  considerable 
gribble  work  on  the  surfaces. 

"1639-24  Greenheart,  (Nectandra  rodioe),  Demarara,  dark  brown  heart,  submerged 
July  18,  1032.  In  this  timber  there  were  8  live  teredoes,  most  of  them  J^-inch  in  diam- 

eter. No  attempt  was  made  to  count  the  small  ones,  nor  was  the  timber  split  into  very 
small  pieces,  so  that  the  number  of  large  teredoes  may  have  been  more.  Some  of  the 
teredoes  went  through  the  center  of  the  wood. 

"1719-35  Greenheart,  (Nectandra  rodioe),  Panama  Canal  stock,  Copper-cement 
paint,  submerged  April  20,  1933.  We  found  on  splitting  35  teredoes,  some  J^-inch  in 
diameter,  and  1  Martesia.  More  teredoes  would  have  been  found  if  the  timber  had  been 
split  into  smaller  pieces.     The  Copper-cement  paint  does  not  protect. 

Fig.  1.— 1643-18  Teak  (V/i  years). 
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"1643-18  Teak,  (Tecluna  grandis),  grown  at  Summit,  C.Z.,  submerged  April  IS, 
1936.  Marine  growth  abundant,  especially  bryozoa  and  oysters.  Gribble  damage  very 
light.  The  timber  was  thoroughly  infested  with  teredoes.  It  is  difficult  to  understand 
how  teak  in  only  16  months  could  be  so  thoroughly  infested.  There  were  also  a  few 
Martesia  and  Hiata  both  of  which  were  full  grown  (Fig.  1). 

"1718-34  Almendro,  Panama.  Copper-cement  paint,  submerged  .\pril  20,  1933.  The 
surfaces  were  not  badly  worked  by  gribble.  Upon  splitting  52  teredoes  were  found  and 
1  Martesia  and  if  we  had  continued  the  splitting  more  teredoes  would  have  been  found. 
The  Copper-cement  paint  gives  no  protection. 

"1714-29  Cr£Osoted  Fir,  Panama  Canal  stock.  Copper-cement  paint,  submerged 
April  20,  1933.  There  was  some  gribble  work  on  one  side  but  otherwise  the  surfaces 
were  in  good  condition  except  for  the  teredo  holes.  On  splitting  we  recovered  36  teredoes 
and  1  Hiata.  Since  we  did  not  split  the  timber  into  very  small  pieces,  many  more  teredo 
were  present.  There  again  Copper-cement  paint  does  not  protect  nor  does  the  creosote. 
I  presume  this  was  a  hot  immersion  treatment  and  not  pressure." 

Untreated  Timbers 

Certain   of   these  timbers  had  a  two   inch  slab   cut   from   their  faces  and   carefully 
examined  in  the  laboratory.     The  reports  on  these  specimens  combine  the  two   reports 
received. 

Fig.  2. — 1609-2  Anoura  (14  years). 

"1609-2  Anoura,  (Conepia  sp.),  Dutch  Guiana,  submerged  September  13,  1923. 
Marine  growth  scant,  oysters  predominating.  Surface  eroded  J^-inch  by  gribble.  The 
cut  face  shows  a  limited  number  of  small  teredoes  near  the  edges  and  a  few  Martesia 
and  Hiata  cavities.    The  timber  is  quite  sound  (Fig.  2). 
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"1612-3  Basra  Locus  or  Angelique,  (Dicorynia  paraensis,  Bentham),  Dutch  Guiana, 
submerged  September  13,  1923.  Except  for  oysters  which  were  abundant,  marine  growth 
was  scant.  Gribble  damage  is  much  less  than  in  Anoura.  There  were  ten  pholads  found 
but  none  of  them  had  passed  through  the  2-inch  slab.  The  cut  surface  is  in  remarkably 
sound  condition,  with  very  few  teredoes  and  these  only  in  a  very  few  places  and  all  small. 

"1608-4  FoENGO  or  Vonkout,  (Pannarium  campestre,  Aubl.),  Dutch  Guiana,  sub- 
merged September  13.  1923.  Marine  growth  plentiful.  Erosion  due  to  gribble  about 

J/2-inch.  None  of  the  pholad  cavities  penetrated  2  inches.  The  cut  surface  is  in  very 
sound  condition  except  for  sHght  teredo  invasion  near  the  surfaces  and  the  pholad 
cavities. 

"1610-S  Sponse  hoedoe,  (Licania  macrophylla,  Bentham),  Dutch  Guiana,  sub- 
merged September  13,  1923.  Marine  growth,  especially  oysters,  very  plentiful.  The  ex- 

posed face  shows  considerable  gribble  work  and  a  large  number  of  pholad  cavities,  which 
do  not  extend  into  the  wood  more  than  lJ/$ -inches.  Teredoes  are  very  few,  close  to  the 
surface  and  small. 

Fig.  3.— 1613-7  Manbarklak  (14  years). 

"1613-7  Manbarklak,  (Eschii'eilera  longipes,  Miers  or  more  probably  Eschiveilera 
Corrugate,  Miers),  Dutch  Guiana,  submerged  September  13,  1923.  Marine  growth  plenti- 

ful, especially  oysters  and  coral.  The  exposed  faces  show  a  moderate  amount  of  gribble 
work  and  quite  a  number  of  pholads.  The  cut  face  shows  a  remarkably  sound  timber 

with  very  few  small  teredoes  along  the  edges.  Even  the  area  around  the  drilled  hcj'e  is 
free  from  teredoes  (Fig.  3) . 
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"1621-25  Turpentine  Wood  (Syncarpia  laurijolia).  New  South  Wales,  submerged 
April  19,  1929.  Marine  growth  fairly  abundant.  Gribble  work  light.  Martesia  and 
Hiata  few  in  number.    Teredoes  few  in  number,  small  and  near  surfaces.    Timber  sound. 

"1621-27  Turpentine  Wood  (Syncarpia  laurijolia),  New  South  Wales,  submerged 
April  19,  1929.  Martesia  and  Hiata  much  more  plentiful  than  in  the  other  specimen. 
The  cut  faces  show  quite  a  few  teredo,  especially  about  the  drilled  hole,  all  small  how- 

ever.   Aside  from  the  pholad  cavities  the  timber  is  very  sound. 

"1609-9  Malabavabas  (Tristania  decorticata  Merr.),  Philiipine  Islands,  submerged 
September  13,  1923.  Marine  growth  especially  plentiful,  oysters  abundant.  Much  silt. 
Gribble  damage  is  very  light.  Martesia  and  Hiata  plentiful.  Teredoes  appear  to  be 
small,  few  in  number  and  close  to  the  surfaces.  Timber,  except  for  the  pholad  destruction 
is  very  sound. 

"1616-12  Kajol  Malas  (Parastemon  urophyllum),  Sumatra,  submerged  October  26, 
1925.  Not  much  marine  growth,  oysters  and  ascidians  not  abundant.  Gribble  work  light 
but  more  than  in  Kajol  Lara.  Martesia  and  Hiata  present  but  not  abundant.  Teredoes 
very  limited  in  number,  small  and  confined  close  to  the  surfaces.    Timber  very  sound. 

"1615-11  Kajol  Lara  (Meirisideros  sp.),  Celebes,  submerged  October  26,  1925.  Con- 
siderable marine  growth,  especially  oysters.  Gribble  work  very  light.  Martesia  and 

Hiata  present,  not  plentiful.  Teredoes  few  in  number,  small  and  close  to  the  surfaces. 
Timber  very  sound. 

"1637-13  Kolaka,  Celebes,  submerged  April  15,  1932.  Very  little  marine  growth, 
not  many  sponges  or  oysters.  Gribble  work  is  practically  nil.  Martesia  and  Hiata  few 
in  number.  Teredoes  are  scant,  small  and  all  close  to  the  surfaces.  .\  cut  section  shows 
the  timber  to  be  perfectly  sound. 

"1637-14  Alcornoque  (Dimormorphandra  mora,  B  &  H),  Panama,  all  heartwood. 
submerged  November  27,  1927.  Marine  growth  fairly  plentiful,  especially  oysters. 
Gribble  work  very  light.  Martesia  and  Hiata  in  very  limited  numbers.  Teredoes  few 
in  number,  small  and  close  to  the  surfaces.     Timber  sound. 

"1625-22  Brush  Box,  New  South  Wales,  submerged  April  19,  1929.  Marine  growth 
scanty,  mostly  oysters.  Gribble  work  almost  nil.  Teredoes  few  in  number,  small  and 
close  to  the  surfaces.     Timber  very  sound. 

Treated  Timbers 

"1630-30  Creosoted  Amarillo  (Chlorophora  tinctorea),  Panama,  treated  with  AREA 
No.  1  creosote,  one  end  scarfed  after  treatment,  submerged  September  20,  1930.  Marine 
growth,  particularly  oysters,  plentiful.  Martesia  and  Hiata  plentiful.  Gribble  work  very 
light.  The  scarfed  end  17  inches  long  was  cut  off,  showing  3  large  teredo  holes  and  also 
the  depth  of  the  penetration  (Fig.  4). 

"1707-10  Chemical  Warfare  Service  A-17,  creosote  19  pounds  per  cubic  foot,  sub- 
merged August  25,  1931.  Considerable  marine  growth,  especially  sponges.  Much  silt. 

Since  there  were  many  large  teredoes  in  the  section  cut  last  year,  this  timber  was  removed 
from  the  test.  When  split  in  two,  the  creosote  showed  only  about  154-Jnches  penetration. 
All  teredoes  were  dead,  and  one  Martesia  was  dead,  probably  due  to  the  silt.  Consider- 

able gribble  work.     Closed. 

"1708-15  Chemical  Warfare  Service  B-17,  creosote  plus  0.71  percent  methyl 
arsenious  oxide,  28  pounds  per  cubic  foot,  submerged  August  25,  1931.  Marine  growth 
not  very  plentiful.  Martesia  in  top  end.  Considerable  gribble  work  in  one  area  only, 
also  on  the  ends.  Although  no  section  has  been  cut  so  far,  the  timber  was  taken  out 
of  the  test  because  all  of  the  others  of  the  C.W.  S.  series  have  been  closed.  When  split, 
the  creosote  penetration  was  about  2J^-inches  deep.  No  teredoes  were  present  except  a 
very  few  small  ones  near  the  center  of  the  lower  end.  The  timber  was  in  excellent  con- 

dition inside.    Closed. 

"1710-17  Chemical  Warfare  Service  I>-17,  creosote  plus  2.5  percent  dinitrophenol, 
20  pounds  per  cubic  foot,  submerged  August  25,  1931.  Considerable  marine  growth,  espe- 

cially oysters.  Gribble  work  not  important.  A  few  pholads  present.  Since  a  section 
cut  in  1935  showed  a  few  live  teredoes,  this  timber  was  removed  from  test.  Penetration 
of  preservative  about  1  ̂-inches.  Teredoes  only  in  the  sap  wood,  some  about  ̂ -inch  in 
diameter.     One  Martesia  was  found  in  the  splitting.     Closed. 
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Fig.  4. — 1630-30  Creosoted  Amarillo,  17  inches  from  end. 1  inch  =1   I 
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"1721-31  Chemonite  Treatment,  Southern  Yellow  Pine,  two  sticks,  6  inches  in 
diameter  by  7  feet  long,  submerged  March  12,  1937.  These  two  posts  are  numbers  2447 
and  2468.    The  absorption  per  cubic  foot  was  as  follows: 

Solution  Cu(As02)2      CuOplusAsiO* 

2447         20.7  pounds        0.49  pounds        0.59  pounds 
2468          20.6       "  0.49       "  0.S8       " 

Both  posts  were  attached  to  one  chain,  and  since  this  is  not  desirable,  they  were  sus- 
pended singly  after  the  examination  was  made. 

"Color  of  posts  green.  Both  were  clean  of  marine  growth  and  showed  no  gribble 
work  nor  many  marked  deterioration.  In  both  posts,  in  the  ends  near  the  center,  there 
were  several  small  holes,  but  since  the  exposure  has  been  only  about  four  months,  I  did 
not  feel  justified  in  going  into  the  wood. 

DlSCUSSION 

"With  reference  to  the  request  for  an  opinion  as  to  the  best  timber  to  purchase  to 
be  used  for  lock  gate  sills  and  seals  during  the  1939  overhaul,  our  data  shows  12  timbers 
that  have  pronounced  resistance  to  teredoes.  Some  show  damage  by  the  two  pholads, 
Martesia  striata  and  Hiata  injelix.  These  pholads  do  not  go  into  the  timber  more  than 
l.S  inches  and  some  surface  treatment  will  eliminate  them  or  reduce  greatly  their  number. 

"The  resistant  timbers  belong  to  the  following  families: 
Lecythidaceae,  Manbarklak,  Eschweilera  longipes  or  E.  corrugata 
Amygdalaceae,  Sponsehoedoe,  Licania  macrophylla 

FoENGOE  or  VoNKHOUT,  PaHnarium  campestre 
Anoura,  Couepia  sp. 

Myrtaceaea,  Turpentine  Wood,  Syncarpia  glomulifera  (S.  Laurifolia  synonym) 
Malabayabas,  Tristania  decorticata 
Kajol  Lara,  Metrisideros  sp. 

Caesalpiniaceae,  Basra  Locus  or  Angelique,  Dicorynia  paracusis 
Alcornoque,  Dimorphandra  megistosperma 

Rosaceae,  Kajol  Malas,  Parastemon  urophyllum 

'I  do  not  have  the  specific  names  for  either  Kolaka  (Celebes)  or  Brush  box  (New 
South  Wales). 

"The  very  best  of  these  is  Manbarklak  and  it  should  be  easy  to  obtain.  The  trees 
grow  about  100  feet  tall,  3  to  4  feet  in  diameter  near  the  ground,  and  logs  30  to  SO  feet 
by  28  inches  square,  free  of  sap  should  be  obtainable.  The  wood  weighs  about  76  pounds 

per  cubic  foot.  In  British  Guiana  it  is  called  'kakarelli'.  As  to  the  specific  name,  we 
have  been  calling  this  Eschweilera  longipes,  but  it  is  probably  E.  corrugata. 

"Basra  Locus  or  Angelique  also  grows  to  about  100  feet  in  height,  with  long  clear 
boles  nearly  5  feet  in  diameter.  The  weight  is  about  50  pounds  per  cubic  foot  (47-56). 
It  occurs  throughout  the  Guianas,  especially  French  Guiana,  and  into  the  lower  Amazon 
valley. 

"Foengoe  grows  to  a  height  of  about  75  feet,  with  a  diameter  of  24-30  inches,  and 
is  found  in  the  Guianas,  Trinidad  and  northern  Brazil.     It  is  common  in  British  Guiana." 

"Brush  Box,  Kolaka,  Kajol  Lara  and  Kajol  Malas  are  all  very  good  timbers  but  it 
may  be  more  difficult  and  expensive  to  obtain  them. 

"Of  the  families  mentioned,  the  Lecythidaceae  (monkey-pot  family)  deserves  consid- 
eration. It  is  suggested  that  as  many  as  possible  of  the  species  of  this  family 

be  tested  for  teredo  resistance.  In  order  that  the  data  may  have  lull  value,  herbarium 
specimens  of  each  tree  should  be  prepared,  and  at  least  two  samples  of  the  wood  should 
be  set  aside  for  the  Forest  Products  Laboratory  of  the  Department  of  Agriculture  and 

the  Department  of  Forestry  of  Yale  University,  for  microscopic  study.'' 
In  the  report  there  follows  a  list  of  14  species  of  this  family  found  in  Panama  and 

16  species  found  in  Venezuela,  Colombia,  the  Guianas  and  Brazil. 

CHEMICAL  WARFARE  SERVICE  SPECIMENS 

Series  No.  1 

No.  1 — 1  percent  solution  of  ammoniacal  copper  carbonate. 
Only  the  test  pieces  at  San  Juan,  P.R.  and  in  San  Francisco  Bay  remain  under 

observation  after  12  years  of  submersion,  the  remainder  having  failed.  Both  these  speci- 
mens show  some  deterioration  since  the  1936  inspection. 
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No.  2 — 1  percent  diphenylamine  chlorarsene  in  creosote. 
The  remaining  pieces,  which  are  at  San  Juan  and  in  San  Francisco  Bay  show  no 

deterioration  since  the  1936  inspection. 
No.  3—0.75  percent  diphenylamine  and  0.5  percent  penyldichlorarsene  in  fuel  oil. 
The  only  pieces  of  this  treatment  which  remain  are  in  San  Francisco  Bay.  Both 

show  fairly  heavy  limnoria  attack  and  one  of  them  shows  teredo  attack  for  the  first 
time  this  year. 

Series  No.  2 

A  series  of  test  pieces  were  prepared  at  Edgewood  Arsenal  in  1931.  The  control 
pieces  were  treated  with  AREA  No.  1  creosote  and  ten  other  treatments  were  used,  five 
using  creosote  and  five  fuel  oil  as  carriers  for  methyl  arsenious  oxide,  diphenylamine 
chlorarsene  and  dinitrophenol  in  varying  proportions. 

Two  sets  of  these  test  pieces  were  placed  with  the  Corps  of  Engineers  U.S.A.  for  test 
at  Fort  Tilden,  N.Y.,  and  Castle  Pinckney  in  Charleston  Harbor,  S.C,  with  the  Bureau 
of  Lighthouses  at  San  Juan.  P.R.,  with  the  Panama  Canal  at  Miraflores,  C.Z.,  with  the 
Bureau  of  Yards  and  Docks  U.S.N,  at  the  Naval  Air  Station  at  Pensacola,  Fla.,  the 
Puget  Sound  Navy  Yard  at  Bremerton,  Wash.,  the  Pearl  Harbor  Navy  Yard  at  Pearl 
Harbor,  H.I.,  and  the  Cavite  Naval  Station  at  Cavite,  P.I.,  and  with  the  Southern  Pacific 
Lines  at  San  Francisco  Bay.  All  of  the  pieces  at  Cavite  were  so  heavily  attacked  by 
pholads  that  these  tests  were  discontinued  in  1936. 

At  Fort  Tilden,  one  creosoted  piece  was  heavily  attacked  by  teredo  and  those  with 
chemical  additions  were  not  appreciably  attacked.  The  pieces  treated  with  chemicals  in 
fuel  oil  all  showed  some  attack  by  teredo  and  limnoria.  These  two  sets  of  pieces  hang 
on  opposite  sides  of  a  rather  narrow  dock.  The  untreated  control  piece  on  the  east  side 
was  half  destroyed  by  teredo  and  limnoria  while  the  one  on  the  west  side  showed  only 
a  light  attack. 

At  Castle  Pinckney,  the  creosoted  pieces  have  been  attacked,  principally  through  the 
poorly  treated  ends  while  the  oil  treated  pieces  have  been  destroyed. 

At  San  Juan,  the  untreated  control  pieces  do  not  show  as  heavy  attack  as  is  usual 
at  this  station.  The  creosoted  pieces  are  all  attacked  on  the  poorly  treated  ends  while 
the  oil  treated  pieces  are  more  heavily  attacked. 

At  Pensacola,  the  creosoted  pieces  are  attacked  by  limnoria,  principally  at  the  ends. 
The  oil  treated  pieces  are  either  heavily  attacked  by  both  teredo  and  limnoria  or  are 
totally  destroyed. 

In  San  Francisco  Bay  the  attack  has  been  much  lighter  in  the  last  few  years  than  it 
formerly  was.  The  creosoted  pieces  all  show  some  attack  in  the  ends  while  the  oil 
treated  pieces  are  more  heavily  attacked. 

At  the  Puget  Sound  Navy  Yard  only  three  pieces  remain,  all  treated  with  creosote 
and  they  are  sound. 

.\t  the  Pearl  Harbor  Navy  Yard,  the  untreated  control  pieces  were  all  destroyed. 
The  creosoted  pieces  were  attacked  by  Martesia  but  very  little  damaged  by  teredo  or 
limnoria  while  the  oil  treated  pieces  were  all  heavily  attacked  and  some  of  them  destroyed. 

S.AN  Francisco  Bay  Tests 

Barrett  Manufacturing  Company  Material 

30  pieces  were  treated  with  creosotes  of  varying  composition  and  two  methods  of 
manufacture.  They  were  submerged  under  instructions  from  Dr.  Hermann  von  Schrenk 
and  S.  L.  Church  by  the  Southern  Pacific  Lines  in  January,  1923.  Very  little  attack  has 
occurred  on  any  of  the  pieces  and,  consequently,  there  is  no  indication  that  any  one  of 
the  creosotes  is  any  better- than  any  one  of  the  others. 

Marine  Test  Piles 

The  following  tables  and  statements  give  the  1937  condition  of  the  four  sets  of  test 
piles  driven  in  1919  and  1920  at  Seattle,  Washington;  Tiburon  on  San  Francisco  Bay; 
San  Pedro  and  San  Diego,  California.  Each  set  originally  consisted  of  seven  piles  as 
follows : 

3  old  creosoted  fir  piles,  originally  driven  in  1890       Table  1-A 
1  "  "  •'       "  «  "        "    1901            "       1-B 

2  new,  freshly  creosoted  fir  piles,  originally  driven  in  1919-1920. ...       "      1-C 
1  untreated  fir  pile,  originally  driven  in  1910-1920 
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The  untreated  piles  were  all  destroyed  in  three  or  four  years,  leaving  six  piles  in 
each  set. 

The  set  at  San  Diego  was  exposed  for  test  by  the  Atchison,  Topeka  and  Santa  Fe 
Railway  Company  in  their  wharf  No.  63  until  the  wharf  was  dismantled  in  1925.  After 
being  repaired,  the  pUes  were  redriven  by  the  Southern  Pacific  Company  at  Long  Beach, 
California,  and  the  test  continued. 

Test  Piles — Tab-le  1-A 

Creosoted  fir  pUes  from  Southern  Pacific  Company's  Old  Long  Wharf,  Dock  "A", 
Oakland,  California,  originally  driven  in  1890,  pulled  in  1919  and  redriven  elsewhere. 
Exposed  to  marine  borer  attack  forty-seven  years  to  date. 

Redriven  fOr  Test  1937  Inspection 
Mark    Date     Railroad        Location  Remarks  Borers 

A-  6    1920  NP  Ry  Co.     Seattle  Free  from  teredo       Teredo 
A-  8    1920  NP  Ry  Co.     Seattle  Free  from  teredo           and 
A-32    1920  NP  Ry  Co.     Seattle  Free  from  teredo       Limnoria 

Underwater  inspection  of  Aug.  1937  by  W.  S.  Ben- 
jamin, Diver.  Very  little  teredo  action  in  these  waters 

but  considerable  Limnoria  action  between  high  and 
low  tide. 

A-19    1919  NWP  RR       Tiburon  Two  infected  points  in  1936.    1937  inspection  shows 
teredo  have  entered  in  3  places  in  check,  in  spots  2     Teredo 
inches  long  by  %  inch  wide.    Probably  greater  infec-    Limnoria 
fection  below  shell.     This  pile  previously  reported     Bankia 
leaning  and  still  leans,  slightly  less  rigid  than  other 
test  piles  but  cannot  be  pushed  over  by  one  man.    It 
has  leaned  for  six  or  seven  years  and  was  probably  so 
driven. 

A-28    1919  NWP  RR       Tiburon  No  checks  or  infections  apparent 
A-29    1919  NWP  RR       Tibui-on  Condition  good,  no  evidence  of  attack. 
A-  5    1919  S.  P.  Co.         San  Pedro       Limnoria  working  above  copper  plate  placed  in  1928. 

Rest  of  pile  in  good  condition.  Limnoria 
A-20    1919  S.  P.  Co.         San  Pedro       24  feet  water  at  low  tide.    Condition  good. 
A-34    1919  S.  P.  Co.         San  Pedro       16  feet  water  at  low  tide.    2  holes  3  inches  deep,  filled 

with  asphaltic  cement  concrete  in  1927  and  covered 
with  copper  plate  in  good  condition.    No  change. 

A-  2    1920  AT  &  SF        San  Diego       Pile  pulled  in  1925  at  San  Diego  and  redriven  at  Long 
Beach.  Limnoria 

A-  2    1925  S.  P.  Co.         Long  Beach    Holes  attacked;  repaired  in  1925.    No  further  attack. 
Pile  destroyed  by  Stmr.  Wapama  8-8-33. 

A-  7    1920  AT  &  SF        San  Diego       Pulled  in  1925  and  redriven  at  Long  Beach. 
A-  7    1925  S.  P.  Co.  Long  Beach    Condition  good.     No  sign  of  borers. 
A-33    1920  AT  &  SF        San  Diego       Pulled  in  1925  and  redriven  at  Long  Beach. 
A-33    1925  S.  P.  Co.         Long  Beach    Holes  of  1925  repaired.     Condition  good.     No  evi- 

dence of  borers. 

Test  Piles— Table  1-B 

Creosoted  fir  piles  from  Southern  Pacific  Company  Old  Long  Wharf,  Dock  "E", 
Oakland,  California;  originally  driven  in  1901,  pulled  in  1919  and  redriven  elsewhere, 
exposed  to  marine  borers  36  years  to  date. 

Redriven  for  Test 1937  Inspection 
Mark Date    Railroad Location 
E-46 1920  NP  Ry Seattle 

E-42 1919  NWP  RR Tiburon 

E-38    1919  SP  Co. 

E-50 
E-50 

1920  AT  &  SF 
1925  SP  Co. 

Remarks 

No  sign  of  live  teredo.    Some  teredo  and  limnoria  ac- 
tion between  high  and  low  tide. 

Check  at  elev.  0.2  to  elev.  1.2.  Hole  2  inches  in  diam. 
at  surface  in  check  infested  with  limnoria.  Old  patch 
in  check.  No  infestation  in  patch.  Copper  plated 
over  patches  of  petrolastic  cement  placed  in  1925 
have  not  failed  through  corrosion  but  copper  nails 
have  pulled  out  of  wood  or  nails  torn  through  sheets 
by  barnacles  growing  under  edges  of  sheets.  No  ter- 

edo action  evident.  Condition  of  pile  good. 
22  feet  at  low  tide.  Copper  plate  placed  in  1933  in 
good  condition.  Limnoria  working  in  spots  3  inches 
to  4  inches  deep  and  4  to  6  feet  below  high  water 
mark. 
Pulled  in  1925  and  redriven  at  Long  Beach. 

Long  Beach  Light  attack  at  low  water  in  1927  and  1929.  Borers 
working  2  feet  below  high  water  1929  to  1934 — 25 
percent  of  pile  eaten  away  by  limnoria  in  1935.  In- 

spections of  1936  and  1937  show  no  change.  14  fe<>t 
of  water  at  low  tide. 

San  Pedro 

San  Diego 

Borers Teredo 
Limnoria 

Teredo 
Limnoria 
Bankia 

Limnoria 

Limnoria 
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Test  Piles— Table  1-C 

Freshly  treated  fir  piles.  Treated  by  the  Southern  Pacific  Company  in  1919  by  the 
boiling  process  with  14  pounds  of  creosote  per  cubic  foot  and  exposed  to  marine  borer 
attack  17  years  to  date. 

Driven  for  Test 

Mark    Date    Railroad 
47  1920  NP  Ry 

48  1920  NP  Ry 

Location 
Seattle 

Seattle 

43 1919  NWP  RR Tiburon 

44 1919  NWP  RR TiburoD 

40 1919  SP  Co. San  Pedro 

41 1919  SP  Co. San  Pedro 

51 
51 

1920  AT  &  SF 
1925  SP  Co. 

San  Diego 
Long  Beach 

52 
52 

1920  AT  &  SP 
1925  SP  Co. 

San  Diego 
Long  Beach 

1937  Inspection 

Remarks  Borers 

Some  signs  of  limnoria  attack  werefevident  in''1936     Teredo between  high  and  low  tide.    No  teredo  sign  in  1937.     Limnoria 
Condition  good. 
Check  near  bottom  showed  teredo  sign  in  1933,  also 
small  check  15  feet  above  mud  Nov.  1933.  No  live 
teredo  in  1936.  In  1937  teredo  in  small  place  near 
mud  line  and  in  spot  handsize  about  14  feet  above 
mud  line.  Some  limnoria  action  between  high  and 
low  tide.    Condition  of  pile  good. 
No  sign  of  infestation.  No  checks  between  high  and 
low  tide.    Condition  of  pile  good.  Teredo 
Slight  check  elevation  2  to  o.    Not  yet  noticeably  in-     IJmnoria 
fested  but  probably  will  be  next  year.     Check  open-     Bankia 
ing  up  at  elevation  2  and  beir,g  entered  by  barnacles. 
Ground  exposed  at  low  tide.     Condition  good.     No     Limnoria 
attack. 
Ground  exposed  at  low  tide.  Condition  good.  No 
attack. 
Pulled  in  1925.     Redriven  Long  Beach.  Limnoria 
14  feet  of  water  at  low  tide.     Some  holes  showing  in     Limnoria 
1925  were  rf  piirrd.    Few  I  orrrs  worling  at  low  water 
in  1932:  holes  repaired.    No  sign  of  borer  action  since. 
Pulled  in  1925.     Redriven  Long  Beach. 
14  feet  of  water  at  lo^  lide.    Some  holes  in  1925  re-     Limnoria 
paired  with  petrolastic  cement.    No  attack  since. 

NEW  ENGLAND  REPORT 

The  study  of  marine  borers  and  their  activities  has  been  expanded  by  the  addition 
of  more  test  boards  and  the  reporting  of  many  more  water  analyses.  There  seems  to  be 
some  indication  that  sewage  has  less  effect  than  industrial  wastes.  There  are  now  about 
200  test  boards  being  operated  in  New  England  and  about  20  in  Nova  Scotia,  New 
Brunswick  and  Newfoundland. 

LiMNORU 

In  no  location  has  the  intensity  of  the  attack  by  limnoria  decreased  during  the  year 
and  in  the  majority  of  the  test  board  locations  there  has  been  an  enormous  increase  in 
the  number  of  limnoria  found.  Since  the  damage  done  by  this  species  is  almost  directly 
proportional  to  the  number  of  individuals  this  increase  is  a  very  serious  matter  for  the 
owners  of  wharves  and  other  structures  built  on  untreated  timber. 

In  Boston  Harbor  the  limnoria  are  still  increasing  in  number  at  locations  where  they 
have  been  previously  found  and  are  now  being  found  at  points  where  they  had  not  been 
present  before.  In  the  Fort  Point  Channel  and  the  Charles  and  Mystic  Rivers  no  lim- 

noria had  been  found  before  this  year  while  now  they  appear  on  every  test  block.  Tables 
No.  1  and  No.  2  show,  respectively,  the  increase  in  a  location  where  a  few  limnoria  were 
found  during  the  National  Research  Council  investigation  and  in  another  where  none 
were  found. 
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Table  No.  1 

Limnoria  count  on  Test  Boards  operated  in  the  vicinity  of  the 

Boston  Navy  Yard 

1922 

January      
February      
March      
April      
May      
June      
July      
August      
September            0 
October            0 
November            1 
December            0 

1923 11 

6 
0 
0 
6 
6 

0 30 
2 20 
0 

100 

1934 1935 1936 1937 

2000  2000  5000 
2000  2000  4000 
2000  2000  3000 
100  2000  4S00 

60           200  2000  4500 
75           100  750  3500 

400           100  2500  3500 
800         1000  2500  5000 

1000         1000  2500  5000 
1000         1000  4500 
1000         1000  4500 
2000         1000  4000 

The  count  recorded  on  a  standard  test  block,  when  the  census  is  high,  is  calculated 
from  the  number  of  individuals  per  square  inch  of  surface. 

Table  No.  2 

Limnoria  count  on  Test  Boards  in  the  Mystic  River,  Boston 

1922         1923 

January      Test   boards 
February        during      these 
March       years  failed 
April        to  record  any 
May        trace   of   lim- 
June       noria. 
July      
August     
September     
October      
November      
December      

35 
1936 

1937 

0 160 
0 175 
2 

12 
0 3 250 
0 3 180 
0 

16 

2500 0 

65 

1000 
0 

230 
3500 

20 27 

20 100 20 

00 
180 130 

This  station  provides  an  excellent  example  of  increased  limnoria  activity.  The  counts 
listed  were  made  on  blocks  submerged  the  same  length  of  time  (8  months)  and  at  the 
same  location  and  depth. 

The  above  examples  are  not  exceptional.  In  many  other  harbors  comparable  con- 
ditions prevail.  The  data  accumulated  during  the  last  four  years  indicate  the  probability 

that  timber  depreciation  in  the  North  Atlantic  due  to  limnoria  activity  will  be  more 
rapid  in  the  future  than  in  the  past. 

Chelura 

This  crustacean  is  much  more  destructive  than  limnoria  and  has  been  found  very 
seldom  in  American  waters  until  recent  years.  It  appeared  first  at  the  Army  Base  in 
Boston  Harbor  in  1934  and  has  been  found  this  year  in  12  New  England  harbors.  Those 
harbors  in  which  it  has  been  found  in  destructive  numbers  are: 

Boston,  Mass. 
Provincetown,  Mass. 
Nantucket,  Mass. 

Martha's  Vineyard,  Mass. 
New  Bedford,  Mass. 

Woods  Hole,  Mass. 
Newport,  R.I. 
Stonington,  Conn. 
New  London,  Conn. 

Mystic,  Conn. 

I 
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Teredo 

Teredo  navalis  has  always  been  the  most  destructive  borer  in  New  England  waters. 
Its  activities,  until  recently,  have  been  almost  entirely  confined  to  harbors  south  of  Cape 
Cod.  There  have  been,  in  the  past,  very  few  records  of  any  destruction  by  this  species 
north  of  Cape  Cod.  It  is  also  true  that  test  boards  operated  in  some  harbors  in  southern 
Massachusetts,  Rhode  Island  and  Connecticut,  have  for  many  years  failed  to  record  any 
trace  of  teredo.  Past  inspections  of  wharves  and  submerged  timbers  in  these  harbors 
have  also  never  revealed  any  teredo  activity.  For  example,  boards  operated  near  the 
Bell  Dock  in  New  Haven  Harbor  for  several  years  have  failed  to  record  any  trace  of 
teredo  until  1936.     In  1937  these  test  boards  show  a  heavy  destructive  attack. 

Other  previously  more  or  less  immune  harbors  in  which  test  in  1936  boards  recorded 
a  heavy  attack  are  Greenwich.  Stamford,  Norwalk,  Bridgeport,  Saybrook  and  Stonington, 
Connecticut  and  Providence,  R.I.  There  has  been,  therefore,  a  great  increase  in  teredo 
activity  south  of  Cape  Cod. 

North  of  Cape  Cod  the  same  thing  is  true  but  it  is  more  disturbing  because,  while 
the  harbors  south  of  Cape  Cod  had,  some  of  them,  sometimes  shown  a  wandering  teredo 
there  had  been  very  few  found  in  the  northern  New  England  harbors.  In  1937,  teredo 
appeared  in  destructive  numbers  in  Winthrop,  Salem,  Beverly  in  Massachusetts  and  also 
in  Portland  and  Searsport,  Maine.  Attack  has  also  occurred  in  previously  immune 
harbors  of  Nova  Scotia  and  Newfoundland. 

Evidence  is  abundant  that  the  range  of  Teredo  navalis  has  been  very  much  extended 
to  the  north  in  the  last  three  or  four  years.  In  addition  Teredo  tryoni  and  Teredo 
dilatata,  never  previously  recorded  in  New  England  harbors  have  caused  considerable 
damage;  the  first  in  New  London,  Conn.,  and  the  last  in  Beverly,  Mass.  Teredo  dilatata 
is  a  much  more  destructive  organism  than  Teredo  navalis;  one  individual  found  in  a  test 
board  in  Beverly  had  reached  a  length  of  more  than  30  inches. 

There  seems  to  be  no  doubt  that  the  range  of  the  destructive  species  previously 
known  in  New  England  has  extended  to  the  north  and  this  raises  the  question  as  to 
whether  other  species  are  not  also  moving  north.  There  is  no  evidence  known  to  this 
Committee  because  there  are  no  test  boards  operating,  so  far  as  is  known  in  the  territory 
which  would  show  it.  That  is  between  the  Virginia  capes  and  the  New  York- 
Connecticut  boundary. 

Summary 

The  tests  of  tropical  timbers  which  have  been  carried  on  in  the  Panama  Canal  Zone 

have  shown  their  value  by  the  discovery  of  several  timbers  which  have  high  resistance 

to  marine  borer  attack.  Because  this  attack  is  much  more  destructive  in  tropical  than 
in  temperate  waters  it  is  probable  that  the  timbers  which  show  high  resistance  in  Panama 

would  give  very  long  service  in  more  northerly  waters. 

The  results  of  the  New  England  investigation  show  that  no  harbor  in  salt  water  can 

safely  be  considered  permanently  immune  from  attack.  The  result  of  attack  in  a  large 
harbor  which  has  been  considered  immune  is  seen  in  Boston.  Papers  presented  at  a 

recent  meeting  of  the  .\merican  Society  of  Civil  Engineers  described  the  repairs  to  two 

docks  in  Boston  which  had  been  necessitated  by  borer  attack.  The  cost  of  repairs  to 

the  two  structures,  alone,  out  of  the  many  which  had  been  injured  was  about  $1,800.00. 

Conclusions 

It  is  recommended  that  this  report  be  accepted  as  information  and  the  subject 
continued. 
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Appendix  C 

(5)     DESTRUCTION  BY  TERMITES  AND  POSSIBLE  WAYS 
OF  PREVENTION 

Dr.  Hermann  von  Schrenk,  Chairman,  Sub-Committee;  Wm.  G.  Atwood,  E.  A.  Craft, 
F.  D.  Mattos,  F.  B.  Robins,  W.  A.  Summerhays. 

REPORT  OF  FINAL  INSPECTION  OF  TERMITE  SOIL  POISON  TEST 

At  Florissant,  Missouri 

In  the  Proceedings  of  the  American  Railway  Engineering  Association,  Volume  34, 
page  483,  1933,  the  Committee  made  a  brief  mention  of  a  test  to  determine  the  efficiency 
of  soil  poisons  with  reference  to  termites. 

This  experiment  was  left  undisturbed  until  April  13,  1937,  when  all  of  the  posts 

were  taken  out  of  the  ground  and  inspected  as  they  were  being  removed  for  the  presence 
of  live  termites.  The  posts  were  then  taken  to  the  laboratory,  where  all  of  the  dirt  was 
removed,  and  they  were  then  finally  inspected. 

As  indicated  in  the  1933  report  this  test  consisted  of  a  number  of  pieces  of  2  X  4's 

of  wide  ring  Southern  Pine.  Sixteen-foot  2  X  4's  were  used,  each  of  which  was  cut  into 
8  two-foot  pieces.  Each  piece  was  sharpened  at  the  end  so  that  it  could  be  easily  driven 

into  the  ground.  For  each  soil  poison  test  4  pieces  of  2  X  4's  were  used,  together  with 

one  control  piece.  Each  of  the  pieces  was  taken  from  a  different  2X4.  The  2  X  4's 
were  each  given  numbers  from  1  to  13  and  the  8  panels  were  each  given  a  number  from 

1  to  8.  In  the  table  which  follows  the  2X4  number  always  comes  first  and  the  panel 
number  second.  In  addition  to  these  two  numbers  each  of  the  control  posts,  that  is, 

the  ones  to  which  no  soil  poisons  were  applied,  is  preceded  by  the  letter  "C";  so,  for 

instance,  for  soil  poison  No.  1,  Magnesium  fluosilicate.  Panel  No.  1  from  2  X  4's  1,  2,  3, 
and  4  were  used,  and  for  the  control  Panel  No.  8  of  2  X  4  No.  1.  The  object  of  taking 

the  panels  from  different  2  X  4's  was  that  there  would  be  some  variability  ifi  the  wood, 
which  might  or  might  not  have  affected  the  final  results. 

After  the  posts  were  piled  in  separate  piles  for  each  soil  poison,  they  were  driven 

into  the  ground,  according  to  the  following  plan:  Five  posts  composed  one  set  for  a 

specific  soil  poison;  these  were  driven  in  a  row  2  feet  apart;  a  space  of  7  feet  was  then 
left  in  the  row,  and  a  second  series  of  S  posts  were  driven,  etc.  After  the  completion  of 
one  row  a  second  row  was  started  8  feet  from  the  first  row.  Altogether  there  were  5 

rows.  Each  post  was  carefully  labeled  with  a  plan  number,  as  shown  in  the  following 

tables,  stenciled  on  a  heavy  copper  label  fastened  to  the  top  of  each  post  with  copper 
nails. 

Attention  is  again  called  to  the  fact  that  the  posts  were  driven  in  a  flat  porous  loam 
soil,  where,  up  to  the  time  of  the  preparation  of  the  ground,  termites  had  been  very 
active,  destroying  stumps  of  apple  trees,  posts,  and  other  pieces  of  wood.  At  the  time 

of  the  driving,  the  soil  was  fairly  moist,  except  the  upper  inch  or  two.  It  was  a  warm 
clear  day  in  the  middle  of  May,  1932. 

After  the  posts  had  been  driven  so  that  each  projected  from  the  ground  6  inches, 
a  flat  place  was  cleared  around  each  post,  making  a  circle  of  about  one  foot  in  diameter. 

The  various  compounds  to  be  tested  were  then  poured  over  the  area  around  the  4  posts 
assigned  to  the  compound.  When  the  liquids  had  been  put  into  the  soil,  the  treated 
area  was  covered  with  loose  earth.  It  should  be  noted  that  the  last  post  to  the  north 

in  each  of  the  sets  was  used  as  a  control.  Practically  all  of  the  liquids  were  quickly 
absorbed  by  the  ground.    The  one  that  took  the  longest  was  Compound  No.  22,  water 
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and  crankcase  oil.  The  solids,  like  No.  19,  Anaconda  Treater  Dust  Paste,  and  No.  7, 

Paradichlorbenzene,  were  put  into  the  ground  up  against  the  posts,  and  were  then 
covered  with  a  layer  of  soil. 

Table  1  gives  a  list  of  the  compounds  used,  the  strength  of  solution,  and  the  number 
of  cubic  centimeters  of  liquid  or  grams  of  solid  applied  for  each  of  the  sets. 

Immediately  after  the  application  of  the  various  substances,  a  piece  of  very  heav>' 

asphalt  sheet  roofing,  18"  X  18"  was  put  over  the  top  of  the  posts,  and  nailed  to  the 
end  of  each  one.  This  sheet  very  soon  drooped  at  the  edges  and  formed  an  effective 

roof.  The  idea  in  using  this  cover  was  to  protect  the  immediate  region  around  the  posts 
from  rainfall. 

In  order  to  make  the  whole  ground  attractive  to  the  termites,  untreated  pieces  of 
wood  were  buried  and  scattered  over  the  area.  The  place  was  then  left  to  itself,  except 

that  ever>'  once  in  a  while  the  weeds  were  cut. 

Fig.  1. — General  View  of  Test  Plot. 

The  accompanying  photograph,  Fig.   1,  gives  an  idea  of  the  carrying  out  of  the 
experiment  and  what  the  posts  looked  like  after  they  were  driven  and  covered. 

Inspection  April  13,  1937 

In  the  original  plan  it  was  expected  to  pull  out  the  posts  after  a  year  or  two, 
examine  them,  and  reset  them.  However,  it  was  decided  to  leave  them  for  a  longer 

period,  because,  after  all,  there  was  a  possibihty  that  a  short  term  trial  might  indicate 
a  high  degree  of  protection,  whereas  if  left  for  a  longer  period  the  substances  applied  to 

the  soil  would  have  a  greater  opportunity  to  disappear,  if  they  were  going  to  do  so. 

It  was  believed  that  if  the  posts  were  pulled  at  the  end  of  one  year  and  then  redriven, 

the  situation  might  be  changed.  This  accounts  for  the  fact  that  the  inspection  was 
delayed  for  five  years. 

In  making  the  inspection  S  grades  of  attack  for  both  termite  attack  and  decay  due 
to  fungi  were  established  as  follows: 
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Termite  Attack  Decay 

1     Not  eaten  No  decay 
2     Slightly  eaten  Slight  decay 
3    Considerably  eaten  Considerable  decay 
4    Badly  eaten  Badly  decayed 
5     Entirely  eaten  Wholly  decayed 

Table  2  gives  a  detailed  account  of  the  results  of  the  inspection  arranged  according 
to  compounds. 

Table  3  shows  the  results  of  the  inspection  arranged  according  to  the  pieces  cut 

from  the  same  2X4;  in  other  words,  2X4  No.  1  was  cut  into  8  pieces,  and  in  each 

case  the  compound  used  for  each  piece  is  given,  as  well  as  the  results  of  termite  attack 

and  decay  action. 

In  order  to  arrive  at  any  conclusions,  we  had  to  take  into  account  the  degree  of 

protection  afforded  by  the  compound  against  termite  attack,  and  the  difference  in  wood 

density,  that  is,  whether  the  same  kind  of  attack  took  place  in  the  pieces  coming  from 

different  2  X  4's,  which  meant  different  types  of  wood.  Referring  to  Table  2,  where 
the  results  of  the  inspection  are  given  in  detail  by  compounds,  it  will  be  noted  that,  with 

the  exception  of  the  Compound  No.  9,  Trichlorbenzene,  none  of  the  compounds  used 

was  100  percent  effective  in  guarding  against  termite  attack.  The  striking  thing  about 
this  latter  compound  is  that,  not  only  were  the  4  posts  that  were  treated  not  attacked, 

but  also  the  control  was  not  attacked.  The  only  way  we  have  been  able  to  explain  this 

was  that  the  compound  had  sufficient  penetrating  power  to  reach  across  to  the  control, 

and  drive  the  termites  from  it  as  well.  There  is,  of  course,  also  the  possibility  that  there 
were  no  termites  at  that  point,  but  this  seems  hard  to  believe  because  they  were  so 

uniformly  present  all  over  the  tract. 

No.  19,  Anaconda  Treater  Dust  Paste,  had  one  post  which  was  not  attacked  at  all 
by  the  termites,  and  another  one,  which  apparently  was  free  from  termites,  but  had 

been  attacked  by  sow  bugs. 

One  point  which  must  be  very  greatly  emphasized  is  that  there  was  considerable 

difference  in  the  presence  of  termites  in  the  various  pieces  of  wood  when  they  were  taken 

from  the  ground.  A  study  of  the  detailed  results  in  Table  2  shows  that  in  a  great  many 

cases,  while  the  posts  had  been  eaten  either  slightly  or  severely,  no  live  termites  were  in 
evidence  at  the  time  of  removal.  Great  care  was  taken  in  each  case,  both  at  the  time 

of  removal  and  later  on,  to  make  certain  whether  there  were  any  live  termites  in  the 

pieces  or  not.  The  appearance  or  nonappearance  may  have  been  due  to  the  fact  that 

the  substances  applied  began  to  weaken  in  their  protective  function  ver>'  shortly  after 
they  were  applied  to  the  soil.  In  that  case  the  posts  were  attacked  by  the  termites  very 

soon  after  they  were  driven.  In  other  cases  the  compounds  may  have  become  attenuated 

only  after  two  or  three  years.  We  gained  the  impression,  particularly  in  those  marked 

"slightly  eaten",  that  the  compound  had  reached  its  limit  of  protective  value,  and  the 
termites  were  then  able  to  attack  the  posts. 

One  of  the  factors  which  has  been  referred  to  was  the  problem  of  knowing  whether 

the  termites  reacted  in  a  different  manner  for  the  pieces  taken  from  different  2  X  4's. 
Reference  to  Table  3  will  show  that,  while  there  is  some  variability,  this  is  hardly  mate- 

rial. Take,  for  instance,  2  X  4's  Nos.  5,  6,  7,  8,  Compound  No.  IS,  Betanaphthol,  showed 
3  entirely  eaten,  and  one  slightly;  Compound  No.  18,  Termiteol,  with  pieces  from  5,  6,  7, 

showed  one  slightly,  and  two  considerably  eaten;  Compound  No.  12,  Dichlororthophenyl, 

with  three  pieces  from  6,  7,  8,  showed  one  slightly,  one  considerably,  and  one  entirely 

eaten;  Compound  No.  21,  Lead  Arsenate,  with  pieces  from  S  and  6,  showed  both- badly 
eaten;   Compound  No.  2,  Sodium  fluosilicate,  with  pieces  from  5,  6,  7,  8^  showed  two 
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slightly  and  two  entirely  eaten.  In  order  to  get  a  visual  determination,  we  arranged  the 

pieces  by  2  X  4"s  to  see  if  there  was  any  2X4  worse  than  any  other,  or  vice  versa. 
We  were  unable  to  find  any  single  set  of  pieces  from  any  2X4  which  showed  any 

markedly  greater  or  lesser  resistance,  irrespective  of  compound.  This  was  rather  strik- 
ing because  when  we  arranged  the  posts  by  compounds  No.  9  stood  out  so  markedly 

that  there  was  no  mistaking  its  resistance,  irrespective  of  the  2  X  4's  from  which  the 
individual  posts  were  cut. 

Specimens  of  the  termites  which  attacked  these  posts  were  sent  to  Dr.  T.  E.  Snyder 
of  the  United  States  Bureau  of  Entomology,  who  identified  them  as  Reticulitermes 
flavipes  Kol. 

The  final  conclusion  drawn  is  that  none  of  the  substances  experimented  with,  except 
Compound  No.  9,  Trichlorbenzene,  fully  protected  the  pieces  of  wood  after  exposure 
for  five  years.  No  compound  can  be  regarded  as  an  effective  soil  poison,  which,  after 
as  short  a  time  as  S  years,  showed  signs  of  failure  to  protect  the  wood  against  these 

insects.  Trichlorbenzene  was  an  exception.  How  much  longer  this  would  have  pro- 
tected the  wood  is,  of  course,  impossible  to  tell.  Further  experiments  therewith,  how- 

ever, should  be  made. 

It  may  be  well  to  emphasize  again  at  this  point  that  this  test  dealt  exclusively  with 

soil  poisons  applied  to  the  ground  around  untreated  pine  posts,  and  has  no  bearing 
whatsoever  upon  the  resistance  to  attack  by  termites  of  timber  impregnated  by  pressure 
process  with  any  of  these  compounds. 

Attached  hereto  are  a  series  of  photographs  showing  the  appearance  of  these  posts 

after  their  removal  from  the  ground.     Figs.  2-7. 
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Fig.  2.— 1  Magnesium    Fluosilicate 
2  Sodium  Fluosilicate 
3  Borax 
4  Sodium  Chloride 

isjoTK. — In  Fig.  2  to  7,  inclusive,  the  five  pieces  for  each  test  are  shown  in  the  figures 
in  the  reverse  order  from  what  they  are  given  in  Table  2.  The  first  piece  at  the  left  in 

all  cases  is  the  Control.  So,  for  instance,  in  Fig.  1  (See  Table  2)  the  first  piece  at  the 

left  is  the  Control  C-A-&;  the  next  piece  is  3-2;  the  third  piece  is  2-2;  the  fourth  piece 

is  1-2;  the  fifth  piece  at  the  right  is  13-1.    This  reversal  holds  for  all  of  the  figures. 
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Fig.  3.- — 5  Sodium  Arsenite 
6  Orthodichlorbenzene 
7  Paradichlorbenzene 

8  Solvent   "75"   (Hooker) 
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Fig   4.—  9  Trichlorbenzene  (Hooker) 

10  Alphachlornaphthalene  (Hooker) 
11  Orthophenylphenol 
12  Dichlorothophenyl 
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Fig.  S. — 13  Sodium  Orthophenylphenate 
14  Sodium  Dichlorphenylphenate 
15  Betanaphthol 
16  Creosote 
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Fig.  6. — 17  Terminix 
18  Termiteol 
19  Anaconda  Treater  Dust  (Paste) 
20  Crankcase  Oil 
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Fig.  7. — 21  Lead  Arsenate 
22  Water  and  Crankcase  Oil 
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Table  1 

TERMITE  SOIL  POISON  TEST  AT  FLORISSANT,  MISSOURI 

Compounds  May  1932 

1.  Magnesium  fluosilicate      Solution  S  percent  500  cc 

2.  Sodium  fluosilicate            "        2  percent  500  cc 
3.  Borax            "        5  percent  500  cc 
4.  Sodium   chloride                    Dry  500  grams 
5.  Sodium  arsenite     Solution  5  percent  500  cc 
6.  Orthodichlorbenzene                     —  500  cc 
7.  Paradichlorbenzene                     —  400  grams 
8.  Solvent  "75"  (Hooker)                     —  500  cc 
9.  Trichlorbenzene   (Hooker)                     —  500  cc 
10.  Alphachlornaphthalene  (Hooker)                     —  500  cc 
11.  Orthophenylphenol  (Dow)   Naphtha  Solution  2  pounds  per  gallon  500  cc 
12.  Dichlorothophenyl  (Dow)    Naphtha  Solution  2  pounds  per  gallon  500  cc 
13.  Sodium  orthophenylphenate  (Dow)  .Water  Solution  2^  pounds  per  gallon  500  cc 
14.  Sodium  dichlorphenylphenate  (Dow)  .Water  Solution  2^^  pounds  per  gal.  500  cc 
15.  Betanaphthol  (5  percent  solution  in  alcohol)                  —  500 cc 
16.  Creosote                     —  500  cc 
17.  Terminix                    —  500  cc 
18.  Termiteol                    —  500  cc 
19.  Anaconda  Treater  Dust  (Paste)                     —  — 
20.  Crankcase  oil                   —  500  cc 
21.  Lead  arsenate       Solution  5  percent  500  cc 
22.  Water  and  Crankcase  oil                  —  500  cc 
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Table  2 

RESULTS  OF  INSPECTION  ON  APRIL  13,  1937,  OF  2  X  4  POSTS  PLACED  IN 
FLORISSANT,  MO.,  MAY  13.  1932,  AROUND  WHICH  22  DIFFERENT  SUB- 

STANCES WERE  PLACED  IN  THE  SOIL,  TO  DETERMINE  THE  PREVEN- 
TION OF  TERMITE  ATTACK 

Compound  No.  1     5  percent  Solution  ok  Magnesium  fluosilic.xte 

Termite  Attack 

1-1   Slightly  eaten,  live  termites  present 
2-1   Entirely  eaten 
31-1   Considerably  eaten 
4-1   Badly  eaten,  live  termites  present 
C-1-8   Slightly  eaten 

Decay 

No  evidence  of  decay 
No  evidence  of  decay 
No  evidence  of  decay 
No  evidence  of  decay 
No  evidence  of  decay 

Compound  No.  2     2  percent  Solution  of  Sodium  fluosilicate 

Termite  Attack  Decay 

5-1   Slight  evidence  of  termite  attack  Wholly  decayed 
6-1   Entirely  eaten  Badly  decayed 
7-1   Entirely  eaten  Badly  decayed 
&-1   Slight  evidence  of  termite  attack  Wholly  decayed 
C-2-8   Bad  termite  attack  Wholly  decayed 

Compound  No.  3     S  percent  Solution  of  Borax 

Termite  Attack  Decay 

9-1   Badly  eaten,  full  of  live  termites  Slight  decay 
10-1   Slightly  eaten,  many  live  termites  No  decay 
11-1   Entirely  eaten,  many  live  termites  Entirely  decayed 
12-1   Badly  eaten,  full  of  live  termites  No  decay 
C-3-8     Considerably  eaten,  some  live  termites  Sapwood  decayed 

Compound  No.  4    Dry  Sodium  chloride 

Termite  Attack  Decay 

13-1   Entirely  eaten  Entirely  decayed 
1-2   Badly  eaten,  live  termites  present  Slight  decay 
2-2   Entirely  eaten  Slight  decay 
3-2   Entirely  eaten,  live  termites  present  Entirely  decayed 
C^l-8   No  evidence  of  termites  Entirely  decayed 

Compound  No.  S     5  percent  Solution  of  Sodium  arsenite 

Termite  Attack  Decay 

4-2   Slightly  eaten  Badly  decayed 
S-2   Slightly  eaten  Slightly  decayed 
6-2   Slightly  eaten  Considerably  decayed 
7-2   Slightly  eaten  Badly  decayed 
C-S-8   Slightly  eaten  Entirely  decayed 

Compound  No.  6    Orthodichlorbenzene 

Termite  Attack  Decay 

8-2   Considerably  eaten,  many  live  termites  No  decay 
9-2   Badly  eaten  Badly  decayed 

10-2   Slightly  eaten,  some  live  termites  No  decay 
11-2   Slightly  eaten,  live  termites  present  Entirely  decayed 
C-6-8   Badly  eaten,  live  termites  present  No  decay 
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Compound  No.  7    Paradichlorbenzene 

Termite  Attack 

12-2   Slightly  eaten 
13i-2   Badly  eaten,  some  live  termites 
1-3   Slightly  eaten 
2-3   Slightly  eaten 
C-7-8   Slightly  eaten 

Decay 

No  decay 

Considerably  decayed No  decay 

Entirely  decayed 
Entirely  decayed 

Compound  No.  8    Hooker's  "Solvent  75" 

Termite  Attack  Decay 

3-3   Slightly  eaten,  some  live  termites  Slightly  decayed 
4-3   Slightly  eaten,  some  live  termites  No  decay 
5-3   Considerably  eaten,  large  numbers  live  termites  No  decay 
6-3   Considerably  eaten,  large  numbers  live  termites  No  decay 
C-8-8   Slightly  eaten  Entirely  decayed 

Compound  No.  9    Trichlorbenzene 

Termite  Attack  Decay 

7-3   Not  eaten  Not  decayed 
8-3   Not  eaten  Not  decayed 
9-3   Not  eaten  Not  decayed 

10-3   Not  eaten  Not  decayed 
C-9-8   Not  eaten  Entirely  decayed 

Compound  No.  10    Alphachlornaphthalene 

Termite  Attack  Decay 

1 1-3   Badly  eaten  No  decay 
12-3   Slightly  eaten  No  decay 
13-3   Badly  eaten  No  decay 
1-4   Slightly  eaten,  many  live  termites  No  decay 
C-10-8   Badly  eaten  Badly  decayed 

Compound  No.  11     Orthophenylphenol — dissolved 

Termite  Attack 

2-4   Badly  eaten 
3-4   Considerably  eaten 
4-4   Badly  eaten 
5-4   Considerably  eaten 
C-11-8   Entirely  eaten 

2    POUNDS   PER  GALLON   IN   NaPHTHA 
Decay 

No  decay 
No  decay 

Considerably  decayed No  decay 
No  decay 

Compound  No.  12    Dichlororthophenyl 

Termite  Attack 

6-4   Slightly  eaten 
7-4   Entirely  eaten 
S-4   Considerably  eaten 
9-4   Badly  eaten 
C-12-8   Slightly  eaten 

-dissolved  2  POUNDS  PER  GALLON  IN  NaPHTHA 
Decay 

No  decay 
No  decay 
No  decay 

Entirely  decayed 

Slightly  decayed 

Compound  No.  13    SooitTM  orthophenylphenate  2J4  pounds  per  gallon  of  Water 

Termite  Attack                                                    Decay 

10-4   Slightly  eaten  No  decay 
11-4   Slightly  eaten  Considerably  decayed 
12-4   Slightly  eaten  Considerably  decayed 
13-4   Entirely  eaten  No  decay 
C-13-8   Entirely  eaten  Slight  decay 
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CoMPOtTNt)  No.  14    Sodium  dichxorphenytphenate  lYz  pounds  per  gallon  of  Water 

Termite  Attack  Decay 

1-S   Entirely  eaten  Slight  decay 
2-S   Entirely  eaten  Slight  decay 
3-S   Badly  eaten  Badly  decayed 
4-S   Badly  eaten,  live  termites  present  Slightly  decayed 
Control   Entirely  eaten  Considerably  decayed 

Compound  No.  15     Betanaphthol 

Termite  Attack 

5-5   ; .  Entirely  eaten 
6-5   Entirely  eaten 
7-5   Entirely  eaten 
8-5   Slightly  eaten 
Control   Badly  eaten 

5  PERCENT  Solution  in  Alcohol Decay 

Some  decay 

Slight  decay 
Slight  decay 
Considerably  decayed 
Entirely  decayed 

Compound  No.  16    Coal  Tar  Creosote 

Termite  Attack  Decay 

9-5   Slightly  eaten  Wholly  decayed 
10-5   Slightly  eaten  Wholly  decayed 
11-5   Slightly  eaten  '         Wholly  decayed 
12-5   Slightly  eaten,  live  termites  No  decay 
Control   Slightly  eaten  Entirely  decayed 

Compound  No.  17    Terminlx 

Termite  Attack  Decay 

13-5   Considerably  eaten  No  decay 
1-6   Slightly  eaten  No  decay 
2-6   Slightly  eaten  No  decay 
3-6   Slightly  eaten  No  decay 
C-3-9   Slightlv  eaten  Slight  decay 

Compound  No.  18    Termiteol 

Termite  Attack 

4-6   Slightly  eaten,  live  termites  present 
5-6   Slightly  eaten 
6-6   Considerably  eaten,  live  termites  present 
7-6   Considerably  eaten,  many  live  termites 
C-12-9   Entirely  eaten 

Decay 

Considerably  decayed 
Entirely  decayed 
Badly  decayed 
Badly  decayed 
Slightly  decayed 

Compound  No.  19    Anaconda  Treater  Dust  Paste 

Termite  Attack  Decay 

8-6   Slightly  eaten  Slightly  decayed 
9-6   Slightly  eaten  Slightly  decayed 

10-6   Not  eaten  Slight  decay 
1 1-6   Slightly  eaten  by  sow  bugs  No  decay 
Control   Entirely  eaten  Entirely  decayed 

Compound  No.  20    Crankcase  on. 

Termite  Attack  Decay 

12-6   Badly  eaten  Entirely  decayed 
13-6   Entirely  eaten  Not  decayed 
1-7   Entirely  eaten,  live  termites  present  Wholly  decaj'ed 
2-7   Entirely  eaten  Slightly  decayed 
Control   Badly  eaten,  full  of  live  termites  Slightly  decayed 
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Compound  No.  21    Lead  arsenate  S  percent  Solution  in  Water 

Termite  Attack  Decay 

3'-7   Badly  eaten,  live  termites  No  decay 
4-7   Badly  eaten,  great  number  of  live  termites  No  decay 
S-7   Badly  eaten  Entirely  decayed 
6-7   Badly  eaten,  many  live  termites  No  decay 
Control   Badly  eaten  No  decay 

Compound  No.  22     Water  and  Crankcase  oil 

Termite  Attack 

7-7   Entirely  eaten 
8-7   Considerably  eaten,  live  termites 
9-7   Entirely  eaten 

10-7   Entirely  eaten 
C-11-7   Entirely  eaten 

Decay 

Entirely  decayed No  decay 

Entirely  decayed 
Entirely  decayed 
Entirely  decayed 

Table  3 

INSPECTION  OF  TERMITE  POSTS  INSERTED  IN  FLORISSANT,  MISSOURI, 
MAY  13,  1932,  WITH  REFERENCE  TO  CONDITION  OF  POSTS  FROM 
DIFFERENT  PIECES  OF  2  X  4 

2  X  4  No.  1 

1-1   Slightly  eaten 
1-2   Badly  eaten,  no  live  termites 
1-3   Slightly  eaten 
1-4   Slightly  eaten 
1-5   Entirely  eaten 
1-6   Considerably  eaten 
1-7   Slightly  eaten 
C-1-8   Slightly  eaten 

2  X  4  No.  2 

2-1   Entirely  eaten 
2-2   Entirely  eaten 
2-3   Slightly  eaten 
2-4   Badly  eaten 
2-5   Entirely  eaten 
2-6   Slightly  eaten 
2-7   Entirely  eaten 
C-2-8   Badly  eaten 

2  X  4  No.  3 

3-1   Considerably  eaten 
3-2   Entirely  eaten 
3-3   Slightly  eaten,  some  live  termites 
3-4   Considerably  eaten 
3-5    Badly  eaten 
3-6   Slightly  eaten 
3-7   Badly  eaten 
C-3-8   Considerably  eaten,  some  live  termites 

C-3-9   Slightly  eaten 

No  decay 

Slight  decay No  decay 
No  decay 

Slight  decay No  decay 

Entirely  decayed No  decay 

No  decay 

Slight  decay 
Entirely  decayed No  decay 

Slightly  decayed No  decay 

Slight  decay 
Wholly  decayed 

No  decay 

Entirely  decayed 
Slightly  decayed No  decay 

Badly  decayed No  decay 
No  decay 

Considerable  decay 
of  the  sapwood 
Slight  decay 
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2  X  4  No.  4 
4-1   Badly  eaten 
4-2   Slightly  eaten 
4-3   Slightly  eaten,  some  live  termites 
4-4   Badly  eaten 
4-5   Badly  eaten 
4—6   Slightly  eaten 
4-7   Badly  eaten 
C-4-8   No  evidence  of  termites 

2  X  4  No.  5 

S-1   Slight  termite  attack 
5-2   Slightly  eaten 
5-3   Considerably  eaten,  large  numbers  live  termites 
5-4   Considerably  eaten 
5-5   Entirely  eaten 

5-6   Slightly  eaten  ' 
5-7   Badly  eaten 
C-5-8   Slightly  eaten 

2  X  4  No.  6 

6-1   Entirely  eaten 
6-2   Slightly  eaten 
6-3   Considerably  eaten,  large  numbers  live  termites 
6-4   Slightly  eaten 
6-5   Entirely  eaten 
6-6   Considerably  eaten 
6-7   Badly  eaten 
C-6-8   Badly  eaten 

2  X  4  No.  7 
7-1   Entirely  eaten 
7-2   Slightly  eaten 
7-3   Not  eaten 
7-4   Entirely  eaten 
7-5   Entirely  eaten 
7-6   Considerably  eaten 
7-7   Entirely  eaten 
C-7-8   Slightly  eaten 

2  X  4  No.  8 

8-1   Little  evidence  of  termite  attack 
8-2   Considerably  eaten,  many  live  termites 
8-3   Not  eaten 
8-4   Considerably  eaten 
8-5   Slightly  eaten 
8-6   Slightly  eaten 
8-7   Considerably  eaten 
C-8-8   Slightly  eaten 

2  X  4  No.  9 

9-1   Badly  eaten,  full  of  live  termites 
9-2;   Badly  eaten 
9-3   Not  eaten 
9-4   Badly  eaten 
9-5   Slightly  eaten 
9-6   Slightly  eaten 
9-7   Entirely  eaten 
C-9-8   Not  eaten 

A 

No  decay 

Badly  decayed No  decay 

Considerably  decayed 
Considerably  decayed 
Considerably  decayed No  decay 

Entirely  decayed 

Wholly  decayed 
Slightly  decayed No  decay 
No  decay 

Some  decay 

Entirely  decayed 
Entirely  decayed 
Entirely  decayed 

Badly  decayed 
Considerably  decayed No  decay 
No  decay 

Slightly  decayed 
Badly  decayed No  decay 
No  decay 

Badly  decayed 
Badly  decayed 
Not  decayed 
Not  decayed 
Slightly  decayed 
Badly  decayed 
Entirely  decayed 
Entirely  decayed 

Wholly  decayed No  decay 

Not  decayed No  decay 

Considerably  decayed 
Slightly  decayed No  decay 

Entirely  decayed 

Slight  decay 
Badly  decayed 
Not  decayed 
Entirely  decayed 
Wholly  decayed 
Slightly  decayed 
Entirely  decayed 
Entirely  decayed 
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2  X  4  No.  10 

10-1   Slightly  eaten,  many  live  termites 
10-2   Slightly  eaten,  some  live  termites 
10-3   Not  eaten 
10-4   Slightly  eaten 
10-S   Slightly  eaten 
10-6   Not  eaten 
10-7   Entirely  eaten 
C-10-8   Badly  eaten 

2  X4  No.  11 

11-1   Entirely  eaten 
11-2   Slightly  eaten 
11-3   Badly  eaten 
11-4   Slightly  eaten 
11-S   Slightly  eaten 
11-6   Not  eaten 
11-7   Entirely  eaten 
C-11-8   Entirely  eaten 

2  X4  No.  12 

12-1   Badly  eaten,  full  of  live  termites 
12-2   Slightly  eaten 
12-3   Slightly  eaten 
12^   Slightly  eaten 
12-S   Slightly  eaten,  live  termites 
12-6   Badly  eaten* 
C-12-8   Slightly  eaten 

2  X  4  No.  13 
13-1   Entirely  eaten 
13-2   Badly  eaten,  some  live  termites 
13-3   Slightly  eaten 
13-4   Entirely  eaten 
13-S   Considerably  eaten 
13-6   Entirely  eaten 
C-13-8   Entirely  eaten 

No  decay 
No  decay 

Not  decayed No  decay 

Wholly  decayed 
Slight  decay 
Entirely  decayed 
Badly  decayed 

Entirely  decayed 
Entirely  decayed No  decay 

Considerably  decayed 
Wholly  decayed 
Slight  decay 
Entirely  decayed No  decay 

No  decay 
No  decay 
No  decay 

Considerably  decayed No  decay 

Entirely  decayed 
Slightly  decayed 

Entirely  decayed 
Considerably  decayed No  decay 
No  decay 
No  decay 
No  decay 

Slight  decay 

Control  Compound  No.  14... 
Control  Compound  No.  15... 
Control  Compound  No.  16... 
Control  Compound  No.  18... 
Control  Compound  No.  19... 
Control  Compound  No.  20... 
Control  Compound  No.  21... 

.Entirely  eaten 

.Badly  eaten 

.Slightly  eaten 

.Slightly  eaten 

.Entirely  eaten 

.Badly  eaten 

.Badly  eaten 

Slightly  decayed 
Entirely  decayed 
Wholly  decayed 
Considerably  decayed 
Entirely  decayed 
Slightly  decayed No  decay 

The  above  is  offered  as  a  progress  report. 



REPORT  OF  COMMITTEE  XX— UNIFORM  GENERAL 
CONTRACT  FORMS 

W.  G.  Nusz,  Chairman;  J.  C.  Irwin,  J.  S.  Lillie,  V ice-Chairman; 
E.  H.  Barnhart,  S.  L.  Mapes,  Roscoe  Owen, 
Clark  Dillenbeck,  E.  W.  Metcalf,  H.  A.  Palmer, 
W.  D.  Faucette,  a.  a.  Miller,  W.  M.  Post, 
J.  P.  Hanley,  O.  K.  Morgan,  J.  L.  Starkie, 
G.  B.  Harris,  Jr.,  F.  L.  Nicholson,  W.  R.  Swatosh, 
B.  Herman,  C.  B.  Niehaus,  J.  S.  Thorp, 

Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  presents  its  report  on  the  following  assignments: 

(1)  Revision  of  Manual.    No  revisions  are  recommended  at  this  time. 

(2)  Form  of  agreement  with  public  authorities  for  highway  grade  crossing  elimina- 

tion or  separation,  collaborating  with  Committee  IX — Highways.  This  subject  was  as- 
signed prior  to  the  Federal  Government  activities  in  grade  crossing  separation.  A  great 

many  agreements  have  been  secured  by  the  Committee  and  carefully  studied.  The  Com- 
mittee submitted  a  tentative  form  in  1935,  Bulletin  371,  and  believes  that  no  final  form 

can  be  submitted  this  year.    It  is  recommended  that  the  assignment  be  continued. 

(3)  Form  of  agreement  for  pickup  and  store-door  delivery.  The  Committee  sub- 
mitted a  tentative  form  of  this  agreement  in  1936  and  after  further  study  it  now  presents 

a  form  recommended  for  adoption  and  publication  in  the  Manual  (Appendix  A). 

(4)  Form  of  agreement  for  commercial  signs  on  railway  property.  This  is  a  new 

assignment  and  the  Committee  reports  progress. 

The  Committee  on  Uniform  General  Contract  Forms, 

W.  G.  Nusz,  Chairman. 

Appendix  A 

(3)     FORM    OF    AGREEMENT    FOR    PICKUP    AND 
STORE-DOOR  DELIVERY 

W.  R.  Swatosh,  Chairman,   Sub-Committee;    C.  Dillenbeck,  J.  C.  Irwin,  J.  S.  LiUie, 
A.  A.  Miller,  F.  L.  Nicholson,  J.  L.  Starkie. 

Your  Committee  has  studied  many  forms  of  agreement  covering  pickup  and  store- 
door  delivery,  some  of  which  are  in  use,  and  has  also  had  access  to  the  form  prepared 

by  the  Western  General  Managers  Association. 

The  proposed  form  of  agreement  presented  herewith  embodies  in  the  judgment  of 
your  Committee,  the  essential  terms  contained  in  all  of  the  available  sources  of 
information. 

Bulletin  400,  December,  1937. 
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FORM    OF    AGREEMENT    FOR    PICKUP    AND 

STORE-DOOR  DELIVERY 

THIS  AGREEMENT,  made  this     day  of     19. . . ., 

by  and  between  the    (a)   ,  a  corporation  organized  and 
existing  under  the  laws  of  the  State  of     hereinafter  called  the 

"Company"  and    (b)   ,  hereinafter  called  the  "Con- 

tractor" to  be  addressed  at   ,  State  of    

WITNESSETH: 

Whereas,  the  Company  has  put  into  effect  and  may  from  time  to  time  hereafter  put 

into  effect,  certain  tariffs  covering  "Pick  Up  and  Delivery  Service  of  Less  Than  Carload 

Freight"  at   ,  State  of    ;  under  the  terms  of  which 
it  will  transport  by  truck  or  other  highway  vehicle,  certain  of  such  freight  between  the 

warehouses,  factories,  stores  or  similar  places  of  business  of  sundry  shippers  or  receivers 

of  freight,  hereinafter  sometimes  called,  "Shippers  Premises"  located  at   , 
State  of   ,  within  the  area  designated  in  the  applicable  tariffs,  and  its 

freight  station  or  cars  hereinafter  sometimes  called  "Company's  Freight  Station,"  and 
Whereas,  the  Contractor  desires  to  enter  into  a  contract  with  the  Company  to  per- 

form such  trucking  transportation  for  the  Company,  and. 

Whereas,  the  parties  hereto  have  agreed  upon  the  performance  by  the  Contractor  of 
so  much  of  said  service  as  the  Company  may  from  time  to  time  request  the  Contractor 

to  handle  as  herein  provided; 

Now  Therefore,  in  consideration  of  the  covenants  and  agreements  herein  contained, 

to  be  performed  by  the  parties  hereto  and  of  the  payments  hereinafter  agreed  to  be 

made,  it  is  mutually  agreed  as  follows: 

THE  CONTRACTOR  COVENANTS  AND  AGREES 

1.  Contractor's  Equipment 

To  provide  and  maintain  in  good  repair  and  first-class  condition,  at  the  Contractor's 
sole  cost  and  expense,  adequate  equipment  and  employ  and  maintain  adequate  forces, 

including  delivery  clerk,  if  necessary,  all  to  the  satisfaction  of  the  Company,  for  the 

prompt  movement  of  such  freight  between  Shippers'  Premises  and  the  Company's  freight 
station  as  the  Company  may  direct,  and  upon  notice  from,  and  within  the  hours  desig- 

nated by  the  Company,  to  load  and  haul  all  such  freight  from  or  to  the  Company's  said 
freight  station  or  Shippers'  Premises,  and  unload  said  freight  promptly,  all  in  accordance 
with  the  Company's  published  tariffs  and  regulations. 

(a)  "Company"  should  be  properly   identified   as  a   "Corporation   organized  and 
existing  under  the  laws  of  a  State". 

(b)  "Contractor"  should  be  properly  identified  as  a  "Corporation  organized  and 
existing  under  the  laws  of  a  State",  a  copartnership,  an  individual,  etc. 

2.  Delivery  of  Freight 

That  if  unable  to  deliver  any  freight  the  day  it  is  loaded  on  its  vehicle  or  vehicles, 

or  in  time  to  be  handled  in  the  regular  course  of  the  day's  business,  the  Contractor  shall, 
at  its  risk,  store  such  vehicle  or  vehicles  in  a  safe  place  and  deliver  the  freight  at  the 

opening  of  business  on  the  next  business  day. 

To  provide  dray  tickets  and  all  other  stationery  required  on  account  of  said  "Pick 

Up  and  Delivery  Service"  to  the  satisfaction  of  the  Company. 
That  all  loading  and  unloading  of  freight  on  or  from  vehicles  of  the  Contractor 

shall  be  done  by  or  at  the  sole  expense  and  risk  of  the  Contractor. 
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3.  Freight  in  Contractor's  Possession 
Freight  shall  be  deemed  to  be  in  the  possession  of  the  Contractor  from  the  time  the 

Contractor  shall  commence  loading  same  on  its  vehicle  or  vehicles  at  the  Company's 
freight  station  until  delivery  to  the  consignee  and  proper  receipt  obtained  therefor,  and 
from  the  time  it  shall  be  received  by  the  Contractor  from  any  Shipper  until  delivered  by 

the  Contractor  at  the  Company's  freight  station,  accepted  by  the  Company  and  proper 
receipt  given  therefor.  The  provisions  of  this  paragraph  shall  include  all  freight  while 

being  loaded  upon  or  unloaded  from  any  vehicle  of  the  Contractor  in  all  cases  where 
such  loading  or  unloading  is  performed  wholly  or  in  part  by  the  Contractor  or  the 

Contractor's  agents,  servants  or  employees. 

4.  Protection  of  Freight 

That  any  vehicle  containing  freight  shall  be  protected  by  having  the  doors  thereof 
securely  closed  or  sealed,  except  in  cases  where  the  freight  therein  contained  is  of  such 

a  nature  as  to  require  that  it  shall  protrude  through  the  end  doors  or  through  the  sides 
or  top  of  said  vehicle,  in  which  event  the  Contractor  shall  take  all  such  other  necessary 

steps  and  precautions  as  to  prevent  loss  or  damage  to  any  of  the  freight  in  such  vehicle 
as  may  be  caused  by  the  weather  or  on  account  of  articles  falling  from  such  vehicles  or 
on  account  of  pilferage  of  any  of  such  freight  therefrom. 

5.  Collection  of  Freight  Charges 

To  collect  at  the  direction  of  and  within  the  time  specified  by  the  Company  all 

charges  on  inbound  freight  and  all  invoices  on  C.O.D.  shipments,  as  shown  on  freight 

bills,  and  likewise  to  collect  all  charges  from  consignors  on  outbound  freight  billed  pre-, 
paid.  The  Contractor  shall  furnish  receipts  for  all  sums  so  collected  on  forms  and  in 

the  manner  prescribed  by  the  Company.  The  Contractor  shall,  within  twenty-four  hours 

after  collection  (Sundays  and  legal  holidays  excluded)  pay  to  the  Company's  agent 
authorized  to  receive  it  at  the  said  place,  all  sums  so  required  to  be  collected  by 

Contractor.  To  promptly  return  without  charge  to  the  Company,  all  C.O.D.  inbound 

freight  on  which  the  Contractor  shall  be  unable  to  make  such  collections.  The  Con- 
tractor shall  in  no  event  collect  compensation  for  said  transportation  and  delivery  service 

other  than  that  prescribed  in  the  then  effective  tariffs  of  the  Company. 

6.  Bills  of  Lading  and  Delivery  Orders 

To  promptly  deliver  to  the  Company's  said  agent  any  and  all  original  bills  of  lading 
and  delivery  orders  surrendered  by  any  Consignees  on  delivery  of  any  freight  handled 

hereunder,  and  to  take  receipts  from  all  Consignees  for  shipments  delivered  and,  if  re- 
quested, to  deliver  such  receipts  to  the  Company.  To  give  receipts  to  Consignors  for  all 

shipments  received  and  to  furnish  the  Company  with  duplicates  thereof.  The  Company 

shall  give  receipts  to  the  Contractor  upon  delivery  of  all  freight  to  the  Company  and 
the  Contractor  shall  receipt  to  the  Company  for  all  freight  deUvered  to  the  Contractor 

by  the  Company.  All  such  receipts  shall  be  given  or  taken  in  accordance  with  the  Com- 

pany's instructions  and  regulations  and  on  forms  prescribed  by  it,  and  shall  carry  nota- 
tions as  to  the  apparent  condition  of  the  freight,  at  the  time  of  receipt  or  delivery,  if  in 

other  than  apparent  good  condition. 

7.  Inspection  of  Accounts 

To  maintain  and  preserve  complete  and  accurate  books,  accounts  and  records,  cover- 
ing the  service  herein  provided  for  and  to  permit  a  full  and  complete  examination  thereof, 

together  with  any  other  of  the  Contractor's  books,  accounts  and  records  pertaining  to 
the  service  herein  provided  for  at  all  times  by  authorized  representatives  of  the  Company. 
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8.  Permits  and  Licenses 

To  secure  any  and  all  certificates,  permits  or  licenses  required  by  law,  necessary 
for  or  in  connection  with  the  operation  of  the  service  provided  for  in  this  agreement. 

9.  Compliance  With  Laws 

To  comply  with  and  obey  all  Federal,  State  and  Municipal  laws  and  ordinances  and 
all  orders,  rules  and  regulations  of  administrative  or  governmental  bodies  or  commissions 

having  jurisdiction,  applicable  to  the  transportation  or  handling  of  freight  under  this 

agreement,  or  otherwise  pertaining  to  freight  to  be  transported  or  handled  by  the  Con- 
tractor hereunder;  and  the  Contractor  shall  protect,  indemnify  and  save  harmless  the 

Company  from  and  against  any  and  all  fines,  penalties,  damage,  loss,  cost  and  expense 

of  any  kind  or  character  whatsoever  (including  attorneys'  fees,  costs  of  investigation  and 
all  other  similar  costs)  arising  directly  or  indirectly  out  of  the  violation  by  the  Con- 

tractor, its  agents  or  employees,  or  any  of  them,  of  the  provisions  of  this  paragraph. 

10.  Form  of  Payment  of  Freight  Charges 

That  all  collections  shall  be  made  in  cash  unless  otherwise  authorized  in  writing  by 

the  Company,  but  the  Contractor,  in  no  case,  shall  be  Uable  for  the  payment  of  checks 

or  forms  of  payment  other  than  cash  accepted  under  such  written  authorization. 

11.  Charges  to  Other  Carriers 

In  the  event  the  Contractor  should  charge  any  other  Company  at    

.for  like  service,  rates  lower  than  the  rates  herein  set  forth,  reduction  in  rates  will  be 

promptly  made  so  that  they  shall  at  no  time  be  higher  than  those  charged  any  other 
Company  for  like  service. 

12.  Damage  and  Injury 

To  protect,  indemnify  and  hold  harmless  the  Company  from  and  against  any  and 

all  loss,  damage,  cost  and  expense,  including  attorneys'  fees,  that  may  be  suffered  or 
incurred  by  the  Company,  or  by  any  person  or  persons,  firm,  association  or  corporation 
resulting  from: 

(a)  Injury  to  or  death  of  persons,  loss  or  destruction  of  or  damage  or  delay  to 
property,  including  the  conversion  thereof,  caused  by,  or  resulting  in  any  man- 

ner from  any  acts  or  omissions,  negligent  or  otherwise  of  the  Contractor,  or 

any  of  the  Contractor's  agents,  servants  or  employees  in  performing  or  failing 
to  perform  any  of  the  services  or  duties  on  the  part  of  the  Contractor  to  be 
performed  hereunder. 

(b)  The  issuance  of  any  false  or  fraudulent  bills  of  lading  or  delivery  order  or  the 
giving  or  receiving  of  any  false  or  fraudulent  receipts  or  deUvery  order  for  any 

freight  or  for  freight  charges  by  the  Contractor,  or  any  of  the  Contractor's 
agents  or  employees. 

(c)  Failure  of  the  Contractor,  or  any  of  the  Contractor's  agents  or  employees,  to 
make  collections  and  remittances  to  the  Company  as  provided  in  this  Agree- 

ment, or  take  up  and  deliver  to  the  Company  order  bills  of  lading  or  delivery 
orders  as  provided  in  Section  8,  hereof,  and, 

(d)  Theft,  embezzlement  or  defalcation  on  the  part  of  the  Contractor  or  any  of 

the  Contractor's  agents  or  employees. 

13.  That  liabihty  for  freight  handled  hereunder  while  in  its  possession  shall  be 

that  of  an  insurer,  and  the  records  of  the  Company  as  to  the  condition  of  freight  when 

received  by  the  Company  from  the  Contractor  or  when  delivered  by  the  Company  to 

the  Contractor,  shall  be  conclusive  as  between  the  parties  hereto. 
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14.  Defense  of  Lawsuits 

To  place  itself,  its  agents,  servants  and  employees  at  the  service  of  the  Company, 

either  during  the  term  of  or  after  the  termination  of  this  Agreement  for  the  purpose  of 

assisting  the  Company  in  the  defense  of — 

(a)  Claims  or  suits  for  failure  to  comply  with  and  obey  any  Federal,  State  or 
Municipal  laws  or  ordinances  or  orders,  rules  or  regulations  of  administrative 
or  governmental  bodies  or  commissions, 

(b)  Claims  or  suits  for  loss  of,  damage  or  delay  to  any  freight  handled  by  the 

Contractor  or  the  Contractor's  agents,  servants  or  employees, 
(c)  Claims  or  suits  for  personal  injury  or  death,  arising  out  of  or  in  connection 

with  the  handhng  or  transportation  of  freight  under  this  Agreement  by  the 

Contractor  or  the  Contractor's  agents,  servants  or  employees. 

15.  Affiliation  With  Another  Carrier 

In  the  event  it  shall  engage  in,  or  if  it  or  any  of  its  agents,  servants  or  employees 

be  or  become  associated  or  affiliated  with  any  person,  firm  or  corporation,  through  stock 

ownership  or  otherwise,  engaging  in  the  transportation  of  any  freight  on  any  highway 

which  shall  be  in  competition  with  the  Company  in  the  transportation  of  freight  by  rail, 

or  in  the  event  the  Contractor  shall  pick  up  or  deliver  freight  for  any  Carrier  operating 

on  any  highway  in  competition  with  rail  service  o^Carriers,  then  in  either  event  the 

Company  may,  at  its  election,  terminate  this  Agreement  immediately  by  written  notice. 

THE  COMPANY  COVENANTS  AND  AGREES 

16.  Payment  to  Contractor 

To  pay  to  the  Contractor,  not  later  than  the     day  of  each  calendar 
month,  in  full  satisfaction  for  the  services  rendered  under  this  Agreement  during  the 

preceding  calendar  month,  according  to  actual  weights  shown  by  the  Company's  records, 
the  following  rates  per  100  pounds  of  freight  to  or  from  the  Company's  freight  station. 

(Compensation,  such  as  fiat  rate  for  each  delivery,  rate  per  mile  of  radius  from 

freight  station  or  section  with  a  minimum  weight,  weights  varying  within  certain  limits, 

maximum  weight  and  special  deliveries  from  suburban  or  outlying  points  may  be  inserted 
here.) 

THE  COMPANY  AND  THE  CONTRACTOR  MUTUALLY  COVENANT  AND  AGREE 

17.  Employees  of  Contractor 

That  the  Contractor  shall  employ  and  direct  all  persons  required  for  operatuig 

vehicles  and  for  the  handling  or  transportation  of  freight  under  this  Agreement,  and  such 

persons  shall  be  and  remain  the  sole  employees  of  and  subject  to  control  and  direction 

of  the  Contractor,  it  being  the  intention  of  the  parties  hereto  that  the  Contractor  shall 
be  and  remain  an  independent  contractor  and  that  nothing  herein  contained  shall  be 
construed  as  inconsistent  with  that  status.  The  Contractor  shall  conduct  the  work  in 

the  name  of  the  Contractor  and  not  display  the  name  nor  any  advertisement  of  the  Com- 

pany upon  or  about  any  of  the  Contractor's  vehicles,  and  further  covenants  and  agrees 
not  to  display  the  name  or  any  advertising  of  the  Company  in  any  other  place  or  manner 
without  having  first  obtained  the  permission  and  consent  of  the  Company  in  writing  so 
to  do. 
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18.     Insurance 

That  the  Contractor  hereby  authorizes  the  Company  to  procure  and  keep  in  full 
force  and  effect  during  the  life  of  this  Agreement: 

(a)  Solely  for  the  Company's  protection,  and  not  for  that  of  the  Contractor,  public 
liability  and  property  damage  insurance  for  not  less  than    
Thousand  Dollars    ($   )    per  person,  and      
Thousand  Dollars  ($   )  for  more  than  one  person  in  any  one  accident, 
not  less  than       Thousand  Dollars  ($   )   for 
property  damage  in  any  one  accident,  in  any  manner  arising  or  growing  out 
of  operations  of  the  Contractor  hereunder. 

(b)  Insurance  against  loss,  damage  or  delay  to  freight,  or  on  account  of  the  issu- 
ance of  any  false  or  fraudulent  bills  of  lading,  or  the  giving  or  receiving  of 

any  false  or  fraudulent  receipt  for  freight  related  to  the  service  herein  provided 
for,  or  the  giving  of  any  false  or  fraudulent  receipt  for  prepaid  freight  charges, 
or  on  account  of  the  failure  of  the  Contractor  to  take  up  and  deliver  to  the 
Company  order  bills  of  lading  and  delivery  orders  as  provided  in  this  Agree- 
ment. 

(c)  Insurance  of  not  less  than       Hundred  Dollars 
($   )    per  day  for  each  vehicle  operated   by  the   Contractor  in  the 
service  herein  provided  for,  against  any  loss  or  losses  which  the  Company  may 
incur  or  suffer,  regardless  of  how  caused  or  contributed  to,  by  reason  of  the 
failure  of  Contractor  to  make  collections  and  remittances  under  the  terms  of 
this  Agreement.  a 

The  insurance  provided  for  in  paragraphs  (b)  and  (c)  of  this  section,  shall  be  with- 
out recourse  against  the  Contractor  except  as  to  losses  caused  by  the  dishonesty  of  the 

Contractor  or  the  Contractor's  agents  or  employees,  and  the  failure  of  the  Contractor 

or  the  Contractor's  agents  or  employees  to  make  collections  or  to  remit  such  collections 
to  the  Company  as  hereinbefore  provided. 

That  the  Contractor  shall  assume  the  expense  of  such  insurance  in  an  amount  at 

the  rate  of   percent  (   %)  of  compensation  earned  under  this  Agree- 
ment, and  the  Company  is  hereby  authorized  to  deduct  such  amount  in  remitting  to  the 

Contractor  the  monthly  payments  hereinafter  provided  for.  If  for  any  reason  the  Com- 
pany is  unable  to  procure  such  insurance  or  continue  the  same  in  force  for  a  rate  not 

exceeding    percent  (   %)  of  compensation  payable  to  the  Contractor 
hereunder,  it  shall  have  the  right  to  cancel  and  terminate  this  Agreement  upon   

(   )  days'  written  notice. 
That  the  insurance  hereinabove  provided  for  is  not  intended  to  protect  the  Con- 

tractor from  liability  under  any  legislative  enactment  relating  to  injury  or  death  of  Con- 

tractor's officers,  agents  or  employees  and  the  Contractor  shall  at  all  times  comply  with 

all  applicable  Federal  and  State  Laws  relating  to  Employees'  Liability,  Workmen's  Com- 
pensation and  Workmen's  Insurance,  or  laws  of  a  similar  nature,  and,  when  requested 

by  the  Company,  shall  furnish  proof  of  such  compliance;  and  the  Contractor  shall  in- 
demnify and  hold  harmless  the  Company  from  and  against  any  and  all  loss,  liability, 

damage,  fines,  penalties,  demands,  cost  and  expenses  of  whatsoever  nature  due  to  the 

existence  of  such  laws  or  resulting  from  any  failure  by  the  Contractor  to  comply 
therewith. 

19.     Adjustment  Claims 

That  the  Company  shall  have  the  right,  if  it  so  elects,  to  adjust,  settle  or  compro- 
mise any  claim  for  loss  or  damage  that  may  be  made  by  a  Consignee,  Consignor  or 

owner  of  freight  transported  by  the  Contractor  hereunder  and  arising  by  reason  of  the 
failure  of  the  Contractor  to  transport  and  deliver  said  freight  promptly,  or  by  reason  of 

said  freight  being  lost,  misdelivered  or  damaged  while  in  the  possession  of  the  Contractor, 

i 
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and  all  sums  so  paid  by  the  Company  shall  be  held  and  considered  as  money  paid  for 

or  on  account  of  the  Contractor  at  its  request,  and  the  Contractor  shall  pay  such  sum 
or  sums  to  the  Company  on  demand. 

20.  Refunds 

That  no  portion  of  the  money  paid  to  the  Contractor  for  services  under  this  Agree- 
ment shall,  by  any  device  or  arrangement  whatsoever,  be  directly  or  indirectly  paid  or 

refunded  to  any  Shipper,  Consignee  or  anyone  in  any  way  interested  in  the  freight 
handled  or  transported  under  this  Agreement. 

21.  Written  Notices 

That  any  notice  herein  provided  to  be  given  the  Contractor  by  the  Company  shall 
be  sufficiently  given  and  delivered  if  deposited  in  the  United  States  mail,  enclosed  in  an 

envelope,  properly  stamped  and  addressed  to  the  Contractor  at  his  last  known  place  of 
business. 

22.  Breach  of  Agreement 

That  it  is  expressly  understood  that  no  assent,  expressed  or  implied,  by  either  party 

to  this  Agreement,  to  any  breach  of  any  provision  or  covenant,  shall  constitute  a  prece- 
dent and  shall  not  be  deemed  to  be  a  waiver  of  any  other  provision  or  covenant,  or  of 

any  succeeding  breach  of  the  same  provision  or  covenant. 

23.  Assignment 

That  neither  this  Agreement  nor  any  of  the  work  to  be  performed  by  Contractor 

hereunder  shall  be  assigned,  transferred  or  sublet  by  Contractor,  in  whole  or  in  part, 

without  the  written  consent  of  the  Company.    ' 

24.  Titles  of  Sections 

All  titles  of  sections  printed  in  boldface  type  are  intended  for  convenience  only,  and 

shall  not  be  considered  a  part  of  this  Agreement  nor  used  in  any  manner  as  an  aid  to 
the  interpretation  thereof. 

25.  Approval  by  Public  Authorities 

This  Agreement  is  contingent  upon  (a)  approval  by  such  public  authority  as  may 

be  required  by  law,  in  a  manner  acceptable  to  the  Company,  of  the  tariffs,  hereinbefore 

referred  to,  and  (b)  the  Company's  election  to  install  and  operate  the  service  referred 
to  in  said  tariffs  and  in  this  Agreement. 

This  Agreement  shall  become  effective  from  and  after  the         day   of 

  ,19   and  shall  continue  in  effect  subject  to  termination 

upon  thirty  (30)  days'  written  notice  from  either  party  to  the  other;  provided,  that 
the  Company  may  terminate  this  Agreement  at  any  time  immediately  upon  written 
notice  to  the  Contractor  by  reason  of  any  adverse  legislation,  order  or  rule  of  any  public 

authority  or  decree  of  court. 
In  Witness  Whereof,  the  parties  hereto  have  caused  this  Agreement  to  be  executed 

in    ,  the  day  and  year  first  above  written. 

Attest:   Company 
Secretary 

By   

Witness:   Contractor 

By   
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A.  E.  BoTTS,  Vice-Chair  man; 
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G.  W.  Payne, 
C.  S.  Robinson, 
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Committee. 

Excavation   and  Tem- 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  subjects  assigned.    Under  each  general 
subject  we  were  directed  to  include  in  the  study  the  Revision  of  the  Manual. 

See  Appendix  A — Physical  Properties  of  Earth  Materials. 
See  Appendix  B — Natural  Waterways. 
See  Appendix  E — Tunnels,   Specifications  for   Construction; 

porary  Lining. 

The  subjects  assigned  are  as  follows: 

1.  Physical  Properties  of  Earth  Materials, 
Their  effect  upon  roadbed  performance  (Appendix  A).    Recommended  for 

publication  in  the  Manual. 
Structural  bearing  power.    Progress  in  study — no  report. 

2.  Natural  Waterways, 
Dramage  Areas,  Water  Run-off,  and  Size  of  Openings  (Appendix  B). 

Recommended  for  publication  in  the  Manual. 
3.  Culverts, 

Factors  determining  their  location  and  type  (Appendix  C).    Progress  report. 
4.  Formation  of  the  Roadway, 

Width  of  roadbed  and  angle  of  slopes  (Appendix  D).    Progress  report. 
5.  Roadway  Drainage, 

Progress  in  study — no  report. 
6.  Roadway  Protection, 

Slope  protection.    Progress  in  study — no  report. 
7.  Tunnels, 

Specifications  for  construction;  excavation  and  temporary  lining  (Appendix 
E).    Complete,  recommended  for  pubUcation  in  the  Manual. 

8.  Fences, 
Fence  posts  and  braces. 

Corrosion-resisting  fence  wire,  collaborating  with  appropriate  Sub-Com- 
mittees of  Committee  A-S  on  Corrosion  of  Iron  and  Steel,  ASTM. 

Progress  in  study — no  report. 
9.  Signs, 

Roadway  Signs.    Progress  in  study — no  report. 
Close  Clearance  Sign.  Under  date  of  August  8,  1937  the  Committee  re- 

ceived from  the  Chairman  of  the  Committee  on  Outline  of  Work_  a 
request  to  take  up  this  subject  this  year,  collaborating  with  the  Special 
Committee  on  Clearances,  in  response  to  a  request  from  Vice-President 
Symes  of  the  AAR.  The  Railroad  and  Warehouse  Commission  of  Min- 

nesota recently  appointed  a  committee  of  railroad  men  to  prepare  rec- 
ommendations for  a  sign  to  be  used  in  that  State  where  clearances — 

lateral  and  overhead — are  less  than  the  statutory  requirements.  The 
preliminary  discussion  held  with  the  Railroad  and  Warehouse  Commis- 

sion was  along  the  lines  of  self -illuminated  or  button  signs. 

Bulletin  401,  January,  1938. 
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There  has  not  been  time  for  consideration  of  this  subject  b'^  the  Sub-Com- 
mittee on  Signs,  nor  for  collaboration  with  the  Special  Committee  on 

Clearances,  but  after  a  thorough  discussion  at  the  general  meeting  of 
this  Committee,  the  following  conclusions  were  reached: 

1.  Close  Clearance  Sign  should  be  placed  on  the  structure  with  the  dose 
clearance  at  the  point  of  close  clearance.  The  sign  should  be  easily 

read  with  simple  wording  such  as  "Warning  Close  Clearance"  or 
just  "Close  Clearance". 

2.  The  wording  "No  Clearance",  which  we  understand  is  under  consider- 
ation in  Minnesota,  is  not  considered  good,  being  contrary  to  the 

facts. 

3.  The  use  of  self-illuminated  or  button  signs  is  not  considered  necessary. 
The  vast  majority  of  these  signs  would  be  used  on  buildings  adja- 

cent to  service  tracks,  where  normally  there  would  be  pushing 
movements,  so  that  there  would  be  no  headlight  available  to  illu- 

minate the  signs. 

This  report  is  submitted  as  information. 
The  Committee  on  Roadway, 

Geo.  S.  Fannino,  Chairman. 

Appendix  A 

(1)     PHYSICAL  PROPERTIES  OF  EARTH  MATERIALS 

H.  W.  Legro,   Chairman,  Sub-Committee;   J.  B.  Akers,  E.  J.  Beugler,  H.  F.  Brown, 
Herbert  Ensz,  Albert  Haertlein,  G.  E.  Ladd,  W.  J.  Lank,  Paul  McKay,  L.  S.  Rose. 

101.     GENERAL 

Scope 

Railway  structures,  in  which  term  is  included  the  track  structure,  are  in  great 

majority  founded  on  or  within  the  earth  materials,  commonly  called  soil,  that  overlie 
bedrock  in  greatly  varying  depth,  class,  strata  arrangement  and  moisture  content.  This 

subject  relates  to  the  effects  on  the  stability  of  structures  of  earth  materials  as  found  in 

their  natural  place  and  as  used  after  disturbance  from  their  natural  position. 

Importance 

Proper  selection  or  treatment  of  roadbed  soils,  based  on  knowledge  of  their  physical 
properties,  has  a  major  influence  on  economical  maintenance  of  track  and  operation  of 

trains.  Improvement  of  the  quality  or  condition  of  the  subgrade  to  adequately  support 

the  static  load  of  the  track  and  the  heavy  live  loads  at  impact  of  roUing  equipment  will 

prevent  excessive  maintenance  expense  or,  if  maintenance  be  deferred,  more  rapid 

deterioration  of  the  track  which  would  adversely  affect  riding  quaUties,  train  schedules, 
condition  of  equipment  and  safety. 

The  foundations  of  structures  are  subject  to  two  distinct  phases  of  settlement:  1st, 

initial  settlement  due  to  application  of  load;  2nd,  progressive  settlement  due  to  over- 

loading. Utilization  of  data  on  the  physical  properties  of  bearing  soils  will  permit  eco- 
nomical design  of  structures  that  will  settle  uniformly  under  the  initial  loading  and 

avoid  thereafter  any  continuing  settlement  under  the  imposed  loads. 

Earthwork  or  foundation  structures  producing  highly  concentrated  pressures  on  soil 

are  likely  to  cause  failure  of  the  soil  in  shear,  or  to  exceed  its  bearing  capacity.  Correct 
use  of  data  on  the  physical  properties  will  indicate  the  shearing  limits  of  the  soil  and 

proper  design  within  those  limits. 
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102.     PHYSICS  OF  SOILS 

A.    SOIL  GENESIS 

The  engineer  who  has  to  solve  the  problems  of  roadbed  or  foundation  bearing  should 

be  acquainted  with  geologic  history  and  structure,  particularly  of  the  region  with  which 
he  has  to  deal.  Attack  on  these  problems  will  be  fundamentally  influenced  according  to 

origin  of  the  formations: — whether  sedentary  sand,  clay  or  organic  material;  glacial 
gravel,  sand  or  clay;  river  deltas,  terraces  or  flood  plains;  marine  deposits;  ancient  lake 

formations;  wind  blown  sand  and  sUt  deposits;  volcanic  ash;  or  other  natural  forma- 

tions. See  monograph  on  Landshdes,  Subsidences  and  Rock- Falls,  by  Dr.  George  Edgar 

Ladd,  Proceedings,  Vol.  36  (1935),  pages  1091-1162  incl. 
The  size  and  shape  of  soil  grains,  the  relation  of  these  grains  in  the  soil  mass,  and 

the  varying  layers  of  soil  masses  are  effects  of  geologic  processes,  and,  largely  with  the 
presence  of  variable  amounts  of  water,  determine  the  physical  properties  of  soils. 

B.    PHYSICAL  PROPERTIES 

Certain  basic  physical  properties  in  varied  combination  are  responsible  for  all 
deformations  of  soils  under  stress  that  affect  stability  of  structures: 

1.  Internal  Friction  is  the  resistance  to  motion  of  the  particles  of  soil  in  contact 

caused  by  the  roughness  of  their  surfaces  and  the  shape  and  size  of  the  individual  grains. 

It  varies  with  applied  pressure.  Internal  friction  is  high  in  sands  and  relatively  low  in 
clays. 

2.  Cohesion  is  the  resistance  to  force  tending  to  separate  two  or  more  soil  particles 

held  together  by  minute  moisture  films,  possibly  supplemented  by  natural  stickiness  of 
colloids.  It  is  independent  of  applied  pressure.  Cohesion  is  very  low  in  sands  and 

relatively  high  in  clays. 

3.  Compressibility  represents  the  change  in  volume  of  soil  produced  by  pressure. 

It  is  slight  in  sands,  where  the  bulky  grains  bear  almost  directly  on  adjacent  grains,  and 

much  higher  in  clays,  where  the  minute  and  scale-like  grains  are  separated  by  capillary 
water  which  is  squeezed  out,  producing  volume  change. 

4.  Elasticity  is  the  property  of  soil  to  rebound  after  removal  of  load.  It  is 

almost  entirely  absent  in  sand  with  its  bulky  and  rather  rigid  grains;  it  is  present  to 

varying  degree  in  undisturbed  clay,  due  principally  to  the  scalelike,  flexible  particles  and 
to  flocculated,  honeycomb  arrangement  of  the  particles.  Elasticity  is  present  in  some 
soils  containing  organic  matter,  due  to  spongy  structure. 

5.  Permeability  determines  the  rate  of  consolidation  of  soils.  The  high  perme- 
ability of  sands  permits  almost  immediate  consolidation  under  load,  while  the  small 

capillaries  of  clay  retard  the  passage  of  contained  water,  resulting  in  a  long-spread  period 
of  consolidation. 

6.  Caplllarity  of  soil  is  contributed  by  the  hait-fine  spaces  between  the  particles. 
The  capillary  movement  of  water  is  independent  of  gravity.  The  void  spaces  of  sands 
are  too  large  to  act  as  capillaries  except  in  slight  degree.  Higher  capillarity,  such  as  clays 

possess,  contributes  to  the  properties  of  cohesion,  compressibility,  elasticity  and  perme- 
ability.    Capillarity  is  an  important  contributor  to  frost  heaving  of  soil. 

C.    CLASSIFICATION  OF  SOILS 

Mechanical  Analysis 

Classification  of  soils  according  to  texture  is  determined  by  mechanical  analysis,  by 

which  soil  samples  are  separated  into  fractions  on  the  basis  of  grain  size  by  screening  or 
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by  sedimentation.    A  classification  system  has  been  devised  by  the  United  States  Bureau 

of  Public  Roads  as  shown  graphically  by  the  tri-axial  soil  classification  chart  (Fig.  105). 

B.    SOILS 

Grade 
Coarse  materia 
■Fine  ̂ ^ravel 
Coarse  sand 
Medium  sand 
Fine  saod 

Very  f'\ne  saod Silt .Clay 

5)3*  or  Particles 
Millimeter 
more  tbao  2 2tol 

I  to  0.5 
0.5  to  0.25 
0,25  to  O.I 

O.I  to  0,05 
O05  toO.OOS 
O0O5  to  O.O    b 

Class  orsoil 
Sand 
Sandy  \o9rr> Loam 

Silty  loam 

%Sar)d%SiH%Ciay 

8OH00    0  20    0-2« 
50- 60   O-50    0-20 
30-50  30-50    0-70 
0-50  SOtOO    0-20 

Sandy  clay  toern  50-80    0-30  20-30 
Clay  loam        2O-50  20-50  20-30 
5il  ty  clay  loarn  0-30  50-60  20-30 
Sandy  clay  55-70    O- 1 5  30-45 

^  Si  Ity  clay      O-  1 5  55-70  30-45 
70  <i    Clay       "^       0-55    0-65  30-100 

Percentage  o-TSilt 
TRI-AXIAL    SOIL    CLASSIFICATION   CHART 

Fig.  lOS. 

In  the  field,  texture  is  determined  by  the  feel  of  the  soil  mass  when  rubbed  between 

the  fingers.  The  following  descriptions  give  the  obvious  physical  characteristics  of  the 

basic  textural  groups.* 
Sand — Sand  is  loose  and  granular.  The  individual  grains  can  readily  be  seen  or 

felt.  Squeezed  in  the  hand  when  dry  it  will  fall  apart  when  the  pressure  is  released. 

Squeezed  when  moist,  it  will  form  a  cast,  but  will  crumble  when  touched. 

Sandy  Loam — A  sandy  loam  is  a  soil  containing  much  sand  but  having  enough  silt 
and  clay  to  make  it  somewhat  coherent.  The  individual  sand  grains  can  readily  be  seen 

and  felt.  Squeezed  when  dry,  it  will  form  a  cast  which  will  readily  fall  apart,  but  if 

squeezed  when  moist  a  cast  can  be  formed  that  will  bear  careful  handling  without 
breaking. 

Sands  and  sandy  loams  are  classed  as  coarse,  medium,  fine,  or  very  fine,  depending 

on  the  proportion  of  the  different  sized  particles  that  are  present. 

Loam — A  loam  is  a  soil  having  a  relatively  even  mixture  of  the  different  grades  of 
sand  and  of  silt  and  clay.  It  is  mellow  with  a  somewhat  gritty  feel,  yet  fairly  smooth 

and  slightly  plastic.  Squeezed  when  dry,  it  will  form  a  cast  that  will  bear  careful  han- 
dling, while  the  cast  formed  by  squeezing  the  moist  soil  can  be  handled  freely  without 

breaking. 

Silt  Loam — A  silt  loam  is  a  soil  having  a  moderate  amount  of  the  fine  grades  of 
sand  and  only  a  small  amount  of  clay,  over  half  of  the  particles  being  of  the  size  called 

'The  Soil  Profile  and  the  Subgrade  Survey".     Public  Roads,  Vol.  12,  No.  7,  September  1931. 
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"silt".  When  dry  it  may  appear  quite  cloddy,  but  the  lumps  can  be  readily  broken,  and 
when  pulverized  it  feels  soft  and  floury.  When  wet  the  soil  readily  runs  together  and 

puddles.  Either  dry  or  moist  it  will  form  casts  that  can  be  freely  handled  without 

breaking.  If  squeezed  between  the  thumb  and  finger  it  will  not  "ribbon"  but  will  give 
a  broken  appearance. 

Clay  Loam — A  clay  loam  is  a  fine-textured  soil  which  breaks  into  clods  or  lumps 
that  are  hard  when  dry.  When  the  moist  soil  is  pinched  between  the  thumb  and  finger 
it  will  form  a  thin  ribbon  which  will  break  readily,  barely  sustaining  its  own  weight. 

The  moist  soil  is  plastic  and  will  form  a  cast  that  will  bear  much  handling.  When 
kneaded  in  the  hand  it  does  not  crumble  readily  but  tends  to  work  into  a  heavy  compact 
mass. 

Clay — ^A  day  is  a  fine-textured  soil  that  forms  very  hard  lumps  or  clods  when  dry. 
When  the  moist  soil  is  pinched  out  between  the  thumb  and  fingers  it  will  form  a  long, 
flexible  ribbon. 

Gravelly  or  Stony  Soils — All  of  the  above  classes  of  soils,  if  mixed  with  a  con- 
siderable amount  of  gravel  or  stone,  may  be  classed  as  gravelly  sandy  loams,  gravelly 

clays,  etc.,  as  stony  sandy  loams,  stony  loams,  etc.,  or  as  sandy  clay  loams,  sandy  clays, 
etc. 

Colloids  (Soil) — Constituents  of  the  soil  having  particles  with  an  average  diameter 
not  greater  than  0.001  millimeter  (1  micron),  as  designated  by  the  U.  S.  Department  of 

Agriculture;  derived  from  the  weathering  and  decomposition  of  soil  minerals,  together 
with  organic  matter;  and  greatly  influencing  the  characteristics  of  the  soil  mass  with 

which  it  is  intimately  associated — for  example,  its  cohesiveness. 

Peat  Soil — Composed  predominantly  of  organic  material,  highly  fibrous,  with 
easily  recognized  plant  remains. 

MxJCK  Soil — Composed  of  thoroughly  decomposed  black  organic  material,  with  a 
considerable  amount  of  mineral  soil  material  finely  divided  and  with  a  few  fibrous 
remains. 

Leaf  Mold — The  accumulation  on  the  soil  surface  of  more  or  less  decomposed 
organic  remains,  usually  the  leaves  of  trees  and  remains  of  herbaceous  plants. 

Engineering  Properties 

While  classification  by  mechanical  analysis  is  of  value  for  identification  of  soil  con- 
stituents, it  has  no  clear-cut  relation  to  physical  properties  of  interest  to  the  engineer. 

Neither  the  shape  of  soil  grains  nor  the  structure  of  the  soil  is  indicated  by  mechanical 

analysis,  but  they  are  important  in  influencing  the  physical  properties  of  soil  masses. 
Moisture  content  also  has  a  most  important  influence. 

Of  the  physical  properties  described  above,  those  with  which  the  engineer  is  most 

concerned  are  compressibility,  permeability  and  shearing  strength  (the  latter  being  the 
combined  effect  of  internal  friction  and  cohesion). 

Compressibility  is  the  important  factor  in  the  design  of  those  foundations  in  which 
excessive  or  differential  settlements  might  occur  due  to  change  in  volume  of  the  soil. 

Permeability  is  the  property  which  permits  the  flow  of  water  through  the  soil  and 

affects  the  stability  of  structures,  such  as  retaining  walls,  dams,  cofferdams,  embankments 
and  excavations. 

Shearing  strength  affects  the  stability  of  structures,  the  foundations  of  which  might 

fail  when  frictional  and  cohesive  resistances  are  exceeded — for  example,  retaining  walls, 
dams,  dikes,  cofferdams,  embankments,  cuts,  and  heavily  loaded  foundations  on  soft 

ground. 
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Exploration  drilling  from  which  undisturbed  samples  are  taken  for  laboratory  test- 

ing by  equipment  especially  designed  to  determine  these  properties  is  a  basis  for  classi- 
fication by  identification  with  soils  previously  tested  and  of  which  observations  have 

been  made  of  performance  under  structures. 

103.     ROADBED 

A.    BEHAVIOR 

The  function  of  railroad  roadbed  is  to  receive  the  pressure  transmitted  to  it  through 

the  ballast  with  as  uniform  reaction  as  practicable.  Assuming  fairly  uniform  distribution 

of  impact  forces  at  the  horizontal  plane  of  the  top  of  the  roadbed — which  is  the  func- 

tion of  ballast — the  greatest  uniformity  obtains  when  the  material  of  the  roadbed  is  free 
from  excess  moisture  and  has  the  physical  properties  that  provide  stability,  viz.  high 

internal  friction,  high  cohesion  and  low  compressibility,  capillarity  and  elasticity. 
The  adverse  character  of  a  roadbed  soil  depends  on  (1)  its  volume  change  with 

variations  in  moisture  content  or  under  frost  action,  (2)  its  plasticity,  that  is,  its  tendency 

to  flow  under  load  which  affects  its  bearing  power,  and  (3)  its  tendency  to  flow  as  a 

result  of  rounded  sands  and  silts.  The  track  may  be  displaced  as  a  result  of  any  of 

these  conditions.  The  Kaolinite  group  and  other  micaceous-like  minerals,  important 
constituents  of  clays,  affect  the  moisture  of  a  mass  and  its  plastic  properties  in  ratio  to 

the  extent  to  which  they  have  been  broken  up  along  cleavage  planes  into  thin  plates 
(surface  relative  to  mass  increased).  So  far  as  stability  of  a  mass  is  concerned,  the  term 

"sand",  unless  qualified,  is  misleading.  Wet  or  dry,  highly  rounded  sand  and  siliceous 
silts  behave  very  differently  from  angular  sand  and  silt. 

Moisture  EfTects 

Excess  soil  moisture  in  the  roadbed  is  detrimental  in  four  respects:  (a)  it  greatly 

reduces  the  bearing  power  of  soUs  of  all  kinds,  some  more  than  others,  resulting  in  "soft 

spots";  (b)  in  case  of  freezing  it  causes  "heaving";  (c)  in  case  of  increase  or  decrease 
of  amount  of  excess  moisture,  unequal  swelling  or  shrinkage  results  in  unequal  displace- 

ment of  the  track;  and  (d)  it  leads  often  to  subsidences  and  slides. 

The  moisture  in  the  soil  which  is  of  importance  is  of  two  kinds;  gravitational  and 
capillary. 

Gravitational  water  is  free  to  move  under  the  influence  of  gravity.  It  can  be 
removed  by  ditches,  drain  pipes  or  other  drainage  means. 

Capillary  moisture  is  tenaciously  retained  in  soils  through  which  free  water  has 

passed  or  which  are  in  contact  with  wetter  soils  by  the  attraction  between  the  soil 

particles  and  water  and  the  surface  tension  of  the  water.  It  is  only  removable  from 

soils  by  evaporation,  and  by  that  only  in  part,  and  while  connection  with  any  source  of 
water  is  removed.  It  cannot  be  removed  directly  by  drainage,  but  can  be  controlled 

somewhat  by  lowering  the  water  table.  The  amount  of  capillary  moisture  which  can 

exist  in  a  soil  depends  upon  the  shape,  size  and  mineralogical  composition  of  the  soil 
particles;  the  greater  the  ratio  of  surface  area  of  the  particles  to  the  mass  and  the 

greater  the  percentage  of  clay,  the  greater  the  amount  of  capillary  water.  The  adverse 

character  of  a  soil,  as  affected  by  the  presence  of  water  and  manifested  by  vertical 
swelling,  increases  with  the  clay  content. 

Consolidation 

Consolidation  of  the  roadbed  is  the  more  or  less  permanent  effect  of  compressing 

vertically  under  load  by  squeezing  out  moisture  or  air.    As  the  density  is  thereby  in- 
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creased,  stability  is  likely  to  be  improved.    If,  however,  the  soil  contains  peat  or  organic 
matter,  there  is  rebound  on  removal  of  the  load. 

Lateral  Flow 

Saturated  soils  with  decreased  internal  friction  and  cohesion,  plastic  soils  such  as 

clays,  and  sands  and  silts  with  rounded  grains,  wet  or  dry,  are  subject  to  lateral  flow 

under  pressure.  These  conditions  may  result  in  slump  of  roadbed  fill,  settlement  of  the 

ballast  section  and  penetration  of  such  soils  into  the  ballast  section,  creation  of  "soft 
spots"  and  water  pockets  under  track,  or  subsidence  of  fill  by  squeezing  outward  and 
upward  such  materials  in  the  original  ground. 

Frost  Action 

In  climates  where  freezing  occurs,  volume  change  of  fine-grained  soils  (frost  heaving) 
may  cause  serious  difficulty,  since  moisture  content  and  access  to  additional  moisture 

vary  greatly  in  short  distances  along  and  across  the  tracks.  Heaving  is  not  merely  the 

volume  increase  due  to  the  freezing  of  the  moisture  contained  in  the  soil,  but  in  major 

part  is  continued  swelling  caused  by  the  building  up  of  ice  layers  fed  from  below  by  the 

soil  capillaries.  Contributary  to  this  phenomenon  is  the  tendency  of  water  in  the  con- 

dition of  high  tension  in  fine  capillaries  to  resist  freezing  even  at  abnormally  low  temper- 
atures so  that  channels  of  supply  remain  open.  Heaving  may  thus  continue  until  the 

source  of  ground  water  is  exhausted  or  until  the  rate  of  freezing  is  greater  than  the  rate 
of  capUlary  rise. 

Equally  detrimental  to  track  is  the  condition  when  thawing  weather  removes  the 
heave.  Then  the  melting  ice  layers  furnish  excess  free  water  which  liquefies  the  soil 

mass,  destroying  in  large  measure  its  normal  internal  friction  and  cohesion  and  con- 
sequently its  stability. 

Submitted  for  publication  in  the  Manual. 

As  most  of  their  context  is  more  appropriately  included  above,  Articles  504  A  and 

504  B  on  pages  1-45  and  1^6  should  be  revised  to  read  as  follows: 

504.     SUB-SURFACE  DRAINAGE 
1932 

A.    SOIL  MOISTURE— See  Article  103  A. 

B.    SOILS— See  Article  103  A. 

Drainage  problems  are  definitely  related  to  the  mineralogical  composition  of  the 
soil  involved,  the  physical  condition  of  the  mineral  material,  and  the  local  geological  and 
climatic  conditions  which  determine  the  source,  or  sources,  of  water. 

The  adverse  character  of  a  soil,  as  affected  by  the  presence  of  water  and  manifested 

by  vertical  swelling,  increases  with  the  clay  content. 
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Appendix  B 

(2)     NATURAL  WATERWAYS 

L.  S.  Rose,   Chairman,   Sub-Committee;    E.  J.  Bayer,  A.   E,  Botts,   Albert   Haertlein, 
J.  H.  Kelly,  J.  A.  Noble,  G.  W.  Payne. 

201.     GENERAL 
Scope 

This  subject  has  to  do  with  the  determination  of  the  location,  size  and  shape  of 

openings  in  the  roadway  for  the  purpose  of  passing  drainage  from  the  surface  of  the 
ground.  It  also  includes  the  control  of  flood  flows  and  water  borne  materials  in  streams ; 

the  protection  of  the  roadway  where  in  contact  with  surface  water  and  the  protection  of 

structures  carrying  tracks  over  waterway  openings. 

Importance 

Properly  designed  openings,  control  of  flood  flows  and  protection  of  roadway  and 

structures  are  of  vast  importance  from  the  standpoints  of  safety,  economy  and  continu- 
ance of  operation  during  flood  periods.  With  the  ever  increasing  menace  of  floods  and 

their  disastrous  consequences,  every  related  problem  is  deserving  of  accurate  and 

exhaustive  survey  and  careful  planning. 

202.     DRAINAGE  AREAS  AND  WATER  RUN-OFF 

A.    FIELD  SURVEYS 

Survey  requirements  may  depend  in  some  degree  upon  whether  the  waterway  is  to 

be  crossed  by  a  new  line,  or  whether  the  replacement  of  an  existing  waterway  structure 
is  involved. 

For  the  crossing  of  a  new  line  the  survey  requirements  are  extensive  and  general  in 

nature,  involving  the  determination  of  the  drainage  area  and  its  shape;  the  stream  and 

slope  profile;  soil,  vegetation  and  climatic  characteristics;  as  well  as  topographical  details 
in  the  vicinity  of  the  most  probable  point  of  crossing. 

For  the  replacement  of  an  existing  waterway  structure  the  survey  requirements  may 

be  the  same  as  those  for  a  new  line,  but  in  many  cases  the  required  waterway  area  is 

apt  to  be  determined  from  past  performances  of  the  stream  at  the  structure  to  be  re- 
placed. Past  observation  may  have  indicated  that  a  change  in  size,  shape  or  location  of 

the  waterway  structure  may  be  desirable.  Maintenance  of  railroad  operation  during 

construction  and  the  fit  with  local  topography  and  the  existing  structure  may  control  in 

a  large  degree  the  design  of  the  new  structure.  All  such  facts  should  be  considered  in 
determining  the  survey  requirements. 

In  both  cases  consideration  should  be  given  to  probable  future  changes  in  conditions 

above  and  below  the  point  of  crossing  which  would  in  any  way  affect  the  performance 

of  the  stream — for  example,  channel  improvements  and  the  construction  or  removal  of 
dams  or  revetments. 

For  small  culvertg  or  replacements  some  of  the  data  listed  here  may  be  unnecessary 

and  some  will  have  been  pre-determined,  but  all  of  the  following  items  should  be  con- 
sidered in  order  that  the  survey  notes  may  include  all  the  information,  not  a  matter  of 

office  record,  necessary  for  the  design  of  the  most  suitable  structure: 
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1.  Area  of  watershed. 
2.  Shape  of  watershed. 
3.  Location  of  main  stream  and  tributaries. 
4.  Slope  of  stream  bed  and  side  slopes. 
5.  Character  of  soil  and  sub-soil. 
6.  Vegetation — timber,  grass,  cultivated  or  barren,  and  probable  changes. 
7.  Climatic  conditions — accumulation  of  snow  and  ice. 
8.  Precipitation — local  records,  if  any,  of  rate,  duration,  frequency  and  distribution. 
9.  Natural  and  artificial  storage — lakes,  swamps,  reservoirs. 
10.  Channel  course — fixed  or  changeable. 
11.  Channel  material — rock,  boulders,  gravel,  sand,  clay,  silt. 
12.  Channel  erosion — amount  and  nature  of  material  transported. 
13.  Possibility  of  ice  gorges. 
14.  Elevation  of  backwater  from  larger  stream  below  crossing. 
15.  Determination  of  past  flood  crests  and  frequency.  On  an  existing  line  crossing 

a  wide  valley  with  two  or  more  openings  secure  high  water  profile  across  valley 
on  both  sides  of  railroad  embankment. 

16.  Character  of  current — rate  of  flow — steady  or  variable. 
17.  Waterway  area,  relative  flood  flows  and  adequacy  of  existing  nearby  railroad 

and  highway  bridges  or  culverts. 
18.  Topography  over  liberal  area  in  vicinity  of  crossing.  Typical  flood  channel 

sections. 
19.  Location  of  right  of  way  limits. 
20.  Property  lines  and  owners  names  along  stream  if  channel  change  is  contemplated. 
21.  Track  profile,  alinement  and  topography  for  sufficient  distance  to  cover  any 

probable  change,  or  as  necessary  to  portray  conditions. 
22.  Borings — locate  and  give  character  of  material  found. 
23.  Determine  most  favorable  angle  of  stream  crossing. 
24.  Location — mile  post  and  chainage  station. 
25.  Location  of  borrow  pit  if  bridge  filling  is  involved. 

This  report  is  submitted  with  recommendation  that  it  be  published  in  the  Manual. 

Appendix  C 

(3)     CULVERTS 

A.   E.   Botts,   Chairman,   Sub-Committee;   F.  W.   Biltz,   S.   N.   Crowe,   Herbert   Ensz, 
M.  C.  Patton,  W.  H.  Woodbury. 

301.     LOCATION  AND  TYPE  OF  OPENING 

A.    WATERWAY  REQUIRED 

Determination  of  the  proper  size  culvert  opening  requires  knowledge  of  the  drainage 

area,  the  water  run-off,  data  on  past  performance,  and  pertinent  formulae,  with  experi- 
ence and  good  judgment  in  interpreting  them.  Consideration  of  the  stream  both  above 

and  below  the  opening  is  necessary.  The  ideal  opening  is  one  in  which  the  velocity  of 
the  stream  above  the  opening  is  maintained  or  somewhat  increased  through  the  opening 

and  below  to  a  point  where  the  flow  will  have  no  effect  on  the  railway. 

B.    SPAN  REQUIRED 

The  span  of  the  culvert  should  be  such  that  the  property  above  will  not  be  injuriously 

affected  at  times  of  increased  run-off,  nor  a  head  created  which  will  induce  destructive 
velocities. 

In  shallow  fills  the  span  may  have  to  be  increased  to  provide  the  predetermined 
area.  For  pipe  culverts,  where  practicable,  the  cover  should  be  a  minimum  of  three  feet 
below  the  bottom  of  ties. 
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For  practical  reasons,  a  minimum  size  pipe  culvert  should  be  established,  even 

though  run-off  computations  may  show  that  a  size  smaller  than  the  minimum  might  be 
used.  For  main  line  track  a  minimum  diameter  of  24  inches  is  recommended,  while  for 

highway  crossings  and  unimportant  track,  the  minimum  diameter  may  be  reduced  to 
18  inches.  Pipe  structures  smaller  than  these  are  difficult  to  clean  out  and  may  be  of 
insufficient  capacity  if  freezing  occurs. 

C.     CHARACTER  OF  HYDRAULIC  TRAFFIC  (ABRASIVE,  CORROSIVE,  ETC.) 

Except  in  localities  of  such  special  service  classifications  as  mineralized,  organic,  and 

salt  water,  which  are  relatively  small  in  area  as  compared  with  the  entire  country,  cor- 
rosion from  soil  and  water  is  far  less  important  in  shortening  the  life  of  drainage  struc- 

tures than  is  the  abrasive  action  of  the  hydraulic  traffic.  So  far  as  soil  corrosion  on  the 

outside  of  structures  is  concerned,  the  extensive  soil  corrosion  tests  of  the  Bureau  of 

Standards,  now  in  progress  for  more  than  12  years,  show  conclusively  that  in  only  about 

10  percent  of  the  soils  is  corrosion  from  the  outside  severe;  that  in  about  another  10  per- 
cent the  corrosion  is  mildly  severe,  and  that  in  more  than  80  percent  of  the  soil  corrosion 

is  negligible. 

Turning  to  internal  corrosion,  mine  water,  especially  from  coal  mines,  is  particularly 
difficult  to  handle  as  it  attacks  all  commonly  used  materials  except  possibly  well  burnt 
vitrified  clay  pipe. 

The  alkali  soils  are  of  two  kinds,  black  alkali  and  white  alkali,  white  alkali  usually 
contains  quantities  of  sulfates,  carbonates  or  chlorides,  which  on  evaporation  of  moisture 
in  the  soil  leaves  a  white  crust  on  the  surface.  The  black  alkali,  a  sodium  carbonate, 
does  not  leave  the  white  crust. 

The  white  alkalies,  particularly  the  sulfates,  are  more  severe  on  concrete  than  metal. 

The  black  alkalies  and  the  chloride  salt  alkalies,  on  the  other  hand,  are  relatively  more 
severe  on  metal  than  on  concrete. 

Sea  water  is  injurious  to  all  types  of  drainage  materials.  The  chlorides  in  the  salt 

water  shorten  the  life  of  metal  structures,  while  the  alternate  wetting  and  drying,  and 
the  frost  action  in  cold  climates  accelerate  the  deterioration  of  concrete. 

Wherever  the  service  conditions  are  such  as  to  indicate  severe  abrasive  or  corrosive 

action,  the  available  drainage  material  that  will  be  least  affected  should  be  used,  resulting 
in  a  structure  that  will  give  the  lowest  cost  per  year  of  service. 

D.    TOPOGRAPHIC  CONDITIONS  DETERMINING  ANGLE,  GRADIENT, 
AND  LENGTH  OF  STRUCTURE 

A  culvert,  being  an  enclosed  channel  substituted  for  an  open  waterway,  is  a  fixed 

section  of  what  is  possibly  an  unstable  stream  that  is  changing  its  course,  scouring  deeper, 

or  filling  up.  The  alinement,  gradient  and  length  of  the  structure  should  therefore  be 
determined  so  as  to  obtain  the  most  economical  safe  installation. 

The  best  alinement  is  that  which  gives  the  water  a  straight  entrance  into  the  culvert 

and  a  direct  exit.  A  stream  that  is  very  crooked,  or  one  that  is  changing  its  course, 

may  possibly  be  relocated  to  make  it  cross  the  roadbed  at  or  near  a  right  angle,  but  the 

best  general  principle  is  to  make  the  alinement  of  the  structure  coincide  as  nearly  as 

possible  with  that  of  the  stream. 

A  culvert  should  usually  be  given  the  same  general  gradient  as  the  streambed.  One 

of  the  most  common  mistakes  is  to  place  the  invert  at  the  same  elevation  as  the  stream- 
bed.  The  result  is  that  sedimentation  reduces  the  effective  area  of  the  opening.  It  is 

generally  preferable  to  have  the  bottom  of  the  culvert  two  to  four  inches  above  the 
streambed. 
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The  length  of  a  culvert  depends  upon  the  shoulder-to-shoulder  width  of  the  road- 
bed, the  height  of  fill,  the  slope  of  the  embankment,  the  gradient  of  the  culvert,  the  skew 

angle,  and  whether  or  not  headwalls  are  to  be  built.  The  best  method  of  determining 

the  required  length  is  by  use  of  a  cross-sectional  sketch  of  the  embankment  and  a  plan 
and  profile  of  the  water  course. 

E.    FOUNDATION  CONDITIONS 

Every  structure  should  have  the  best  foundation  possible  to  obtain  within  the  limits 

of  the  allowable  cost  for  the  structure.  But  it  is  not  always  possible  to  obtain  a  satis- 
factory foundation  for  some  types  of  structures  at  a  reasonable  cost,  and  it  is  in  these 

cases  that  cost  comparisons  may  play  an  important  part  in  the  choice  of  the  type  of 

structure  to  be  used.  The  heavier  a  structure  is  per  foot  of  length,  the  greater  the  re- 
quired bearing  power  of  the  soil  underneath.  In  the  case  of  rigid  types  of  structures, 

cradling  or  even  piling  is  sometimes  necessary. 

F.    HEIGHT  AND  CHARACTER  OF  EMBANKMENT 

A  factor  that  must  be  considered  in  the  selection  of  structures  is  that  of  transverse 

forces  in  fills.  These  forces  are  manifested  by  the  tendency  of  the  fill  material  to  move 

downward  and  outward,  seeking  its  angle  of  repose  and  tending  to  separate  the  lengths 

of  pipe  culverts  and  open  cracks  in  masonry.  Transverse  forces  are  present  in  every  fill 
but  are  likely  to  be  particularly  severe  on  sidehill  locations. 

G.    LOADING,  LIVE  AND  DEAD 

Much  research  work  has  been  done  by  Iowa  State  College,  Ames,  Iowa,  to  develop 

accurate  formulas  for  determining  the  loads  that  drainage  structures  have  to  carry,  the 

results  of  which  are  covered  in  their  Bulletin  96,  "Theory  of  External  Loads  on  Closed 

Conduits",  and  Bulletin  79,  "Experimental  Determbation  of  Static  and  Impact  Loads 
Transmitted  to  Culverts". 

After  determining  the  loads  that  must  be  supported,  structures  must  be  designed  with 

sufficient  strength  to  carry  these  loads.  With  rigid  pipe  structures,  the  supporting 
strength  is  largely  dependent  upon  the  type  of  bedding  and  method  of  installation.  These 

and  other  factors  are  discussed  in  Iowa  State  Experiment  Station,  Bulletin  112,  "The 

Supporting  Strength  of  Rigid  Pipe  Culverts". 
The  American  Railway  Engineering  Association  has  also  made  contributions  to  the 

subject  of  culvert  loading,  particularly  by  means  of  the  Farina  Test.  The  report  on  this 

test  is  found  in  Volume  27  (1926)  of  the  Proceedings.  A  second  report  was  published  in 
Volume  29  (1928)  of  the  Proceedings. 

H.    ECONOMICS  OF  VARIOUS  TYPES 

Since  what  is  required  at  any  opening  is  a  suitable  continuing  passageway  for  the 
water,  any  economic  study  must  include  (1)  interest  on  the  investment,  (2)  maintenance 
costs,  and  (3)  provision  for  an  annual  payment  which  will  accumulate  to  a  sufficient 

amount  to  replace  the  structure  at  the  end  of  its  useful  life  (or  pay  off  bonds  sold  to 

secure  funds  for  the  existing  structure — the  result  being  the  same  from  an  economic  study 
standpoint).  The  sum  of  these  three  charges  is  the  annual  cost.  The  principle  involved 

is  long  established  and  widely  used.  A  detaQed  description  will  be  found  on  page  1-36 
of  the  Manual. 
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To  arrive  at  the  amount  of  interest  on  the  investment,  the  initial  cost  installed  must 

be  determined.  The  items  that  go  to  make  up  this  cost  are:  engineering,  superintend- 
ence, labor;  material,  tools,  equipment,  supplies,  and  transportation  and  handling  thereof, 

including  stores  expense;  for  supporting  tracks,  sheeting,  shoring,  pumping,  excavation, 
including  channel  changes,  building  the  structure,  backfilling  and  restoring  the  tracks; 
all  the  costs  from  inception  to  completion. 

In  preparing  cost  estimates,  different  methods  of  installation  should  be  investigated. 

Under  some  conditions,  when  using  pipe,  a  sizable  saving  can  be  made  by  such  methods 
as  tunneling,  threading,  and  jacking. 

Having  arrived  at  the  cost  of  the  structure  ready  for  service,  the  first  item  of  annual 
cost  is  obtained  by  multiplying  this  initial  cost  by  the  average  interest  rate  paid  on 

railroad  bonds  over  a  period  of  years. 

The  second  item  is  that  of  maintenance,  the  estimate  of  which  should  be  based  upon 
actual  records  of  costs  of  maintenance  of  similar  structures. 

The  third  item,  replacement  annuity,  is  dependent  upon  the  sum  necessary  to  be 
accumulated,  the  rate  of  return  on  sinking  funds,  and  the  useful  life  of  the  structure. 

With  this  information  and  a  table  of  annuities,  the  third  item  in  the  annual  cost  formula 
is  easily  obtained. 

The  useful  life  for  structures  of  various  types  should  be  estimated  for  each  major 

service  classification,  from  records  of  the  company,  or  from  an  examination  of  structures, 
in  each  service  classification,  that  have  been  in  service  for  at  least  S  to  10  years.  Much 

can  be  learned  from  a  painstaking  field  inspection  of  existing  structures  if  all  factors 

affecting  the  performance  of  the  structures  are  taken  into  consideration. 
Since  cost  comparisons  are  so  easily  made,  and  since  it  is  one  of  the  chief  functions 

of  a  railroad  engineer  to  operate  the  road,  insofar  as  his  sphere  of  influence  extends,  at 

the  lowest  true  annual  cost  possible,  economic  comparisons  should  be  made  one  of  the 

guides  toward  the  selection  of  drainage  structures. 

Appendix  D 

(4)     WIDTH  OF  ROADBED  AND  ANGLE  OF  SLOPES 

Paul  Chipman,  Chairman,  Sub-Committee;  J.  A.  Given,  H.  H.  Harman,  D.  A.  Hultgren, 
C.  S.  Robinson,  W.  C.  Swartout,  W.  H.  Woodbury. 

402.     RECOMMENDATIONS 

WIDTHS  AND  SLOPES 

Certain  factors  which  govern  widths  and  slopes  are  general  in  character  and  appli- 
cation, while  others  are  of  a  local  and  special  nature.  Obviously,  standards  should  be 

based  on  general  factors,  and  modified  where  unusual  conditions  exist.  Liberal  provi- 
sion should  be  made  for  variation  in  the  general  factors;  but  it  is  not  economical  to 

establish  a  standard  width  for  roadbed  which  will  take  care  of  conditions  that,  even 

though  of  frequent  occurrence,  prevail  over  a  relatively  small  part  of  the  line  under  con- 
sideration. It  is,  therefore,  necessary  to  consider  first  the  determining  factors  that  are 

of  general  application;  and,  second,  those  which  apply  to  local  situations. 
Although  widths  and  slopes  are  interdependent  to  the  extent  that  the  stability  of 

a  roadway  may  be  increased  by  using  either  a  greater  width  or  a  flatter  slope,  yet  most 
of  the  controlUng  factors  are  not  the  same,  and  it  is  advisable  to  consider  widths  and 

slopes  separately. 
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A.    WIDTHS 

Factors  Affecting  Standard  Widths 
Ballast  Section 

In  determining  the  proper  width  of  roadbed,  the  ballast  section  is  the  primary 
consideration.  Its  depth  and  consequently  its  width  is  to  a  large  extent  a  function  of 
traffic.  Most  railroads  have  two  standard  roadbed  sections,  one  for  principal  lines  and 

one  for  secondary  lines;  while  some  have  still  a  third  for  branch  lines. 

The  kind  of  ballast  affects  the  bottom  width  of  the  ballast  section,  as  steeper  side 

slopes  may  be  used  for  stone  or  slag  than  for  gravel.  Superelevation  of  curves  increases 
the  depth  of  the  ballast  section  on  the  high  side,  and  consequently  its  width,  and  it  is 

the  practice  of  some  railroads  to  make  their  roadbed  wider  on  curves,  particularly  on 
the  outside  of  the  curve. 

A  reasonable  allowance  should  be  made  for  future  ballast  lifts,  the  amount  of  which 

will  depend  on  several  factors.  These  include  probable  future  traffic,  kind  of  ballast, 

and  the  procedure  followed  in  making  ballast  renewals. 

Ballast  renewals  will  be  more  frequent  under  heavy  traffic.  The  cost  per  cubic  yard 

of  widening  roadbed  under  traffic  is  usually  greater  than  the  cost  of  new  construction, 
and  in  general  the  heavier  the  traffic,  the  greater  is  this  excess. 

Where  the  nature  of  the  ballast  is  such  that  it  can  be  cleaned,  and  where  that 

practice  is  followed,  the  applications  of  new  ballast  will  be  less  in  frequency  and  amount 
than  where  no  cleaning  is  done.  In  the  latter  case,  the  extent  of  the  lift  will  depend  on 
how  much  of  the  old  ballast  is  removed  before  new  ballast  is  applied. 

It  is  not  economical  to  anticipate  ballast  lifts  too  far  in  the  future,  as  interest  on 

the  added  cost  of  original  construction  would  in  time  amount  to  more  than  the  excess 

cost  of  widening  under  traffic  when  the  need  developed. 

Sub-ballast  should  be  carried  to  the  shoulder  of  the  sub-grade  and  have  the  same 

side  slopes.  It  is,  therefore,  a  continuation  or  finishing  layer  of  the  underlying  sub- 

grade.  In  this  discussion,  therefore,  the  term  "width"  applies  to  the  top  of  the  sub- 
ballast,  where  such  material  is  used.  With  this  definition,  the  allowance  for  future  lift 

may  be  considerably  reduced  where  sub-ballast  is  used,  as  such  material  reduces  the 
frequency  of  ballast  renewals  and  facilitates  cleaning  of  ballast. 

Erosion  and  Settlement 

A  further  allowance  should  be  made  for  the  rounding  and  sloughing  that  results 
from  settlement,  erosion,  and  frost  action.  This  refers  to  the  normal  settlement  that 

may  be  expected  at  practically  all  fills,  unless  thoroughly  compacted;  and  does  not  in- 
clude settlement  due  to  subsidence,  except  for  the  small  amount  that  results  from  com- 

pression of  the  natural  soil  under  the  weight  of  embankments  and  trains.  This  occurs 

at  nearly  all  points,  even  in  cuts,  although  frequently  very  small  in  amount,  and  is  quite 
different  from  subsidence  due  to  displacement  of  the  underlying  material.  It  also  refers 

to  the  normal  erosion  of  slopes  and  rounding  of  shoulders,  which  is  a  universal  experience. 

The  amount  of  such  normal  allowance  is  affected  by  several  factors.  It  may  be  less 

where  modern  methods  of  construction  have  resulted  in  thorough  compaction  of  embank- 
ments, and  should  be  greater  where  prevailing  soils  are  of  a  nature  particularly  susceptible 

to  erosion  by  water  or  wind,  or  where  heavy  rain  storms  are  frequent. 

With  a  ballast  section  having  8  inches  to  12  inches  of  ballast  under  the  tie  and  a 

width  of  14  feet  to  16  feet,  and  allowing  3;  feet  for  future  ballast  lifts  and  3  feet  for 
normal  settlement  and  erosion,  there  results  a  total  width  of  20  feet  to  22  feet  required 
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for  fills  where  no  unusual  conditions  exist,  where  no  special  attention  is  paid  to  com- 
pacting fiUs,  and  where  sub-ballast  is  not  used. 

The  factor  of  settlement  does  not  affect  the  width  of  roadbed  in  cuts,  but  there  is 

a  like  tendency  to  round  off  the  shoulder  of  the  roadway,  and  erosion  from  cut  ditches 

must  be  guarded  against.  The  majority  of  railroads  find  it  desirable  to  use  the  same 
width  of  roadbed  between  side  ditches  of  cuts  as  on  fills. 

Standards  in  Use 

It  must  be  understood  that  any  standard  width  arrived  at  by  an  analysis  of  this 

kind  represents  general  and  average  conditions  in  all  parts  of  the  country,  and  is  subject 
to  modification  on  account  of  the  prevalent  conditions  that  are  peculiar  to  each  railroad. 

A  questionnaire  designed  to  elicit  information,  not  only  as  to  standard  widths  and 

slopes  of  fills  and  cuts,  but  as  to  the  adequacy  of  such  widths  and  slopes  under  certain 

conditions  and  the  modifications  that  should  be  made  to  meet  such  conditions,  was  sent 
to  a  number  of  Class  I  railroads  and  replies  were  received  from  31  roads  with  total 
mileage  of  132,000  miles. 

Considerable  variation  in  standard  widths  is  to  be  expected.  For  fills  on  principal 
lines,  the  narrowest  standard  reported  in  answer  to  the  questionnaire  is  18  feet  and  the 

widest  24  feet,  the  weighted  average  being  20  feet  6  inches. 

The  widths  reported  and  approximate  percentages  of  mileage  of  roads  using  the 
various  widths  are  as  follows: 

Percent  of 

Width  Mileage 
18  feet         14 

Over  18    "    and  under  20  feet           S 
20    "             51 

Over  20    "    and  under  22  feet           8 
22     "                6 

Over  22     "    and  under  24  feet             2 
24    "              14 

For  secondary  lines,  minimum  width  is  16  feet  and  the  maximum  22  feet,  the 

weighted  average  being  19  feet  3  inches.  Branch  lines  have  the  same  range,  but  with 

a  weighted  average  of  17  feet  6  inches. 

Special  or  Local  Factors  Affecting  Width 

It  is  possible  to  provide  for  the  more  common  cases  in  which  an  increase  in  width 

over  the  standard  is  required  by  placing  instructions  on  the  standard  plans,  and  this  is 
done  by  certain  railroads;  but  in  general,  this  practice  is  not  followed.  Supplemental 

instructions  are  frequently  issued,  but  there  are  many  points  on  which  these  cannot  be 
definite  and  which  must  be  left  to  the  judgment  of  the  engineer  in  charge  of  construction. 

As  a  rule,  the  factors  which  call  for  an  increased  width  of  fills  are  different  from 

those  which  affect  cuts  and  will,  therefore,  be  considered  separately. 

Fnxs 

Height 

High  fills  not  only  have  more  shrinkage;  but  are  more  subject  to  subsidence,  on 

account  of  their  greater  weight  and  the  softer  nature  of  the  soil  that  usually  underlies 

them.  It  is  customary  to  add  additional  height  to  care  for  the  estimated  shrinkage,  but 

at  bridge  ends  such  estimates  must  be  conservative  and  not  greatly  in  excess  of  the 

shrinkage  that  will  take  place  during  construction.    Unless  the  fill  is  so  compacted  as  to 



  Roadway   329 

minimize  shrinkage,  it  will  continue  to  shrink  long  after  operation  begins.  A  good  part 

of  the  subsidence  will  probably  take  place  during  construction,  but  the  chances  are  that 
some  of  it  will  continue.  The  settlement  from  these  two  causes  must  be  made  up  by 

successive  ballast  Ufts,  with  the  result  that  the  embankment  becomes  too  narrow  to 

properly  support  the  ballast. 

This  condition  is  aggravated  by  the  fact  that  the  outer  portion  of  the  fill  is  not  as 
dense  as  the  central  portion,  unless  the  fill  has  been  especially  compacted,  with  the  result 

that  the  shoulders  are  apt  to  settle  more  than  the  central  portion,  or  to  slough  off,  due 

to  lack  of  support  from  the  relatively  soft  material  at  the  sides  of  the  fill. 

The  higher  the  fill,  the  more  rain  water  falls  on  its  slope  and  the  greater  the  destruc- 
tive effect  of  resulting  erosion  near  its  base,  thus  steepening  the  central  part  of  the  slope 

and  reducing  the  support  of  the  shoulder.  Ordinarily,  this  effect  is  negligible,  but  in 

certain  easily  eroded  soils,  it  is  sufficient  to  make  widening  advisable,  especially  if  the 
region  is  subject  to  heavy  rain  storms.  However,  protection  of  the  slope  by  vegetation, 

or  by  flattening  it,  or  both,  may  render  such  widening  unnecessary. 

It  is,  therefore,  generally  necessary  to  provide  additional  width  for  high  fills  at 

bridge  ends  or  at  other  places  where  the  original  grade  line  should  be  maintained.  Some 

railroads  have  definite  rules  for  doing  this,  either  generally  or  at  bridge  ends,  but  in  most 
cases,  it  is  left  to  the  judgment  of  the  engineer.  This  seems  preferable,  as  the  variable 

factors  are  many  and  a  definite  rule  which  would  take  care  of  extreme  cases  would  not 

be  economical  when  applied  to  others.  Here  again,  thorough  compaction  of  the  fill  will 

minimize  the  widening  required.  The  modem  practice  of  using  trucks  for  hauling  and 
building  earth  fills  in  layers  will  go  far  toward  making  unnecessary  certain  precautions 

that  have  been  needed  in  the  past.  Still  more  thorough  compaction  with  a  sheep's  foot 
roller  is  advocated  by  many. 

Subsidence 

Compaction  may  almost  eliminate  shrinkage,  but  has  no  effect  upon  subsidence. 

Where  soundings  show  that  subsidence  may  be  expected,  or  where  it  has  actually  been 
encountered  during  construction,  a  liberal  increase  in  width  should  be  provided,  as 

settlement  from  that  cause  is  apt  to  continue,  perhaps  for  many  years. 

Other  Narrowing  Causes 

Wherever  it  is  necessary  to  flatten  the  slopes  of  fills  on  account  of  unstable  or 

saturated  materials,  or  possible  erosion  of  base  of  fill  by  streams,  it  is  usually  also 
desirable  to  make  some  increase  in  the  width. 

Cuts 
Ditches 

The  most  important  factor  affecting  the  width  of  cuts  is  the  size  of  the  ditches 

required.  The  cut  ditches  shown  on  standard  plans  are  the  minimum  size  and  depth, 
and  are  to  be  so  increased  as  to  make  liberal  provision  for  aU  drainage  requirements. 

These  requirements  should  be  reduced  where  possible  by  constructing  intercepting  ditches 

above  the  slope  on  the  high  side  of  the  cut.  It  is  obviously  not  economical  to  widen 
a  cut  to  carry  water  that  might  be  kept  out  of  it. 

The  size  of  cut  ditches  is  affected  by  the  rate  of  grade,  but  on  steep  grades,  erosion 

of  the  roadbed  must  be  guarded  against  either  by  increasing  its  width  or  by  protecting 

it  with  riprap  or  paving. 



330        Roadway   

Advantages  of  Wide  Cuts 

It  is  possible  to  make  filk  wider  than  necessary,  but  within  reasonable  limits  any 

additional  width  of  large  cuts  has  some  value.  It  gives  room  for  ditches  of  ample  size 

and  of  such  depth  as  to  provide  good  drainage  for  the  roadbed  and  shut  off  ground 

water  from  reaching  it.  It  provides  lodgment  for  material  washed  down  the  slope  of 
the  cut  and  reduces  the  frequency  of  cleaning  ditches. 

In  country  subject  to  heavy  snow  fall,  extra  width  of  cuts  is  a  distinct  advantage, 

reducing  depth  of  drifts  and  affording  a  place  to  deposit  snow  removed  from  the  track. 

These  considerations  should  be  borne  in  mind  in  establishing  the  grade  line  on  new 

construction.  Failure  to  do  so  has  often  resulted  in  heavy  expenditures  later,  either  for 
maintenance  or  widening. 

B.    SLOPES 

Earth 

The  angle  of  repose  of  the  material  is  the  governing  factor  in  determining  slopes. 

For  most  earth  materials,  this  is  in  the  neighborhood  of  1^  horizontal  to  1  vertical. 

Answers  to  the  questionnaire  show  that  slopes  of  IJ^  to  1  for  earth  are  almost  univer- 
sally standard  for  both  fills  and  cuts,  to  be  departed  from  to  meet  special  conditions. 

Freshly  made  fills  will  usually  stand  at  a  slightly  steeper  slope  than  IJ^  to  1. 
Freshly  made  cuts  will  usually  stand  for  a  long  time  at  much  steeper  slopes,  but  in 

general,  frost  action  and  erosion  will  in  the  course  of  years  bring  them  to  a  slope  ap- 
proaching that  of  the  same  material  in  fills.  This  is  not  always  true,  for  there  are  cer- 

tain soils  that  will  stand  almost  vertically  for  an  indefinite  period  if  protected  from 

erosion  by  water  running  in  from  the  top,  although  these  same  soils  may  erode  rapidly 
at  ordinary  slopes.  Such  soils  are  not  common  however,  and  the  experiences  of  most 

railroads  which  formerly  made  cuts  with  1  to  1  slopes,  has  caused  them  to  revise  this 

standard  to  IJ^  to  1. 

Effect  of  Erosion  and  Weathering 

Assuming  that  the  slope  is  not  greater  than  the  angle  of  repose  of  material  when 
either  wet  or  dry,  the  general  effect  of  weathering  is  to  round  off  and  flatten  the  slope 

at  its  top,  while  erosion  has  a  similar  but  much  greater  effect  at  its  toe.  The  slope  of 

the  middle  portion  becomes  slightly  steeper,  as  the  small  gullies  which  form  in  it  are 

deeper  as  they  approach  its  base. 

On  slopes  of  stony  ground,  gravel  and  coarse  sand,  the  descent  of  water  is  a  series 

of  minute  falls;  its  flow  being  impeded  by  every  hard  particle  in  its  path,  with  the  result 

that  its  erosive  action  is  slight,  but  on  slopes  of  clay,  fine  sand  and  silt,  the  particles  of 

earth  are  dislodged  and  carried  down  the  slope  by  the  water,  which  gathers  into  larger 

and  larger  channels  as  the  base  is  approached.  At  the  base,  the  coarse  particles  borne 

by  these  rivulets  are  deposited  in  small  deltas  while  the  finer  material  is  carried  on  in 

suspension.  These  deltas  fill  the  outer  portion  of  the  cut  ditches  and,  unless  the  ditch 

is  on  a  fairly  steep  grade,  will  soon  extend  and  overlap  to  such  extent  that  it  becomes 
necessary  to  clean  the  ditch. 

A  slope  of  2  horizontal  to  1  vertical  is  approximately  %  longer  than  a  slope  of 

IJ/^. horizontal  to  1  vertical  and  it  receives  %  more  rain  fall.  The  result  is  that  the 
deposit  at  its  toe  may  be  as  great  or  greater  than  for  a  steeper  slope.  Where  cuts  are 

widened,  a  resting  place  is  provided  for  the  greater  portion  of  this  material. 
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Slides 

Where  slides  are  encountered  in  cuts,  either  during  construction  or  afterward,  it  is 

necessary  to  excavate  the  material  until  equilibrium  is  restored,  thus  automatically  flatten- 

ing the  slope.  In  general,  a  recurrence  of  the  slide  may  be  more  economically  prevented 
by  thorough  drainage  of  the  slope  than  by  further  flattening  it.  Such  drainage  provides 
a  blanket  of  unsaturated  material,  the  weight  of  which  overcomes  the  pressure  exerted 
by  the  saturated  mass  behind  it. 

Likewise,  when  a  fill  is  subject  to  saturation  on  account  of  water  standing  against 

its  slope,  it  may  be  stabilized  either  by  flattening  the  slope  below  the  water  line,  or  by 
placing  riprap  in  sufficient  amount  to  overcome  the  outward  pressure  of  the  saturated 

soil  in  the  fill,  which,  owing  to  the  superincumbent  weight  of  the  embankment,  is  greater 

than  the  water  pressure  against  the  slope.  Such  use  of  riprap  is  generally  more  eco- 
nomical than  flattening  the  slope  and  is  preferred  by  most  of  the  roads  which  replied 

to  the  questionnaire. 

Widening  Cuts  Versus  Flattening  Slopes 

Where  more  material  is  to  be  taken  from  cuts  than  is  required  by  the  standard 

section,  in  order  to  secure  material  for  fills,  the  relative  merits  of  widening  cuts  and 
flattening  their  slopes  is  worthy  of  consideration.  Flattening  a  slope  increases  its  length 

and  consequently  the  erosion  and  wash  due  to  rain  fall.  For  deep  cuts  it  may  make 

the  purchase  of  additional  right-of-way  necessary.  In  general,  there  is  little  advantage 
in  using  slopes  that  are  much  flatter  than  the  angle  of  repose  of  the  material;  whereas 
the  benefits  from  widening  cuts  are  considerable,  as  heretofore  set  forth. 

An  exception  is  the  case  of  shallow  cuts  in  regions  of  heavy  snow  fall,  in  which 

very  flat  slopes  of  say  4  horizontal  to  1  vertical  prevent  the  formation  of  drifts,  and 
are  desirable  where  the  material  can  be  used  to  advantage. 

The  sketch  below  illustrates  the  relative  effects  of  flattening  slopes  and  widening  the 
base  with  the  same  additional  yardage. 

The  material  required  to  reduce  slopes  from  1^  to  1  to  2  to  1  will  widen  the  base 

Vi  the  depth  of  the  cut,  and  the  latter  result  will  in  the  great  majority  of  cases  result 
in  more  benefit. 

The  desideratum  on  most  slopes  is  to  secure  a  growth  of  vegetation  that  will  bind 

the  surface  soil  and  prevent  erosion.  Where  the  angle  of  repose  of  loose  material  is  not 

exceeded,  vegetation  will  gain  a  footing  if  the  soil  is  rich  enough  to  support  it.  If  not, 
a  flatter  slope  will  not  help  very  much.  It  will  sometimes  hasten  growth  of  vegetation, 

but  this  advantage  is  only  worth  its  cost  in  exceptional  cases,  such  as  station  grounds 
where  lawns  are  to  be  maintained. 
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Terracing 

Few  of  the  roads  which  answered  the  questionnaire  had  experience  with  terracing 

of  either  cuts  or  fills.  Several  were  definitely  opposed  to  terracing.  It  was  recom- 
mended in  special  cases  by  6  roads.  For  fills,  the  heights  of  steps  recommended  varied 

from  5  feet  to  30  feet  and  the  width  of  terrace  from  S  feet  to  10  feet.  One  western 
road  constructs  terraces  6  feet  wide  if  the  fill  is  over  25  feet  and  the  second  terrace 

12  feet  wide  at  the  SO  foot  level.  For  cuts  there  were  no  definite  recommendations, 

but  a  few  roads  believe  in  the  desirability  of  terracing  cuts  under  certain  conditions. 

It  is  evident  that  to  be  effective,  terracing  must  be  carefully  done.  If  not  built 

accurately  to  grade,  the  result  will  be  an  overflow  at  low  points,  which  may  be  more 
destructive  than  if  no  terracing  were  done. 

Certain  State  Highway  Departments  terrace  deep  cuts,  even  going  so  far  as  to  pro- 
vide paved  gutters,  with  separate  outfall  ditches  at  the  end  of  the  cut,  and  such  treatment 

might  prove  desirable  in  some  deep  railroad  cuts. 

Rock 

The  foregoing  relates  to  earth  slopes.  For  rock  cuts  no  definite  rule  can  be  laid 

down,  owing  to  the  diversity  of  the  materials  which  come  under  that  classification.  Each 
case  should  be  considered  on  its  own  merits  and  handled  accordingly.  Slopes  of  J^ 

horizontal  to  1  vertical  for  loose  rock  and  %  horizontal  to  1  vertical  for  solid  rock  are 

commonly  specified,  and  are  shown  in  the  Manual  grading  specifications,  but  with  the 

provision  that  they  may  be  departed  from  as  circumstances  require.  Some  rock  is  safe 

when  perpendicular,  but  most  varieties  should  have  some  slope. 

When  rock  is  overlaid  by  earth,  a  berm  should  be  left  between  the  top  of  the  rock 

slope  and  the  toe  of  the  earth  slope,  the  width  of  which  should  not  be  less  than  5  feet 
and  should  be  more  if  the  depth  of  earth  exceeds  10  feet. 

General 

It  is  evident  that  while  the  widths  and  slopes  adopted  as  standard  by  any  road 

may  be  applicable  to  most  of  its  cuts  and  fills,  there  are  numerous  cases  in  which  they 
should  be  modified.  In  a  discussion  of  this  nature  it  is  impossible  to  do  more  than 

outUne  the  general  principles  which  should  govern  the  nature  and  extent  of  these  de- 
partures. A  careful  study  of  the  conditions  surrounding  each  case  should  be  the  basis 

of  procedure. 

Conclusions 

1.  The  standard  width  of  roadbed  should  be  determined  by  conditions  that  are 

generally  prevalent. 
2.  The  considerations  which  govern  the  standard  width  of  roadbed  are  the  width 

of  the  ballast  section,  provision  for  normal  settlement  and  erosion,  and  an  allowance 
for  future  ballast  lifts. 

3.  The  principal  factors  which  require  more  than  standard  width  are:  For  cuts, 
drainage  requirements;  for  fills,  height  and  possible  settlement. 

4.  The  standard  slope  for  earth  cuts  and  fills  should  be  slightly  less  than  the  angle 

of  repose  of  the  prevailing  materials  when  loose.  A  slope  of  1^4  horizontal  to  1  vertical 
will  usually  comply  with  this  condition. 

5.  The  principal  factor  which  may  require  flattening  of  slopes  is  the  instability  of 
saturated  material;  but  flattening  the  slopes  of  high  fills  and  deep  cuts  involves  much 

additional  grading,  and  the  possibDity  of  other  cures,  such  as  draining  slopes  of  cuts 

and  riprapping  slopes  of  fills,  should  be  explored. 
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6.  Terracing  may  be  used  to  advantage  in  certain  deep  cuts  and  high  fills,  if 
carefully  done;  but  in  general,  it  is  not  necessary. 

7.  Each  cut  and  fill  should  be  the  subject  of  careful  study  to  determine  whether 

or  not  surrounding  conditions  require  departure  from  the  standard,  and  if  so,  to  what 
extent  and  in  what  way. 

Appendix  E 

(7)     TUNNELS 

SPECIFICATIONS  FOR  CONSTRUCTION,  EXCAVATION  AND 
TEMPORARY  LINING 

F.  W.  Alexander,  Chairman,  Sub-Committee;  E.  J.  Beugler,  F.  W.  HUlman,  J.  H.  Kelly, 
E.  R.  Lewis,  W.  C.  Swartout,  A.  W.  White. 

In  carrying  out  this  assignment,  specifications  were  secured  from  a  number  of 

railways  covering  tunnels  already  constructed.  These  were  analyzed  and  a  composite 

specification  prepared,  eliminating  duplicate  items  but  retaining  all  of  the  others.  After 

a  thorough  study  and  discussion,  many  items  that  referred  to  special  work  or  local 

conditions  were  eliminated  from  this  composite  specification  and  some  additions  were 
made. 

Collaboration 

The  matter  of  grade  and  species  of  timber  for  lining  was  discussed  with  and  agreed 

to  by  Committee  VII — ^Wood  Bridges  and  Trestles. 

Conclusions 

The  Committee  considers  it  impossible  to  make  a  general  specification  that  will  cover 
special  cases  of  tunnel  construction  and  certain  local  conditions  that  might  be  peculiar 

to  one  particular  tunnel.  The  specifications  now  presented  for  approval  are  intended  to 

cover  ordinary  railway  tunnel  construction  and  are  recommended  for  publication  in  the 
Manual  to  replace  material  formerly  included  in  the  Specifications  for  Formation  of  the 

Roadway,  but  deleted  in  the  last  revision. 

702.     SPECIFICATIONS  FOR  CONSTRUCTION,  EXCAVATION  AND 
TEMPORARY  LINING  OF  TUNNELS 

General 

1.  Tunnel  shall  be  excavated  to  the  alinement,  gradient  and  section  shown  upon 

the  plans  or  to  such  modifications  thereof  as  may  be  directed. 
An  outline  of  the  plan  for  excavation  of  tunnel  shall  be  submitted,  along  with  the 

proposal,  for  the  approval  of  the  Chief  Engineer. 

Laying  Out  Work 

2.  The  work  shall  be  laid  out  by  the  Engineer.  The  Contractor  shall  give  the 

Engineer  at  least  24  hours  notice  before  requiring  any  levels,  lines  or  stakes,  on  any  por- 
tion of  the  work,  stating  where  they  are  needed.  The  Contractor  shall,  at  his  own 

expense,  supply  all  necessary  service  in  the  way  of  lights,  staging  and  labor,  to  enable 

thtf  Engineer  to  carry  on  his  work. 

Sanitary  Provisions 

3l  Sanitary  conveniences  for  the  use  of  all  persons  employed  on  the  work  shall 
be  constructed  and  maintained  by  the  Contractor  in  sufficient  number  and  in  such  a 
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manner,  and  at  such  places,  as  shall  be  approved  by  the  Engineer.  All  persons  con- 
nected with  the  work  shall  be  obliged  to  use  these  conveniences. 

Excavation 

4.  Tunnel  excavation  shall  be  understood  to  mean  excavating  all  material  within 
the  length  of  the  tunnel  and  between  vertical  planes  located  at  each  end  of  the  tunnel 
where  the  back  line  of  the  portal  wall  intersects  the  grade  line.  If  there  are  no  portal 
walls,  the  length  of  tunnel  shall  be  determined  by  length  of  roof  as  constructed,  measured 
on  the  center  line  through  tunnel. 

The  price  for  tunnel  excavation  shall  cover  all  expenses  incident  thereto,  and  embrace 
the  removal  of  all  materials  within  the  limits  of  tunnel  excavation  as  hereinbefore  defined, 
and  the  doing  of  everything  to  complete  the  work  not  included  in  other  items  priced  on 
the  form  of  proposal,  and  without  limiting  the  meaning  of  the  foregoing,  shall  be  deemed 
to  include  the  loosening,  loading,  transportation,  placing  and  removing  of  all  materials 
as  directed,  the  furnishing  of  all  necessary  materials,  plant  and  labor  for  temporary 
timbering,  supports  and  scaffolding  for  the  safe  prosecution  of  the  work,  and  keeping 
the  tunnel  free  from  water,  oil  and  gas. 

Except  in  ground  where  lining  is  required,  the  Contractor  must  take  out  at  his  own 
expense  all  loose  or  shattered  rock  or  material  of  any  kind  which,  in  the  opinion  of  the 
Engineer,  is  dangerous  or  may  become  so  in  the  future. 

Change  in  Area  Account  of  Curvature 

5.  When  the  alinement  through  the  tunnel  is  partly  curve  and  partly  tangent,  or 
there  is  a  change  to  a  sharper  degree  of  curve,  the  tunnel  section  shall  be  gradually 
increased  from  the  section  shown  for  tangent  to  the  section  shown  for  curve,  or  for 
change  to  section  for  sharper  curve.  The  minimum  clear  space  provided  shall  at  no 
point  be  less  than  the  standard  approved  by  the  AREA. 

Slides  and  Falls 

6.  Every  precaution  must  be  taken  against  slides  or  falls  in  blasting  or  other  oper- 
ations. Should  such  falls  or  slides  be  due  to  the  operations  of  the  Contractor,  the  mate- 

rial must  be  removed  at  his  own  expense,  but  if  they  come  from  the  nature  and  bad 
character  of  the  ground  so  as  to  be  beyond  his  power  to  prevent  them,  the  Railway 
Company  will  pay  a  price  for  the  removal,  to  be  determined  by  the  conditions  attached 
to  such  falls  or  slides.  With  this  exception,  no  allowance  shall  be  made  for  material 
taken  out  beyond  the  theoretical  section  as  shown  on  plans. 

Excavation  Below^  Grade 

7.  Tunnels  shall  be  excavated  to     below  profile  grade  and  refilled  with 
material  approved  by  the  Engineer.  If  the  approved  refilling  material  is  available  from 
the  tunnel  excavation,  no  payment  will  be  made  to  the  Contractor.  If  necessary  to 
secure  refilling  material  from  other  sources,  the  Railway  Company  will  pay  the  cost. 

Refuge  Niches 

8.  Refuge  niches  shall  be  constructed  where  shown  and  in  accordance  with  plans. 

They  are  to  be  included  in  the  Contractor's  price  per  linear  foot  of  tunnel.  ^ 

Shafts 

9.  The  number,  location  and  dimensions  of  all  shafts  shall  be  as  shown  on  the 
plans,  or  as  directed  by  the  Chief  Engineer. 
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The  specified  price  per  cubic  yard  for  shaft  excavation  shall  cover  all  expense  inci- 
dental thereto,  and  embrace  the  removal  of  all  materials  between  the  surface  of  the 

ground  and  the  cross-section  of  the  tunnel,  and  the  doing  of  everything  to  complete  the 
work  not  included  in  other  items  priced  on  the  form  of  proposal,  and  without  limiting 

the  meaning  of  the  foregoing,  shall  be  deemed  to  include  the  loosening,  loading,  trans- 

portation, placing  and  removing  of  all  materials  as  directed,  and  furnishing  of  all  neces- 
sary materials,  plant  and  labor  for  temporary  timbering,  supports  and  scaffolding  for 

the  safe  prosecution  of  the  work  and  keeping  the  shafts  free  from  water,  gas  or  oil. 

Classification 

10.  There  shall  be  no  classification  for  tunnel  excavation  as  hereinbefore  mentioned 

in  Paragraph  S.  Other  excavation,  including  shafts,  shall  be  classified  in  accordance 
with  the  classification  specified  in  the  AREA  Specifications  for  the  Formation  of  the 
Roadway. 

Disposition  of  Material  and  Overhaul 

11.  The  specified  price  per  linear  foot  for  tunnel  excavation,  and  per  cubic  yard 
for  any  other  excavation,  including  shafts,  shall  cover  the  whole  cost  of  labor  and 

material  incidental  thereto,  and  the  depositing  of  the  material  in  embankments  at  the 

end  of  the  tunnel  or  as  otherwise  directed,  and  there  shall  be  no  allowance  for  any 

so-termed  "overhaul". 

Wiring 

12.  Electric  lights  or  power  circuits  for  construction  purposes  shall  be  of  standard 

construction,  installed  in  a  first-class  manner  and  securely  fastened  in  place.  Wires 
carrying  the  firing  circuit  shall  be  placed  on  the  opposite  side  of  the  tunnel  from  wires 
carrying  other  electric  circuits. 

Blasting 

13.  When,  in  the  judgment  of  the  Engineer,  explosives  are  improperly  used,  either 

as  to  kind,  quantity  or  placing  of  shots,  so  as  to  unnecessarily  shatter  the  sides  or  roof 

of  the  tunnel,  he  has  the  right  and  authority  to  restrict  the  kind,  quantity  and  placing 

of  explosives.  Particular  care  shall  be  exercised  by  the  Contractor  in  the  use  of  explo- 
sives near  the  limits  of  the  tunnel  section,  where  he  shall  use  small  charges  and  otherwise 

handle  the  work  so  that  the  sides  and  roof  will  not  be  shattered. 

The  Contractor  shall  protect  the  tunnel  lining  and  temporary  timbering,  at  his  own 

cost,  from  any  damage,  and  if  damage  does  occur  from  blasting  or  any  other  cause, 

damaged  parts  must  be  restored  at  his  own  cost. 

Ventilation 

14.  The  Contractor  shall  install,  maintain  and  operate  such  ventilating  system  as 

is  necessary  to  quickly  remove  all  gases  and  dust  resulting  from  blasting  and  other 
causes,  and  to  keep  the  air  within  the  tunnel  suitable  for  the  health  of  the  workers  and 

clear  enough  to  permit  of  surveying  operations. 

Drainage 

15.  Pipe  for  roadbed  drainage  shall  be  installed  as  shown  on  plans  and  properly 
laid  on  the  established  grade. 

Timber  Lining 

16.  Lining,  where  required,  must  conform  to  standard  or  special  plans.  Timber  to 

be  left  in  place  as  lining  or  portals  shall  be  Douglas  fir,  larch,  Southern  pine,  or  other 



336   Roadway   _^_^ 

approved  wood  and  of  grade  specified  in  AREA  Specifications.  The  lagging  shall  be  in 
pieces  4  inches  thick  and  6  inches  wide.  Timber  left  in  place  as  lining  shall  be  paid  for 

at  a  price  per  thousand  F.B.M.  The  price  per  1000  feet  shall  include  the  cost  of  neces- 
sary iron  and  total  cost  of  all  labor  incidental  to  putting  the  timber  and  iron  in  place. 

Packing 

17.  The  Contractor  shall  pack  all  cavities  behind  lining  so  that  the  total  area  of 
the  roof  and  sides  will  have  a  firm  bearing  on  lining  or  lagging.  This  packing  may 
consist  of  timber  or  stone.  Should  the  cavities  have  been  caused  by  blasting  or  other 

operations  of  the  Contractor,  the  packing  shall  be  done  at  the  Contractor's  expense.  If 
the  cavities  result  from  natural  causes  and  bad  character  of  the  ground  so  as  to  be 

beyond  the  Contractor's  power  to  prevent  them,  the  Railway  Company  will  pay  a  price 
to  be  determined  by  the  Engineer  for  the  packing  done. 

Portals 

18.  Portals  shall  be  constructed  according  to  plans.  Payment  will  be  made  in 
accordance  with  unit  prices  for  the  various  items  entering  into  construction  of  portals. 



REPORT  OF  COMMITTEE  II— BALLAST 

A.  D.Kennedy,  Chairman;       T.  T.  Irving,  J.  M.  Podmore,  Vice- 
G.  J.  Adamson,  a.  R.  Jones,  Chairman; 
L.  H.  Bond,  R.  B.  Jones,  W.  A.  Roderick, 
A.  E.  BoTTS,  O.  N.  Lackey,  E.  C.  Vandenburgh, 
A.  P.  Crosley,  p.  J.  McCarthy,  Stanton  Walker, 
Arthur  Daniels,  L.  T.  Nuckols,  G.  B.  Wall,  Jr., 
R.  L.  Dykes,  R.  H.  Pinkham,  C.  S.  Wicker, 
James  Erskine,  T.  P.  Polson,  P.  H.  Winchester, 
J.  M.  Farrin,  C.  p.  Richardson,  A.  H.  Woerner, 
J.  J.  Gallagher,  P.  T.  Robinson,  G.  E.  Yahn, 
A.  T.  Goldbeck,  Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  presents  herewith  report  on  its  assignments: 

1.  Revision  of  Manual.    No  report. 

2.  Ballast  section  design  (Appendix  A).  It  is  recommended  that  the  report  be 

received  as  information  and  that  Ballast  Sections  1  to  4  inclusive  be  adopted  and 
published  in  the  Manual. 

3.  Develop  relationship  of  ballast  materials  between  service  behavior  and  results 

obtained  by  Los  Angeles  testing  machine  (Appendix  B).    Progress  report. 

The  Committee  on  Ballast, 

A.  D.  Kennedy,  Chairman. 

Appendix  A 

(2)     BALLAST  SECTION  DESIGN 

Sub-Committee — The  entire  Committee. 

Your  Committee  offers  for  acceptance  and  inclusion  in  the  Manual  four  (4)  ballast 

sections  designed  for  tangent  track.  Sections  No.  1  and  3,  excepting  for  minor  details, 
are  in  line  with  the  design  which  was  approved  last  year.  Sections  No.  2  and  4  are 

offered  for  use  on  roadbed  not  requiring  sub-ballast. 

Ballast  section  designs  for  curved  track  will  be  submitted  next  year. 

Appendix  B 

(3)  DEVELOP  RELATIONSHIP  OF  BALLAST  MATERIALS  BE- 
TWEEN SERVICE  BEHAVIOR  AND  RESULTS  OBTAINED  BY 

LOS  ANGELES  TESTING  MACHINE 

A.  T.  Goldbeck,  Chairman,  Sub-Committee;  A.  E.  Botts,  Arthur  Daniels,  James  Erskine, 
J.  M.  Farrin,  A.  R.  Jones,  R.  B.  Jones,  L.  T.  Nuckols,  R.  H.  Pmkham,  T.  P.  Poison, 
E.  C.  Vandenburgh,  Stanton  Walker,  C.  S.  Wicker,  P.  H.  Winchester. 

Through  the  medium  of  a  questionnaire  addressed  to  Chief  Engineers  of  Class  I 

roads,  considerable  information  has  been  accumulated  in  this  direction.  However,  your 
Committee  has  not  had  sufficient  time  to  properly  analyze  the  information  and  desires 

the  subject  to  be  continued. 
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BALLAST    SECTION    N2  1 

Prepared    Materiols:  Stone,  Slag,and   Gravel  having  over  20%  crushed  particle 

Table  of 
Variables  for 

Section  NS  i 

Section W A B X Y Z 

Top  Ballast  Quontities  per  Mile"*] %r  Single 

Truck 
Cu  Yds 

Per  Double 
Track Cu  Yds 

Por>l<)d'n. Track 

Co  Yds. 

a 

12-0" 

14"
 

14" 

5-11" 

1-4" 

2'-3" 

4803 

9467 
4664 

b 

14"
 

13" 

5-7" 
l-ll" 2-2" 

4195 8371 4176 

c 

u"
 

12" 

S-T 

2-1" 

2-0" 

4195 

8371 

4176 

d 

12" 

12" 

5-3" 

2-S" 

2-0" 

3«IZ 

7302 
3690 

e 

ll'-O" 

12" 

12" 

5-3" 

I'-S" 

r-ii" 

3612 

7302 

3690 
f 

12" 

10" 

5-3" 

1-9" 

I- 8" 

3*12 

7302 
3g90 

10- 10" 

4-11" 

2-1" 

1-8" 

30S6 

6260 

3202 

h 

10" 

8"
 

4-11" 

2-4" 

I'-S" 

30S8 

iZ&O 

3202 

i 

10'- 0" 

10' 

8"
 

4-11- 
I'-S- 

l'-3" 

3058 

62(50 
3202 

J 

8"
 

8"
 

4-7" 

r-9" 

r-4" 

2525 5239 

2714 

k 

8"
 

&" 

4-7" 

2-0" 

r-r 

2S2S 
5239 

2714 
1 

6"
 

8"
 

4-3" 

2-1" 

l'-4" 

2019 
4247 

2228 

m 

6"
 

a"
 

4-3" 

2-4' 

i-i" 

20  19 

4247 2228 

BALLAST   SECTION    N9  2 

Prepared  Materiols:  Stone,  Slag,and  Grovel  having  over  20%  crushed  particle 

Notes 

Depth  of  section  to  use  fcvill  depend  on  conditions  peculiar    to  each  railroad  or  locotic 
Under  certain  conditions  it  may  be  necessary  to  use  a  depth  in  excess  of  maximi 

TABLE   OF 
Variables 

FOR  SECTION    N5 

2 

Section 

W A X Y 
Quantities  per  Mile  »•     | Per  Single 

Track 
Co,  Yds. 

Per  Double 

Track Co  Yds 

Per  Add 'n 

Track 

Co.  Yds. a 

13-0"
 

30'
 

8'-l0- 

I'-IO" 

10165 

18239 
8074 b 

28" 

8'- 5" 

2'-3" 

9306 
16896 

7588 

c 

to,"
 

8'-l" 

2'-7" 

8530 
15  630 

7100 

d 

l2'-0" 

26"
 

8-1" 

l'-7" 

8530 

15  630 

7100 

e 

24"
 

7-9" 

I'-ll" 

7779 

14393 

6614 

•f 

22"
 

7-4" 

2-4" 

701  0 
13  136 

6126 

a 

20" 

7-0" 
2-8" 

6310 

11948 5638 

h 

ll-O" 

20" 

7L0" 
r-8" 

6310 

1  1  948 

5638 
i 

18"
 

6'-8- 

2'-0" 

S636 

10788 

5152 

J 

16"
 

(S'-3" 

£-5" 

4954 9618 

4664 
k 

14" 

5'-H" 

z'-g" 

4333 
8509 

4176 

1 

10-0' 

14" 

5-11" 

l>.9» 

4333 
8509 

4176 
m 

12" 

5'-7' 

2-1" 

3738 

7428 

3630 
n 

10"
 

5-2' 

2-6" 

3143 
6345 o 

8"
 

4'- 10 

2'-l0' 

2600 

53  14 

P 

&" 

4-5' 

s-x 

2065 

4293 

A.R.E.A. 
BALLAST    SECTIONS 

SINGLE  AND   multiple:  TRACK -TANGENT 





— 2l4£-T 13-0" Track  Center 

V\jgfi>fL  -*'   71''_81'L*-*"T'«   i     ̂ 
■f:,%°  A  Top  Ballost 

B  Sob- Ballast 

BALLAST   SECTION    NS3 

Materials:  Prepared  C.ivel.  0  to  20  %   crushed  particles   and  Pit  Run  Gravel. 

TABLE    OF  VARiABLES   FOR Section  ns  3 

Section 

W A B X Y Z 

Top  Ballost  Qoontities  per  Mile««| 
Per  Single 
Track 

CuVds. 

Per  Double Truck 
Cu,  Yds 

PerAdd'n 

Track 

Cu.  Yds. 
a 

l3'-0" 

IS" 

14"
 

(S'-9" 

l'-7" 

2-4" 

SI31 

9795 4444 
b 

16" 

12" 

S'-9" 

i-io- 

2-1" 

5131 

9795 

4464 
c 

14" 

14° 

S-4" 

2-0- 
2-4" 

4442 
8438 

4174 

d 

14" 

12"
 

fi-4" 

2-3' 

2 

1"
 

4442 
8438 

4174 

e 

14" 

JO" 

(S'-4" 

2'-a" 

1 

10" 

4442 

8438 

4174 

f 

12-0" 

14" 
10" 

£-4" 

r-7" 

r 

9"
 

4442 

8438 

4174 

3 

12" 

10"
 

5-11" 

2-0" 

1 

3"
 

3827 7SI7 

3490 

h 

10" 

10" 

5-a' 

2-S" 

1 

9"
 

3220 

4422 

3202 

1 

12" 

8"
 

5-11" 

2-3" 

1 

4"
 

3827 

7517 

3490 

J 

10" 

8"
 

S-d" 

2-8" 

1 

S"
 

3220 
4422 

3202 
k 

ll'-O" 

10" 

8"
 

5'-e 

1-8" 

1 

a" 

3220 

4422 

3202 
1 

8"
 

8"
 

5-1" 

2-1" 

1 

4"
 

2447 
5341 

2714 

m 

&" 
8"
 

4-8" 
2-£i" 

1 

4"
 

2  104 

4334 

2228 n 

10" 

S"
 

5-4" 

2-0" 

1-2- 

3220 

4422 

3202 

0 

8"
 

4"
 

5-1" 

2-5" 

1-2" 

2447 
5341 

2714 
P 

a" 

6"
 

4-8" 

2'-IO' 

1-2" 

2I0S 4334 

2228 

BALLAST  SECTION  NS  4- 

Materials:  Prepared  Q,rave\,  O  to  20  %  crushed  particles  and  Pit  Run  Gravel. 

Depth  of  section  to  use  will  depend  on  conditions    peculiar     to  eocb  railrood  or  location. 
Under  certain  conditions  it  may  be  necessary  to  use  a  depth  in  excess  of  maximum 
shown  in  tobies. 

TABLE  OF  VARIABLES    FOR   SECTION   Ng  4 

Sectior 

W A X Y 
Ouantities  per  Mile"        ] Per  Single 

Track 
Cu.Yds. 

Per  Double 
Track 

Co-  Yds. 

Per  Add'n 

Track 

Cu  Yds. 
a 

13-0" 

24"
 

9'-2" 

r-4" 

8555 

15  149 
4414 b 

22" 

8-9" 

r-ii" 

7733 

13  859 

4124 

c 

20" 

g-y 

2-5" 

4902 

12  540 

5438 

d 

18"
 

r-\cr 

2-I0" 

4145 

1  1  297 

S  152 

e 

12-0" 

18" 

7-10" 

;-io' 

6145 

1  1297 5  152 

f 

14' 

7-4" 

2-4' 

5384 

lOOSO 
4464 

14"
 

(2-II" 

2-9" 

4492 

5848 1  176 

n'-o" 

14"
 

4- 11" 

l'-9" 

4492 

5866 

4174 

i 

12" 

£•5" 

2'-3" 

4007 
7497 

3490 

J 

10" 

5-11" 

2-9"
 

3358 
(3540 

3202 

k 

lO'-O" 

10" 

5-11" 

l'-9" 

3358 

4540 

3202 

1 

8"
 

5-4" 

2'-2" 

2744 

5480 2714 

m 

4"
 

5-3" 

2-5" 

2240 

4448 

2228 

■■  3200  ti< 

age. 

A.R.E.A. 

BALLAST    SECTIONS 

SINGLE    AND    MULTIPLE  TRACK-TANGENT 



REPORT  OF  COMMITTEE  III— TIES 

John  Foley,  Chairman;         H.  R.  Duncan,  H.  R.  Clarke,  Vice- 
R.  S.  Belcher,  C.  F.  Ford,  Chairman; 
W.  C.  Bolin,  B.  D.  Howe,  R.  J.  Middleton, 
W.  H.  Brameld,  N.  W.  Hutchison,  F.  M.  Robb, 
H.  F.  Brown,  P.  A.  Kerwin,  W.  D.  Simpson, 
W.  J.  Burton,  W.  S.  King,  Sverre  Thorvaldson, 
R.  E.  Butler,  C,  S.  Kirkpatrick,  C.  D.  Turley, 
S.  B.  Clement,  A.  F.  Maischaider,  Committee. 
R.  L.  Cook, 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subjects: 

(1)  Revision  of  Manual  (Appendix  A). 

(2)  Extent  of  adherence  to  specifications  (Appendix  B).    Presented  as  mformation. 

(3)  Substitutes  for  wood  ties  (Appendix  C).    Presented  as  information. 

(4)  Tie  renewal  averages  and  costs  per  maintained  mile:  Data  from  reports  to 

I.C.C.  for  1936  compiled  by  Bureau  of  Railway  Economics  and  published  in  Bulletin  396, 
June,  1937  (Appendix  D).    Presented  as  information. 

(5)  Proper  seasoning  of  oak  ties  with  special  reference  to  those  grown  in  Southern 
lowlands  (Appendix  E).    Progress  report. 

(6)  Effect  of  volume  of  traffic  on  life  of  creosoted  ties  (Appendix  F).  Complete 
and  presented  as  information. 

(7)  Re-use  of  treated  ties  in  track  or  elsewhere  after  removal  from  their  original 
location  (Appendix  G).    Complete  and  presented  as  information. 

The  Committee  on  Ties, 

John  Foley,  Chairman. 

Appendix  A 

(1)     REVISION  OF  MANUAL 

John   Foley,   Chairman,   Sub-Committee;    W.   J.   Burton,   H.   R.    Clarke,   C.   F.   Ford, 
A,  F.  Maischaider,  F.  M.  Robb,  S.  Thorvaldson. 

The  1936  and  1937  reports  of  the  Committee  on  Forest  Products,  Purchases  and 
Stores  Division,  refer  to  the  failure  of  railroads  to  adopt  the  standards  of  the  Engineering 

Division  for  cross-ties.  Specifications  were  collected  in  1935  and  1936  by  Division  VI, 
and  compilations  of  them  were  submitted  to  Division  IV  as  evidence  of  the  fact  that  not 

many  railroads  had  printed  the  1934  specifications,  that  many  more  still  used  the  1926 

specifications,  and  that  some  continued  to  use  the  1917  specifications  of  the  U.S.  Railroad 
Administration.  A  compilation  of  specifications  obtained  late  in  1937  by  the  Committee 

on  Ties  shows  some  railroads  as  having  adopted  the  present  AREA  standard  for  cross-ties 
since  they  were  reported  as  non-conforming  by  Division  VI  and  that  the  latter  considered 
as  non-conformance  the  slightest  departure  from  the  text  of  the  standard  specification. 

The  specifications  sponsored  by  the  Committee  on  Ties  are  recommended  practice  in 

attainable  standards.  If  they  merely  represented  what  the  majority  of  railroads  prac- 

ticed, no  progress  would  be  made.    That  they  are  not  too  advanced  for  practical  appli- 

BuUetin  401,  January,  1938. 
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cation  is  evidenced  by  the  millions  of  ties  which  are  annually  obtained  under  inspection 
governed  by  them. 

The  Committee  on  Ties  is  aware  that  there  exists,  as  in  the  past  when  other  specifi- 
cations were  standard,  a  certain  amount  of  contention  for  greater  tolerance  in  dimensions 

than  is  stipulated.  It  is  equally-well  aware  that  no  matter  what  dimensions  may  be 
standard,  some  railroads,  under  the  stress  of  competition  in  procurement,  will  accept 

undersize  ties,  and  that  such  sub-standard  dimensions  will  be  stressed  as  proving  that  no 

greater  size  is  required.  It  is  also  fully  aware  that  the  higher  speeds  and  heavier  loads 

which  more  and  more  prevail  require  bigger  and  better  cross-ties  than  were  satisfactory 
in  the  recent  past. 

So  consideration  of  all  conceivable  suggestions  for  downward  changes  in  the  current 

specifications  for  cross-ties  resulted  in  the  conclusion  that  the  present  standard  should 
not  now  be  revised. 

Appendix  B 

(2)     EXTENT  OF  ADHERENCE  TO  STANDARD  SPECIFICATIONS 

H.  R.  Clarke,  Chairman,  Sub-Committee;  R.  S.  Belcher,  W.  C.  Bolin,  W.  H.  Brameld, 
W.  J.  Burton,  R.  L.  Cook,  H.  R.  Duncan,  C.  F.  Ford,  B.  D.  Howe,  N.  W.  Hutchison, 
W.  S.  King,  A.  F.  Maischaider,  R.  J.  Middleton,  W.  D.  Simpson,  Sverre  Thorvaldson, 
C.  D.  Turley. 

Only  five  members  of  the  whole  Committee  were  unable  to  be  present  on  either  of 

the  visits  made  to  tie  storage  yards  in  June  and  October,  1937,  when  over  700,000  ties 

accepted  by  seven  railroads  were  observed  at  five  commercial  wood-preserving  plants. 
The  producing  territories  represented  by  these  ties  comprised  the  New  England  States, 

Virginia,  and  the  South  Atlantic  States. 

The  ties  examined  were  of  beech,  birch,  gum,  maple,  and  oak  produced  locally  to 

the  raUroad  owning  them  and  of  pine  from  Florida,  Georgia  and  South  Carolina.  Two 

of  the  railroads  accepting  birch,  maple  and  oak  ties  of  local  production  bar  beech  ties 
on  account  of  short  service  in  track  due  to  untreatable  heartwood. 

Two  of  the  yards  visited  were  not  in  creditable  condition;  but  one  of  them  had  not 
recovered  from  the  effects  of  a  flood  and  the  other  had  faults  to  be  expected  in  a  new 

operation  with  inexperienced  labor  and  management.  Another  had  sills  sunk  into  ground 

which  had  not  been  prepared  for  stacking  ties.  One  was  unusually  clean  as  the  result  of 

recent  covering  with  zinc-ore  screenings. 
At  none  of  the  yards  visited  was  the  spacing  of  the  ties  in  the  stacks  careful  enough 

to  prevent  numerous  instances  of  ties  in  layers  coming  in  contact  with  each  other.  At 
two  of  the  plants  this  resulted  in  most  cases  from  not  reducing  the  number  of  ties  in  a 

layer  to  accommodate  ties  of  excessive  width.  At  these  plants  ties  of  different  degrees 

of  seasoning  are  stacked  together,  and  more  than  a  few  are  decayed.  In  one  case  this  is 
the  result  of  an  attempt  to  season  ties  where  they  are  delivered  for  inspection  on  the 

right-of-way,  a  practice  which  has  resulted  in  loss  from  decay  and  through  ineffective 

treatment  wherever  it  has  been  tried.  Everywhere  the  anti-splitting  irons  used  would 
have  been  effective  in  more  cases  if  they  had  not  been  applied  indiscriminately. 

Practically  all  the  ties  of  New  England  production  were  sawed.  The  much  larger 

proportion  of  hewed  ties  in  the  Southern  production  caused  more  of  them  to  be  so  rough 
as  to  not  deserve  characterization  as  well  manufactured,  in  the  case  of  the  hardwoods. 

All  of  the  ties  examined  were  of  nominal  8'  6"  length,  but  many  varied  widely  above 
and  below  this  standard,  and  ties  not  well  trimmed  at  their  ends  were  common. 
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Standard  dimensions  characterized  the  inspection  of  two  railroads,  though  one  of 

them  branded  all  its  pine  ties  either  Size  2  or  Size  4,  when  many  of  the  former  were 
Size  3,  and  of  the  latter,  Size  5.  One  railroad  maintained  its  standards  in  the  cases  of 

ties  with  rectangular  comers,  but  where  wane  occurred  many  ties  were  branded  on  the 
basis  of  their  width  through  the  middle,  not  the  width  on  top.  One  railroad  had  many 

ties  whose  dimensions  did  not  justify  the  brands  on  them,  especially  the  Size  1  ties, 

which  are  frequently  less  than  6  inches  thick  or  6  inches  wide  on  top.  From  all  appear- 

ances rather  small  trees  contribute  largely  to  the  receipts  of  this  railroad,  and  the  accept- 
ance of  Size  0  ties  as  Size  1  is  doubtless  due  to  trying  to  get  locally  every  tie  possible. 

Two  of  the  railroads  have  only  during  the  past  year  made  a  serious  effort  to  sustain 
standards,  and  the  success  of  one  of  them  is  evidenced  in  recent  receipts. 

As  in  past  years,  the  majority  of  the  ties  observed  by  the  Committee  in  1937  were 
fully  in  accordance  with  the  AREA  specifications,  showing  that  the  requirements  of  the 
standard  can  be  met  for  any  railroad  which  inspects  its  ties  on  that  basis.  All  that  is 

necessary  is  careful  application  by  the  railroad  of  the  dimension  and  quality  stipulations 

in  the  standard  specifications. 

Appendix  C 

(3)     SUBSTITUTE  TIES 

A.  F.  Maischaider,  Chairman,  Sub-Committee;  R.  E.  Butler,  S.  B.  Clement,  P.  A.  Kerwin. 

REPORTS  FROM  RAILWAYS  MAKING  TESTS  OF  SUBSTITUTE  TIES 

Atlanta  &  West  Point  Railroad 

Reported  by  S.  R.  Young,  Chief  Engineer 
Date— October  18,  1937 

Name  of  tie  Duke  Concrete 
Location  Louise,  Ga. 
Date  put  in  track  June  27,  1927 
Number  put  in  track         10 
Number  now  in  track       8 
Kind  of  ballast  Stone  and  gravel 
Weight  of  rail  90-lb. 
Kind  of  traffic  A — High  speed,  heavy  service,  freight  and  passenger 

Bangor  &  Aroostook  Railroad 

Reported  by  P.  C.  Newbegin,  Chief  Engineer 
Date — August,  1937 

Name  of  tie  Maine  Concrete 
Location  Hudson,  Maine 
Date  put  in  track  10— Dec.  11,  1923 

_S9— Aug.  30,  1924 
Number  put  in  track         69 
Number  now  in  track        62 
Kind  of  ballast  Gravel 

Weight  of  rail  100-lb.  (changed  from  8S-lb.  in  1930) 
Kind  of  traffic  Al — High  speed,  light  service,  freight  and  passenger 

The  following  is  quoted  from  report  of  tests  on  these  ties: 

"Inspection  of  these  ties  made  June  8th,  1937,  by  Chief  Engineer  and  Roadmaster 
showed  the  following  62  ties  now  in  track: 

"One  tie  is  breaking  up  badly  and  must  be  replaced  within  a  very  short  time.  As 
last  reported  two  additional  ties  have  chips  off  the  inside  that  expose  reinforcement. 



342 Ties 

Several  of  the  plates  cast  in  concrete  under  the  rail  have  broken.  It  is  difficult  to  tell 

how  many  and  the  concrete  is  being  pounded  out  under  these  plates.  Concrete  is  being 

pounded  to  some  extent  under  quite  a  number  of  the  old  type  of  ties  where  there  is  no 

protecting  plate." 

Bessemer  &  Lake  Erie  Railroad 

Reported  by  F.  R.  Layng, Chief  Engineer 
Date— August  10,  1937 

Name  of  tie Brown  concrete 
Location Oakmont,  Pa. 
Date  put  in  track 1930 
Number  put  in  track 1577 

Number  now  in  track None — ^Ties  removed  as  follows: 
85  ties— 1931 

154    "  —1932 
242     "  —1933 
450     "  —1934 
321     "  —1935 
325     "  —1936    Total  1577  ties 

Kind  of  ballast 

Slag 

Weight  of  rail 130-lb. 
Kind  of  traffic 

C- 

—Heavy  service,  exclusively  freight 

The  following  is  quoted  from  the  report  of  tests  on  these  ties: 

"The  initial  failure  of  the  ties  by  cracking  generally  under  or  just  inside  the  west 
or  ditch  side  rail,  indicates  that  these  ties  will  not  function  satisfactorily  if  there  is  any 

distortion  or  bending  of  the  tie  under  load.  To  overcome  such  action,  it  would  be  neces- 
sary to  first  construct  an  unyielding  or  permanent  roadbed,  which  is  practically  and 

economically  impossible. 

"No  improvement  in  track  conditions  was  noted  as  a  result  of  using  concrete  ties. 
In  fact  it  was  found  that  more  labor  was  required  to  maintain  track  on  concrete  ties 

than  track  on  wood  ties,  and  that  the  rail  deteriorated  more  rapidly  on  the  concrete  tie 
track  than  on  the  wood  tie  track. 

"The  results  of  this  test  demonstrate  that  the  use  of  this  type  concrete  tie  is  not 

justified  either  from  an  economical  or  operating  standpoint." 
Note:  There  is  also  an  installation  of  Brown  concrete  ties  on  the  Pennsylvania 

Railroad. 

Canadian  National  Railways 

Reported  by  C.  B.  Brown,  Chief  Engineer  (Oper.) 
Date— July  26,  1937 

Name  of  tie 
Location 
Date  put  in  track 
Number  put  in  track 
Number  now  in  track 
Kind  of  ballast 
Weight  of  rail 
Kind  of  traffic 

Bailey  concrete 
E.B.  Track-Mile  10.4,  Kashabowie  Division 
1929 
20 
20 
Gravel 
85-lb. 

C — Heavy  service,  freight 
D — Light  passenger  service 

Inspection  May,  1937  shows: 

"The  ties  do  not  show  much  sign  of  disintegration  on  the  surface,  but  they  were  not 
removed  for  complete  inspection.  The  hardwood  cushions  between  the  rail  and  tie  were 

badly  cracked  and  spread  out,  and  in  an  advanced  state  of  deterioration." 
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Delaware  &  Hudson  Railroad 

Reported  by  H.  S.  Clarke,  Engineer  Maintenance  of  Way 

Date — August,  1937 
Name  of  tie  Dalton  steel 
Location  Scattered  over  entire  system 

Date  put  in  track  First  installation  made  in  1926 — Annual  installation 
since  of  from  10,000  to  15,000 

Number  put  in  track         134,089  as  of  Jan.  1,  1937 
Number  now  in  track        134,087  as  of  Jan.  1,  1937 
Kind  of  ballast  Cinder  and  gravel 
Weight  of  rail  80-lb.  and  90-Ib. 
Kind  of  traffic  E — Yard   track   with    light   and   heavy   switching   and 

storage  usage 

The  ties  that  they  are  using  today  have  been  changed  very  little  in  design  since  the 
first  installation,  with  the  exception  of  the  rail  fastenings. 

Duluth,  Missabe  &  Iron  Range  Railv^ay 

Reported  by  E.  H.  Dresser,  Chief  Engineer 

Date— July  29,  1937 

Missabe  Division 

Name  of  tie  Carnegie  steel 
Location  Duluth,  Proctor,  Sax 
Date  put  in  track  1908 
Number  put  in  track  22,380 
Number  now  in  track  18,176 
Kind  of  ballast  Crushed  rock 
Weight  of  rail  100-lb. 
Kind  of  traffic  A — High  speed,  heavy  service,  passenger  and  freight 

Name  of  tie  Kimball  steel 
Location  Virginia,  Minn. 
Date  put  in  track  1914 
Number  put  in  track  30 
Number  now  in  track        30 
Kind  of  ballast  Gravel 

Weight  of  rail  80-lb. 
Kind  of  traffic  C — Heavy  service,  exclusively  freight 

Iron  Range  Division 

Name  of  tie  Carnegie  Steel 
Location  Allen  Junction  and  Two  Harbors 
Date  put  in  track  1905 
Number  put  in  track  2000 
Number  now  in  track  760 
Kind  of  ballast  Gravel 

Weight  of  rail  80-lb. 
Kind  of  traffic  C — Heavy  service,  exclusively  freight 

Name  of  tie  Hatch  Concrete 
Location  Two  Harbors,  Minn. 
Date  put  in  track  1923 
Number  put  in  track  11 
Number  now  in  track  7 
Kind  of  ballast  Gravel 

Weight  of  rail  80-lb. 
Kind  of  traffic  C — Heavy  service,  exclusively  freight 
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Elgin,  Joliet  &  Eastern  Railway 

Reported  by  Arthur  Montzheimer,  Chief  Engineer 
Date— August,  1937 

Name  of  tie 
Location 
Date  put  in  track 
Number  put  in  track 
Number  now  in  track 
Kind  of  ballast 
Weight  of  rail 
Kind  of  traffic 

Carnegie  Steel 
Various 
1909  to  1917 
20,576  steel  cross  ties 
1,603  steel  cross  ties 
Slag,  gravel  and  cinder 
80-lb.,  8S-lb.  and  100-lb. 
Heavy  service,  exclusively  freight 

Name  of  tie 
Location 
Date  put  in  track 
Number  put  in  track 
Number  now  in  track 
Kind  of  ballast 
Weight  of  rail 
Kind  of  traffic 

Carnegie  Steel 
Various 
1909  to  1917 
43,892  steel  switch  ties 
762  steel  switch  ties 

Slag,  gravel  and  cinder 
80-lb.,  8S-lb.  and  100-lb. 

E — Yard  track  with  heavy  switching 

Lehigh  &  New  England  Railroad 

Reported  by  W.  O.  Dennis,  Engineer  Maintenance  of  Way 
Date— August  10,  1937 

Name  of  tie 

Location 
Date  put  in  track 

Number  put  in  track 
Number  now  in  track 
Kind  of  ballast 
Weight  of  rail 
Kind  of  traffic 

Concrete  tie  with  rail  fastenings  of  Maine  Concrete 
Tie  Corporation 

Martins  Creek  Branch,  near  Tadmor,  Pa. 
100  in  1929 
405  in  1930 

505 
489 

Cinders 
100-lb. 

D — Light  service,  in  inbound  main  track 

The  following  is  quoted  from  report  of  tests: 

"We  manufactured  these  ties  and  found  that  the  cost  was  excessive  due  to  using 
wooden  forms  and  the  difficulty  in  holding  the  templets  which  form  the  two  slots  for 

the  rail  fastenings,  the  average  cost  per  tie  having  been  approximately  $6.00.  Of  course, 
if  steel  forms  would  be  used  no  doubt  this  cost  could  be  considerably  reduced;  however, 

our  experience  would  indicate  that  it  is  a  poor  design.  All  of  the  ties  were  installed  in 

tangent  and  we  used  creosoted  oak  ties  at  the  joints.  Tie  plates  cannot  be  used  with 
these  concrete  ties,  the  face  of  the  rail  rests  directly  on  the  tie.  We  had  some  of  these 

ties  break  in  half  directly  under  the  rail." 

Los  Angeles  Railway 

Reported  by  B.  H.  Eaton,  Engineer  Way  &  Structures 
Date— Oct.  11,  1937 

Name  of  tie 
Location 
Date  put  in  track 
Number  put  in  track 
Number  now  in  track 
ELind  of  ballast 
Weight  of  rail 

McDonald  Concrete 
Los  Angeles 
1911 
627 
584 

Solid  concrete 
87-lb. 

Kind  of  traffic B — Heavy  traffic,  exclusively  passenger 

The  Los  Angles  Railway  advise  that  the  584  concrete  ties  installed  in  1911  are  still 

in  the  track  but  they  expect  to  remove  them  and  discontinue  their  use  in  the  near  future. 
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Newburgh  &  South  Shore  Railway 

Reported  by  R.  E.  Butler,  Chief  Engineer 

Date— August  31,  1937 

Name  of  tie  Carnegie  steel 
Location  Cleveland,  O. 
Kind  of  ballast  Crushed  slag  and  cinders 

Weight  of  rail  80-lb.  and  90-lb. 
Kind  of  traffic  C — Heavy  service,  exclusively  freight 

Switch  Ties 
Linear  Feet        Linear  Feet 

Date  Placed  Removed 

1907-1918          257,925  42,356 
1919-1928       213,514 
1929^1934       1,045 
1935      
1936      

Total         257,925  256,915 

Number  remaining  in  track       1,010 

Cross  Ties 
Date  Ties  Installed      Ties  Retired 

1907-1916            88,052  3,762 
1917-1926       64,065 
1927-1936       14,807 

Total           88,052  82,634 

Number  remaining  in  track   "       5,418 

Norfolk  &  Western  Railway 

Reported  by  W.  P.  Wiltsee,  Chief  Engineer 

Date— August,  1937 

Name  of  tie  Metal 

Location  Spark  tracks — Several  engine  terminals 
Date  put  in  track  1930  (Nov.  and  Dec.) 
Number  put  in  track  568 
Number  now  in  track       568 
Kind  of  ballast  Cinder 

Weight  of  rail  100-lb. 
Kind  of  traffic  F — Yard  track  with  light  switching 

Pennsylvania  Railroad 

Reported  by  W.  D.  Wiggins,  Chief  Engineer 

Date— October  25,  1937 

Name  of  tie  Snyder  Composite  and  Brown  Concrete 
Location  Shown  below 
Kind  of  ballast  Cinder  and  stone 
Rail  100-lb.  and  130-lb. 
Kind  of  traffic  Various 
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Name  of  Tie  Location 

Snyder  Comp.       Derry  Yard,  Pa. 
Pitcairn  Yard,  Pa. 

Brown  Concrete    Aspinwall,  Pa. 
Hays,  Pa. 

"  Monongahela 
"  Wilkinsburg,  Pa. 
"  Pitcairn,  Pa. 
"  Derry,  Pa. 
"  Connpitt  Jet.,  Pa. 
"  Tunnelton,  Pa. 
"  Bellwood,  Pa. 
"  Highspire,  Pa. 

M.P.  31,  A&S  Branch 
Haines,  C&PD 

"  Conowingo,  C&PD 
"  Octoraro,  C&PD 

Reading  Company 

Reported  by  C.  Dillenbeck,  Chief  Engineer 
Date — August,  1937 

Name  of  tie 
Location 

Date  put  in  track 
Number  put  in  track 
Number  now  in  track 
Kind  of  ballast 
Weight  of  rail 
Kind  of  traffic 

Date Number 
Put  in Putin Now  in Ballast RaU 

Traffic 

1906 
983 

979 Cinder 100 Light 
1923 

174 174 " 100 (1 

1925 
100 

100 

(C 

130 C 
1925 410 366 Stone 

130 
C 

1927 2516 2282 Cinder 130 A 
1928 1861 

1860 
Stone 130 

E 
1928 3336 3145 Cinder 130 C 
1927 1978 1944 11 

130 
E 

1927 2843 1466 
Stone 

130 C 
1928 2385 2358 

Cmder 
130 A 

1927 3006 

None* 

1927 1486 1395 Cinder 130 C 
1927 517 

437 « 
130 

C 
1927 970 

910 
Stone 

130 A 
1927 1986 1930 " 130 A 
1927 1993 1929 K 130 A 

Bethlehem  Keystone  metal 
Reading,  Pa.  Branch  track 
1930— September 
20 
20 
Stone 
130-lb. 

C — Heavy  service,  exclusively  freight 

The  following  is  quoted  from  report  of  tests  of  these  ties: 

"Not  well  adapted  to  general  use  in  main  tracks  account: 
(1)  Not  being  insulated 

(2)  Tie  plates  welded  to  tie  precludes  use  of  standard  tie  plates 
(3)  Prohibitive  cost  over  that  of  wood  ties 

(4)  Non-adjustable  feature  undesirable" 

St.  Louis-San  Francisco  Railway 

Reported  by  F.  G.  Jonah,  Chief  Engineer 
Date— August  23,  1937 

Name  of  tie 
Location 
Date  put  in  track 
Number  put  in  track 
Number  now  in  track 
Kind  of  ballast 
Weight  of  rail 
Kind  of  traffic  C- 

Clark-Applegate 
Springfield,  Mo. 
December,  1914 125 

90 
Cinders,  gravel  and  chatt 
8S-Ib.  until  1933  and  100-Ib.  was  laid 
-Heavy  service,  exclusively  freight 

The  following  is  quoted  from  report  of  tests  of  these  ties: 

"The  metal  parts  of  these  ties  are  getting  badly  corroded,  and  the  lugs  holding  the 
wood  fillers  are  getting  weak,  and  in  some  instances  these  lugs  are  broken  off.  None  of 

these  ties  were  removed  during  the  past  year,  but  from  recent  inspection  it  looks  as  if  a 

good  many  of  them  will  have  to  be  taken  out  within  the  next  year  or  two." 

*  All  removed  November,  1936,  on  account  of  rail  being  renewed  with  different  section.  Of  the  ties 
removed  736  are  fit,  these  will  be  held  and  used  as  needed  at  other  locations  of  Brown  ties.  Remainder 
only  fit  to  be  used  for  cribbing. 
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Southern  Pacific  Lines 

Reported  by  E.  A.  Craft,  Engineer  Maintenance  of  Way 

Date— October  2,  1937 

Name  of  tie  U.  S.  Indestructible 
Location  Eagle  Pass,  Texas 
Date  put  in  track  1916 
Number  put  in  track  23 
Number  now  in  track  22 
Kind  of  ballast  Cinder 

Weigbt  of  rail  80-lb. 
Kind  of  traffic  C — Main  track,  light  service 

The  following  is  quoted  from  report  of  tests  of  these  ties: 

"There  are  22  of  these  test  ties  in  the  track  in  good  condition.  It  is  necessary  to 
renew  wooden  pillars  very  often,  which  is  done  by  using  a  piece  of  wood  cut  from 

creosoted  ties." 

Terminal  Railroad  Association  of  St.  Louis 

Reported  by  H.  J.  Pfeifer,  Chief  Engineer 

Date — August,  1937 
Name  of  tie  Miller 
Location  St.  Louis,  Mo.,  near  Florissant  Ave. 
Date  put  in  track  May,  1924 
Number  put  in  track  100 
Number  now  in  track  100 
Kind  of  ballast  Cinder 
Weight  of  rail  100-lb.  ARA-B  Section 
Kind  of  traffic  A2 — Moderately  heavy  freight  and  passenger  service — 

Medium  speed 
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Appendix  D 

(4)     TIE  RENEWAL  AVERAGES  AND  COSTS  PER 
MAINTAINED  MILE 

F.  M.  Robb,  Chairman,  Sub-Committee;  S.  B.  Clement,  N.  W.  Hutchison. 

Tables  A  and  B,  herewith,  give  the  1936  tie  renewal  statistics  as  reported  to  the 

Interstate  Commerce  Commission.  Table  C  gives  the  number,  cost  and  ratio  of  renewals 
for  the  past  five  years  and  their  averages. 

These  tie  statistics  were  given  advance  publication  in  Bulletin  396,  June,  1937,  in 
order  that  the  data  might  be  of  greater  immediate  use,  and  because  of  requests  for  early 
publication  of  this  information. 

Since  there  are  those  who  are  concerned  over  the  possibility  of  Columns  3  and  S  in 

Table  A  being  misread  as  giving  average  prices  paid  for  ties  during  the  year,  attention 
is  called  to  the  fact  that  the  average  costs  reported  in  Columns  3  and  S  of  Table  A  do 

not  represent  the  actual  costs  of  ties  purchased  during  the  calendar  year;  but  are  the 

storekeeper's  average  costs  of  the  ties  charged  out  and  used  during  the  calendar  year. 

Appendix  E 

(5)     PROPER     SEASONING     OF     OAK     TIES,     WITH     SPECIAL 
REFERENCE  TO  THOSE  GROWN  IN   SOUTHERN  LOWLANDS 

C.  F.  Ford,  Chairman,  Sub-Committee;   R.  S.  Belcher,  H.  R.  Duncan,  B.  D.  Howe, 
C.  S.  Kirkpatrick,  C.  D.  Turley. 

The  serious  splitting  which  is  characteristic  of  certain  species  of  oak  from  certain 

localities  when  as  ties  they  are  seasoned  for  preservative  treatment  has  been  ascribed  to 
various  causes,  among  them  methods  of  stacking.  It  has  been  assumed  in  some  quarters 

that  spacing  open  enough  to  permit  drying  and  prevent  decay  would  induce  splitting. 

During  the  past  three  years  sample  stacks  of  ties  at  various  places  have  been  under 

observation,  but  the  results  have  been  so  conflicting  and  contradictory  as  to  seem  useless. 

These  experiences  have  been  helpful  in  correcting  faults  in  experimental  procedure,  and 

the  following  information  covers  carefully-conducted  tests  at  the  Wellington,  Kansas, 
wood  preserving  plant  of  the  Atchison,  Topeka  and  Santa  Fe  Railway. 

Three  stacks  of  hewed  oak  ties,  8'  6"  long,  of  Sizes  4  and  S,  were  spaced  8,  9  and  10 
ties  per  tier.  The  average  age  of  these  ties  when  received  was  assumed  to  be  20  days. 

They  were  placed  in  stacks  25  feet  long.  The  tiers  in.  each  stack  were  separated  by  one 
stringer  between  alternate  layers.  The  stacks  stood  between  similar  stacks  of  ties,  with 
4  feet  between  stacks. 

Ties  Number  Date 
per  of  first 
tier  ties  weighed 

8         304  S— 11— 36 
9         277  5—13—36 
10        291  5—15—36 

*  Based  on  oven-dry  weight  of  39.28  pounds  per  cubic  foot. 

Average Average 

green 

moisture 
weight 

content* 
(Pounds) (Percent) 

244 57 
245 57 
247 58 
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During  approximately  16  months  of  seasoning  each  tie  was  weighed  monthly,  except 

in  September  and  November,  1936,  and  in  February,  May  and  August,  1937,  with  the 
following  results: 

Ties 

per tier 

Number 
Average Average 

of 

loss  of 
Total moisture 

ties weight rainfall 

content* (Pounds) (Inches) 
304 

52 31 

23 
277 54 31 23 

291 
61 31 

19 
9     

10     

At  the  end  of  the  seasoning  period  none  of  the  ties  in  any  of  the  stacks  was  decayed, 

and  no  difference  between  stacks  could  be  distinguished  in  extent  of  splitting,  which 

resulted  in  about  7  percent  of  the  ties  in  each  stack  being  banded  to  close  splits. 

These  test  stacks  do  not  indicate  that  splitting  is  reduced  by  close  spacing.  Their 

behavior  confirms  in  a  general  way  this  conclusion  drawn  from  the  earlier  tests  made 
elsewhere. 

Further  consideration  will  be  given  to  the  facts  and  figures  obtained  on  this  and 

other  phases  of  the  subject. 

Appendix  F 

(6)     EFFECT  OF  VOLUME  OF  TRAFFIC  ON  LIFE  OF 
CREOSOTED  TIES 

W.  J.  Burton,  Chairman,  Sub-Committee;  R.  S.  Belcher,  W.  H.  Brameld,  H.  F.  Brown, 
R.  L.  Cook,  B.  D.  Howe,  W.  D.  Simpson. 

When  comparisons  are  made  between  tie  renewals  on  different  railroads,  or  of 

renewals  in  different  years  on  the  same  railroad,  one  of  the  uncertainties  is  the  effect  of 
volume  of  traffic.  It  is  reasonable  to  assume  that  the  failure  of  creosoted  ties  is  caused 

by  traffic  rather  than  by  lapse  of  time  to  a  much  greater  extent  than  is  true  with  un- 

treated ties.  For  example,  a  tie  treated  with  creosote  and  good  for  upwards  of  25  years' 
service  is  very  little  affected  by  the  lapse  of  a  year  with  no  traffic,  while  the  untreated 

tie  good  for  eight  years'  service  decays  about  as  much  in  a  year  of  no  traffic  as  in  any 
other  year. 

A  commonly-used  formula  assigns  a  value  of  30  percent  as  the  damaging  effect  of 

traffic  and  70  percent  as  the  effect  of  lapse  of  time  on  tie  life.  It  is  not  known  upon 

what  these  percentages  were  originally  based,  but  they  seem  to  fit  untreated  rather  than 
creosoted  ties. 

Your  Committee  has  attempted  to  use  the  tie-renewal  statistics  and  traffic  density 
data  published  each  year  since  1929  in  arriving  at  an  answer  to  this  problem.  Because 

of  the  unusual  disturbances  caused  by  the  depression,  there  was  not  only  a  wide  fluctua- 
tion in  traffic,  but  also  in  tie  renewals.  To  a  varying  extent  tie  renewals  were  arbitrarily 

reduced  to  fit  the  reduced  revenues.  Over  a  long-enough  period,  however,  the  data 

should  give  reliable  results,  as  tie  maintenance  cannot  be  indefinitely  postponed.  Im- 
proved track  standards  demanded  by  greatly  increased  speeds  can  be  cited  in  support  of 

the  idea  that  by  the  end  of  1936  there  was  little  or  no  deferred  tie  maintenance  on  most 
railroads. 

Based  on  oven-dry  weight  of  39.28  pounds  per  cubic  foot. 
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Accordingly,  certain  representative  railroads  were  selected  for  study.  For  each  of 
these  the  simple  averages  of  the  traffic  densities  and  tie  renewal  percentages  for  the  eight 

years,  1929  to  1936  inclusive,  were  obtained.  Arranged  according  to  average  traffic 
density  for  these  years  (i.e.,  equated  gross  ton  miles  per  mile  of  maintained  track)  these 
average  densities  and  tie  renewals  are  as  follows: 

Average 
Density 

of 

Traffic 

R
a
i
l
r
o
a
d
 
 

(000) 
Chesapeake  &  Ohio      9310 
Long  Island     8360 
Norfolk  &  Western       7720 
Erie        7060 
Pennsylvania        7010 
Lackawanna       6950 
N.Y.  Central      6330 
D.  &  H    5990 
N.Y.C.  &  St.L     5880 
B.  &  0     5650 
CRRNJ      5370 
Lehigh  Valley      5300 
Reading     5280 
Texas  &  Pacific    4710 
P.  &  L.E     4480 
Monon      4380 
C.  &  E.I    4030 
N.Y.O.  &  W    3880 
Santa  Fe    3780 
Int.  Gt.  Nor     3760 
Rock  Island     3500 
Burlington       3480 
Pere  Marquette    3450 
Ft.  Worth  &  Denver  City     2890 

1929-1936 

Corre- 
Percent sponding Percent  of 

of  Ties 
Renewals Ties  in 

Track in  Track 

per  Mile Which 

!  were 
Renewed 

if  3000  Ties 
Treated 

Each  Year 
per  Mile 

1929 
1935 

3.81 114 

70 

IS 

2.59 78 47 

60* 

4.00 120 60 86 
4.91 147 

49 

75 
2.96 89 

69 85 

2.99 

90 93 

98 
2.75 

83 

80-95 
85-97 4.29 129 

16 41 
3.08 

92 

65 

80 
3.26 

98 

86 

89 
2.24 

67 

85 

97 

2.04 

61 82 

96 
2.50 

75 

87 

93 
3.96 119 

85 

99 

1.27 
38 

97 

99 
3.16 95 

98 

98 
3.20 96 

100 
100 

3.37 101 59 

81 
3.87 116 96 99 
4.73 142 83 

100 

2.94 

88 

81 98 3.93 
118 

97 

100 
5.15 154 100 

100* 

2.97 
89 100 100 

Roads  included  in  this  tabulation  are  ones  making  practically  all  renewals  with  creo- 
soted  ties.  Important  roads  omitted  are  those  using  substantial  percentages  of  untreated 
ties  or  where  mileage  changes  or  consolidations  render  proper  comparisons  impossible. 

An  attempt  to  plat  a  curve  from  the  above  averages  proved  futile,  and  it  is  evident 
that  there  are  variable  causes,  additional  to  the  traffic  density,  which  have  had  important 

effects  on  tie  renewals.  The  average  (simple)  density  for  the  twenty-four  railroads  listed 
is  5,360,000  gross  tons  per  mile  of  track.  The  average  tie  renewal  for  the  eleven  roads 

having  densities  of  traffic  greater  than  this  average  was  3.08  percent,  whereas  the  thirteen 
roads  with  densities  less  than  the  average  renewed  3.31  percent  of  their  ties  in  the 

average  year. 

It  is  therefore  concluded  that  data  at  present  available  is  insufficient  to  permit  a 

satisfactory  determination  of  the  relationship  between  traffic  and  tie  renewals.  It  is 

recommended  that  the  subject  be  dropped  for  the  present. 

»— 1930-1936  incl. 
*' — zinc  treated  prior  to  1929. 
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Appendix  G 

(7)  RE-USE  OF  TREATED  TIES  IN  TRACK  OR  ELSEWHERE 
AFTER  THEIR  REMOVAL  FROM  THEIR  ORIGINAL  POSITIONS 

S.  Thorvaldson,  Chairman,  Sub-Committee;  W.  C.  Bolin,  W.  H.  Brameld,  H.  F.  Brown, 
R.  E.  Butler,  H.  R.  Clarke,  S.  B.  Clement,  R.  L.  Cook,  N.  W.  Hutchison,  C.  S. 
Kirkpatrick,  A.  F.  Maischaider,  R.  J.  Middleton,  F.  M.  Robb. 

In  Volume  34  of  the  Proceedings,  the  economical  use  of  old  ties  was  discussed  and 

recommendations  were  made  in  regard  to  their  re-use  in  track  or  elsewhere.  Since  that 
time,  a  number  of  ties  salvaged  have  been  placed  in  other  tracks  or  used  for  other 

purposes. 

It  was  thought  that  this  additional  experience  with  second-hand  ties  might  now 
afford  valuable  information,  and  a  questionnaire  was  sent  to  railroads  having  ties  of 

this  class  available.  Seventy-eight  roads  answered  and  their  statements  may  be  sum- 
marized as  follows: 

TIES  RE-USED  FOR  TRACK 

Ties  from  Main  Line  Renewals 

Thirty-five  roads  report  that  they  re-use  in  track  treated  ties  which  have  been 
removed  from  main  track. 

These  ties  are  salvaged  from  out-of-face  renewals,  mostly  at  such  places  as  road 

crossings,  platforms,  etc.  They  have  become  unsuitable  for  heavy  trai&c  through  me- 
chanical wear,  being  split  at  the  ends  or  partly  spike-killed;  but  still  have  several  years 

of  service  life  if  used  in  tracks  of  lighter  traffic. 

Ties  from  Abandoned  Tracks 

Forty-four  roads  report  that  they  are  re-using  in  track  ties  salvaged  from  abandoned 
tracks. 

These  ties  are  inspected  after  removal  and  judged  on  their  condition,  without  regard 

to  their  age.  Ties  from  one  to  twenty-five  years  old  are  reported  as  re-used  with 

satisfactory  results.  Only  one  road  reports  that  it  is  marking  re-used  ties  with  special 
dating  nails. 

TIES  RE-USED  FOR  OTHER  PURPOSES  THAN  TRACK 

Twenty-nine  roads  report  that  they  are  re-using  treated  ties  for  other  purposes 
than  track. 

These  ties  are  mainly  being  used  for  fence  posts.  They  are  used  either  whole  or 

spUt  in  two.  Some  roads  make  no  such  use  of  ties  because  large  posts  of  this  kind 

require  additional  digging  in  placing,  and  are  heavy  to  transport. 

Ties  are  also  reported  as  used  for  cribbing,  for  floors  in  scrap  bins  and  stock  pens, 
and  for  motor-car  set-offs.  They  are  also  satisfactorily  used  to  stop  wash  in  gullies  and 

to  stabilize  the  road  bed  at  soft  spots. 

GENERAL 

The  opinion  of  most  of  the  roads  reporting  is  that  the  greatest  economy  is  obtained 

by  wearing  out  a  tie  in  its  original  position  when  practicable. 
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They  also  generally  agree  that  no  tie  should  be  re-used  in  track  unless  it  is  estimated 

to  give  in  its  new  location  at  least  five  years  of  service;  that  such  ties  should  be  re- 
applied as  soon  as  possible,  in  order  to  minimize  loss  of  preservative;  and  that  they 

should  be  used  in  tracks  where  the  cost  of  installation  is  low. 

The  information  received  indicates  that  general  practice  is  in  accordance  with  that 

recommended  by  the  Committee  in  its  previous  report  on  pages  352-3  of  the  1933 
Proceedings. 
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A.  F.  Blaess,  Vice-Chairman; 
F.  W.  Gardiner, 
F.  M.  Graham, 
C.  R.  Harding, 
G.  W.  Harris, 
B.  Herman, 
F.  S.  Hewes, 
C.  W.  Johns, 
Maro  Johnson, 
W.   H.   KlEKBRIDE, 
B.  R.  KuLP, 
G.  M.  Magee, 
H.  C.  Mann, 
Ray  McBrian, 
Wm.  Michel, 
C.  E.  Morgan, 
A.  H.  Morrill, 

Louis  Yager,  Vice-Chairman; 
E.  E.  Oviatt, 

J.  C.  Patterson, 
W.  H.  Penfield, 
P.  Petri, 

G.  A.  Phillips, 
G.  J.  Ray, 
A.  N.  Reece, 
J.  C.  Ryan, 
R.  T.  Scholes, 
G.  R.  Smiley, 
C.  P.  Van  Gundy, 

J.  C.  Wallace, 
Barton  Wheelwright, 
J.  E.  Willoughby, 
W.   P.   WiLTSEE, 

J.  B.  Young, 
Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subjects: 

(1)  Revision  of  Manual  (Appendix  A). 

(2)  Further  research,  including  details  of  mill  practice  and  manufacture  as  they 
affect  rail  quality  and  rail  failures,  giving  special  attention  to  transverse  fissure  failures, 

and  other  defects  in  the  head,  web  and  base,  collaborating  with  Rail  Manufacturers' 
Technical  Committee  (Appendix  B).     Progress  report. 

(3)  Compilation  of  statistics  of  all  rail  failures,  making  special  study  of  transverse 
fissure  faDures  (Appendices  C,  D  and  E).    Progress  reports. 

(4)  Cause  and  prevention  of  rail  battering  and  methods  of  reconditioning  rail  ends, 
fastenings,  and  frogs  in  track  (Appendix  F).    Progress  report. 

(5)  Economic  value  of  different  sizes  of  rail  (Appendix  G).    Progress  report. 

(6)  Rail  lengths  in  excess  of  39  feet  (Appendix  H).    Progress  report. 

(7)  Continuous  welding  of  rail,  collaborating  with  Committee  V — Track  and  Special 
Committee  on  Stresses  in  Railroad  Track   (Appendix  I).     Progress  report. 

(8)  Service  tests  of  various  types  of  joint  bars  (Appendix  J).    Progress  report. 

(9)  Effect  of  contour  of  the  head  of  rail  sections  on  wear  (Appendix  K).  Final 
report. 

(10) 

(11) 

Specifications  for  relayer  rail  (Appendix  L).    Progress  report. 

Thermal   treatment    of    rail    (such    as    controlled    cooled,    Brunorized,    etc.). 
Progress  report  included  in  Appendix  B. 

The  Committee  on  Rail, 

John  V.  Neubert,  Chairman. 

Bulletin  401,  January,  1938. 
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Appendix  A 

(1)     REVISION  OF  MANUAL 

A.  F.  Blaess,  Chairman,  Sub-Committee;  John  E.  Armstrong,  W.  C.  Barnes,  N.  J. 
Boughton,  C.  B.  Bronson,  E.  E.  Chapman,  W.  A.  Duff,  F.  M.  Graham,  C.  R.  Hard- 

ing, G.  W.  Harris,  C.  W.  Johns,  Maro  Johnson,  B.  R.  Kulp,  A.  H.  Morrill,  John  V. 
Neubert,  E.  E.  Oviatt,  W.  H.  Penfield,  C.  P.  VanGundy,  Louis  Yager,  J.  B.  Young. 

FORMS  FOR  KEEPING  RECORD  OF  THE  LOCATION  OF  HEAT  NUMBERS 
OF  RAIL  IN  TRACK 

Two  forms  for  the  above  purpose  have  been  prepared. 

Form  403-Al  (page  357):  For  recording  in  the  field  by  miles,  heat  numbers,  ingot 
numbers  and  rail  letters  of  the  rail  consecutively  as  it  lays  in  the  track. 

Form  403-A2  (page  358) :  For  use  as  a  division  office  record  of  heat  numbers  to  which 
the  information  on  the  field  record  forms  pertaining  to  each  heat  of  rail  for  which  record 

is  required  is  to  be  transferred.  This  form  may  be  made  up  on  heavy  paper  stock 

8/4  X  7  inches  as  a  card,  or  on  lighter  stock  S^  X  H  inches  for  binding  at  the  left. 

Both  forms  are  recommended  for  adoption  and  printing  in  the  Manual. 

FORM  FOR  REPORT  OF  CONTROLLED  COOLING  OF  RAILS 

Form  401-D  (page  359) :  This  form  is  to  be  used  by  the  representative  of  the  Railroad 
Company  at  the  rail  mill  for  reporting  temperatures,  rate  of  cooling  and  other  necessary 

data  recorded  during  the  process  of  controlled  cooling  of  rail.  It  is  presented  for  adop- 
tion and  publication  in  the  Manual. 

Adoption  of  the  above  forms  will  necessitate  additions  to  and  rearrangement  of  the 

index  of  forms  on  pages  4—41  of  the  Manual.  The  necessary  information  will  be  fur- 
nished the  Secretary  after  action  on  the  forms  by  the  Convention. 
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Appendix  B 

(2)  FURTHER  RESEARCH,  INCLUDING  DETAILS  OF  MILL  PRAC- 
TICE AND  MANUFACTURE  AS  THEY  AFFECT  RAIL  QUALITY 

AND  RAIL  FAILURES,  GIVING  SPECIAL  ATTENTION  TO 

TRANSVERSE  FISSURE  FAILURES,  AND  OTHER  DEFECTS  IN 

THE  HEAD,  WEB  AND  BASE,  COLLABORATING  WITH  RAIL 

MANUFACTURERS'  TECHNICAL  COMMITTEE 

John  V.  Neubert,  Chairman,  Sub-Committee;  John  E.  Armstrong,  W.  C.  Barnes,  A.  F. 
Blaess,  C.  B.  Bronson,  E.  E.  Chapman,  Robert  Paries,  P.  Petri,  G.  J.  Ray,  W.  P. 
Wiltsee,  Louis  Yager. 

RAILS  INVESTIGATION 

Work  Done  During  1936-37 

1.  Third  Progress  Report 

This  summary  of  the  work  done  during  1936  states  only  the  general  lines  of  study 

and  a  few  outstanding  results.  Fuller  details  are  given  in  the  Third  Progress  Report  of 

the  Rails  Investigation  presented  before  the  AREA  in  March  1937  and  published  in  the 

1937  Proceedings  of  that  society,  p.  645. 

2.  Field  Tests  for  Wheel  Loads  in  Service 

Completed  fourth  series  of  field  tests,  this  series  at  Matfield  Green,  Kan.  on  the 

A.T.&S.F.Ry.  Results  of  the  tests  at  Dayton,  O.  (B.&O.),  Coatesville,  Pa.  (Penna.R.R.), 
Rome,  N.Y.  (N.Y.C.),  and  Matfield  Green,  Kan.  (A.T.&S.F.)  are  summarized  in  the 

Third  Progress  Report. 

3.  Acceptance  Tests  of  Rails 

Further  study  leads  to  the  conclusion  that  a  bend  test  would  be  better  than  the  drop 

test  now  standard,  and  that  for  detecting  heats  of  steel  likely  to  be  shatter-cracked  the 

head-down  test  is  far  better  than  the  head-up  test.  Limitations  of  any  destructive  test 
of  specimens  pointed  out.    See  Third  Progress  Report  for  details. 

Attempt  to  develop  a  non-destructive  test  for  shatter  cracks  in  rails  has  been 
continued  with  some  promise  of  success. 

4.  End-Hardened  Rails:  Hardness,  Metallographic  Structure,  Strength, 
Ductility  and  Batter 

Work  on  this  problem  begun  during  the  year.  Rails  end-hardened  by  nine  different 
processes  have  been  studied.  All  these  are  processes  used  at  the  steel  mills.  The  length 

and  depth  of  the  hardened  zones  have  been  studied  by  etch  tests  and  hardness  surveys 

have  been  made,  showing  hardnesses  in  end-hardened  rails  as  high  as  Brinell  405  as 
compared  with  hardness  of  about  Brinell  250  for  unhardened  rail  ends.  Specimens  from 

the  end-hardened  zones  of  rails  showed  tensile  strengths  as  high  as  180,000  pounds  per 
square  inch  compared  with  135,000  pounds  per  square  inch  for  unhardened  rail  steel. 

Fatigue  strength  in  bending  (endurance  limit) ;  for  specimens  from  end-hardened  zone 
of  rails,  90,000  pounds  per  square  inch  as  compared  with  65,000  pounds  per  square  inch 
for  unhardened  rail  steel.  Ductility  as  shown  by  elongation  after  fracture;  specimens 

from  end-hardened  zone,  15  percent,  for  unhardened  rail  steel,  10  percent;  toughness  as 

shown  by  (unnotched)  Charpy  impact  test;  specimens  from  end-hardened  zone  over 
220  foot  pounds  (capacity  of  machine),  unhardened  rail  steel,  110  foot  pounds.    This 
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rather  surprising  increase  in  both  strength  and  ductility  is  explained  by  the  fact  that  the 

steel  in  the  end-hardened  zone  is  given  a  more  carefully  controlled  heat  treatment,  than 
that  in  the  remainder  of  the  rail. 

Batter  tests  have  been  made  on  the  rolling-load  machines  previously  used  for  study- 
ing the  development  of  internal  fissures  in  rails.  The  amount  of  batter  produced  is 

measured  by  means  of  a  micrometer  depth  gage.  The  results  so  far  obtained  indicate  a 

distinct  improvement  in  resistance  to  batter  by  the  use  of  the  end-hardening  processes 
thus  studied 

5.  Temperature  Limits  for  Controlled  Cooling  of  Rails 

During  this  year  a  series  of  tests  of  controlled-cooled  rails  was  carried  out  at  a  steel 

mill  by  the  use  of  2 -foot  rail  specimens.  In  this  series  there  were  varied  respectively: 
(1)  the  temperature  on  removing  rail  specimens  from  cooling  boxes,  (2)  the  temperature 
on  placing  rail  specimens  in  the  cooling  boxes,  and  (3)  the  rate  of  cooling  rail  specimens. 

One  series  of  tests  at  the  Tennessee  Coal,  Iron  and  Railroad  Company  has  been  completed 
and  the  results  indicate  that  even  a  slight  reduction  of  the  rate  of  cooling  over  that  of 
the  hot  beds  was  of  distinct  benefit. 

In  connection  with  this  study  there  have  been  carried  on  under  the  direction  of 
R.  E.  Cramer,  a  study  of  the  production  of  shatter  cracks  by  heating  sound  rails  in 

hydrogen.  Such  cracks  were  produced  by  heating  for  30  hours  at  a  temperature  of 

2200  degrees  F.  This  result  seems  to  link  up  the  shatter  crack  with  the  "snow  flake" 
which  has  been  such  a  serious  problem  in  producing  alloy  steels. 

6.  Miscellaneous  Tests 

Studies  of  fissures  in  some  old  Bessemer  rails  in  track,  studies  of  fractures  starting  in 

a  "cold-shut"  in  service,  web  failures  starting  from  a  bolt  hole  in  a  rail,  and  fatigue 
studies  of  raO  steel  damaged  by  cycles  of  overstress  have  been  carried  out  and  are 
reported  in  the  Third  Progress  Report. 

On  the  Baltimore  &  Ohio  Railroad  north  of  Dayton,  Ohio,  there  were  three  rail 
failures  reported  from  the  test  track.  All  three  rail  failures  were  from  heats  of  steel  for 

which  etch  tests  of  specimens  had  shown  pronounced  shatter  cracking. 

RAILS  INVESTIGATION 

Plans  for  the  Work  for  1937-38 

1.     Critical  Temperatures  for  Controlled  Cooling  of  Rails 

One  of  the  main  lines  of  work  which  is  planned  for  1937-38  is  the  further  study  of 
hmiting  temperatures  for  the  effective  controlled  cooling  of  rails.  While  the  tests  at  the 
Tennessee  Coal,  Iron  and  Railroad  Company  were  highly  satisfactory,  only  to  heats 

showed  any  shatter-cracked  rail  specimens.  Moreover,  the  shatter-cracked  specimens 
showed  only  a  relatively  small  number  of  shatter  cracks,  nearly  all  longitudinal.  It 
seems  desirable  that  the  second  series  of  tests  should  be  made  at  a  steel  mill  where  there 

has  been  a  special  difficulty  in  producing  rails  free  from  shatter  cracks  before  the  adoption 
of  the  controlled  cooling  process.  Correspondence  is  under  way  with  the  Algoma  Steel 

Corporation  at  Sault  Ste.  Marie,  Ont.,  Canada,  for  a  series  of  tests  th*>re.  Also  with  the 
Dominion  Steel  &  Coal  Corporation,  Ltd.  at  Sydney,  N.S.,  Canada. 

The  study  of  the  controlled  cooling  of  rails  in  which  shatter  cracking  has  been  in- 

duced by  the  deliberate  addition  of  hydrogen  to  molten  steel  seems  to  be  another  profit- 
able field  of  investigation.  Correspondence  is  being  carried  on  with  one  steel  mill  to 

see  if  such  a  series  of  tests  can  be  planned. 
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2.  Batter  Tests  of  Rails  and  Study  of  the  End-Hardening  Process 

The  studies  of  end-hardened  rails  reported  in  the  Third  Progress  Report  were  on 
rails  hardened  at  the  steel  mills  under  rather  special  control.  The  rails  end-hardened  by 
these  processes  showed  a  rather  deep  hardening  of  the  head  in  all  cases.  Tests  have 

been  begun  on  other  processes,  including  field  hardening  processes  for  end-hardened  rail. 
Tests  on  Brunorized  rails  are  in  progress.  The  rail  specimens  end-hardened  by  field 
processes  so  far  show  a  rather  small  depth  of  penetration.  The  continued  study  of  this 
end  hardening  process  by  means  of  hardness  surveys,  etch  tests,  metallographic  study, 

physical  tests  of  specimens  and  batter  tests  is  planned,  and  it  is  also  planned  to  keep  in 
touch  with  reports  concerning  field  service  of  end  hardening  rails. 

3.  Study  of  Non-Destructive  Tests  for  Shatter  Cracks  in  Rails 

While  the  two  projects  outlined  above  are  the  major  projects  for  the  coming  year, 

it  is  planned  to  continue  the  study  of  non-destructive  tests  for  detecting  shatter  cracks 
in  rails.    This  is  being  vigorously  pushed  by  J.  L.  Bisesi  and  his  associates. 

4.  Miscellaneous  Tests 

Unless  some  special  reason  develops  there  will  probably  not  be  made  any  very 

extensive  field  tests  on  rails.  Analytical  studies  of  the  production  of  dynamic  load  and 

of  the  effect  of  track  conditions  and  rolling-stock  conditions  are  being  made,  and  some 
of  them  will  be  reported  in  the  current  quarterly  report.  Doubtless  during  the  year 

many  special  studies  will  be  made  of  failures  of  rails  in  service  and  of  the  performance 

of  end-hardened  rails. 

This  is  a  progress  report  and  it  is  recommended  that  the  subject  be  continued. 

Appendix  C 

(3)     RAIL  FAILURE  STATISTICS  FOR  1936 

By  W.  C.  Barnes,  Engineer  of  Tests,  Rail  Committee 

The  Rail  Failure  Statistics  for  the  year  ended  December  31,  1936,  appearing  in  this 
report,  have  been  compiled  in  accordance  with  the  standard  method  of  basing  the  failure 
rates  on  mile  years  of  service  in  track. 

The  reported  tonnages  and  track  mUes  of  rollings  for  1931  and  succeeding  years 
included  in  these  statistics  are  as  follows: 

Year  Rolled  Tons  Track  Miles 
1931       .,        790,961  4393 
1932     238,551  1353 
1933     204,408  1081 
1934     618,200  3354 
1935     365,339  1994 

Totals        2,217,459  12,175 

This  compares  with  totals  of  3,023,561  tons  or  16,818  track  miles  of  rail  reported  last 
year  for  the  1930  to  1934  rollings. 

Table  1  shows  the  average  failures  per  100  track  miles  of  rail  in  service  which 

occurred  in  one  to  five  years'  service  in  the  rail  reported  from  rollings  of  1931  to  1935 
inclusive,  from  all  mills  together  with  similar  rates  of  older  rollings  taken  from  previous 
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reports  which  include  both  Bessemer  and  open-hearth  rails.  The  1931  rollings,  whose 
period  of  observation  is  now  concluded,  show  an  average  of  67.4  failures  per  100  track 

miles  for  the  five  year  period  which  is  an  increase  of  7.4  compared  with  the  rate  re- 
ported last  year  for  the  1930  rollings.  Both  service  and  detected  failures  are  included  in 

this  table. 

Fig.  1  shows  diagrammatically  the  five  year  averages  from  Table  1. 
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Table  2  presents  the  accumulated  failures  and  failure  rates  of  rail  from  each  of  the 
mills  for  each  of  the  rollings  of  1931  and  succeeding  years.  Service  and  service  plus 
detected  failure  rates  are  shown  separately. 

Fig.  2  shows  diagrammatically  the  failure  rates  per  100  track  miles  of  the  1931 
rollings  from  Table  2,  for  combined  service  and  detected  failures.  Five  year  rates  for 
earlier  rollings  are  reproduced  from  previous  reports. 

Fig.  3  shows  diagrammatically  the  Table  2  failure  rates  per  100  track  miles  per  year, 

separately  for  service  and  service  plus  detected  failures,  for  each  of  the  1931  and  sub- 
sequent rollings,  by  mills,  unweighted  for  traffic. 

Fig.  4  shows  diagrammatically  the  comparative  performance  of  the  mills  from  data 
underlying  Fig.  3,  except  that  average  traffic  density  factors  have  been  introduced  into 

the  final  computations  using  the  method  described  on  pp.  369-70  of  Volume  32,  AREA 
Proceedings  for  1931.  No  claim  is  made  for  the  entire  accuracy  of  this  method  of  rating, 
but  it  does  give  more  consideration  to  the  service  to  which  the  rails  from  the  respective 
mills  are  subjected  than  does  the  method  of  rating  on  which  Fig.  3  is  based. 

Table  3  shows  the  average  weights  of  rail  from  the  various  mills  and  from  all  mills 
included  in  these  statistics. 
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Fig.  3.— Failure  Rates  From  Date  Rolled  to  Dec.  31,  1936,  by  Mills 
(Service  and  Detected  Failure  Rates  Shown  Separately) 



366 Rail 

FAILURES  PER  100  AVE  TRACK  MILES  PER  YEAR  PER  UNIT  OF  TRAFFIC  DENSITY 
MILL YEAR 

ROLLED SERVICE SERVICE 

ONLY DETECTED 10                  20                   30                  AO                  50 

1931 2,33 2.96 H, 
1932 

2.4  fc 2.78 ■ 
CARNEQIE 

1933 O.TO 0.78 1 

^CARNCge-  ILLINOIS') 1955 
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0.00 

1.27 

0.10 
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193^ 
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■ 
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■■■■"        1 
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193  + 
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(^BETHLEHEM) 

1934 
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0.76 
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2.19 
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0.91 
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1935 

0.27 
a27 

1 

1931 3.93 6.24 
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■ 

Fig.  4.— Failure  Rates  From  Year  Rolled  to  Dec.  31,  1936,  by  Mills,  Altered  by  Traffic 
Density  Factors.     (Service  and  Detected  Failure  Rates  Shown  Separately) 
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Table  1.— AVERAGE  FAILURES  PER  100  TRACK  MILES— ALL  MILLS 

(Both  service  and  detected  failures  are  included) 

Year 
RolUd 

Years  Service 

1 2 3 4 5 

1908 398.1 

1909 224.1 277.8 

1910 124.0 
152.7 198.6 

1911 77.0 
104.4 133.3 176.3 

1912 28.9 32.1 49.3 78.9 107.1 

1913 12.5 26.8 44.8 69.5 91.9 
1914 8.2 19.8 

82.9 
60.9 

74.0 
1915 8.9 19.0 34.2 63.0 82.4 

1916 11.8 29.2 
47.7 70.6 105.4 

1917 21.6 38.9 66.0 110.6 137.0 

1918 8.9 27.6 64.0 92.8 125.4 

1919 14.8 39.4 73.7 
104.8 

115.7 

1920 14.2 32.4 
63.1 84.5 

119.6 

1921 10.9 34.9 66.9 70.9 98.9 

1922 15.9 34.8 
65.2 80.4 

110.0 

1923 14.3 33.2 57.6 86.0 114.1 

1924 14.0 33.4 
68.3 

82.0 110.7 

1925 15.5 36.6 68.3 
76.6 

110.7 

1926 17.1 41.2 64.6 102.6 131.3 

1927 18.4 37.7 69.5 94.6 112.4 

1928 11.0 28.0 45.8 67.4 76.4 
1929 14.1 36.8 66.9 82.7 121.2 

1930 7.8 
12.8 

22.4 37.6 60.0 

1931 9.1 19.7 32.3 
46.8 67,4 

1932 
4.5 

11.8 21.2 39.6 

1933 6.2 11.7 25.6 

1934 4.6 13.6 

1935 4.2 
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Table  3. — Average  Weights  of  Rails  Compiled  From  Tonnages  Used  in  This  Report 

MiU 1931 1932 1933 1934 1935 

Algoma 114.0 97.7 
105.1 

106.9 

106.5 

Edgar  Thomson 124.5 128.1 129.6 123.5 128.8 

Ensley 100.5 101.6 103.3 105.7 106.1 

Gary 114.8 111.6 119.7 115.9 116.4 

Inland 114.8 109.7 121.9 
118.4 119.9 

Lackawanna 119.9 119.3 124.0 122.6 122.8 

Maryland 112.3 105.0 123.0 120.2 133.6 

Minnequa 100.4 109.3 111.2 114.8 116.8 

Steelton 132.2 127.0 129.9 
125.6 124.2 

All  Mills 114.5 
112.1 120.3 

117.2 116.5 

Appendix  D 

(3)     TRANSVERSE  FISSURE  FAILURE  STATISTICS 

By  W.  C.  Barnes,  Engineer  of  Tests,  Rail  Committee 

These  statistics  constitute  a  cumulative  record  of  transverse  fissure  failures  that  have 

been  reported  up  to  and  including  December  31,  1936.  They  include  all  fissured  rails 

reported,  vi'hether  located  by  actual  breakage  in  track  or  detected  before  breakage  by 
inspection  or  test.  This  total,  hovi^ever,  does  not  represent  all  such  failures  that  have 
occurred  for  the  reason  that  vi'hile  the  records  of  some  roads  have  been  cumulative  for 

over  twenty  years,  those  of  other  roads  are  of  more  recent  origin  and  furthermore  some 

roads  do  not  report  such  failures.  Compound  fissures  and  horizontal  split  heads 
(horizontal  fissures)  are  not  included. 

Table  1  corresponds  with  Table  1  of  last  year's  report  and  shows  separately  the 
number  of  service  and  detected  transverse  fissure  failures  classified  by  roads  and  by  year 

failed.  It  includes  data  only  from  such  roads  as  have  consistently  reported  service  fail- 

ures over  a  long  period  of  years  and  have  also  reported  separately  the  service  and  de- 
tected failures  since  the  introduction  of  detection  methods  in  1929.  The  total  failures 

on  any  one  road  or  on  all  roads  during  any  given  year  can  be  obtained  by  adding  the 
corresponding  figures  for  the  service  failures  and  detected  failures  appearing  in  this  table. 

The  total  fissure  failures  reported  in  1936  compared  with  1935  are: 

Detected  Service  Total 

1936        8020     58.4  percent       5706     41.6  percent       13,726     100  percent 
1935        7497     60.7  percent      4867     39.3  percent       12,364     100  percent 

Excess  in  1936        523  839  1362 
OR              7  percent  17  percent  11  percent 

The  number  of  service  failures  in  1936,  namely  5706,  is  greater  than  has  been  re- 
ported in  any  previous  year.  The  nearest  approach  to  this  figure  is  the  5260  reported 

in  1929,  the  year  in  which  detector  car  testing  was  introduced. 
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A  comparison  of  failures  reported,  by  roads  which  did  and  which  did  not  do  detector 

car  testing  in  both  1935  and  1936,  shows  that  the  service  failures  on  the  testing  roads 

increased  16  percent  while  those  on  the  non-testing  roads  increased  22  percent. 
Fig.  1  presents  graphically  the  fissure  failures  by  year  failed  from  Table  1.  The 

solid  line  shows  the  service  failures;  the  broken  line,  the  detected  failures  only;  and  the 
dotted  line,  the  total  service  plus  detected  failures. 

M.OOO 

Fl(i  1       FIS5URE    FAILURES   REPORTED  EACH  YEAR 

(.1930    INCLUDES    11  MONTHS    ONLY  ) 

LEGEND 
      SERVICE    FItbURE  FAILURES  ONLY 
        SERVICE    «ND  PETECTEO    F 155,    FAILURES 
  DETECTED    FISSURE   FAILURES   ONLY 
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Table  2  shows  all  transverse  fissure  failures,  service  plus  detected,  reported  by  all 

roads  for  each  year's  rollings  from  each  mill  accumulated  from  year  rolled  to  December 
31,  1936.  These  data  are  not  weighted  for  tonnage  output  of  mills,  for  density  of  traffic, 

or  for  years  of  service.  Reports  from  all  roads  are  included  and  hence  the  grand  total 
of  accumulated  transverse  fissure  failures  (113,175)  exceeds  that  shown  in  Table  1. 

This  table  is  most  useful  in  comparing  the  failures  in  the  various  year's  rollings  from 
any  one  mill. 

Fissure  failures  reported  since  1924  as  occurring  in  the  first  year  of  service  are  as 
follows: 

29  Fail ures  in  1925  from  1925  Rol lings,  All  Mills 
SO "    1926      ' 1926 

114 "    1927      ' 1927 

58        "         "    1928      ' 
1928 

106         "         "    1929      ' 
1929 

33         "         "    1930      ' 1930 

32 "    1931      • 1931 
3 "    1932      ' 1932 

0        "         "    1933      ' 
1933 

0 «    1934      < 1934 
3 "    1935      ' 

1935 

3         "         "    1936      ' 
1936        ' 

( 
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Fig.  2  is  a  mill  rating  chart  and  shows  separately  the  service  and  detected  trans- 
verse fissure  failure  rates  per  100  average  track  miles  per  year  of  each  of  the  1929  to 

1933  rollings  of  each  mill  from  date  rolled  to  December  31,  1936,  unweighted  for  traffic. 

Fig.  3  shows  graphicaUy  the  average  rates  of  failure,  by  mills,  from  Fig.  2,  modified 
by  the  application  of  average  traffic  density  factors,  the  derivation  of  which  is  explained 

on  pages  369-70  of  Volume  32  of  the  AREA  Proceedings  for  1931.  Owing  to  the  neces- 
sity of  using  factors  obtained  from  average  traffic  per  mile  of  road,  instead  of  actual 

traffic  over  the  particular  rails  in  question,  this  chart  can  be  considered  only  as  an 

approximation. 
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MILL YEAR 
ROLLED 

FISSURE  FAILURE  RATES  PER  100  AVE.  TRACK  HILES  PER  YEAR 

SERVICE 
ONLy 

SERVICE 
DETECTED 10                         20                        50                         40                         SO 

CARNE(;iE 

J: ARME^IE- ILLINOIS) 

19  29 

1930 

1931 
193^ 

1933 

e.5 
1.5 
1  .6 

l.S 0.8 

S.  2 

3.7 2.S 
3.3 
0.9 

■— 1 
■ 

ENSLEY 

(TENNESSEE) 

1923 

I9J0 

193  1 

1932 

1933 

T.2 
2.4 

3.0 

5.1 

10.3 

4.S 

T.I 
1  1.9 

n.t 
^ — \ ^ 
"^ 

1 

^ARY 

(tARN£C,IE-ILLIMOIS) 

I9a9 

1930 

1931 

1931 

1933 

1  .0 
4.3 

a.4 
O.fc l.S 

2.1 1  1.9 

9.2 

0.8 

9.8 

■=) ̂   
I 

INLAND 

19Z9 

1930 

1931  • 
I93^ 

1933 

1.0 0.3 

i.r 

0.3 
0,4 

3.0 

1.5 

6.0 
0.3 

0.7 

E3 
0 

LACKAWANNA 

(BtTHLEHEM') 

I9E9 

1930 

1931 

I93£ 

1933 

4.5 

0.4 
0.8 

0.0 

0.0 

8.4 O.fc 1.2 

0.0 
0.0 

1 

■1 
MARYLAND 

(BETHLEHEM') 

1930 

1931 
1931 

1933 

10. & 
9.9 

0.0 

0.0 

48.5 

Sfc.l 

2.1 
0.0 

l^^H 1 

ZD 

MlNN£<^OA 

(^COLORADO) 

1929 

1930 

1931 

1932 

1933 

0.3 

0.1 0.0 
0.0 

0.0 

1.5 0.8 

0.8 

0.0 

0.0 

D 
] 

STEELTON 

(BETHLtHEM) 

19a9 

1930 

193  1 

I93E 

1933 

r.2. 

\0.b 

1.2. 

o.o 

\t>.(, 

19.8 

21. a 

4.9 

0.0 

■— = 1 

  
1 

■      1 
L U 

ALL.    MILLS 

19  2  9 

19  30 
193  1 

1932 

1933 

4.5 

2.7 
3.3 

I.r 
i.<. 

7. a ^^^ 
\.mm ■1 

3.fe 

4.8 

^m  SERVICE" 

cm  DtTEcre 

FAILURES 

0  mi\}m 

Fig.  2. -Fissure  Failure  Rates  From  Date  Rolled  to  Dec.  31,  1936  by  Mills. 
(Service  and  Detected  Failure  Ratei  Shown  Separately). 
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MILL 
YEAR 
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FISSURE  FAILURES  PER  100  AVE  TRACK  MILE5  PER  YEAR  PER  UNIT  OF  TRAFFIC  DENSITY 
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Fig.  3.— Fissure  Failure  Rates  From  Date  Rolled  to  Dec.  31,  1936  by  Mills,  Altered  by 
Traffic  Density  Factors.     (Service  and  Detected  Failure  Rates  Shown  Separately). 
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Appendix  E 

THE  AAR  DETECTOR  CAR 

By  W.  C.  Barnes,  Engineer  of  Tests,  Rail  Committee 

The  AAR  leasing  service  with  the  Sperry  type  car,  operated  under  the  direction  of 
the  Engineer  of  Tests,  is  now  in  its  ninth  year.  The  demand  for  AAR  service  from 

Member  Roads  continues  such  that  the  car  is  usually  leased  eight  months  in  advance  of 

delivery.  This  service  is  financially  profitable.  Owing  to  the  fact  that  the  Association 

has  had  only  one  detector  car  in  leasing  service,  it  has  been  impossible  to  meet  numerous 
requests  for  emergency  service. 

Appendix  F 

(4)  CAUSE  AND  PREVENTION  OF  RAIL  BATTERING  AND 

METHODS  OF  RECONDITIONING  RAIL  ENDS,  FASTENINGS, 
AND  FROGS  IN  TRACK 

F.  M.  Graham,  Chairman,  Sub-Committee;  M.  M.  Backus,  W.  C.  Barnes,  A.  F.  Blaess, 
H.  A.  Cassil,  E.  E.  Chapman,  J.  R.  W.  Davis,  Robert  H.  Ford,  B.  Herman,  W.  H. 
Kirkbride,  G.  M.  Magee,  Ray  McBrian,  Wm.  Michel,  C.  E.  Morgan,  John  V. 
Neubert,  J.  C.  Ryan,  G.  R.  Smiley,  C.  P.  Van  Gundy,  Louis  Yager. 

Sub-Committee  IV  of  the  Rail  Committee  has  had  the  assistance  of  the  Rails  Inves- 

tigation of  the  University  of  Illinois,  in  making  laboratory  studies  of  submitted  samples 

of  rail  end  hardening  as  done  by  various  methods  both  at  rail  mills  and  in  the  track. 

The  results  of  these  studies  are  shown  in  the  quarterly  reports  of  the  Rails  Investigation. 

The  laboratory  work  on  these  samples  is  now  well  advanced  so  that  the  Sub- 
Committee  can  proceed  with  the  selection  of  the  more  promising  methods  to  be  included 

in  extensive  field  testing  to  determine  their  relative  merits. 

This  is  submitted  as  a  progress  report  with  the  recommendation  that  the  subject 
be  continued. 

Appendix  G 

(5)     ECONOMIC  VALUE  OF  DIFFERENT  SIZES  OF  RAIL 

J.  M.  Farrin,  Chairman,  Sub-Committee;  W.  C.  Barnes,  A.  F.  Blaess,  N.  J.  Boughton, 
H.  S.  Clarke,  W.  A.  Duff,  F.  W.  Gardiner,  C.  R.  Harding,  C.  W.  Johns,  G.  M.  Magee, 
John  V.  Neubert,  A.  N.  Reece,  Barton  Wheelwright,  Louis  Yager. 

Studies  have  been  made  of  this  subject,  but  the  Committee  feels  it  is  not  ready  to 
make  a  report  on  it. 

It  is  recommended  that  this  be  received  as  a  progress  report  and  that  the  subject 
be  continued. 
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Appendix  H 

(6)     RAIL  LENGTHS  IN  EXCESS  OF  39  FEET 

A.  N.  Reece,  Chairman,  Sub-Committee;  W.  C.  Barnes,  A.  F.  Blaess,  W.  J.  Burton, 
G.  W.  Harris,  C.  W.  Johns,  H.  C.  Mann,  John  V.  Neubert,  J.  C.  Patterson,  W.  H. 
Penfield,  G.  A.  Phillips,  R.  T.  Scholes,  J.  C.  Wallace,  J.  E.  Willoughby,  Louis  Yager. 

Continuing  the  work  on  this  assignment,  the  Sub-Committee  presents  the  following 
report: 

(1)  Result  of  questionnaire  to  determine  preference  for  a  longer  standard  raO  length. 

(2)  Test  installation  of  78-foot  rail  on  the  Kansas  City  Southern  Railway. 
(3)  Economic  advantages  of  78-foot  rail. 

QUESTIONNAIRE  ON  RAIL  LENGTHS  IN  EXCESS  OF  39  FEET 

A  questionnaire  was  sent  to  all  Class  I  Railroads  last  December.  RepUes  have  been 
received  from  58  railroads  or  systems,  representing  91  percent  of  the  road  mileage  in 

the  United  States.  Exhibit  A  shows  in  detail,  by  roads,  the  expression  for  preference 
of  rail  lengths.  It  will  be  observed  from  the  following  summary  that  69.3  percent  of 

the  mileage  reporting  is  in  favor  of  a  rail  length  in  excess  of  39  feet,  and  that  40.4  percent 

of  the  mileage  reporting  is  in  favor  of  78  foot  or  longer  rail. 

Number  of  Percent  of 
Length                                                                 Roads  Total  Mileage 
of  Rail                                                                in  Favor          Road  Mileage  Reporting 
39   foot            21  66,051  30.7 
45            10  47,355  22.0 
SO              1  10,700  S.0 

5»'6"             1  2,200  1.0 
66              3  2,030  0.9 
78            18  77,338  36.0 

117              1  830  0.4 
No  preference           3  8,535  4.0 

Total             58  215,039  100.0 

Total  Class  I  Mileage  (approximate)       237,000  Miles 

Mileage  reporting     215,039     " 
Percent  of  mileage  reporting    91  Percent 

TEST  INSTALLATION  OF  78-FOOT  RAIL  ON  THE  KANSAS  CITY  SOUTHERN 

This  year,  for  experimental  purposes,  the  Kansas  City  Southern  purchased  199  gross 

tons  of  78-foot  rail,  127-lb.  Dudley  section,  for  laying  one  mile  of  track. 

Periodical  temperature  and  expansion  checks  on  this  test  mile  of  track  will  be  made. 

The  rail  was  rolled  in  accordance  with  current  AREA  Specifications,  except  for 
modifications  as  shown  below.  Special  provisions  were  made  by  the  mill  to  place  two 

cooling  boxes  together  endwise  in  order  to  give  the  rail  controlled  cooled  treatment. 
The  ends  were  hardened  at  the  mill,  heating  with  coke  oven  gas  and  quenching  with  an 
air  blast. 

Details  of  Modifications  in  Specifications 

Section  301 — Ductility  and  Resistance  to  Impact, 
paragraph  to  read: 

Change  first  sentence  in  second 
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''The  test  specimens  shall  be  placed  head  upwards  on  the  supports  and  subjected 
to  one  blow  from  the  tup  falling  free  from  the  following  heights." 

Interpretation  of  Section  301: 

The  last  paragraph  of  Section  301  of  base  specifications  is  based  on  39-ft.  stand- 
ard lengths  being  supplied.  In  that  78-ft.  lengths  are  required  on  this  contract,  the 

first  cut  shall  be  considered  as  equivalent  to  the  "A"  and  "B"  rails,  the  second  cut 
as  equivalent  to  the  "C"  and  "D"  rails,  etc.  In  case  retests  are  necessary,  cut  the 
first  or  second  78-ft.  length  as  required  into  39-ft.  lengths  and  retest  the  "A",  "B" 
and  "C"  rails  for  acceptance  or  rejection  of  heat  in  accordance  with  specification 
requirements.  In  other  words,  the  first  78-ft.  length  is  not  to  be  considered  as  an 
"A"  rail,  the  second  78-ft.  length  as  a  "B"  rail,  etc. 

Section  304,  Paragraph  (b) — No.  2  Rails:     Change  to  read: 

"Rails  arriving  at  the  straightening  presses  with  sharp  kinks  or  greater  camber 
than  that  indicated  by  a  middle  ordinate  of  twenty-eight  inches  in  78  feet." 

Section  402 — Lengths.    Change  to  read: 

"The  standard  length  of  rails  shall  be  78  feet  at  a  temperature  of  60  degrees  F. 
A  variation  of  ii  inch  from  the  specified  length  will  be  allowed,  except  that  for 
IS  percent  of  the  order  a  variation  of  if  inch  from  the  specified  length  will  be 
allowed.  Seventeen  percent  of  the  78-ft.  tonnage  will  be  accepted  in  shorter  lengths 
if  recut  to  39-ft.  standard  lengths  and  shorts  varying  by  one  foot  to  25  feet.  The 
length  variation  for  these  shorter  lengths  shall  be  the  standard  for  39-ft.  lengths." 

Section  406,  Paragraph  (a) — Finishing.    Change  to  read: 

"All  rails  shall  be  smooth  on  the  heads,  straight  in  line  and  without  twists, 
waves  or  kinks.  The  supports  for  rails  in  the  straightening  presses  shall  have  flat 
surfaces  and  be  free  from  hollow  places,  bends  or  crooks,  and  shall  be  spaced  not 
less  than  60  inches.  When  placed  head  up  on  a  horizontal  surface,  rails  that  are 
slightly  higher  at  the  ends  than  the  middle  will  be  accepted,  provided  they  contain 
a  uniform  sweep,  the  middle  ordinate  of  which  does  not  exceed  5  inches  in  78  feet. 
They  shall  be  sawed  square  at  the  ends,  a  variation  of  not  more  than  ̂   inch  being 

allowed,  and  burrs  shall  be  entirely  removed." 

Section  411,  Paragraph  (b).     Change  to  read: 

"(b).  No.  2  rails  to  the  extent  of  12  percent  of  the  order  for  78-ft.  lengths 
shall  be  accepted." 

Loading  Rail  for  Shipment  , 

The  rails  were  double-loaded  for  shipment  on  flat  cars.  There  were  four  double 
loads,  as  follows: 

1st  double  load—  39  rails—  57  G.T.  1098  pounds 
2nd      "  "         39     "  57  "       1098        " 
3rd      "  "         28     "  41  "         616        " 
4th      "  "         29     "  42  "       1678 

Total    135     "        199     "  10 

The  freight  rate  was  the  same  as  for  39-ft.  rails  on  single  car  loading,  due  to  the 
smallest  double-load  being  in  excess  of  the  minimum  weight  requirements.  The  rails 
were  loaded  on  the  car,  balled  in,  in  layers;  consecutive  layers  contained  four  rails  less 

than  the  layer  below.  The  bottom  layer  was  supported  on  two  10  X  12  inch  cross 

timbers,  each  timber  located  about  midway  of  the  car.  An  additional  set  of  two  2X4 

inch  cross  timbers  separated  each  layer  of  rails,  the  timbers  being  placed  over  those 

resting  on  the  car.    The  rails  were  securely  tied  down  for  shipment. 
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Unloading  at  Destination 

The  rails  were  unloaded  by  using  a  steam  crane  at  one  end  of  the  load  and  an  air 

unloader  at  the  other.  No  difficulty  was  experienced  in  unloading  the  rail.  The  cost  of 

unloading  the  78-ft.  rail  was  practically  the  same  per  gross  ton  as  for  39-ft.  rail.  The 
added  cost  of  the  steam  crane  was  offset  by  the  reduction  in  work-train  time  for  un- 

loading. A  reduction  in  unloading  cost  could  have  been  effected  if  a  crane  with  a 

SO-foot  boom  had  been  readily  available  for  unloading  the  rail. 

Laying  the  Rail 

In  laying  the  rail,  due  to  the  relatively  small  quantity  involved  and  since  a  loco- 

motive crane  was  not  readily  available,  the  rail  was  laid  with  a  gasoline  engine-driven 
rail  laying  crane  used  for  laying  39-ft.  rail.  The  tongs  were  fastened  to  the  rail  about 
25  feet  from  the  near  end.  The  rail  end  was  then  lifted  and  swung  around  over  the 

track.  Five  men  with  lining  bars  lined  the  far  end  of  the  rail  into  position.  The  rail 

crane  then  lowered  the  near  end  of  the  rail  onto  the  ties  and  pulled  it  lengthwise- to  butt 
against  the  last  rail  laid.  In  this  system  of  placing,  approximately  two  minutes  time 
was  required  for  each  rail,  and  a  mile  of  track  could  be  laid  in  one  working  day  without 

difficulty.  The  increased  cost  over  placing  39-ft.  rail  was  the  time  of  four  additional 
laborers  on  the  rail  crane  crew  for  one  day.  This  was  more  than  offset  by  a  reduction 

of  approximately  six  man-days  in  labor  time  that  would  have  been  required  for  distri- 
bution, oiling,  and  applying  the  135  joints  that  were  eliminated  by  the  long  rail.  There 

was  then  some  reduction  in  laying  cost  of  the  78-ft.  rail,  even  with  no  special  equipment 
provided  for  use.  If  this  length  rail  could  be  laid  in  quantity  and  cranes  with  SO-foot 
booms  provided,  a  reduction  in  unloading  expense  of  $20.00  per  mile,  and  in  laying 

expense  of  $20.00  per  mile,  appears  attainable. 

A  description  of  the  track  structure  is  as  foUows,  which  is  the  same  as  used  for 

39-ft.  length  rail: 

Rail 

127-lb.  Dudley  section  open-hearth,  controlled  cooled  and  end-hardened. 
Drilling 

1%   inch   diameter  holes  spaced   2 it    inches,   8il    inches  and   14il    inches,   re- 
spectively, from  the  rail  end  and  3%  inches  above  the  base. 

Bolts 

Six  per  joint,   1   inch  nominal  diameter,  5-inch  length,  heat-treated  and  with 
spring  washers. 

Joint  Bars 
Angle  bar  type,  36-inch  length,  not  slotted,  heat-treated. 

Tie  Plates 
7^  inches  wide  by  12  inches  long,  double  shoulder,  1  in  40  cant. 

Fastenings 

Two  cut  spike  rail  fastenings  per  plate;  no  additional  plate  fastening. 
Rail  Anchors 

Twelve  per  78-ft.  rail  length,  placed  to  restrict  motion  in  either  direction. 
Ties 

7X9  inch  and  6X8  inch — 8  feet  long,  mostly  treated  red  oak,  spaced  48  to 
the  78-ft.  rail  length. 

Ballast 

Not  less  than  12  inches  of  chats  (lead  and  zinc  tailings)  under  the  ties. 

The  78-ft.  rail  is  laid  in  the  main  track,  between  mile  posts  24  and  25  from  Kansas 
City.  The  line  is  single  track  with  traffic  in  both  directions.  The  alinement  is  all  tangent 

on  this  mile,  and  the  gradient  ascends  toward  the  south  on  an  0.50  percent  grade  the 
first  half  of  the  mile  and  is  level  on  the  remainder. 
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The  following  expansion  table  was  used  in  laying  the  78-ft.  rail: 

Rail  Expansion 
Temperature  Opening 
Degrees  F.  Inches 
86  to  95       0 
76  to  85     ifeth 
66  to   75    Vath 
S6  to   65     ^ths 
46  to   55     ^th 
36  to  45     T^ths 
26  to  35     ?^ths 

Rail  shall  not  be  laid  when  rail  temperatures  are  over  95  degrees 
or  under  26  degrees. 

The  raD  was  laid  April  21st  and  22d  and  the  rail  temperature  variation  was  from 
66  to  95  degrees. 

The  rail  temperature  expansion  range  in  this  locality  is  approximately  140  degrees. 

For  this  variation  in  temperature,  the  change  in  length  of  78-ft.  rail  would  be  0.85  inch 

if  free  to  move  without  any  restraining  forces.  The  rail  drilling  and  bolt  diameter  per- 
mits only  of  ̂ -inch  expansion  opening  which  would  allow  for  62  degrees  temperature 

change.  The  above  expansion  table  is  prepared  on  the  theory  that  the  joint  bar  friction 

will  approximate  75,000  pounds  which  will  restrain  the  rail  through  60  degrees  temper- 
ature change,  leaving  only  18  degrees  to  be  provided  by  other  restraints.    See  Fig.  1. 

The  method  of  making  the  measurements  was  to  place  the  test  bar  on  the  rail  base 

and  leave  it  long  enough  for  it  to  have  assumed  the  same  temperature  as  the  rail. 

Strain  gage  readings  were  then  taken  on  both  rail  and  test  bar  and  recorded  together 

with  the  temperature. 
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A  complete  series  of  readings  were  taken  before  the  rail  was  placed  in  track,  a 
second  series  after  the  rail  was  laid  and  surfaced,  a  third  series  on  July  IS  when  the 

rail  temperature  was  127  degrees,  and  a  fourth  series  on  December  1,  1937,  with  rail 

temperature  of  30  degrees.  Additional  readings  will  be  taken  at  intervals  and  in  par- 
ticular during  extreme  temperatures. 

After  the  rail  had  been  unloaded  and  before  laying  in  track,  strain  gage  readings 

were  established  while  the  rail  was  free  of  any  restraint  so  the  temperature  stresses 

could  later  be  determined  when  the  rail  was  placed  in  track.  The  first  20  rails  on  both 

the  east  and  west  sides,  at  the  north  end  of  the  test  mile,  were  selected  for  test.  On  the 

west  side,  strain  gage  points  were  established  at  the  center  of  the  web  at  both  ends  and 
at  the  middle  of  each  rail;  on  the  east  side,  at  the  middle  and  south  end  of  each  rail, 

A  piece  of  rail  ball  18  inches  long  was  planed  from  a  short  piece  of  rail,  a  hole 
drilled  in  one  end  to  hold  a  thermometer,  and  strain  gage  points  drilled  in  it  to  be  used 
for  reference  readings. 

Fig.  2a  shows  in  graphical  form  the  stress  readings  in  the  west  rail  at  a  temperature 
of  127  degrees.  The  average  compressive  stress  over  this  section  was  6400  pounds  per 

square  inch.  The  variation  from  point  to  point  is  probably  due  in  most  part  to  errors 
in  reading  the  strain  gage. 

At  each  end  of  the  20-rail  test  section,  two  rail  ends  were  embedded  each  side  of  the 

track  to  furnish  reference  points  for  longitudinal  movement  of  the  rail.  At  each  series  of 

readings  the  expansion  opening  at  each  successive  joint  was  recorded  and  measurements 
made  of  any  endwise  movement  at  the  ends  of  the  test  section. 

In  Fig.  2b  is  shown  the  joint  openings  on  the  west  rail  at  80  degrees  (the  laying 

temperature)  and  at  127  degrees.  Between  80  degrees  and  127  degrees  the  joint  opening 
(with  allowance  for  end  movement)  was  reduced  an  average  of  0.062  inch  per  joint. 
The  normal  movement  for  this  length  rail  and  temperature  change,  if  free  from  restraint, 

would  have  been  0.286  inch  per  joint.  A  restraint  of  0.224  inch  per  joint  was  therefore 

provided,  requiring  an  average  restraining  force  of  7200  pounds  per  square  inch  which  is 
comparable  with  the  6400  pounds  per  square  inch  measured  by  strain  gage. 

On  the  east  raD,  the  average  reduction  in  expansion  opening  for  the  same  temper- 
ature range  was  0.070  inch,  indicating  an  average  restraint  of  6900  pounds  per  square  inch. 

An  average  stress  of  7000  pounds  per  square  inch  over  the  rail  section  indicates  a 

total  restraining  force  of  90,000  pounds  which  is  transmitted  from  one  rail  to  the  next 

by  joint  bar  friction  or  by  abutting  pressure.  It  is  evident  that  joint  bar  friction  at  the 
joints  which  have  closed  is  less  than  90,000  pounds  whereas  at  certain  joints  which  still 
have  expansion  opening  the  friction  must  be  in  excess  of  90,000  pounds. 

The  fact  that  the  expansion  opening  has  not  been  taken  up  at  all  the  joints  indicates 

that  the  track  buckling  forces  will  give  no  more  difficulty  in  summer  with  78-ft.  rail 
than  with  39-ft.  It  remains  to  be  determined  whether  difficulty  will  be  experienced  with 

bolt  breakages  in  winter,  but  the  high  joint  resistances  developed  are  favorable  towards 
preventing  difficulty  of  this  nature. 

An  additional  series  of  readings  were  taken  on  December  1,  1937,  at  which  time  the 

rail  temperature  was  30  degrees.  The  measured  stress  along  the  west  rail  is  shown  in 

Fig.  2a  and  the  measured  joint  gaps  in  Fig.  2b.  The  average  tensile  stress  as  measured 

was  3300  pounds  per  square  inch  and  as  determined  from  the  joint  gaps  and  end  move- 
ments was  4600  pounds  per  square  inch.  A  few  days  prior  to  these  measurements,  a  low 

temperature  of  4  degrees  above  zero  was  registered  and  it  is  possible  that  slackening  of 

the  rail  tension  from  that  extreme  was  responsible  for  the  wider  variation  in  rail  stress 
than  obtained  in  the  summer  readings. 
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ECONOMIC  ADVANTAGES  OF  78-FOOT  RAIL 

Since  a  considerable  period  of  time  would  be  required  to  determine  the  relative 

economic  advantages  of  78-ft.  and  39-ft.  rail  from  comparison  of  its  service  performance, 
analysis  of  the  respective  benefits  will  be  of  value. 

The  average  life  of  127-lb.  rail  in  main  track  in  its  first  location  may  be  assumed 
at  200  million  gross  tons  of  traffic  carried.  In  this  period  it  would  be  necessary  to  apply 

reformed  bars  and  build  up  the  joints  twice,  at  an  estimated  cost  per  joint,  as  follows: 

Labor  remove  old  bars  and  apply  reformed  bars     $  .15 
Reforming  cost         1 .00 
Welding  rail  ends  twice          1 .50 

Total  cost  per  joint      $2.65 

Estimated  first  cost  of  joint         5.00 
Apply  reformed  bars  and  welding        2.65 

Total       $7.65 
Less  salvage        2.50 

Net  cost  per  joint      $5.15 

Since  in  one  mile  of  track  there  are  135  joints  saved,  this  is  equivalent  to  a  total 
saving  during  the  life  of  rail  of 

135  X  $5.15 

  r^T   =  $3.48  per  gross  ton. 

The  cost  of  routine  joint  maintenance  is  estimated  as  follows: 

Tightening  bolts  once  per  year,  6  bolts  @  .01  man-hour  @  40^       2.4  cents 
Oiling  joints           1 .0 
Spotting  up  joint  once  per  year,  34  man-hour  @  40^     20.0 

Total  maintenance  cost  per  joint       23.4  cents 

For  78-foot  rail,  135  joints  would  be  eliminated,  or 
135  X  23.4^ 

200 =:  $0,158  per  gross  ton  per  year 

would  be  saved  in  annual  maintenance  expense.    This  at  5  percent  would  represent  in- 
terest on  an  additional  investment  of  $3.16  per  gross  ton. 

Some  saving  in  equipment  maintenance  would  no  doubt  result,  but  the  actual  value 
of  this  is  difficult  to  determine. 

Assuming  one  rail  failure  in  five  miles  of  track  per  year  and  that  78  feet,  rather 
than  39  feet,  of  rail  is  scrapped  because  of  this  failure,  then  the  added  cost  per  year 
would  be 

$10  labor  plus  0.74  X   ($45-$15)  material 

5  X  200  =  ̂°-°^2 
per  gross  ton  per  year,  which  at  S  percent  represents  a  capital  investment  of  $0.64. 

In  accordance  with  the  foregoing,  the  net  savings  for  78-ft.  rail  would  represent  a 

benefit  in  capital  investment,  at  5  percent  interest,  as  follows — per  gross  ton: 

Joint  bars,  reforming  and  welding  eliminated     $3.48 
Routine  joint  maintenance  eliminated         3.16 
Reduction  in  cost  of  unloading  and  laying  @  $40.00  per  mile   20 

Total  benefits      $6.84 
Less  increased  cost  due  to  rail  failures   64 

Net  benefits     $6.20 
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This  would  indicate  that  if  78-foot  rail  could  be  obtained  at  substantially  the  same 
base  price  as  at  present,  appreciable  benefits  would  be  realized.  However,  an  increase 

in  base  price  due  to  the  longer  length  would  substantially  reduce  these  economies. 

One  other  road  has  made  an  analysis  of  the  relative  cost  of  78-ft.  rail  compared 

with  39-ft.,  and  by  a  process  somewhat  different  from  the  foregoing  derives  that  the 
economy  in  the  use  of  78-ft.  rail  would  be  $3.89  per  gross  ton. 

The  question  has  been  raised  whether  with  an  increase  in  rail  length  from  39-ft.  to 

78-ft.  the  greater  average  joint  gap  might  not  increase  the  impact  at  the  joint  to  the 
extent  that  much  of  the  maintenance  saving  anticipated  in  the  elimination  of  joints  would 
not  be  realized.  Theoretical  calculations  have  been  made  to  determine  to  what  extent 

the  joint  impacts  would  be  affected  by  a  wider  joint  gap.  Actually,  since  the  rail  drilling 

with  both  39-ft.  and  78-ft.  rail  permits  the  same  maximum  joint  gap,  there  is  some  ques- 
tion whether  the  average  joint  gap  will  in  reality  be  any  more  with  78-ft.  rail. 
For  the  purpose  of  analysis,  however,  it  is  assumed  that  the  average  joint  gap  with 

39-ft.  rail  is  0.125  inch  and  for  78-ft.  rail  would  be  tw^ice  as  much,  or  0.250  inch.  A  con- 
tour along  the  center  of  the  rail  heads  was  taken  for  a  joint  showing  considerable  batter. 

The  length  of  the  batter  at  the  joint  was  8  inches  and  the  maximum  depth  at  the  rail 

ends  was  such  that  a  33-inch  car  wheel  would  have  a  maximum  drop  of  0.048  inch.  If 
the  joint  gap  were  0.125  inch  wider  (as  assumed  for  78-ft.  rail)  the  length  of  batter 
would  be  8.125  inches  and  the  effective  depth  would  be  increased  to  0.0498  inch. 

An  analysis  of  impacts  due  to  flat  spots  on  car  wheels  and  track  irregularities  made 

by  the  "Rails  Investigation"  at  the  University  of  Illinois  indicates  that,  in  general,  im- 
pacts from  these  causes  may  be  approximately  determined  as  the  increase  in  wheel  load 

that  would  be  required  to  produce  an  additional  rail  depression  equal  to  1.5  times  the 

depth  of  the  flat  spot  or  irregularity.  The  depression  under  11,250  pound  freight  car 

wheel  loads  of  normal  spacing  on  131-lb.  rail  and  good  rail  support  («  ̂ =  2,000)  is  0.078 

inch.  The  additional  wheel  load  representing  impact  due  to  joints  for  39-ft.  rails  would 
be 

0.048  X  l.S 

— ^jT7   X  30,000  =  13,850  pounds 
(The  depression  for  a  30,000  pound  wheel  load  being  0.156  inch.) 

The  impact  for  joints  on  78-ft.  rails  would  be: 
0.0498  X  1-5 

  ^Y^   X  30,000  =  14,450  pounds 
The  total  wheel  loads,  including  joint  impact,  would  then  be  25,100  pounds  and 

25,700  pounds,  respectively,  for  39-ft.  and  78-ft.  rails,  or  an  increase  of  2.5  percent. 
This  would  indicate  that  an  increase  in  the  average  joint  gap  from  Y^  io  %  inch  would 

not  appreciably  affect  the  impacts  developed  and  should  not,  therefore,  be  expected  to 

materially  reduce  the  anticipated  economies  due  to  reduction  of  the  number  of  joints. 

Rail  batter  measurements  may  be  made  after  the  78-ft.  test  installation  has  been  in  for 
a  considerable  period  to  determine  the  correctness  of  this  analysis. 

Conclusion 

Many  railroads,  before  committing  themselves  to  a  longer  standard  rail  length,  are 

giving  consideration  to  the  following  factors: 
1.  Ability  to  handle  long  rails  with  small  section  crews, 

2.  Availability  of  cars  for  transportation. 
3.  Effect  of  rail  end  hardening. 

4.  Developments  in  the  practice  of  welding  two  or  more  rails  together  in  the  field. 

It  is  recommended  that  this  report  be  received  as  information  and  the  subject 

continued  for  further  study. 
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Exhibit  A 

SUMMARY  OF  REPLIES  TO  QUESTIONNAIRE  ON  RAIL  LENGTHS  IN 
EXCESS  OF  39  FEET 

Length  Road 
Preferred                   Name  of  Railroad  Mileage 
39  feet           Akron,  Canton  &  Youngstown     169 

Atlanta,  Birmingham  &  Coast    637 
Baltimore  &  Ohio     6,471 
Boston  &  Maine— Maine  Central     2,986 
Florida  East  Coast      685 
Grand  Trunk  Western      1,027 
Gulf  Coast  Lines— I.G.N    2,400 
Gulf,  Mobile  &  Northern    900 
Lehigh  &  New  England     21S 
Minneapolis  &  St.  Louis    1,500 
M.  St.  P.  &  S.  S.  M    4,850 
Missouri-Kansas-Texas       3,300 
New  York  Central    12,000 
N.  Y.  C.  &  St.  L    1,700 
N.  Y.  O.  &  W    576 
Norfolk  Southern     835 
Southern  Pacific  System    13,500 
Southern  Railway  System      8,000 
St.  Louis  Southwestern     1,750 
Texas  &  Pacific    1,950 
Virginian       600 

Total   (21  Roads)    66,051 

45  feet           Atlantic  Coast  Line     5,102 
Chesapeake  &  Ohio      3,106 
C.&N.W.-C.St.P.M.&0    10,048 
C.  M.  St.  P.  &  P    11^000 
Chicago  Great  Western    1,500 
Great   Northern       8,100 
Pere  Marquette    2,116 
Seaboard  Air  Line     4,300 
Western  Maryland     883 
Western   Pacific       1,200 

Total   (10  Roads)     47,355 

SO  feet           Pennsylvania       10,700 

58  feet  6  inches    Norfolk  &  Western      2,200 

66  feet           Bangor  &  Aroostook     604 
Bessemer  &  Lake  Erie      226 
Mobile  &  Ohio      1,200 

Total   (3  Roads)     2,030 

78  feet           Algoma  Central  &  Hudson  Bay     323 
Alton  (either  66  feet  or  78  feet)      956 
A.T.  &  S.F.  System  (If  standard  changed)      13,500 
Bingham  &  Garfield       33 
C.B.  &  Q.,  inc.  C.  &  S.-F.W.  &  D.C.  (66  feet  or  78  feet)       10,777 
Chicago  &  Illinois  Midland     132 
C.  R.  I.  &  P    8,000 
D.  &  R.  G.  W    2,600 
Erie      2,400 
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Length  Road 

Preferred                   Name  of  Railroad                                      '                               Mileage 
78  feet           Illinois  Central   (Provided  extra  cost  does  not  exceed  $4.00  per 

(continued)             G.T.)      v    6,800 
Kansas  City  Southern     879 
Lehigh  Valley       1,320 
Louisville  &  Nashville  (Conditional)      4,900 

Missouri  Pacific  (Favor  longest  length  that  can  be  rolled)'.    7,200 
N.  Y.  N.  H.  &  H    2,000 
R.  F.  &  P    118 

St.  L.-S.  F.  (If  made  standard)       5,400 
Union  Pacific  (If  economically  justified)       10,000 

Total. ...  (18  Roads)    77,338 

117  feet           Delaware  and  Hudson       830 

No  Preference      E.  J.  &  E.  (Interested  in  longer  rail)      435 
Expressed  Northern  Pacific    (Favor  longer  rail  but  not  ready  to  specify 

length)       6,700 
Reading      1,400 

Total   (3  Roads)    8,535 

.    Appendix  I 

(7)  CONTINUOUS  WELDING  OF  RAIL,  COLLABORATING  WITH 
COMMITTEE  V— TRACK  AND  SPECIAL  COMMITTEE  ON 
STRESSES  IN  RAILROAD  TRACK 

J.  C.  Patterson,  Chairman,  Sub-Committee;  W.  J.  Backes,  A.  F.  Blaess,  H.  A.  Cassil, 
H.  S.  Clarke,  W.  A.  Duff,  F.  W.  Gardiner,  B.  R.  Kulp,  G.  M.  Magee,  Wm.  Michel, 
C.  E.  Morgan,  John  V.  Neubert,  E.  E.  Oviatt,  G.  A.  PhUlips,  G.  R.  Smiley,  J.  C. 
Wallace,  Louis  Yager. 

Contract  has  been  prepared  and  executed  between  the  University  of  Illinois  and  the 

Association  of  American  Railroads  covering  the  testing  to  be  performed  at  the  Univer- 
sity. This  contract  provides  for  an  Advisory  Committee  to  cooperate  with  the  personnel 

of  the  University  and  the  following  committee  has  teen  appointed: 

J.  C.  Patterson,  Chairman;  G.  M.  Magee,  H.  S.  Clarke,  G.  R.  Smiley,  C.  E.  Morgan. 
The  University  has  been  authorized  to  purchase  a  Rolling  Load  Machine  for  use  in 

the  tests  and  this  machine  is  being  built  at  the  Physical  Plant  Shops  of  the  University. 

The  welding  of  rail  specimens  by  the  Gas,  Thermit  and  Flash  Weld  methods  has 

been  completed  and  the  specimens  have  been  delivered  to  the  University  where  the  tests 
are  now  under  way. 

Sub-Committee  No.  7  made  an  inspection  of  the  Flash  Weld  procedure  on  the 
D.&H.  Railroad  during  the  month  of  May,  1937. 
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GENERAL  PLANS  FOR  THE  INVESTIGATION  OF 

CONTINUOUS  WELDED  RAILS 

The  lines  of  investigation  proposed  for  the  study  of  Continuous  Welded  Rail  Joints 

follow,  in  many  respects,  the  lines  used  in  the  study  of  internal  fissures  in  rails.  These 
studies  would  include: 

1.  Etch  tests  of  the  metal  in  specimens  of  welded  rail  joints  made  by  various 

processes  to  see  whether  any  "flakes"  or  "shatter  cracks,"  or  any  other  type  of 
defect,  have  formed  during  the  process  of  welding  and  subsequent  cooling,  and, 
if  so,  where  these  cracks  are  located  in  the  joint. 

2.  Hardness  surveys  of  the  metal  in  the  weld,  in  the  adjacent  rail  and  in  the 
transition  zone  between  weld  metal  and  rail  metal. 

3.  Survey  of  typical  crystalline  structure  in  weld,  rail  and  transition  zone  by  means 
of  the  metallographic  microscope. 

4.  Mechanical  tests  of  specimens  cut  from  weld  metal,  rail  metal,  and  transition 
zone.    These  tests  would  include  tension  tests,  impact  tests  and  fatigue  tests. 

5.  Rolhng-load  fatigue  tests  of  full-size  specimens  of  welded  rail  to  determine: 
(a)  whether  internal  fissures  can  be  developed  in  welded  joints,  (b)  to  determine 
the  fatigue  strength  in  flexure  of  welded  joints,  and  (c)  to  determine  likelihood 
of  damage  to  the  web  of  the  rail  near  the  weld. 

6.  Drop  tests  and  bend  tests  of  full-size  rail  joints. 

It  is  planned  to  study  first  of  all  special  specimens  made  on  short  pieces  of  rail. 
These  can  be  obtained  more  readily  than  can  welded  joints  from  track  which  has  been 

laid  down  and  should  serve  acceptably  for  the  first  series  of  survey  tests.  Later  on  it 

will  probably  be  necessary  to  make  tests  on  pieces  of  rail  taken  out  of  track. 

This  is  a  progress  report  and  it  is  recommended  that  the  subject  be  continued. 

Appendix  J 

(8)     SERVICE  TESTS  OF  VARIOUS  TYPES  OF  JOINT  BARS 

Robert  Faries,  Chairman,  Sub-Committee;  W.  J.  Backes,  M.  M.  Backus,  A.  F.  Blaess, 
C.  B.  Bronson,  F.  S.  Hewes,  C.  W.  Johns,  W.  H.  Kirkbride,  G.  M.  Magee,  Ray 
McBrian,  John  V.  Neubert,  W.  H.  Penfield,  P.  Petri,  J.  E.  Willoughby,  W.  P. 
Wiltsee,  Louis  Yager,  J.  B.  Young. 

Work  has  progressed  on  the  tests  outlined  in  our  previous  report,  which  appears  in 
American  Railway  Engineering  Association  Proceedings,  Volume  38,  page  247,  to  the 

extent  that  all  of  the  112-lb.  material  was  applied  in  the  Westbound  track  of  Illinois 
Division  of  the  Atchison,  Topeka  &  Santa  Fe  Railway  between  Toluca  and  Ancona, 

Illinois,  the  early  part  of  June,  1937.  The  131-lb.  material  was  applied  in  the  Eastbound 
track  of  Fort  Wayne  Division  of  the  Pennsylvania  Railroad  between  Valparaiso  and 

Wanatah,  Indiana,  the  latter  part  of  July,  1937. 

The  diagrams.  Fig.  1  and  Fig.  2,  show  the  exact  mile  post  location  of  the  various 

types  of  joint  bars  and  also  the  various  other  track  material  which  is  involved  in  the  tests. 

In  the  case  of  both  of  these  tests,  preliminary  measurements  were  taken  under  the 

direction  of  Dr.  Talbot,  and  his  representatives  were  on  the  ground  during  the  laying  of 

rail  to  supervise  the  application  and  record  such  features  as  considered  necessary  at  that 
time. 

The  "Tentative  Program"  and  "Preliminary  Observations  and  Measurements"  in 
connection  with  these  tests  are  as  follows: 
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TENTATIVE  PROGRAM 

I.    PRE-INSPECTION  OF  BARS 

Possible  observations  at  mill  or  warehouse  or  along  the  track  before  applying  bars 
in  track. 

1.  Camber  of  bars. 

34-inch  or  22-inch  camber  bar  with  dial  at  mid-length.    Reading  at  mid-length only. 

(a)  Measurement  normal  to  top  fishing  surface  and  to  bottom  fishing 
surface. 

(b)  Measurement  laterally  at  bolt-hole  height.  Also  at  top  and  bottom 
outer  flanges  and  at  the  upper  inner  flange  in  10  percent  of  the  bars 
measured. 

2.  Bar  fishing  surface. 
Use  bar  fishing  surface  profile  indicator. 

Attach  indicator  to  a  few  bars  of  each  type  to  find  straightness  and  to  find 
variation  in  fishing  height. 

3.  General  conditions  of  length  of  bearings  in  bars  with  controlled  bearings. 
Measure  representative  bars. 

4.  Obtain  general  notion  of  effect  of  shearing  upon  bar  ends. 
5.  Before  rails  go  into  track,  inspect  quality  of  the  work  of  removal  of  fins  under 

head  of  rail  at  the  ends.  Crack  may  be  started  on  bar  at  rail  end.  (Fin 
afterward  wears  off.) 

II.    POSSIBLE  OBSERVATIONS  IN  FIELD 

1.  The  regular  field  tests  will  begin  after  the  final  tightening  up  of  bolts  in  the 
period  following  rail  laying,  according  to  the  practice  of  the  railroad. 

2.  Rail  surface  profile  to  be  measured  with  48-inch  bar.  Readings  to  be  taken 
at  say  24,  18,  12,  10,  8,  6,  4,  3,  2,  1,  J^  and  J4  inches  from  each  rail  end. 
This  work  to  be  done  for  every  joint.  In  addition  it  may  be  advisable  to  use 
a  batter  gage  or  combine  with  above. 

3.  Bar  fishing  surface  profile  indicator  to  be  taken  on  fishing  surfaces  of  say  10  or 
20  joints  of  each  type. 

4.  WhUe  the  bars  are  off  during  (3),  the  rail  fishing  surface  profile  is  to  be 
measured  at  the  same  joint.  With  our  type  of  gage  this  would  be  a  slow  and 
probably  impossible  process  to  carry  out  on  a  road  with  heavy  traffic,  but  may 
be  used  at  a  few  joints. 

5.  General  inspection  of  rail  joints.  For  each  kind  of  joint  bar,  inspection  will  be 
made  of  as  many  joints  as  is  found  practicable. 

A.  34-inch  camber  bar,  dial  at  middle  (or  22-inch  bar  for  24-inch  bars). 
(a)  Reading  on  rail  surface  at  ̂   inch  from  leaving  rail  end, 

J/2  inch  from  receiving  end,  and  6  inches  from  receiving  end. 
(b)  Camber  bar  held  on  side  of  joint  bar  to  measure  lateral 

bending  of  bar  at  mid-height.  (22-inch  and/or  34-inch  for 
36-inch   bars) 

(c)  Camber  bar  held  normally  on  top  or  bottom  outer  flange  of 
the  bar. 

B.  The  calipered  horizontal  distance  between  the  two  bars  of  a  joint  to 
be  measured  to  an  accuracy  of  .01  inch  at  the  tops  and  the  bottoms 
of  the  bars.  If  surfaces  at  top  and  bottom  of  a  given  bar  section  are 
such  as  to  make  the  measurements  doubtful,  then  instead  on  that 
section  readings  will  be  taken  at  bolt-hole  height — both  top  and  bottom 
readings  are  very  desirable,  because  any  cocking  shows  up  in  the  dif- 

ferences. Three  positions  along  the  bars  are  to  be  measured,  about 
1  inch  from  each  end  of  the  bar  and  at  mid-length  of  bars. 

A  fast  reading  caliper  gage  has  been  ordered. 
Ab  and  B  are  important  measurements.  We  know  that  the  addi- 

tional lateral  deflection  of  bars  due  to  tightening  up  the  bolts  is  almost 
directly  proportional  to  the  stress  in  the  bar  due  to  the  pull-in.  A 
lateral  deflection  on  a  bar  of  .08  inch  due  to  the  wear  of  fishing 
surfaces  has  caused  stresses  as  high  as  60,000  pounds  per  square  inch. 
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C.  (al)  A  thickness  gage  of  .002-inch  will  be  run  along  the  top  fishing 
surface  between  bar  and  rail.  Any  place  the  blade  will  slip  into 
the  space  will  be  noted  and  the  maximum  amount  of  space  will 
be  determined  by  the  use  of  thickness  gages  and  recorded. 

(a2)  Take  these  observations  before  and  after  bolt  tightening. 
(b)  The  bottom  fishing  surface  is  so  difficult  and  uncertain  to  get  to, 

even  on  the  near-symmetrical  bars,  that  the  space  between  these 
surfaces  will  not  be  recorded  unless  warranted  by  exceptional 
conditions. 

D.  (a)     Each  bolt  of  a  joint  will  be  tightened  with  a  wrench  and  the 
amount  of  turn  recorded. 

(b)  The  actual  bolt  tension  in  joints  of  each  type  of  bars  can  be 
measured  by  drilling  small  gage  holes  in  each  end  of  the  bolt  and 
reading  the  caliper  gage,  then  releasing  the  tension  and  re-reading. 

(c)  Measure  initial  tension  in  a  number  of  joints. 
E.  Each  joint  bar  will  be  inspected  to  see  if  the  upper  inner  fillet  of  the 

bar  is  touching  the  rail  fillet.  This  will  not  be  important  for  a  few 
years  but  as  the  bars  wear  it  will  become  important.  The  bars  will 
be  inspected  at  their  ends  and  at  the  rail  ends. 

At  each  of  these  locations,  F  will  indicate  that  the  bar  fillet  and 
rail  fillet  are  quite  free  from  each  other;  C  will  indicate  that  they  are 
close;  and  *  will  indicate  that  the  bar  fillet  is  touching  the  rail  fillet 
at  the  location  indicated. 

F.  Any  cracks  starting  in  the  bars  will  be  noted  and  their  approximate 
visible  length  recorded  each  year  so  that  it  can  be  told  if  they  enlarge 
slowly  or  if  the  growth  is  rapid.  At  one  location  inspected  small  cracks 
in  the  head  of  bars  (20  percent  of  bars)  were  found  directly  under  the 
end  of  the  receiving  rail.  Try  to  learn  whether  the  crack  is  started 
by  a  nicking  pressure  or  by  another  cause. 

G.  Record  gap  measurement  for  joint  opening. 
H.  The  general  condition  of  the  track  will  be  recorded  at  each  joint.  At 

best  this  is  only  an  opinion  of  the  man  doing  the  work  and  is  far  from 
being  definite,  but  the  information  may  show  a  general  trend  for  a 
given  type  of  joint. 

(a)  Tightness    of    ties    and    tie-plates    under    the    joint    will   be 
recorded  as  normal,  tight  or  loose. 

(b)  Joint  high,  normal,  or  low,  and  also  pumping. 
(c)  General  notes  on  gage,  rail  wear,  etc.  will  be  taken. 

I.    Any  unusual  condition  in  the  heat-treated  rail  ends  will  be  recorded 
such  as  chipping,  etc. 

The  batter  will  be  shown  by  1. 
J.    The  general  rail  wear  will  be  measured  by  a  dial  gage  reading  on  the 

head  of  the  rail.     The  record  will  be  taken  back  24  inches  from  the 
rail  ends,  which  coincides  with  the  ends  of  the  48-inch  Rail  Surface 
Profile   Bar,   on   say   every   twentieth   joint.     A   standard  rail   will  be 
kept  in  the  laboratory  to  check  this  gage  from  year  to  year.    When  the 
rail  becomes  quite  worn,  it  may  be  desirable  to  measure  the  wear  over 
the  width  of  the  head. 

To  learn  about  the  variation  in  expansion  and  contraction  at  rail  ends,  it  will 
be  well  to  measure  gaps  at  consecutive  joints  for  a  considerable  stretch  in  several 
sections  of  the  test  track. 

For  this  purpose  a  set  of  readings  will  be  taken  with  the  rails  at  say  130 
degrees  temperature,  another  set  on  a  cloudy  day  at  say  70  degrees  rail  tem- 

perature, and  a  winter  set  with  a  rail  temperature  say  0  degrees  to  10  degrees 
above.  Differences  will  give  the  actual  expansion  and  contraction  of  the  rail 
in  track  and  the  variation  from  joint  to  joint,  also  changes  occurring  from  year 
to  year.  The  rail  potentiometer  thermometer  will  be  used  to  determine  the 
actual  rail  temperatures  at  say  every  tenth  rail  length  along  the  track. 

A  location  for  these  measurements  should  be  chosen  where  only  small  dif- 
ferences in  rail  temperatures  will  occur  throughout  the  stretch  and  where  the 

grade  changes  are  small.  It  may  be  well  to  place  permanent  monuments  at 
each  end  of  this  stretch  to  determine  any  creep,  or  marks  on  culverts  or  other 
structures  can  be  used. 
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Any  joint  with  tight  rail  ends  must  be  recorded  as  such,  especially  on  the 
first  inspection  at  which  it  is  found. 

7.  After  the  track  has  had  several  years  of  service  and  the  fishing  surface  between 
rail  and  bars  becomes  worn  it  may  be  desirable  to  measure  stresses  and  vertical 
movements  in  a  number  of  joints  caused  by  wrenching  and  unwrenching  the 
bolts. 

8.  The  section  foreman  will  be  expected  to  keep  a  record  of  the  work  done  on 
the  test  track  in  accordance  with  the  instructions  of  the  railroad  company. 

9.  A  system  of  numbering  the  joints  will  be  established. 

10.  At  a  later  date,  after  the  track  has  attained  normal  conditions,  it  will  be  well 
to  make  static  tests  with  loaded  cars  at  and  away  from  joints  to  determine 
variations  in  track  depression  and  the  relative  bending  moments  developed  in 
the  different  types  of  joints.  Pull-up  and  push-down  tests  would  also  be  made. 
Outlines  for  these  tests  need  not  be  made  at  this  time. 

PRELIMINARY  OBSERVATIONS  AND  MEASUREMENTS 

This  work  consisted  of  observations  and  measurements  on — 

(a)  Pre-inspection  of  joint  bars  at  mill,  warehouse  or  track. 
(b)  Observations  of  rail  laying  in  progress. 

(c)  Measurement  at  joints  soon  after  rail  was  laid. 

(d)'    Measurement  at  joints  after  surfacing  and  final  bolt  tightening. 

(a)  Pre-inspection  of  Joint  Bars 

This  inspection  included  readings  for  camber  of  bars  in  vertical  and  lateral  direc- 
tion, straightness  and  variation  in  fishing  height,  and  probable  length  of  bearing  in  bars 

with  controlled  bearings. 

Vertical  and  lateral  camber  measurements  were  made  on  about  half  of  the  joint 

bars  on  the  A.T.&S.F.Ry.  and  on  all  of  those  on  the  Pennsylvania  Railroad.  Other 

measurements  were  made  on  a  small  portion  of  the  joint  bars  to  give  representative 
information  on  the  characteristics  of  the  bars. 

(b)  Observations  of  Rail  Laying  in  Progress 

During  rail  laying  observations  were  made  on  the  methods  employed  in  the  various 

parts  of  the  work  as  related  to  the  specification  or  practice  of  the  railroad.  From  time 

to  time  rail  temperatures  were  taken  and  gap  measurements  made.  Caliper  measure- 
ments of  out-to-out  distance  of  the  joint  before  bolts  were  tightened  and  after  first 

tightening  was  completed  were  made  for  a  representative  number  of  joints  of  most  types. 

Almost  all  rails  were  inspected  for  fins  at  rail  ends.  For  some  rail  ends  measurements 

of  fishing  height  were  made  at  the  rail  end  and  a  few  inches  away  to  learn  whether 
marked  variations  in  height  might  exist. 

(c)  Measurements  at  Joints  Soon  After  Rail  Was  Laid 

Camber  bar  readings  were  taken  on  rail  to  determine  the  original  straightness  of  the 
rail  surface  at  the  joint  in  a  distance  of  34  inches  soon  after  rail  laying.  The  length  of 

the  bearings  in  joints  with  controlled  bearings  was  determined  for  a  number  of  joints  of 

each  type.  Out-to-out  distances  between  joint  bars  at  top  and  bottom  of  bars  and  at 
ends  and  middle  to  learn  whether  bars  were  cocked  or  vertical  and  whether  middle  was 

pulled  in  more  than  ends  were  obtained  for  a  representative  number  of  joints.  Measure- 
ments were  made  on  those  joints  having  bars  of  more  than  average  camber  in  an  effort 

to  get  at  the  effect  of  such  excess.  Gap  measurements  and  rail  temperatures  have  been 

made  on  about  two-thirds  of  the  joints  of  each  type. 
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(d)  Measurements  to  be  Made  at  Joints  After  Track  Surfacing  and  Final 
Bolt  Tightening 

Before  cold  weather,  it  is  planned  to  make  observations  on  the  rail  joints  in  accord- 

ance with  the  outline  of  "Possible  Observations  in  Field"  insofar  as  time  and  funds  will 
permit.  The  observations  will  include  joint  gap,  out-to-out  distances,  rail  surface  profile 
at  and  near  the  joint,  lateral  camber  of  bars  (to  learn  the  effect  of  the  bolt  tightening), 
fit  of  bars,  batter,  and  some  bar  surface  profiles.  The  actual  tension  in  the  several  bolts 

of  joints  of  each  type  will  be  measured  in  as  large  a  number  of  joints  as  is  found 

practicable. 

It  is  not  expected  the  measurements  can  be  made  on  all  joints  in  the  test  track,  but 

enough  should  be  included  to  give  needed  data  when  individual  joints  begin  to  show 
wear  or  defects  under  time  and  traffic.  In  the  future  it  may  be  found  necessary  to 

extend  measurements  to  all  joints. 

Copper  tags  have  been  nailed  to  the  ties  at  every  other  joint  on  each  rail  on  the 

A.T.&S.F.Ry.,  and  similar  marking  will  be  placed  on  the  Pennsylvania  Railroad  stretches 
soon. 

It  may  be  proper  to  say  that  the  observations  and  measurements  made  and  planned 
are  expected  to  give  information  on  the  action  and  the  characteristics  of  the  various 

types  of  bars  and  to  bring  out  in  some  degree  the  effects  which  uniformity  or  variation 
in  dimensions  and  fit  produce,  whether  related  or  not  to  the  form  of  section  and  length 

of  the  joint  bar. 

Attention  may  well  be  called  to  two  features  of  the  test  track.  The  first  is  the 

large  number  of  rail  ends  not  having  square  ends.  In  many  cases  the  base  of  the  rail 

extends  beyond  the  head  and  also  one  edge  of  the  base  extends  farther  than  the  other; 

that  is,  the  base  of  the  rail  is  longer  than  the  head.  The  result  is  that  if  the  bases  of 

two  rails  are  butted  together  (or  only  the  part  at  one  edge)  the  gap  at  the  top  may  be 

considerably  greater  than  that  at  the  base.  Of  76  gaps  measured,  the  average  excess  at 
top  over  bottom  was  .06  inch,  with  11  gaps  around  .12  inch.  This  lack  of  squareness 

interferes  with  closeness  of  laying  in  hot  weather  and  also  gives  eccentric  bearing  of  ends 
when  the  rail  may  be  in  longitudinal  compression  in  very  hot  weather.  The  second 

item  refers  to  the  presence  of  relatively  large  rail  gaps  even  when  rail  was  laid  at  a 
temperature  of  100  degrees  or  more.  For  some  reason  the  rail  gaps  were  found  to  be 

greater  than  planned  and  greater  than  the  specifications.  Instead  of  having  no  gap  at 

around  100  degree  temperature,  measurements  at  seven  places  taken  showed  gaps  rang- 
ing from  .17  inch  to  .27  inch  with  an  average  of  .20  inch.  Similar  conditions  existed 

elsewhere  throughout  the  test  track.  The  lack  of  squareness  of  the  rail  ends  is  only  a 

partial  explanation.  It  is  evident  that  such  a  size  of  gap  may  result  in  high  tensile 
stresses  being  developed  in  the  rail  and  joint  bars  in  very  cold  weather. 

As  further  information,  it  may  be  added  that  the  average  amount  of  the  rail  gaps 

on  the  nine  miles  of  test  track  on  the  A.T.&S.F.Ry.,  measured  at  an  average  rail  tem- 

perature of  95  degrees,  was  .10  inch,  and  on  the  six  miles  of  test  track  on  the  Pennsyl- 
vania Railroad  measured  at  an  average  rail  temperature  of  100  degrees,  was  .11  inch. 

Both  of  these  stretches  of  track  will  be  carefully  set  up,  after  which  further 

measurements  will  be  made  by  Dr.  Talbot's  representatives. 

The  above  is  submitted  as  a  progress  report  with  the  recommendation  that  the 
subject  be  continued. 
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Appendix  K 

(9)     EFFECT  OF  CONTOUR  OF  THE  HEAD  OF  RAIL  SECTIONS 
ON  WEAR 

C.  W.  Johns,  Chairman,  Sub-Committee;  W.  C.  Barnes,  A.  F.  Blaess,  C.  B.  Bronson, 
W.  J.  Burton,  Robert  Faries,  F.  M.  Graham,  F.  S.  Hewes,  W.  H.  Kirkbride,  Wm. 
Michel,  John  V.  Neubert,  E.  E.  Oviatt,  P.  Petri,  G.  A.  Phillips,  R.  T.  Scholes, 
W.  P.  Wiltsee,  Louis  Yager. 

The  Association,  in  1937,  adopted  a  revision  in  the  top  contour  of  the  RE  112-lb. 
rail  section  and  this  Committee  stated  it  was  making  further  study  in  regard  to  the 

advisability  of  a  revision  in  the  top  radius  and  contour  of  the  RE  131-lb.  rail  section. 

To  obtain  the  experience  of  the  users  of  RE  131-lb.  rail  section  a  questionnaire 
was  sent  to  such  Class  I  steam  railways  as  are  listed  by  the  I.C.C.  Bureau  of  Statistics. 

The  total  miles  of  road  operated  by  Class  I  railroads  in  1935  was  178,771  and  the  total 

miles  of  road  operated  by  the  railroads  using  RE  131-lb.  rail  was  49,729,  or  about 
28  percent. 

The  replies  from  the  questionnaire  indicate  that  measurements  of  the  top  radius, 

when  the  rail  is  new,  varies  from  18  inches  to  24  inches.  In  one  case  the  average  was 

16.1  inches.  Measurements  after  the  rail  has  been  in  use  show  the  top  radius  to  be  from. 
11  inches  to  14  inches. 

Six  roads  are  in  favor  of  changing  the  top  radius.  One  does  not  object  to  a  modifi- 
cation and  two  were  not  prepared  to  answer.  Four  of  the  roads  think  no  change  should 

be  made.  The  Rail  Manufacturers'  Technical  Committee  in  discussion  of  this  matter 
agreed  that  the  RE  131-lb.  rail  could  be  rolled  with  a  top  radius  of  14  inches  more 
constant  than  any  of  the  dimensions. 

From  the  information  given  above,  in  conjunction  with  the  reasons  outlined  in  the 

report  on  revision  of  the  RE  112-lb.  rail  section  (1937  Proceedings,  page  249),  your 
Committee  is  of  the  opinion  that  the  top  contour  of  the  RE  131-lb.  rail  section  should 
be  similarly  revised. 

The  mechanical  and  physical  properties  remain  practically  the  same  and  the  total 

height  of  rail  and  width  of  head  are  unchanged,  so  that  the  recommended  section  and 

present  standard  section  would  be  interchangeable  without  complications. 

The  revision  consists  of  the  substitution  of  a  14-inch  radius  for  the  24-inch  radius 

in  the  central  portion  of  the  top  of  head  and  a  ̂ -inch  top  corner  radius  for  a  J^-iiich 
radius. 

Recommendation 

It  is  recommended  that  the  revised  section  shown  on  Exhibit  A  be  adopted  and 

substituted  for  the  present  RE  131-lb.  rail  section,  and  the  subject  be  discontinued. 
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Exhibit  A 

31  LB.  RE.  Rail. 

AREA: HEAD 
WEB 

BA5E 

4.49  5Q.IN. 

3.46    "      >' 
4-.  87    "      " 

35.0% 
27.0% 
3  8.07o 

TOTAL     IZ.82 \00.07o 

MOMENT  or  INERTIA  88.5 

SECTION  MODULUS,  MEAD  22. <S 
"             BASE  2  7.<o 

RATIO  M.I.  TO  AREA  6.9 
RATIO  SEC.  MOD.  TO  AREA  1.8 

RATIO  HEIGHT  TO  BASE  1-19 
RATIO  BASE  TO  HEIGHT  0.64 
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Appendix  L 

(10)     SPECIFICATIONS  FOR  RELAYER  RAIL 

E.  E.  Oviatt,  Chairman,  Sub-Committee;  W.  J.  Backes,  W.  C.  Barnes,  A.  F.  Blaess, 
H.  A.  Cassil,  J.  R.  W.  Davis,  Robert  H.  Ford,  F.  W.  Gardiner,  B.  Herman,  F.  S. 
Hewes,  C.  W.  Johns,  B.  R.  Kulp,  H.  C.  Mann,  A.  H.  MorrUl,  John  V.  Neubert, 
W.  H.  Penfield,  P.  Petri,  G.  A.  Phillips,  J.  C.  Ryan,  R.  T.  Scholes,  G.  R.  Smiley, 
Barton  Wheelright,  J.  E.  WUloughby,  Louis  Yager,  J.  B.  Young. 

■ 
The  subject  of  specifications  for  relayer  rail  was  transferred  from  the  Track  Com- 

mittee to  the  Rail  Committee  during  this  past  year.  Your  Sub-Committee  has  been 
studying  the  desirability  of  revising  these  specifications,  and  suggestions  have  been 
obtained  from  most  of  the  members  of  the  Committee.  It  has  not  been  possible,  how- 

ever, to  draw  up  a  definite  recommendation  for  revision. 

It  is  recommended  that  this  be  received  as  a  progress  report,  and  that  the  subject 
be  continued. 



REPORT  OF  SPECIAL  COMMITTEE  ON  STRESSES  IN 
RAILROAD  TRACK 

A.  N.  Talbot,  Chairman;       J.  B.  Jenkins,  W.  M.  Dawley,  Vice- 
C.  B.  Bronson,  George  W.  Kittredge,  Chairman; 
W.  J.  Burton,  P.  M.  LaBach,  Albert  Reichmann, 
W.  C.  Gushing,  F.  R.  Layng,  H.  R.  Safford, 
Robert  Faries,  J.  de  N.  Macomb,  F.  E.  Turneaure, 
G.  W.  Gennet,  Jr.,  G.  M.  Magee,  J.  E.  Willoughby, 
F.  M.  Graham,  ^John  V.  Neubert,  Louis  Yager, 
H.  E.  Hale,  W.  H.  Penfield,  Committee. 
F.  S.  Hewes,  G.  J.  Ray, 

To  the  American  Railway  Engineering  Association: 

The  Special  Committee  on  Stresses  in  Railroad  Track,  cooperating  with  the  Com- 
mittee of  the  American  Society  of  Civil  Engineers  and  with  the  Association  of  American 

Railroads,  presents  the  following  report  of  progress: 

Tests  of  rail-joints  under  high  speed  operation  occupied  a  major  portion  of  the  time 
of  the  staff  during  the  past  year.  This  work  had  been  postponed  from  the  fall  of  1936 

because  of  delay  in  the  delivery  of  certain  special  instrumental  equipment  required  for 

the  tests.  The  tests  were  made  possible  through  the  progressive  attitude  and  the  active 

and  valuable  cooperation  of  the  Pennsylvania  Railroad.  The  railroad  furnished  instru- 
mental equipment,  personnel,  and  train  and  track  service. 

With  the  new  instrumental  equipment  available  in  the  spring,  three  members  of  the 
staff  assisted  in  its  assembly  and  in  its  testing  and  calibration  in  the  Test  Department  of 
the  Pennsylvania  Railroad  at  Altoona,  Pennsylvania.  The  familiarity  and  understanding 

of  the  apparatus  there  gained  enabled  the  track  test  work  to  be  conducted  systematically 

and  expeditiously.  The  equipment  consisted  of  magnetic  strain  gages  previously  used  for 

measurement  of  stresses,  two  new  types  of  magnetic  gages  for  measurement  of  move- 
ments between  parts  of  a  rail-joint  (the  movements  being  larger  than  the  usual  rail  and 

bar  strains),  and  solenoid  depression  gages  to  measure  rail  depression  at  high  speeds. 

The  solenoid  depression  gages  apparently  gave  reliable  records  of  rail  depression  at  speeds 

up  to  the  highest  used,  90  miles  per  hour.  So  far  as  known  these  are  the  first  records 
of  rail  depression  obtained  at  a  high  speed.  Some  photographic  records  of  rail  depression 
were  obtained  as  check  measurements. 

The  track  tests  were  carried  on  at  Elkton,  Maryland  on  Pennsylvania  Railroad  track 

having  131-lb.  rail.  Tests  were  made  with  joint  bars  of  different  kinds  and  classes  and 

conditions,  representing  variations  in  section  from  near-symmetrical  bars  to  angle  bars 
and  including  bars  with  controlled  bearing  surfaces  and  head-free  bearing.  Certain  bars 
were  tested  in  long  and  short  lengths.  Most  bars  were  used  as  found  but  others  were 

ground  to  obtain  as  good  a  fit  as  possible  and  tested  to  find  the  effect  of  excellence  of  fit. 
The  latter  bars  were  next  ground  to  simulate  wear  conditions  and  again  tested.  Some 

bars  worn  in  service  were  tested  with  their  original  rail  ends.  The  instrumental  observa- 
tions were  planned  to  get  corresponding  measurements  on  both  rail  and  joint  bars,  but 

the  limitations  in  oscillograph  and  other  equipment  did  not  permit  making  records  of  all 

desired  observations  on  the  same  run.  Observations  recorded  by  the  oscillographs  in- 
cluded stresses  in  rail  at  certain  near-by  points,  stresses  in  different  parts  of  the  joint  bars, 

vertical  movement  between  rail  head  and  top  of  bar  at  four  points  along  the  length  of 

bar,  longitudinal  movement  between  rail  head  and  bar  at  two  points,  and  vertical  depres- 
sion movement  of  the  rail  and  the  joint. 
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In  addition  to  the  tests  on  rail-joints,  tests  were  made  with  certain  track  and  equip- 

ment conditions  such  as  battered  rail,  flat  wheels,  eccentric  wheels  and  locomotive  coun- 
terbalancing to  learn  something  of  their  effect  on  rail  stress  and  depression. 

A  total  of  583  test  runs  were  made  with  the  test  locomotives  or  cars  at  speeds  rang- 
ing from  5  to  90  miles  per  hour.  The  recording  of  the  stresses  and  movements  required 

266  rolls  of  photographic  film  6  inches  wide  by  60  inches  long. 

The  reduction  of  the  data  has  been  started  and  is  being  carried  forward  in  conjunc- 
tion with  such  analysis  and  laboratory  tests  as  are  necessary  to  its  better  understanding. 

It  is  apparent  that  with  the  large  volume  of  data  obtained  the  task  of  preparing  a  report 

will  be  a  time-consuming  one.  g 
The  tests  of  track  having  continuously  welded  rail  started  in  the  summer  of  1935 

to  determine  such  matters  as  the  magnitude  and  distribution  of  the  anchorage  given  by 

the  ties  and  ballast  to  resist  temperature  forces  and  to  get  information  on  the  general 

stability  of  this  type  of  track  have  been  continued  as  opportunity  afforded.  During  the 
winter  and  the  summer  observational  tests  have  again  been  made  on  stretches  of  welded 

track  on  the  Delaware  and  Hudson  Railroad  at  Schenectady,  New  York  and  the  Bessemer 

and  Lake  Erie  Railroad  at  Pittsburgh,  Pennsylvania.  These  measurements  which  have 

now  been  carried  on  for  two  years  on  some  of  the  track  have  given  information  relative 

to  the  stability  of  this  track  over  an  appreciable  period  of  time.  It  is  planned  to  continue 

these  measurements  as  regularly  as  feasible. 
A  discussion  of  the  tests  on  welded  track  and  some  of  the  results  were  given  by  the 

Chairman  before  the  annual  meeting  in  March  1937  (AREA  Proceedings,  Volume  39, 

1937,  p.  674  and  also  Bulletin  395,  p.  87).  Included  in  this  discussion  are  some  of  the 

results  of  preliminary  measurements  of  the  wear  of  joint  bars  and  its  effects  on  stresses 
and  deflections  of  rails  and  bars.  Data  were  also  shown  in  regard  to  a  compensating 

standard  bar  developed  for  the  tests  on  welded  track  that  provides  a  practically  invari- 
able reference  of  length  through  a  wide  range  of  temperature. 

Construction  has  been  started  in  the  shops  of  the  University  of  Illinois  on  the 

33-inch  stroke  rolling  load  testing  machine  for  the  laboratory  study  of  rail-joints  and  is 
being  carried  forward  as  rapidly  as  conditions  permit. 

In  cooperation  with  Sub-Committee  8  on  Service  Tests  of  Various  Types  of  Joint 
Bars  of  Committee  IV — Rail,  observational  tests  have  been  made  on  the  twelve  half-mile 
stretches  of  track  on  the  Pennsylvania  Railroad  and  the  nine  mile  stretches  on  the 

Atchison,  Topeka  and  Santa  Fe  Railroad.  As  noted  in  the  report  of  the  Committee  on 

Rail,  the  observations  and  measurements  have  included  a  pre-inspection  of  bars,  rail  ends, 
conditions  during  track  laying,  and  conditions  after  track  had  been  left  in  final  form. 

They  relate  to  camber,  fit,  profile  along  rail  surface,  rail  gap,  bolt  tension,  out-to-out 
distance  between  bars  at  ends  and  middle,  rail  batter,  etc.  New  instruments  specially 

adapted  to  the  service  tests  of  rail- joints  were  designed  and  built  or  ordered  from  outside 
sources  as  those  tests  got  under  way  during  the  year. 

Work  will  be  continued  on  the  reduction  and  analysis  of  the  large  amount  of  data 

already  obtained  and  on  other  lines  of  investigation  in  accordance  with  the  general 

program  assigned. 
The  Special  Committee  on  Stresses  in  Railroad  Track, 

A.  N.  Talbot,  Chairman. 



REPORT  OF  COMMITTEE  V— TRACK 

C.  J.  Geyer,  Chairman; 
Lem  Adams, 
L.  L.  Adams, 
C.  W.  Baldridge, 
W.  H.  Bettis, 
W.  H.  B.  Bevan, 
F.  J.  Bishop, 
L.  H.  Bond, 
R.  W.   E.   BOWTER, 
C.  W.  Breed, 
E.  W.  Caruthers, 
H.  R.  Clarke, 
0.  U.  Cook, 
E.  D.  CowLEsr, 
J.  E.  Deckert, 
L.  W.  Deslauriers, 
J.  A.  Ellis, 
H.  F.  Fifield, 
F.  W.  Gardiner, 
F.  S.  Hales, 
O.  F.  Harting, 

N.  M.  Hench, 
F.  W.  Hillman, 
Elmer  T.  Howson, 
A.    F.   HUBER, 

W.   G.   HULBERT, 
T.  T.  Irving, 
C.  T.  Jackson, 
A.  A.  Johnson, 
H.  D.  Knecht, 
J.  DE  N.  Macomb, 
G.  M.  Magee, 
E.  E.  Martin, 
L.  I.  Martin, 
F.  H.  Masters, 
CM.  McVay, 
R.  E.  Miller, 
S.  N.  Mills, 
W.  A.  Murray, 
J.  B.  Myers, 
G.  A.  Peabody, 
A.  E.  Peruvian, 

W.  G.  Arn,  Vice-Chairman; 
S.  H.  POORE, 

J.  A.  Reed,         # 
0.  C.  Rehfuss, 
C.  J.  RiST, 
W.  L.  Roller, 
E.  M.  T.  Ryder, 

J.  R.  Scatterday, 
1.  H.  Schram, 
G.   L.   SiTTON, 

G.  J.  Slibeck, 
G.  L.  G.  Smith, 
H.  C.  Stiff, 
G.  M.  Strachan, 
C.  R.  Strattman, 
E.  D.  Swift, 

J.  N.  Todd, 
Dr.  Herman  von  Schrenk, 
H.  N.  West, 

J.  G.  Wishart, 
M.  J.  Zeeman, 

Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  presents  reports  on  the  subjects  assigned,  as  follows: 

1.  Revision  of  Manual  (Appendix  A).  It  is  recommended  that  the  revisions  shown 
herein  be  adopted  and  printed  in  the  Manual. 

2.  Fastenings  for  continuous  welding  of  rail,  collaborating  with  Committee  IV — 
Rail  (Appendix  B).     The  report  on  this  subject  is  offered  as  information. 

3.  Plans  and  specifications  for  track  tools,  collaborating  with  Committees  I — 
Roadway,  II — Ballast,  and  XXII — Economics  of  Railway  Labor  (Appendix  C).  It  is 
recommended  that  Plan  23,  March,  1938,  covering  a  rail  tong  for  use  with  cranes,  and 

Plan  26,  covering  a  scoop  shovel,  be  adopted  and  printed  in  the  Manual.  It  is  recom- 
mended that  Plan  20- A  (Wood  Center  Track  Gage)  ;  Plan  27  (Track  Level  and  Elevation 

Gage);  Plan  28  (26-inch  Scythe);  Plan  29  (Snath);  and  Plan  30  (Spot  Board),  be 
received  as  information. 

4.  Plans  for  switches,  frogs,  crossings,  slip  switches,  etc.,  and  track  construction  in 

paved  streets,  collaborating  with  Committee  IX— Highways  on  matters  pertaining  to 
track  construction  in  paved  streets  (Appendix  D).  It  is  recommended  that  Trackwork 

Plans  123,  124A,  124B,  125,  126A,  126B,  and  140  and  Specifications  for  Heat  Treated 
Rail  for  Special  Trackwork  be  adopted  and  printed  in  the  portfolio  of  trackwork  plans. 
It  is  further  recommended  that  the  resume  showing  investigations  and  studies  made  in 

connection  with  designs  for  solid  manganese  steel  frogs  be  received  as  information. 

5.  Corrosion  of  rail  and  fastenings  in  tunnels.     Progress  in  study — no  report. 

6.  Design  of  tie  plates  for  RE  rail  sections  as  developed  (Appendix  E) .  It  is  recom- 
mended that  specifications  for  hot  worked,  high-carbon  steel  tie  plates  be  received  as 

information. 

7.  Practicability  of  using  reflex  units  for  switch  lamps  and  targets.  Progress  in 

study — no  report. 
8.  Welding  of  manganese  castings  in  special  trackwork  (Appendix  F).  That  this 

report  be  received  as  information. 
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9.  Bolt  tension  necessary  for  proper  supporting  of  rail  joints.  Progress  in  study — 
no  report. 

10.  Lubrication  of  rail  on  curves  (Appendix  G).  That  this  report  be  received  as 
information.  ^ 

11.  Design  of  cut  track  spikes  for  use  with  AREA  toeless  joint  bars  (Appendix  H). 
It  is  recommended  that  the  plan  and  report  on  short  toe  track  spike  for  use  with  toeless 
rail  joint  bars  be  received  as  information. 

12.  Prevention  of  brine  drippings  on  track  structures,  collaborating  with  Mechanical 

Division.    Progress  in  study — no  report. 
The  Committee  on  Track, 

C.  J.  Geyer,  Chairman. 

Appendix  A 

(1)     REVISION  OF  MANUAL 

W.  G.  Am,  Chairman,  Sub-Committee;  W.  H.  B.  Bevan,  C.  W.  Breed,  J.  A.  Ellis, 
F.  W.  Hillman,  Elmer  T.  Howson,  A.  A.  Johnson,  C.  M.  McVay,  S.  N.  Mills,  J.  B. 
Myers,  I.  H.  Schram,  G.  L.  G.  Smith,  J.  G.  Wishart,  M.  J.  Zeeman. 

During  the  past  year  the  Committee  has  found  it  desirable  to  make  revisions  to  and 

reissue  the  following  plans: 

Plan  No.  128      Location  of  joints  for  No.   18  and  No.  20  turnouts  with  curved 
switches 

Plan  No.  320      Data  and  sections  for  bolted  rigid  frogs 
Plan  No.  600       Data  and  sections  for  railbound  manganese  steel  frogs 
Plan  No.  640      Data  and  sections  for  solid  manganese  steel  self-guarded  frogs 
Plan  No.  670      Data  and  sections  for  solid  manganese  steel  frogs 

The  new  plans  approved,  the  revision  and  reissue  of  other  plans,  and  revisions 
which  are  desirable  to  current  plans  and  covered  by  notation  on  errata  sheets  have  made 

necessary  the  reissue  of  Appendix  E  of  the  Trackwork  Plans  to  include  the  following 
data: 

ERRATA  AND  REVISIONS  OF  PLANS  SINCE  LATEST  ISSUE  INCLUDED  IN 

APPENDIX  "E"  OF  TRACKWORK  PLANS 

Contents: — March,  1937 

Add  the  following  plans: 

Plan  No.  123        19'6"  curved  split  switch  with  uniform  risers       38 
Plan  No.  124A    Location  of  joints  for  No.  7  and  No.  8  turnouts  with  19'6" 

curved  switches         38 

Plan  No.  124B     Location  of  joints  for  No.  9,  No.  10,  and  No.  11  turnouts  with 
19'6"  curved  switches        38 

Plan  No.  125       30'0"  curved  split  switch  with  uniform  risers       38 
Plan  No.  126A    Location  of  joints  for  No.  12  and  No.  14  turnouts  with  30'0" 

curved  switches         38 

Plan  No.  126B     Location  of  joints  for  No.  IS  and  No.  16  turnouts  with  30'0" 
curved  switches         38 

Plan  No.  140       Method  of  beveling  heel  end  and  rounding  stock  rail  side  of 
split  switch  points        38 

Appendix  A,  Page  9    Specifications  for  Special  Trackwork       38 
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Revise  serial  numbers  of  the  following  plans: 

Plan  No.  128       Location  of  joints  for  No.  18  and  No.  20  turnouts  with  SQ'O" curved  switches     37  to  38 
Plan  No.  320       Data  and  sections  for  bolted  rigid  frogs     34  to  38 
Plan  No.  600       Data  and  sections  for  railbound  manganese  steel  frogs...  37  to  38 
Plan  No.  640       Data  and  sections  for  solid  manganese  steel  self-guarded  frogs 
   34  to  38 

Plan  No.  670       Data  and  sections  for  solid  manganese  steel  frogs    34  to  38 

Plans  Nos. Add  note: 
101  to 108,  incl., Bevel  heel  end  and  round  stock  rail  side  of  switch  points 

per  Plan 
and  127 No.  140 

Plan  No. Add   following items    : in    numerical    and    classified index of   switch 
209 

equipment: 

Detail Item Plan  No. Detail I     Item Plan  No. 
6050 Turnout Plate    ).. 125 7050 Turnout Plate  . 

..     125 
6052 Turnout Plate     125 7052 Turnout Plate   . 

..     125 
6054 Turnout Plate     125 7054 Turnout Plate   . 

..     125 
6056 Turnout Plate     

125 
7056 Turnout Plate   . 

..     125 
6058 Turnout Plate    125 

7058 Turnout Plate   . 
..     125 

6060 Turnout Plate     125 7060 Turnout Plate  . 
..     12S 

6062 Turnout Plate     125 
7062 Turnout Plate   . 

..     125 
6064 Turnout Plate    125 7064 Turnout Plate   . 

..     125 
6066 Turnout Plate     

125 
7066 Turnout Plate  . 

..     125 
6068 Turnout Plate     125 7068 Turnout Plate   . 

..     125 
6070 Turnout Plate    125 7070 Turnout Plate   . 

..     125 
6072 Turnout Plate    125 7072 Turnout Plate   . 

..     1^5 
6082 Turnout Plate     123 7082 Turnout Plate   . ..   m 
6083 Turnout Plate    123 7083 Turnout Plate   . . .     123 
6084 Turnout Plate    123 7084 Turnout Plate   . 

. .     123 
6085 Turnout Plate    123 7085 Turnout Plate   . 

..     123 
6086 Turnout Plate    123 7086 Turnout Plate   . . .     123 
6087 Turnout Plate    123 7087 Turnout Plate  . ..     123 
6088 Turnout Plate     123 

7088 Turnout Plate   . ..     123 
6089 Turnout Plate     123 

7089 Turnout Plate   . 
..     123 

6090 Turnout Plate     123 7090 Turnout Plate   . 
..     123 

6091 Turnout Plate     
123 

7091 Turnout Plate   . 
,.     123 6092 Turnout Plate     123 7092 Turnout Plate   . 
..     123 

6093 Turnout Plate     123 7093 Turnout Plate  . ..     123 
6094 Turnout Plate     123 

7094 
Turnout Plate   . 

. .      123 
6095 Turnout Plate     123 7095 Turnout Plate   . 

. .      123 
6096 Turnout Plate     123 7096 Turnout Plate   . ..     123 

Plans  Nos. Revise  railbound  manganese  steel   frogs  to conform  to  Plans  Nos. 
258  to  269,  incl., 601  to  610,  inclusive,  tc )  incorporate  the  following  changes: 
273  to  279,  incl., Add  heel  block  foot  guards. 
281  to  283,  incl.. Extend  wing  rails  and  fillers  on No.  14  to  No.  20  frogs,  inclusive. 
291  and  292 

Delete  Design  " 

B"  and 

Design  ' 

'Bl"  frogs. 

No.  16 to  No. 

20,  inclu- 
sive,  from  plans and  notes. 

Plan  No. Revise  to  agree with  Plan  No.  320,  as  to  beveling  of  rail  ends,  long 
345 and  short  point  rails  and  heel  riser. 

Plan  No. Delete  bolt  shrouds  at toe  and 
heel  and  add  "S" 

shaped ribs  per 
643 Plan  No.  640. 
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Plans  Nos.  Add  "S"  shaped  ribs  per  Plan  No.  670.    Delete  bolt  shrouds  at  heel 
651-3  of  all  frogs  and  provide  "S"  shaped  rib  between  first  and  second  joint 
6S4-S  bolts  of  body  casting. 

656  Delete  bolt  shrouds  at  toe  of  Design  No.  1  frogs  for  rails  6"  and 
more  in  height  and  provide  "S"  shaped  rib  between  first  and  second 
joint  bolts  of  body  casting. 

Plan  No.  Temporarily  withdrawn  until  revisions  adopted  by  Mechanical  Divi- 
793  sion  AAR  can  be  incorporated. 

Plan  No. 
920 

Closure  rails  to  be  revised  to  agree  with  Plans  Nos.   124A,   124B, 
126A,  126B,  and  128. 

Appendix  A  Beveling  of  rail  ends. 

Page  1,  Sec.  The  heel  ends  of  switch  rails,  the  ends  of  the  arms  of  turnout  and 
36-A  crossing  frogs,  the  ends  of  solid  manganese  steel  frogs,  and  the  ends 

of  closure  rails  within  crossings  or  other  special  trackwork  layouts, 
shall  be  beveled  across  the  top  and  down  the  gage  side  (or  both 
sides)  of  the  rail  head  (or  analogous  portion  of  solid  manganese  steel 
frog  ends),  such  beveling  to  extend  1/16  inch  back  from  the  end  and 
to  a  depth  of  ys  inch  plus  from  top  and  side  of  head. 

Appendix  B 

(2)     FASTENINGS   FOR   CONTINUOUS   WELDING    OF   RAIL, 
COLLABORATING  WITH  COMMITTEE  IV— RAIL 

G.  M.  Magee,  Chairman,  Sub-Committee;  Lem  Adams,  C.  W.  Baldridge,  W.  H.  B.  Bevan, 
F.  J.  Bishop,  O.  U.  Cook,  H.  F.  Fifield,  F.  W.  Gardiner,  F.  S.  Hales,  N.  M.  Hench, 
Elmer  T.  Howson,  J.  de  N.  Macomb,  W.  A.  Murray,  J.  B.  Myers,  J.  A.  Reed, 
E.  M.  T.  Ryder,  G.  J.  Slibeck,  C.  R.  Strattman. 

In  continuing  the  work  on  the  assignment  this  year,  study  was  given  to  the  suit- 
ability of  various  types  of  fastenings  for  use  with  continuous  welded  rail  including  several 

types  of  fastenings  which  have  not  as  yet  been  so  used.  As  brought  out  in  the  report 

last  year,  the  fastenings  which  have  been  used  with  continuous  welded  rail  secured  the 

rail  against  lateral,  vertical,  or  longitudinal  movement  with  respect  to  the  tie.  Data  are 
being  collected  for  various  types  of  fastenings  showing  their  holding  strength,  but  are 

as  yet  incomplete.  Further  information  is  being  obtained  to  determine  just  what  amount 

of  holding  strength  is  necessary  in  the  fastening. 

Considerable  information  has  been  collected  bearing  on  the  design  of  screw  spikes 

for  securing  tie  plates  to  the  tie.  Some  experimental  work  may  be  necessary  before  a 
revised  design  can  be  recommended. 
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Appendix  C 

(3)     PLANS  AND  SPECIFICATIONS  FOR  TRACK  TOOLS 

W.  L.  Roller,  Chairman,  Sub-Committee;  W.  H.  B.  Bevan,  E.  W.  Caruthers,  H.  R. 
Clarke,  J.  E.  Deckert,  L.  W.  Deslauriers,  F.  S.  Hales,  Elmer  T.  Howson,  E.  E.  Martin, 
J.  B.  Myers,  C.  J.  Rist,  J.  R.  Scatterday,  I.  H.  Schram,  G.  M.  Strachan,  J.  N.  Todd. 

In  the  Proceedings  for  1937,  Volume  38,  page  502,  is  shown  Plan  23-A — Rail  Tongs 
for  Use  with  Cranes.  This  plan  was  offered  as  information  and  for  comparison  with 

Plan  23,  showing  another  design  for  crane  rail  tongs,  which  was  carried  on  page  568  in 

the  1935  Proceedings,  Volume  36.  The  tongs  shown  on  Plan  23-A  have  been  subjected 
to  exhaustive  tests  by  a  number  of  railroads  and  have  met  with  general  approval.  This 

plan  as  revised  to  cover  specifications  for  the  materials  used  in  manufacture,  is  now 

offered  for  adoption  as  recommended  practice  and  printing  in  the  Manual  as  Plan  23, 

dated  March,  1938,  withdrawing  old  Plan  23  which  was  offered  as  information. 

In  the  Proceedings  for  1936,  Volume  37,  page  498,  is  shown  Plan  26 — Scoop  for  Use 
of  Trackmen.  This  plan  was  offered  as  information  and  for  further  study.  Committee 
in  collaboration  with  the  Mechanical  Division  has  been  unable  to  arrive  at  a  common 

standard.  This  plan  has  been  revised  to  correct  tabular  dimensions,  and  is  now  offered 

for  adoption  as  recommended  practice  and  printing  in  the  Manual. 

With  the  view  to  ultimate  adoption  of  standard  plans  covering  certain  additional 

tools  commonly  used  in  track  work  and  to  elicit  comments  and  constructive  criticism, 
the  Committee  offers  the  following  plans  as  information: 

Plan  20-A— Wood  Center  Track  Gage 

Plan  27 — Track  Level  and  Elevation  Gage 
Plan  28— 26-inch  Scythe 
Plan  29— Snath 

Plan  30— Spot  Board 

Conclusions 

It  is  recommended  that  Plan  23-A,  Rail  Tongs  for  Use  with  Cranes,  be  adopted  as 
recommended  practice  and  printed  in  Manual  as  Plan  23. 

That  Plan  26 — Scoop,  as  revised,  be  adopted  as  recommended  practice  and  printed 
in  Manual. 

It  is  recommended  that  Plans  20-A,  27,  28,  29,  and  30  be  received  as  information. 

It  is  recommended  that  the  subject  be  continued. 
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20-A 

AR.E.A. 
TRACK  GAGE. 

MAR.    1338       PLAN  N?  EO-A 
23 

4    LINKS    STO.  5 

CHAIN 

MATERIAL  IN  TONSS  PROPER  SHALL  BE  OPEN  HEARTH 

OR  ALLOY  STEEL  AND  MAV  BE  FORQED  OR  CAST 
AS  SPECIFIED. 

IF  OPEN  HEARTH  STEEL  IS  USED.  IT  SHALL  CONFORM 

TO    A5TM  SPECIFICATIONS.    A- 18-30  CLASS 'F" 

APPROX..  WT.  31  LBS. 

JAW    SPREAD 

'-"    MAXIMUM 

ROUND  CORNERS 

J  SLOPE 
■L"  COATINS  STELLITE 

A.  R.  E.  A. 

RAIL    TONGS 
FOR  USE  WITH    CRANE 

MAR.  1938       PLAN  N0.23 
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NOTE  :- 
HANDLE  TOPS  WILL  BE   FURNISHED  SUBJECT 
TO  APPROVAL  OF  PURCHASER  AS  SPECIFIED  IN 

SPLIT  W00D"D,"    malleable  "D"  or 

COMBINATION  STEEL  WOOD  "  D." 
ROCKWELL      45-50 

TABLE   OF    DIMENSIONS-      SIZES    N?    E. 4  AND  6. 
SIZE A B c o E F H J K L M 

2 

lO'/i- 

11 V* 

11 

9"
 15' 

40%" 

7  "
 35- 

IV 

356" 

4051' 

4 

11"
 

12" 

11^4 

9/4"
 

16" 

41%"
 

7^ 

36"
 

l%" 

3%"
 4I
%" 

6 

11  y^" 

1214"
 

WYz 

aXa" 

17" 

42%"
 

7^"
 

37"
 1^
" 

3%"
 

42%" 

TOLERANCE  +  OR  -  V MAR. 

A.R.E.A. 

SCOOP 

1938         PLAN  N'26. 
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28. 

FURNISHED  IN  CRUCIBLE,  CAST  OR  TOOL  STEEL 

«  SPECIFIED.  TO  BE  PROPERLY  FORGED  AND 

TEMPERED,  CUniNG  EDGE  TO-BE  GROUND 
AND  POLISHED, 

SEC.  A- A SEC.  B-B 

A.R.L.A. 

26"    SCYTHE 

MAR.  1938        PLAN  N"?2a 
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30. 

BRASS  OR^ 
BROKZE 

■"    NOTE-       SECTION         GAGE    STOP 
f.    BOARD  SHALL  BE  PAINTED  BLACK. WITH  A  V/HITE 

^    STRIPE  ON  GASE  SIDE. CHANNEL  GUIDES  SHALL  BE 

PAINTED  BLACK.  GAGE  STOP  SHALL  BE  PAINTED 

BLACK.  SIGHTING  BLOCKS.  EXCEPT  BRONZE  RA\L 

CLIPS.  SHALL  BE  PAINTED  BLACK.  AT  LEAST  TWO 

COATS  OF  BRIDGE  BLACK  OR  WHITE  LEAD  IN  OIL 

SHALL  BE  USED,    LEVEL  GLASS  TO  BE 

C-9-4xl|--7iLB 
GAGE  AND  CHANNEL 

SIGHTING    BLOCK. 

2-  SIGHTING    BLOCKS  REQUIRED. 
ONE  AS  SHOWN  AND   ONE  WITHOUT 

PEEP  PLATE  AND    V-CUT. 

*|Jor!LL||"for  ̂ x  I'rouno 
head  rivet. 

SUFFICIENTLY  ACCURATE  TO  SHOW  i^  DIFFERENCE 

IN  ELEVATION   IN    4'  8j" 

A.R.t.A 

SPOT    BOARD 
MAR.   1938       PLAN    N?  30 

Appendix  D 

(4)     PLANS  FOR  SWITCHES,  FROGS,  CROSSINGS,  SLIP  SWITCHES, 
ETC.,  AND  TRACK  CONSTRUCTION  IN  PAVED  STREETS 

E.  W.  Caruthers,  Chairman,  Sub-Committee;  L.  L.  Adams,  W.  H.  Bettis,  L.  H.  Bond, 
C.  W.  Breed,  O.  U.  Cook,  E.  D.  Cowlin,  L.  W.  Deslauriers,  J.  A.  Ellis,  F.  W. 
Gardiner,  O.  F.  Harting,  N.  M.  Hench,  F.  W.  Hillman,  A.  F.  Huber,  W.  G.  Hulbert, 
T.  T.  Irving,  C.  T.  Jackson,  A.  A.  Johnson,  F.  H.  Masters,  R.  E.  Miller,  W.  A. 
Murray,  J.  B.  Myers,  G.  A.  Peabody,  J.  A.  Reed,  O.  C.  Rehfuss,  C.  J.  Rist,  E.  M.  T. 
Ryder,  J.  R.  Scatterday,  G.  L.  Sitton,  G.  J.  Slibeck,  H.  C.  Stiff,  C.  R.  Strattman, 
E.  D.  Swift,  J.  N.  Todd,  H.  N.  West,  J.  G.  Wishart,  M.  J.  Zeeman. 

Curved  Switches 

During  the  year  1937,  the  Sub-Committee  has  continued  work  on  the  preparation 
of  detail  plans  covering  curved  switches  as  shown  diagrammatically  on  Plan  920,  covering 

"Turnout  Data  for  Curved  Switches". 

The  following  plans  have  been  prepared  to  show  all  (ft  the  necessary  details  for  the 

construction  and  application  of  30-foot  and  19-foot  6-inch  curved  switches: 

Plan  No.  123   — 19'6"  Curved  Split  Switch  with  Uniform  Risers. 

Plan  No.  124A— Location   of   Joints   for  No.   7   and  No.   8   Turnouts  with    19'6" Curved  Switches. 
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Plan  No.  124B — Location  of  Joints  for  No.  9,  No.  10  and  No.  11  Turnouts  with 
19'6"  Curved  Switches. 

Plan  No.  125   — 30'0"  Curved  Split  Switch  with  Uniform  Risers. 
Plan  No.  126A — Location  of  Joints  for  No.   12  and  No.  14  Turnouts  with  30'0" Curved  Switches. 

Plan  No.  126B— Location  of  Joints  for  No.   IS  and  No.   16  Turnouts  with  30'0" Curved  Switches. 

Beveling  of  Frog,  Switch  and  Crossing  Rails 

Plan  No.  140— Method  of  Beveling  Heel  End  and  Rounding  Stock  Rail  Side  of  Split 
Switch  Points,  has  been  prepared  to  illustrate  the  practice  which  the  Committee  considers 
desirable. 

Specifications  for  Heat  Treated  Rail  for  Special  Trackwork 

The  use  of  heat  treatment  in  connection  with  the  rail  parts  of  frogs,  switches  and 

crossings  is  showing  advantageous  results  and  the  Committee  has  prepared  and  presents 

"Specifications  for  Heat  Treated  Rail  for  Special  Trackwork",  Appendix  A,  page  9, 
AREA  Trackwork  Plans. 

The  Standardization  Committee  of  the  Manganese  Track  Society  has  cooperated  in 

the  preparation  of  these  plans  and  specifications,  and  rendered  valuable  assistance. 

Conclusions 

The  Committee  recommends  that — 

Plan  No.  123    — 19'6"  Curved  Spht  Switch  with  Uniform  Risers. 

Plan  No.  124A— Location   of   Joints   for   No.    7   and   No.   8   Turnouts  with    19'6" Curved  Switches. 

Plan  No.  124B — Location  of  Joints  for  No.  9,  No.  10  and  No.  11  Turnouts  with 
19'6"  Curved  Switches. 

Plan  No.  125   — 30'0"  Curved  Split  Switch  with  Uniform  Risers. 

Plan  No.  126A — Location  of  Joints  for  No.   12  and  No.   14  Turnouts  with  30'0" Curved  Switches. 

Plan  No.  126B — Location  of  Joints  for  No.   15  and  No.   16  Turnouts  with   30'0" 
Curved  Switches. 

Plan  No.  140   — Method  of  Beveling  Heel  End  and  Rounding  Stock  Rail  Side  of 
Split  Switch  Points. 

Specifications  for  Heat  Treated  Rail  for  Special  Trackwork. 

be  adopted  as  recommended  practice  and  published  in  the  Manual.  , 

The  Committee  recommends  that  the  work  be  continued. 
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NOTES 

-BILL  OF  MATERIAL,  unless  otherwise  specified, 
wilt   be    furnished   in   accordance   with    following 

specifications: 
For  heavy  rails  over  110  lbs.  per — 

Spec.  123A  for  No.  9,  10  and  11  Turnouts. 

Spec.  123A-1  for  No.  7  and  8  Turnouts. 
For    medium    weight    rails    80    lbs.    to    110    lbs. 

inclusive  per — 
Spec.  123B  for  No.  9,  10  and  11  Turnouts. 
Spec.  123B-1  for  No.  7  and  8  Turnouts. 

Purchaser  shall  in  all  cases  specify  details  of  joint 

bars,  especially  as  to  size  and  location  of  holes 
required  in  rail  ends,  and  as  to  size  and  location 
of  spike  notches,  if  any,  for  plate  details. 

Purchaser  shall  specify  hand  and  number  of  turn- 
out and  switch   points  and  stock  rails  shall  be 

If  toeless  bar5  are  not  standard,  bars  for  Joints 
X  and  Y  shall  have  projection  beyond  base  of 
rail  removed,  and  shall  be  furnished  when  specified. 

Plan  No  123  BILL  OF  MATERIAL       d^^'' 

19-6"  Curved  Split  Switch 

For  Medium  Weight  Raila  Only 

Spec.  123B  tor  No.  9.  10,   11   Tornoi 

fwcTWor BAIL SIDE    P 
AKINO 

OESICN 0C3I&N ^'£ 

10-0' 

9-IO'/8 2"'* 

10-45/," 

,0-3V^ 

2%.- 

io-9Ve 
lO-e'V 

1     2V ii-lVj," 1    ii-o^i," 

1       3' 

M-6"
 

1   ii-s'/e 

Not  less  than  Zj 

All  Spike  Holes  to  be  Ixg-a" under  edge  of  base. 

2— ALTERNATES: 

(a)  Alinement  per  design  "B".  Stock  rails  not furnished  unless  Sfjecified. 

(b)  Alinement  for  "4"  chamfered  switch  points 
per  Plan  No,  920,  Stock  Rails  not  furnished 
unless  specified. 

(c)  Type  "S"  Slock  Rails  per  Plans  No.  124A  or 
124B. 

(d)  Any  details  of  fittinirs  that  will  apply  per 

Plans  No    201.  202,  205.  206  and  215. 

(e)  Omit  first  3'6'"  of  stock  rail  side  reinforcing, 
and  place  extra  rivet  between  eighth  and 
ninth  holes. 

3— SPECIFICATIONS— See  Appendix  "A". 

Spec.   123B-1  lor  No, 
int£  Complete.  Design  A. 

L  H    Machined  Stock  Raib  3 

4-254"  xl" 
I  AdjusUble  Rail  Braces  per  Plan  No.  240 ~         -        "■  ■     "lates  7"  Wi<f 

■    No-0, 

Insulation  applie 

  E  Rail  : 

;  Slide  Plat 
il  Braces :  Sli^e  Plates   1 

.3001  or  5002 

H.  123B  for  No,  9 Turnouts 

:  Turnout  Plates  7 ft  and  8  No,  " 

n— No.   2 

lo.  ,1  R.H,  and  L.H 
lo.  4  R.H,  aDd  L,H 
BM.  123B4  fot  No. 

Turnouts 

10  Turnout  Plates  7' 

6090        2— No. 

himbles      
I   Equipment  i 

Strap  Foot  Guards  aitscbt Toeless  Joiat  Bare  (or  Joi 

>  Switch  Points 

A.  R.  E.  A. 
19'-S"  CURVED 

SPLIT  SWITCH 
WITH  UNIFORM  RISERS 

PLAN  NO.    123 



> 

^ 

i>T. 

i>T. 

Type  I 

Alteri 
rcquirI 

Sec  R 
See  P 
Insula 
SIGNAL 

Adopted  March. 



124  A 

STOCK  RklL-TYPE  L 

j'PT.OFFROG 

*^SO-0"R 

-67-9  J"  LEAO- 

39-0"  L.H.  STOCK  (tf IL-TYPE  L ■12-J'^ — -I 

h   12-y— 

39-0"L.H. 

STOCK  RAIU-TYPE  L' 

SWITCH  POlfJTS  I9-6"  SWITCH  POINTS' .   POINT  OF  SWITCH  — 

RIGHT   HAND  TURNOUT— TYPE    L 

39-0'  R.H.  STOCK  RAIL -TYPE 

"^i'PT.OrrROG 

-67^91- LEAD 

LEFT  HAND  TURNOUT-TYPE    L 

J'PT.orrROd 

^"PT.OTFROC 

RIGHT   HAND  TURNOUT-TYPE    S 
(ALTERNATE) 

39-0"  R.H.STOCK  RAIL-TYPE  S-^  ■^IB-6|'h.     j.   „iQ^.   , ^7-3^-.   67-9|-LEAD 

LEFT   HAND  TURNOUT-TYPE    S 

No    8         TURNOUTS  (alternate) 

-jPTOFFROG 

PT.  OF  FROG 

RIGHT    HAND  TURNOUT- TYPE    S 
(alternate) 

NOTES 

Type  L  turnouts  are  for  general  use. 

Alternate  type  S  turnouts   are    for   use  where   limited  space 
requires  location  of  joints  ahead  of  switch  nearer  to  switch  point 
See  Plan  No.  1 23  for  details  of  switch  points  and   stock   rails. 
See  Plan  No. 920  for  additional   turnout   data. 
Insulated  joints  on  this  plan  are  located   to  conform    to  a  a  r 
signal  section  plans  no.  I6J4A.  I63SA   AND  1637  A     ISSUED    IN  MARCH    1934. 

No    7        TURNOUTS 
LEFT  HAND   TURNOUT-- TYPE    S (alternate) 

A.  R.  E.  A. 
insulated  joints  indicated  thus  -■— 

(rail  lengths  provide  for  I"  END  POSTS) 
LOCATION  OF  JOINTS 

FOR  No.  7  AND  No.  8  TURNOUTS 

WITH  19-6  CURVED  SWITCHES 
PLAN  NO.    124  A 

A^JPW  March,  1938. 



.-aa^F 

PT.orrRoc- 

^"PTOFFROG- 

jPTOFFROG 

s'PT.OFFROC 

Adopted  liiarch.   1< 



124  B 

SWTCH   POINTS  «-6' SWITCH  POINTS- POINT  OF  SWITCH-^! 

39-OR  H.  STOCK  RAIL-TYPE 

-iVl 

!  PT-OFFROG 

LEFT  HAND  TURNOUT— TYPE  L 

•!5-7"r  ,  \ 

W-O'LH.STOCR  RAIL-TYPE  S>  /16^'°_?^ 

POINT  OF  SWITCH—-^ 

|i)-6'  SWITCH  POINTS 

39  0  R.H  STOCK  RAIL -TYPE  L        39-0  LH.STOCK  RAIL-TYPE  L 

^i6:-zjr—i 

6'SWITCH  POINTS  l^-S'SWITCH  POINTS- 
POINT  OF  SWITCH 

^39-0"L-H.5TOCK  RAIL-TYPE  L  39-0'R.H.STOCK  RAIL-TYPE  L^  '^39-0"R 

-ei-lljLEAO 

]■ — IT^lOr"— 1 
LEFT    HAND    TURNOUT —TYPE   L 

3i)-0'LK  STOCK  RAIL -TYPE  S 

SWITCH  POINTS  l*6'SWITCH  POINTS  •< 

POINT  OF  SWITCH-^  {         i-*'?S. 
3">-0  RH.STOCK  RAIL-TYPE  S 

H7^3
- 

No.    10        TURNOUTS 
-  OTHER  RAIL  LENGTHS  ARE  USED  THE  STAGGER  OF  INSULATED  JOINTS  MUST  NOT  EXCEED  4-6' 

No.    II TURNOUTS 

^39-0  LHSTDCK  RAIL-TYPE 

-72-10  j'  LEAD   4—  li-3'-^ 
RIGHT    HAND  TURNOUT- TYPE    L 

.7^3^ 
^390R>lSrOCK  RAIL-TYPE  S 

^l7-2i"R 

^ — 30-0"R. 

19-6'SWrTCH  POINTS                     I9'-S'SWITCH  POINTS  •<                   •s^o'" 

POINT  OF  SWITCH-^  ̂ _/_^     _!^   " 

39^0'RJISTOCK  RAIL-TYPE  l'  ̂ ^-33-O'R -TZ^IOs'LEAD  — 

LEFT   HAND  TURNOUT -TYPE    L. 

3*0  LKSTOCK  RAIL-TYPE  S 

SWITCH  POINTS  19-6"  SWITCH  POINTS- 
POINT  OF  SWITCH 

^'"'i"                 ̂ 39-OLRSTOCR  RAIL -TYPE  S 

7E-I0^'LEAD   ^  S-tI. 
RIGHT    HAND  TURNOUT  — TYPE    S 

(ALTERNATE) 

NOTES 

Type  L  turnouts  are  for  general  use. 

Alternate    type  S  turnouts    are    for    use  where    limited  space 
REQUIRES  location  OF  JOINTS  AHEAD  OF  SWITCH  NEARER  TO  SWITCH    POINT 

See  Plan  No  1 23  for  details  of  switch  points   and    stock  rails. 
See  Plan  No. 920 for  additional    turnout  data. 

Insulated  joints  on  this  plan   are  located   to  conform   to  a.a.r. 
SIGNAL  section  plans  NO  I634A,  IS35A   AND  IS37A     ISSUED    IN  MARCH    1934. 

LEFT    HAND    TURNOUT  — TYPE    S 
(ALTERNATE) 

No    9  TURNOUTS 

A.  R.  E.  A. 
LOCATION  OF  JOINTS 

FOR  No.  9,  No.  10  AND  No.  U  TURNOUTS 
WITH  19-6  CURVED  SWITCHES 

PLAN  NO.    124   B 





FROCl                         Tir    ̂ p*rjM&                           1 
12       ir/;     ir^-    ,9«n^ 

is'/ii  i«i^-  I.',?;  i.vf 

l«    :    20-  ,    20-    2i^ri55? 
20'^,    20-,    20-   20'^ 

15    J20'^|20'A  20'/i.l20',i.1ZO'/i.l    21"'    IJ-lilM 

<•    U'^l    21- 1    21- !   21- 

21-  121'^1    22-|2a'^ 

1— BILL  OF  MATERIAL,  unless  otherwise  speafied, 
will  be  furnished  in  accordance  with  foQowing 

spedficalioDs : For  heavy  rails  owr  110  lb.  per  Spec.  125 A. 

For  medium  weight  rails  80  lb.  to  110  lb.  inclu- sive. Spec.  USB, 

Purchaser  shaD  in  aD  cases  specify  details  of  joint 

bars,  especially  as  to  size  and  location  of  holes 
required  in  rail  ends,  aod  as  to  size  and  location 
of  spike  notches,  if  any.  for  plate  details. 

Purchaser  shall  specify  hand  of  turnout  and 
switch  points  shall  be  aJined  tosuiL  Straight  stock 
rails  shall  be  furnished  imli^K  otherwise  specified 

and  shall  be  alined  to  suit  when  in^alling 
If  toeless  bars  are  not  standard,  bar5  for  Joints 
X  and  Y  ̂ all  have  projection  beyood  base  of  rail 
removed,  and  shall  be  furnished  when  specified. 

2— ALTERNATES: 

(a)  .\linement  per  design  "B".  Stock  rails  not 
furnished  unless  specified. 

(b)  Alinement  for  '-4'  chamfered  switch  points 
per  Plan  No  920  Stock  rails  not  furnished 

unless  specified. 
(c)  Type  "S"  Stock  Rails  per  Plans  No.  126-\  or 126B. 

(e)  Omit  first  S'2'  of  stock  raD  side  reinforcing, 

and  place  extra  rn.'et  between  eleventh  and 

twelfth  holes. 

J— SPECinCATIONS-See  Appendix  "A". 

A.  R.  E.  A. 
30-0"  CURVED 

SPLIT  SWITCH 

WITH  UNIFORM  RISERS 

PLAN  NO.   125 



PT.  OF  FRO< 

^PT.OF  FROG 

PTOFF 

^'PT.OF 

Type  I 

Alter 
REQum 

See  P See  F] 

SIGNAL 

Adopted  March, 



126  A 

NOTES 

T»Pt    L  TURNOUTS  «HE   FOR  OENER.L  U5E 

XmuYocYTfoNo/ZT""'     *"      ''°''     ""    """^     '-'"'^"    SPACE 
S,'    p",  °  °V      '"'"^   *»E»0OFS«,TCH   NEARER   TO  SWITCH    POINT. 

Tee  p'an  NoqIof^o  °"*"'  °'  ='"^"  '""--^^  *-"   "°"  RAILS SEE     fLAN    No  920  FOR    ADOITIONAL     TURNOUT     DATA INSULATED    JOINTS    ON    THI^Pjau     .  bc     .« 

SIONAL  SECTON  FlAnTn;";.^:^ .^fA   AN^D^^^^  A  TssTdTn^I^^h-i,?,, 

No.    12       TURNOUTS 
(ALTCRNATe) 

LEFT  HAND  TURNOUT-- TYPE    S 

A.  R.  E.  A 
LOCATION  OF  JOINTS 

**W«d  Mvch.  1938. 

FOR  No.  12  AND  No.  14  TURNOUTS 
WITH  30-0  CURVED  SWITCHES 

PLAN  NO.    X26  A 



^PT.or 
•.or  FRO( 

^>T.  OF  FROG 

PT.OFF 

4'PT.OF 

TYPE  I 

Alter 
REQUIR 

See  P 
See  F 
Insuu 
SIGNAL 

Adopted  March, 



126  8 

INSULATED  JOINTS    INDICATED  THUS  ""- 

(RAIL  LEN&THS  PROVIDE  TOR  |"END  POSTS) 
OTHER  RAIL  LENGTHS  ARE  USED  THE  STAGGER  OF  INSULATED  JOINTS  MUST  NOT  EXCEED  4-67 

y^e-*^
" 

60-0''L.H.ST0CK  RAIL-TYPE  L~^, ^   '                                         \ 
30-0-SWITCH  P0INT3< OF  SWITCH   ^                                  / 0-R>                  ■     ̂3i-0-i               "l-J--^-^ 

VJ-P 

T  or  FRO 

60'-p"R.H.STDCK  RAIL-TYPE  \.^ 
^30^0-B,                  «-30^0-R.         |„|7^sJ--^ 

LEFT  HAND  TURNOUT- TYPE     L 

POINT  OF  SWITCH 

"^^■PT.OFFROG 

No    16        TURNOUTS 

^■pT.  OF  FROG 

NOTES 

t»pi  l  turnouts  are  for  oeneral  use 

Alternate  type   S  turnouts  are    fob   use  where   limited  space 
requires  location  of  joint  aheao  of  switch  nearer  to  switch  point. 
See  Plan  No  125  for  details  of  switch  points  and  stock  rails. 
See   Plan  No920for  additional  turnout   data. 
Insulated  joints  on  this  plan  are  located  to  conform  to  a  a  r. 
aiCNAL  section  PLANS  NO    I634A.I635A    AND    I657A     ISSUED    IN  MARCH    1934, 

No    15       TURNOUTS 

"^^■pT.  or  frog 

A.  R.  E.  A. 
LOCATION  OF  JOINTS 

FOR  No.  15  AND  No.  16  TURNOUTS 
WITH  30-0  CURVED  SWITCHES 

PLAN  NO.    126  B 



J  PT.  OF  FROG| 

;PT.  OF  FROG 

jPT.OF  Ft 

;  PT.  OF 

Type  I 
Alteri 
REQUIRI 

See  Fj 
See  F] 
Insul, 
SIGNAL 

Adopted  March, 

\ 



128 

No.  20       TURNOUTS 
^e.'-«^ 

K13'-l|5(  -H  12-3' 

R>jlL-TYpk  L  60'-4"L.H. 
iTOCK  RAIL-TYPE 

60-0"L.H.:»TOCK  RAIL-TYPt  5 

^-   POINT  OF  SWITCH- 

STOCK  RAIL-p-YPE  S 

LEFT  HAND  TURNOUT-- TYPE    L 

,6'-»ir^ 

No.   18       TURNOUTS 
NOTES 

Type  L  TURNOUTS  are  for  general  usE- 

AlTERNaTE     type     S   TURNOUTS    ARE     FOR     USE    WHERE     LIMITED   SPACE 

requires  location  of  joint  ahead  of  switch  nearer  to  switch  point_ 

See  Plan  No.  127  for  details  of  switch  points  ano  stock  rails. 
See  Plan  No.920  for  additional  turnout   data. 

Insulated  joints  on  this  plan  are  located  to  conform  to  a.a.r. 
nd  i637a  issued  in  march  1934. 

A.  R.  E.  A. 
LOCATION  OF  JOINTS 

insulated  joints  indicated  THUS  ---  poR  No.  18  AND  No.  20  TURNOUTS 
"  WITH  39-0  CURVED  SWITCHES (rail  LENGTHS  PROVIDE  FOR    J"  END  POSTS) 

SIGNAL  SECTION  PLANS  NO    1634  A 

PLAN  NO.    128 



\ 

A<l-»»-J     -K/T.. 



140 

RADIUS  OF  FILLET  ON  STOCK  RAIL  SIDE  OF  POINT 

IS  i+  AT  SECTrON  C'C  (END  OF  TOP  PLANINC),  TO  0* 
AT  SECTION   A-A  (|"BELOW   TOP  Of   STOCK  RAIl). 

SECTION   A-A SECTION    B-B 
SECTION  C-C 

BEVELING  OF  RAIL  ENDS 
AT  HEEL  OF  SWITCH 

FOR  DETAIL  SEE 

APPENDIX    A.    SECTION   36  A  . 

A.  R.  E.  A. 
METHOD  OF  BEVELING  HEEL  END 

AND  ROUNDING  STOCK  RAIL  SIDE  OF 
SPLIT  SWITCH  POINTS 

PLAN  NO.    140 

'-ifitxal  Mircb.  1538, 



[ 

SECTION 

SK 

FROG 

NO. 

lif 
ovi 
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320 

„  LESS 

ExtEEO 

BOLT  5PACir«.  iiN  "'-.'T^nnrfs      "         '     ' 

FURNI5M  AODIT10N*U  
BOLTS 

OM.T  BOLT -X- WHEN  O.ST*NCi_ 

lJN01T;Ef4HEEL
BI5ERaLOCK^--.

 

50  THAT   Y  SMALL  "«  EXtttu  i*», 

METAL  roOT  GUARD    OAK  WOOD  FOOT  GUARD 

NOTES 
1— DETAIL  OF  JOINT   BARS— Purchaser  shall  in  all  cases  supply 

.ally 

LP^^, 

-FILLERS— Mai 

the  required  HanKe-way  ihroughoul.  Toe  Bloci  i tor  Block  shall  be  cast  iron. 

-HEEL   RISER    BLOCK— Heel  Riser  Block  shall 
head  up,  with  flange  upset  to  lit  properly  over  i bases  of  the  adjoiniog  r 
vide  J 

rail  steel. -RIVETS— Point  Rivet hardness  i 
me  head  with 

pUced 

1  of  Table 

ain  fillers  counierbored   to  clear.     Rivets  shall  be  pUced  where 
shown  on  frog  plans,  approximately  central  between  adjacent  bolts. 

S.— PLATES— Plates  shall   be   furnbhed  only  mhea  specifically  called 
for.  The  use  of  plates  on  all  ties  is  recommended,  in  accordance 

shown  on  Plan  No, 

cifically   designed  for   131   RE.  and   Hi 
and  for  uniform  tie  sp 

'   Modified  lengths  may  be  specified  Cor  unifonn  tit 
-     'liples  of  9M"    Lengths  given  in  Columns  5, 

mmeoded  for  shorter  frogs,   (or  131   R.E.  and 
.'  where  deUils  of 

6.— SPECIFICATIONS— See  Appen< 

7— LENGTHS  OF  FROGS- 

have  been  specific  "  " 

with  6  hole  toeles 

;  'lengths;  ■ 

alternates—To 

tcified  1 
bar,  and  for   medium 
No.   i  and   a    riKid 

SECTION  B-B 

HO. 

FROG LENGTHS MODIFIED     LENGTHS 
Of  HEAD 

2V0R 
GREATER 

'A' ■B' 
■c 

•D- 

NUMBER     OF 

FROG 

FROC 

SEE  NOTE  N0.6A 
OFttAD 

THROUOM 

BOLTS RIVETS 
WEKAU. 

TOE MEEL 
<VERAi_L|      TOE 

HEEL 

U) 

FT.  n 

(3) 

FT  IN      \     rtlN 

(6) (7) 

FT.    IN 

(6) (9) 
FT-  IM 

FT.  IN. 

w O2) 
(13) 

(14) 

(15) 

((6) 

«-0 

3-«t 

5-3i     1      7-5 

2-lli 

"-Sf 

, 

2-«t 

l-« 

II* 

8 

271 

4 

lOO           l-O »-i 

10-0 

3-0 
6-2 

6i 

3-oJ 

1-6 

9 1 2T2 s 

ll^t       »-«*       »-<o 
lo-a 

3-10 6-10 

13^ 

10 

1-6 
16 

10 2 

273 

6 

f^           trZ      1      «-S* 

il-»t 

6-2 

7-7* 

15} 

12 

3-llt 

1-6 

IB 

lOwli. 

2 

274 

7 

15-5           6-2     1     9-3 

,«-7} 

6-2 

6-4 

16 4-4 2-0 

20] 

120.I3. 

2 

275 

s 

W-i           »-2     1     10-1 
6-2 20t 

IB: 

5-2 

2-0 23 

12.13. 

2 

276 

9 10 

IT-Ot  !       7-0 

10-of 

ier3 6-2 

10-1 

4 

16 

5-7 

2-8 

2-li 

12C.I31 

2 

277 

10 

II l»-»i   1       7-0 

ll-«f 
17-Oi 

6-2 

lO-Ot 

2-0)| 

20 

5-7 

3-0 

2-3* 

14«l!i 

2 

276 

[| 

a 20-»     1      7-»t 

E-ftf 

IMi 

7-0 

11-4 

2-3 

^\ 

s-io 
3-0 

2-6 
14«  15. 

2 

279 

■2 

14 2J-7     1       »-7> 

14-llf 

>»i 
14-1^ 

2-7t 

7-1 

3-0 

2-10| 

15«16. 

3 261 
IS M^J  1      »-5    1     14-Mi 

23-7 

.-7i 
2-a 

2-*i, 

7-4        3-0 

16"  17. 
3 262 15 

■  Plans  No,  iS6  I «ilb  t 

doited  lines  on  plan.    (Open  spaces  are  preferably  located  at 

b)  RIVETS— Point  rivets  to  be  countersunk  instead  of  button  or 
cone  head. 

c)  BEVELED   END  WING    RAILS— Ends  of  wing  rails  to  be 
beveled  per  detail, 

d)  FOOT  GUARDS— Additional  fool  guarding  to  ll)ai  shown  is 
w  may  be  specified:  unless  preference  is  stated  these 

ol^  wood  or  metal. 

Appen- 

plan   view   : 

BEVELED  END  WING  RAIL 

A.  R.  E.  A. 

DATA  AND  SECTIONS 

BOLTED  RIGID  FROGS 
PLAN  NO.  320 

Adopta]  Utfcfa.  1911.    EcvtMd  Much. 4:  Much,  19»;  Hucb, 
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SECTON    A.- A. SECTION    B,-B,  SECTION    C,- C,  SECTION    D,-D, 

SECTIONS    A,-A„B,-B,,CrC,,C\-0,,ErE,   AND   F,-F,      WITH    BOLT    SHROUDS    ELIMINATED     ARE     FOR    RAILS    6"    AND    MORE     IN 
FOR    LOCATION    OF    TRANSVERSE    RIBS     SEE    DETAIL     PLANS. 

SECTON   A-A  SECTION   B-B  SECTION   C-C  SECTION   D-D 

SECTIONS    A-A, B-B, C-C, D-D, E-E    AND   F-F    WITH    BOLT     SHROUDS    ARE    FOR    RAILS    LESS    THAN    6"    IN    HEIGHT. 

SHARP  EDGE  TO 
BE  REMOVED  OR 
WASHER  EXTENDED 

TO  PROTECT  SAME. 

SECTION    E-E 

SECTION    F-F 

SLOPED  FROM  WHERE 

-  r*if  FOR  WOTH  OF  MEAD  2%' OR  GREATER 

»V%'FOR  WOTVt   OF  HEAD  LESS   THAN    2%' 

INDEX  TO  DETAIL  PLANS    I 

"o."^ 

PLAN 

FROG 

PLAN 

MO 

4 

608 

II 

604-5 

t> 

608 

12 

609 
6 

601-3 

14 

509 
7 

601-3 

15 

610 

8 

601-3 

16 

606-7 

9 

609 

18 

610 
10 

604-5 

20 

606-7 

NOTES 
1.— DIMENSIONS  OF  CASTINGS— For  specific 

data  applicable  to  each  frog  number,  see  detail 
plans  listed  in  table 

2.— SPECIAL  ANGLE  FROGS— For  special  or  frac- 
tional numbered  frogs,  use  basic  widths  and  other 

features  of  nearest   frog  number  and  determine 

3.— WIDTH  OF  FL.\NGEWAY— Flangeways  up  to 
2"  width  shall  be  obtained  by  moving  the  guard 
line  and  modif>'ing  only  the  throat  opening  and 

flare  length;  for  flangeways  wider  than  2",  in- width  of  manganese  body,  heel  fillers  and 
flare  and  throat  openings  accordingly  In  either 
case,  flare  angle  and  distance  from  frog  point  to 
notch  in  wing  rail  remain  constant, 

4.— FILLERS— Fillers  between  heel  and  wing  rails 

to  be  of  rolled  steel  single  or  double  groove  sec- 
tion: for  frogs  No.  4  to  No.  15  indusi\e.  these 

fillers  may  be  cast  iron  unless  rolled  steel  fillers 
are  specified.  Toe  block  and  heel  block  foot  guard 

5.— For  details  of  Point  and  Flangewav  see  Plan  No. 60&-B. 

6. — ALTERNATES — ^To  be  furnished  when  speafied : 

(a)  WING  WHEEL  RISERS— To  be  in  accord- 
ance with  Plan  No.  600-A, 

(b)  BEVELED  END  WING  RAILS— .\s illustrated. 

(c)  BASE  PLANING  AT  FLARE— Base  of  heel 
rails  not  to  be  planed  on  gage  side  and  nec- 

essary clearance  provided  by  removing  re- 
quired amount  from  base  of  the  wine  rails. 

(d)  BONDING— Fillers  to  be  slotted  at  flare  as 

shown  in  Appendix  D  to  provide  for  drilling of  Bond  Holes. 

7.— SPECIFICATIONS— See  Appendix  "A." Bolt  sizes  and  details  shall  be  per  Section  1402. 

Appendix  "A." 

A.  R.  E.  A. 

DATA  AND  SECTIONS 
FOR  RAILBOUNO 

MANGANESE  STEEL  FROGS 

SECTION  Y-Y 

DETAIL  OF    FLARE    AND    HEEL    RAIL 

LONGITUDINAL  SECTION  X- 

PLAN  NO.  500 



5iC 

5-1 

7-l( 

SECnONT 
WHEN  BO 

rdi 

A 
Adopted  A 
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A.    R.    E.    A. 

SPECIFICATIONS    FOR    SPECIAL    TRACKWORk 

APPENDIX  A 

PAGE  9 

ARTICLE  XVII— Heat-Treated  Rail  for  Special  Track  Work 
Sec.  1701.    Material 

The  raUs  which  are  to  be  heat-treated  shall  be  of  No.  1  Classification  with  "A"  raUs  ex- 
cluded. Unless  otherwise  specified  by  the  purchaser,  they  shall  have  been  manufactured  accord- 

ing to  the  speafications  of  the  American  Railway  Engineering  Association  for  Open-Hearth Steel  Rails. 

In  addition  to  the  requirements  of  such  specificaUons,  the  cooling  of  the  rail  from  the 
temperature  of  roUmg,  shall  have  been  so  controlled  or  manipulated  as  to  minimize  the  liability 
of  thermal  cracks.  The  particular  method  of  securing  this  result  shall  be  in  accordance  with  the 
A.  R.  E.  A.  Specifications  for  controlled  cooling  of  rail,  unless  otherwise  stipulated  by  the fabricator  and  approved  by  the  purchaser. 

Sbc.  1702.    Heat  Treatment 

The  rails  shall  receive  a  suitable  heat  treatment  to  provide  the  physical  properties  specified 
herein,  .\fter  this  treatment,  the  rails  shall  not  be  heated  in  excess  of  900°  F.  Bends  that 
cannot  be  made  within  this  limitation  shall  be  made  before  heat-treatment. 

Sec.  1703.    Physical  Properties 

The  rails  in  completed  work  shall  conform  to  the  following: 
BrineU  Hardness  Number    —    —    —    ^    —    —    —    —    —    —    —    —    300  to  37S 
Minimum  Tensile  Strength     —    —    —    — •    • —    —    —     145,000  pounds  per  square  inch 
Minimum  Yield  Strength   (0.2%e)      —    —    — ■    —    —     105,000  pounds  per  square  inch 
Minimum  Elongation  in  2  inches,  per  cent  —    —    —    —    —    —    —    —    —    —     10.0 
Minimum  Reduction  in  Area,  per  cent  —    —    —    —    —    —    —    —    —    —    —    20.0 

The  >ield  strength  shall  be  determined  as  described  in  A.  S.  T.  M.  Designation  E8-36, 
section  26,  2a,  for  an  offset  of  0.2%. 

Sec.  1704.    Test 

The  test  for  BrineU  hardness  shall  be  made  at  the  center  of  the  top  of  the  rail  head.  After 
removal  of  the  decarburized  metal  to  a  depth  not  exceeding  i^-inch,  a  plane  surface  shall  be 
prepared  as  prescribed  in  A.  S.  T.  M.  specification  E-10-27,  Section  5,  as  follows: 

"The  surface   on   which   the   impression  is   to   be   made   shall  be   filed,   ground, 
machined,  or  poUshed  with  emery  paper  so  that  the  edge  of  the  impression  shall  be 
clearly  enough  defined  to  permit  of  the  measurement  of  the  diameter  within  0.01  mm. 

(0.0004  inch)." 
The  inspector  representing  the  purchaser  may  make  a  sufficient  number  of  tests  for  BrineU 

Hardness  to  verify  the  requirement. 

The  test  for  Tensile  Strength,  Yield  Strength,  Elongation  and  Reduction  of  Area  shaU 

be  made  upon  a  standard  test  piece  (A.  S.  T.  M.  Designation  E-8-36,  Fig.  9)  prepared  from 
the  head  portion  of  the  prolongation  of  one  of  the  rails  if  the  purchaser  specifies  this  in  advance 

so  that  allowance  may  be  made  for  the  necessary  material.  The  test  piece  shall  be  machined 

from  the  section  defined  by  a  one  inch  diameter  circle  scribed  tangentially  to  the  top  and  side 

of  the  head.  One  such  test  may  then  be  made  from  each  heat-treatment  charge.  The  fabricator 

shaU  assume  the  expense  of  the  tests  when  the  amount  of  the  heat-treated  rail  on  the  order 
is  ten  tons  or  more;  if  less  than  ten  tons,  the  purchaser  shaU  pay  for  such  tests,  unless  the 

material  fails  to  meet  the  specifications,  in  which  case  the  fabricator  shaU  bear  the  expense. 

If  the  test  piece  does  not  meet  the  specification,  the  fabricator  may  again  heat-treat  the 
rails  but  not  more  than  three  additional  times,  unless  authorized  by  the  purchaser. 

Kif/plai  Mvck,   1938. 
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ERRATA  AND  REVISIONS  OF  PLANS  SINCE  LATEST  ISSUE 

APPENDIX  E PAGE  1 

INDEX— 1935— (1937-1938) 

Change  title  from  "Index  March,  1935"  to  "Contents  March,  1938." 
Add  following  Plans: 

Plan  No.  123,      19'6"  Curved  Split  Switch  with  Uniform  Risers        38 
Plan  No.  124A,   Location  of  Joints  for  No.  7  and  No.  8  Turnouts  with  19'6"  Curved 

Switches         38 

Plan  No.  124B,   Location  of  Joints  lor  No.  9,  No.  10  and  No.  11  Turnouts  with  19'6" 
Curved  Switches          38 

Plan  No.  12S,      30'0"  Curved  Split  Switch  with  Uniform  Risers        38 
Plan  No.  126.\,    Location  of  Joints  for  No.  12  and  No.  14  Turnouts  with  SffO"  Curved 

Switches          38 

Plan  No.  126B,   Location  of  Joints  for  No.  15  and  No.  16  Turnouts  with  30'0"  Curved 
Switches          38 

Plan  No.  127,      39'0"  Curved  Split  Switch  with  Uniform  Risers        37 
Plan  No.  128,      Location  of  Joints  for  No.  18  and  No.  20  Turnouts  with  39'0"  Curved 

Switches          38 
Plan  No.  140,      Method  of  Beveling  Heel  End  and  Rounding  Stock  Rail  Side  of  Split 

Switch  Points         38 
Plan  No.  215,      Split  Switch  Details  for  Heavy  and  Medium  Weight  Rails        37 
Plan  No.  920,      Turnout  Data  for  Curved  Switches       36 
Appendix  A,  Page  9,  Specifications  for  Special  Trackwork         38 
Revise  serial  numbers  of  the  following  plans; 
Plan  No.  320,      Data  and  Sections  for  Bolted  Rigid  Frogs     34  to  38 
Plan  No.  600,      Data  and  Sections  for  Railbound  Manganese  Steel  Frogs   37  to  38 
Plan  No.  601-3,  No.  6,  No.  7  and  No.  8  Railbound  Manganese  Steel  Frogs   34  to  37 
Plan  No.  604-5,  No.  10  and  No.  11  Railbound  Manganese  Steel  Frogs   34  to  37 
Plan  No.  606-7,  No.  16  and  No.  20  Railbound  Manganese  Steel  Frogs   34  to  37 
Plan  No.  608,      No.  4  and  No.  3  Railbound  Manganese  Steel  Frogs   34  to  37 
Plan  No.  609,      No.  9,  No.  12  and  No.  14  Railbound  Manganese  Steel  Frogs    34  to  37 
Plan  No.  610,      No.  15  and  No.  18  Railbound  Manganese  Steel  Frogs   34  to  37 
Plan  No.  640,      Data  and  Sections  for  Solid  Manganese  Steel  Self-guarded  Frogs. 34  to  38 
Plan  No.  670,      Data  and  Sections  for  Solid  Manganese  Steel  Frogs   34  to  38 

GENERAL— (1935) 

Revise  the  terms  "Splice  Bars"  and 

Bars." 

"Angle  Bars",  where  used,  to  the  term  "Joint 

PLANS  No.  101  to  108  Inclusive  and  No.  127— (1937-1938) 

Revise  all  switch  plans  to  include  Cotter  Pins  for  all  bolts  through  the  reinforcing 
bars. 
Add  note:     Bevel  heel   end  and   round  stock   rail  side   of   Switch  Points  per  Plan 
No.  140. 

PLAN  No.  209— (1937-1938) 

Add  following  items  in  numerical  and  classified  index  of  switch  equipment: 

Plan Detail Item No. 
SOOO Switch  Pt.  Planing 215 
6020 Slide  Plate 215 

6021 Slide  Plate 
215 6026 Gage  Plate 21S 

6040 Heel  Plate 21S 
6049 Heel  Plate 215 
6050 Turnout  Plate 

125 

Plan Detail 
Item No. 

6000 
Switch  Pt.  Planing 215 

7020 
Slide  Plate 

215 
7021 Slide  Plate 215 

7026 
Slide  Plat,e 215 

7040 
Heel  Plate 

215 

7049 Heel  Plate 
215 

7050 
Turnout  Plate 125 

Plan 

Plan 

DetaU 
Item 

No. 

Detail 

Item No. 
6051 Turnout  Plate 

127 

7051 

Turnout  Plate 127 
6052 Turnout  Plate 

125 

7052 

Turnout  Plate 

125 

6053 Turnout  Plate 

127 

7053 

Turnout  Plate 127 
6054 

Turnout  Plate 

125 

7054 
Turnout  Plate 

12S 

6055 

Turnout  Plate 

127 

7055 

Turnout  Plate 
127 

6056 Turnout  Plate 

125 

7056 
Turnout  Plate 

125 
6057 Turnout  Plate 

127 

7057 

Turnout  Plate 127 
6058 Turnout  Plate 

125 

7058 
Turnout  Plate 

125 
6059 Turnout  Plate 

127 

7059 
Turnout  Plate 

127 
6050 Turnout  Plate 

12S 

7060 

Turnout  Plate 
125 

6061 Turnout  Plate 127 

7061 
Turnout  Plate 

127 

6062 Turnout  Plate 

125 

7062 

Turnout  Plate 
125 

6063 Turnout  Plate 

127 

7063 

Turnout  Plate 
127 

6064 Turnout  Plate 

125 

7064 
Turnout  Plate 

125 

6065 Turnout  Plate 127 

7065 
Turnout  Plate 

127 
6066 Turnout  Plate 125 

7066 

Turnout  Plate 
125 

6067 Turnout  Plate 

127 

7067 

Turnout  Plate 
127 

6068 Turnout  Plate 

125 

7068 
Turnout  Plate 

125 
6069 Turnout  Plate 127 7069 Turnout  Plate 

127 

6070 
Turnout  Plate 

125 

7070 

Turnout  Plate 
125 

6071 
Turnout  Plate 127 

7071 
Turnout  Plate 

127 

6072 Turnout  Plate 

125 

7072 
Turnout  Plate 

125 
6073 Turnout  Plate 127 7073 Turnout  Plate 

127 
6075 Turnout  Plate 127 

7075 

Turnout  Plate 
127 

6077 Turnout  Plate 127 

7077 
Turnout  Plate 

127 

6079 
Turnout  Plate 127 

7079 
Turnout  Plate 

127 
6081 

Turnout  Plate 127 

7081 Turnout  Plate 

127 

6082 
Turnout  Plate 123 

7082 Turnout  Plate 

123 
6083 Turnout  Plate 123 7083 

Turnout  Plate 
123 

6084 Turnout  Plate 123 7084 
Turnout  Plate 

123 

6085 Turnout  Plate 

123 
7085 

Turnout  Plate 
123 

6086 Turnout  Plate 

123 
7086 Turnout  Plate 

123 

6087 
Turnout  Plate 

123 
7087 

Turnout  Plate 

123 

6088 

Turnout  Plate 

123 
7088 

Turnout  Plate 
123 

6089 
Turnout  Plate 

123 

7089 
Turnout  Plate 

123 
6090 

Turnout  Plate 

123 

7090 
Turnout  Plate 

123 

6091 Turnout  Plate 123 

7091 
Turnout  Plate 6092 Turnout  Plate 

123 
7092 

Turnout  Plate 

123 

6093 Turnout  Plate 

123 7093 
Turnout  Plate 

123 
6094 

Turnout  Plate 

123 
7094 

Turnout  Plate 6095 Turnout  Plate 

123 

7095 
Turnout  Plate 6096 Turnout  Plate 

123 

7096 
Turnout  Plate 

123 

PLAN  No.  211  Spec.  107-(>-(1935) 

Revise  2012,  detail  number  of  clip,  to  read  1012. 

PLANS  No.  258  to  269  Inclusive,  273  to  279  Inclusive,  281  to  283  I
nclusive.  291  and 292— (1937-1938) 

Revise  RaUbound  Manganese  Steel  Frogs  to  conform  to  Plans  No.  601
  to  No.  610. 

inclusive,  to  incorporate  the  following  changes; Add  heel  block  foot  guards. 

Extend  wing  rails  and  fillers  on  No.  14  to  No.  20  Frogs   Inclusive. 

Delete  Desi|n  "B"  and  Design  "Bl"  Frogs,  No.  16  to  No.  20,  Inclusive
,  from  plans 

and  notes. 

Adopted  March,  1935.     Revised  March,  1937;   March,  1938. 
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PLAN  No.  345— (1938) 

Revise  to  agree  with  Plan  No.  320,  as  to  beveling  of  rail  ends,  long  and  short  point 
and  heel  riser. 

PLAN  No.  773— (1937) 

Delete  following  note  from  plan  view  of  end  frog:     "14  in.  for  two  hole  drilling, 
17  in.  for  three  hole  drilling,"  and  add  in  lieu  thereof:     "6  in.  plus  one-half  length 

of  joint  bar." 
PLAN  No.  504— (1935) 

Delete  note  "not  less  than  1^  in."  from  end  view  of  guard  rail. 
PLAN  No.  775— (1935) 

Revise  on  Design  "B"  the  words  "See  note  No.  1"  to  read  "See  note  above." 

PLAN  No.  643— (1938) 

Delete  bolt  shrouds  at  toe  and  heel  and  add  "S"  shape  ribs  per  Plan  No.  640. 
PLAN  No.  793— (1938) 

Temporarily  withdrawn  until  revisions  adopted  by  Mechanical  Division  A.A.R.  can 
be  incorporated. 

PLANS  No.  651-3,  654-5,  656— (1938) 

Add  "S"  shape  ribs  per  Plan  No.  670. 

Delete  bolt  shrouds  at  heel  of  all  frogs  and  provide  "S"  shape  rib  between  1st  and 
2nd  joint  bolts  of  body  casting. 

Delete  bolt  shrouds  at  toe  of  Design  No.  1  frogs  for  rails  6"  and  more  in  height  and 
provide  "S"  shape  rib  between  1st  and  2nd  joint  bolts  of  body  casting. 

PLAN  No.  920— (1938) 

Closure  rails  to  be  revised  to  agree  with  Plans  No.  124A,  124B,  126A,  126B  and  128. 

PLANS  No.  983,  984,  985  and  986— (1935) 

PLAN  No.  700— (1935) Revise  throat  dimension  from  ZYs"  plus  or  minus  %"  to  read  Z%"  plus  or  minus  Ys" . 

Revise  note  4  (a)  referring  to  Plan  No.  953  to  refer  to  Plan  No.  820. PLAN  No.  1001— (1935) 

PLAN  No.  700-D— (1937) 

Delete  details  of  clips  "R"  and  "S",  and  detail  of  stop  "T"  from  plan,  and  add  fol- 
lowing note:     "Base  plates"  shall  be  equipped  with  stops  2"  wide,  1"  thick  and  4" 

Add  to  sections  RE  130-lb.  and  RE  llO-lb.,  in  first  column,  Association  Types,  the 
letter  "W"  with  note  explaining,  "W"  meaning  withdrawn. 

Delete  the  word  "Proposed"  in  the  same  column  from  section  RE  112-lb. 

long  welded  to  base  plates. 

Appendix  A PLAN  No.  700-E— (1935) 

Revise  note  8  to  read  "8 — Filler  Plates — Additional  plates  usually  abutting  base  plates 
to  provide  uniform  lower  surface  of  crossing;  not  including  tie  plates." 

Add  the  following: 

Sec.  36-A— (1938)     Beveling  of  Rail  Ends 

The  heel  ends  of  switch  rails,  the  ends  of  the  arms  of  turnout  and  crossing 

frogs,  the  ends  of  solid  manganese  steel  frogs,  and  the  ends  of  closure  rails  withm 

crossings  or  other  special  trackwork  layouts,  shall  be  beveled  across  the  top  and  down 

the  gage  side  (or  both  sides)  of  the  rail  head  (or  analogous  portion  of  soUd  man- 

ganese steel  frog  ends),  such  beveling  to  extend  is"  back  from  the  end  and  to  a  depth 
of  Ys"  plus  from  top  and  side  of  head. 

PLANS  No.  767  and  768— (1935) 

Add  note:     "Wing  Wheel  Risers  shall  be  furnished  on  end  frogs  when  specified  in 
accordance  with  Plan  No.  600-A." 

PLANS  No.  772  and  777— (1935) 

Add  note:     "Guard  Rails  not  to  be  extended  as  shown  for  angles  over  50  deg.,  unless 
tracks  have  a  curvature  of  6  deg.  or  more,  conforming  to  Plan  700,  note  2  (a)". 

Sec.  38— (1937) 

Where  Cotter  Pins  are  required,  there  shall  be  not  more  than   Ys"  clearance 
between  the  cotter  and  the  nut  after  assembly,  unless  otherwise  specified. 

NOTE-     There  are  other  corrections  of  mmor  nature  that  wiU  be  taken  care  of 

when  plans  are  reprinted,  which  are  believed  not  necessary  to  mention  on
 

this  errata  sheet,  as  they  should  not  lead  to  any  confusion  m  the  use  of these  plans. 

Adopted  March,  1935.     Revised  March,  1937;  March,  1938. 
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INVESTIGATIONS    AND    TESTS    IN    CONNECTION    WITH    THE 

DESIGN  OF  SOLID  MANGANESE  STEEL  FROGS— PLANS 
NOS.  640  AND  670 

Plan  No.  640 

Data  and  Sections  for  Solid  Manganese  Steel  Self-Guarded  Frogs. 

Plan  No.  670 

Data  and  Sections  for  Solid  Manganese  Steel  Frogs. 

History 

Reports  of  unsound  metal  below  the  running  surface  and  of  cracks  in  the  vertical 

walls  of  Solid  Manganese  Steel  Frogs  usually  in  the  vicinity  of  the  cross  ribs  and  the 
bolt  shrouds  at  toe  or  heel,  led  to  the  following  investigations  and  tests. 

These  defects,  generally  disclosed  as  a  result  of  welding  operations  are  of  a  similar 
nature  to  those  discovered  in  Railbound  Frog  Castings  and  reported  on  page  478, 

Volume  38,  AREA  Proceedings. 

In  considering  this  subject,  it  was  thought  advisable  to  determine  the  relative  value 
as  reinforcement  of  cross  ribbing  on  the  under  side  of  casting. 

Description  of  Castings 

For  this  purpose  three  castings  were  made  for  test,  the  design  conforming  to  AREA 

Plan  No.  670,  Design  No.  1  for  No.  S — 131-lb.  RE  solid  manganese  frog  modified  as 
follows: 

Casting  No.  1  was  provided  with  two  54  inch  ribs  attached  to  floor  and  side  walls 
located  at  Yz  inch  point  and  22  inches  toward  heel  and  with  bolt  shrouds  at  heel  only. 

Casting  No.  2  was  provided  with  two  54  inch  "S"  shaped  ribs  attached  to  side  walls 
only  and  located  at  J^  inch  point  and  22  inches  toward  heel.  No  bolt  shrouds  at  toe 
or  heel. 

Casting  No.  3.    All  ribbing  and  shrouding  were  omitted. 

Location  of  Tests 

Castings  were  produced  from  molds  made  from  the  same  pattern  modified  to  suit, 
poured  from  same  heat  and  treated  and  quenched  in  same  charge  at  the  Chicago  Heights 

foundry  of  the  American  Manganese  Steel  Company,  where  the  tests  were  conducted. 

Chemical  Analysis 

Heat  No.  1235 

Manganese  percent     12.68 
Carbon  "               1.13 
Silicon  "           SI 
Phosphorus      "                .048 

Procedure 

The  castings  were  placed  on  supports  five  feet  center  to  center  and  loads  applied  at 

the  mid-point  by  hydraulic  press  through  a  tup  of  16^  inch  radius  in  approximate 
increments  of  10  tons.  After  each  application,  the  load  was  released  and  measurements 
taken.  After  loading  to  100  tons,  specimens  were  removed  from  press  and  additional 
loading  applied  later. 

The  method  of  loading  and  results  of  the  test  are  shown  on  graph  designated  as 
Fig.  1. 

A  • 
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Condition  After  Tests 

Casting  No.  1.  Vertical  walls  on  both  sides  developed  fractures  at  inside  lower 

corner  at  the  widest  flare  point  (about  2J4  inches  back  of  center  of  cross-rib)  extending 
about  1  inch  upward  from  base  and  54  inch  to  1  inch  outward  in  base.  At  lOO  ton 

load  rib  near  flare  buckled,  ordinate  being  about  -^  inch. 

Casting  No.  2.  Rear  curved  rib  developed  fracture  where  it  joins  vertical  wall  at 
one  end,  extending  about  half  way  from  bottom  upward.  Base  developed  slight  crack 
at  inner  comer  about  4  inches  in  front  of  this  rib.  Vertical  walls  developed  indications 

of  fracture  at  wide  point,  less  than  in  Casting  No.  1  or  Casting  No.  3. 

Casting  No.  3.  Vertical  walls  developed  fracture  at  wide  point  similar  to  No.  1, 
except  not  as  large. 

Assembled  Joint  at  Heel 

The  heel  joint  of  No.  2  casting  (without  bolt  shrouds)  was  completely  assembled  with 

two  short  pieces  of  131-lb.  RE  rail,  two  standard  joint  bars  and  four  V/s  inch  Hi-Tensile 
bolts.  All  bolts  were  tightened  by  two  men  using  a  four  foot  wrench  until  over  all  bolt 

length  was  increased  is  inch,  resulting  in  the  width  of  the  base  of  the  casting  at  the 
heel  being  lessened  ̂   inch. 

Radiographic  Examination 

The  top  surface  of  Casting  No.  1  was  x-rayed  near  the  cross-ribs  and  indications 
of  slight  shrinkage  cavities  were  developed,  which  were  proved  by  cross  cutting  and 
polishing  the  sections. 

Conclusions 

1.  Cross- ribs  and  bolt  shrouds  attached  to  the  floor  of  the  castings  are  inducive 
to  shrinkage  cavities  of  more  or  less  magnitude. 

2.  "S"  shaped  ribs  unattached  to  the  floor  of  the  casting  will  insure  sounder  castings. 

Recommendations 

In  view  of  the  above,  it  is  recommended  that  AREA  Plans  Nos.  640  and  670  be 
revised  as  follows: 

1.  Cross-ribs  attached  to  the  floor  of  castings  be  replaced  by  "S"  shaped  ribs 
unattached  to  the  floor  at  approximately  the  same  locations. 

2.  Bolt  shrouds  be  omitted  as  follows: 

(a)  At  the  heel  of  all  frogs. 

(b)  At  the  toe  of  Design  No.  1  frogs  for  rail  6  inches  or  higher.  ("S"  shaped  rib 
be  introduced  in  the  body  between  first  and  second  joint  holes  in  (a)  and 
(b).) 

(c)  At  toe  of  Design  No.  2  frogs  and  self-guarded  frogs. 
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Appendix  E 

(6)     DESIGN  OF  TIE  PLATES  FOR  RE  RAIL  SECTIONS 
AS  DEVELOPED 

J.  de  N.  Macomb,  Chairman,  Sub-Committee;  E.  W.  Caruthers,  H.  R.  Clarke,  J.  A. 
Ellis,  J.  R.  Scatterday,  G.  L.  Sitton,  G.  M.  Strachan. 

The  following  specifications  for  hot  worked,  high-carbon  steel  tie  plates  have  been 
prepared  and  are  recommended  for  publication  as  information: 

PROPOSED  SPECIFICATIONS  FOR  HOT  WORKED,  HIGH-CARBON 
STEEL  TIE  PLATES 

1.  These  specifications  cover  hot  worked,  high-carbon  steel  tie  plates  for  supporting 
rails  in  track. 

MANUFACTURE 

2.  (a)  The  steel  shall  be  made  by  one  or  more  of  the  following  processes:  open- 
hearth  or  electric-furnace. 

(b)  Cold  steel  accumulated  in  the  form  of  ingots  or  billets  which  meet  the  chemical 
requirements  of  Section  3  may  be  used. 

(c)  The  tie  plates  shall  be  punched,  slotted  and  sheared  hot  at  a  temperature  which 
will  give  the  best  results,  and  immediately  thereafter  placed  in  an  enclosure  to  insure 
slow  cooling  from  the  initial  heat. 

CHEMICAL  PROPERTIES  AND  TESTS 

3.  The  steel  shall  conform  to  the  following  requirements  as  to  chemical  composition: 

Open-Hearth  or 
Electric-Furnace 

Carbon,  percent     0.40  to  0.80 
Manganese,  percent     O.SO  to  1.00 
Phosphorus,  maximum  percent    O.OS 
Copper  (when  specified)  minimum  percent    0.20 

4.  (a)  An  analysis  of  each  melt  of  open-hearth  or  electric-furnace  steel  shall  be 
made  by  the  manufacturer  to  determine  the  percentages  of  carbon,  manganese  and  phos- 

phorus; also  copper  when  copper  steel  is  specified.  This  analysis  shall  be  made  from 
drillings  taken  at  least  y&  inch  beneath  the  surface  of  a  test  ingot  obtained  during  the 
pouring  of  the  melt.  The  chemical  composition  thus  determined  shall  be  reported  to  the 
purchaser  or  his  representative,  and  shall  conform  to  the  requirements  specified  in 
Section  3. 

(b)  Ladle  analysis  of  cold  steel  correctly  identified  by  melt  number  may  be  taken 
from  the  mill  record. 

PHYSICAL  PROPERTIES  AND  TESTS 

5.  Bend  test  specimens  shall  be  taken  from  the  finished  tie  plates,  longitudinally 
with  the  direction  of  rolling.  They  shall  be  rectangular  in  section,  the  width  of  the 
specimen  being  not  less  than  the  average  thickness,  and  shall  have  two  faces  as  rolled. 
They  shall  be  free  from  ribs  or  projections.  Where  the  design  of  the  tie  plates  is  such 
that  specimens  cannot  be  taken  between  the  ribs  or  projections,  these  ribs  or  projections 
shall,  in  preparing  the  specimen,  be  planed  off  even  with  the  main  surface  of  the  tie  plate. 
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6.  The  bend  test  specimens  specified  in  Section  5  shall  stand  being  bent  cold  through 
30  degrees  around  a  pin  the  diameter  of  which  is  equal  to  two  times  the  thickness  of  the 

specimen  without  cracking  on  the  outside  of  the  bent  portion. 
7.  If  preferred  by  the  manufacturer,  the  following  bend  test  may  be  substituted  for 

that  described  in  Section  5: 

A  finished  tie  plate  may  be  bent  in  either  direction.  This  test  shall  stand  being  bent 

cold  through  30  degrees  around  a  pin  the  diameter  of  which  is  equal  to  two  times  the 

thickness  of  the  specimen  where  bent,  without  cracking  on  the  outside  of  the  bent  portion. 

The  term  "thickness"  includes  vertical  height  of  ribs  and  shoulder  where  they  are  trans- 
verse to  direction  of  pin. 

8.  (a)     One  bend  test  shall  be  made  from  each  lot  slow  cooled  as  a  unit. 

(b)  Tie  plates  represented  by  bend  tests  failing  to  meet  the  above  requirements, 

may  be  annealed  and  re-submitted.  If  tie  plates  fail  to  meet  the  third  test  they  shall  be 
rejected. 

WORKMANSHIP  AND  FINISH 

9.  The  tie  plates  shall  conform  to  the  dimensions  specified  by  the  purchaser,  with 

the  following  permissible  variations: 

(a)  For  plates  with  shoulders  parallel  to  the  direction  of  rolling,  a  variation  of 

g^  inch  in  thickness,  %  inch  in  rolled  width,  and  fs  inch  in  sheared  length  will  be 

permitted. 

(b)  For  plates  with  rolled-in  camber,  a  variation  of  ̂   inch  in  thickness,  A  inch  in 
rolled  width,  and  %  inch  in  sheared  length  will  be  permitted. 

(c)  A  variation  of  not  more  than  g'a  inch  in  the  location  of  spike  holes  and  in  the 
length  of  their  sides  will  be  permitted. 

(d)  Regardless  of  variations  otherwise  permissible,  the  weights  to  be  paid  for  shall 

not  exceed  by  more  than  3  percent  the  weights  calculated  from  the  specified  dimensions. 

10.  The  tie  plates  shall  be  smoothly  rolled,  true  to  templet,  out  of  wind,  and  free 
from  imperfections  in  surface  and  from  projecting  fins  of  metal  caused  by  shearing  and 

punching. 

MARKING 

11.  The  name  or  brand  of  the  manufacturer,  the  section  of  the  tie  plate,  year  of 

manufacture  and  the  letters  "HW"  indicating  hot  worked,  shall  be  rolled  in  raised  letters 
and  figures  on  the  outside  of  the  shoulder  of  the  tie  plates,  and  a  portion  of  this  marking 

shall  appear  on  each  finished  tie  plate. 

INSPECTION  AND  REJECTION 

12.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 

while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  man- 

ufacturer's works  which  concern  the  manufacture  of  the  tie  plates  ordered.  The  manu- 
facturer shall  afford  the  inspector,  without  charge,  all  reasonable  facilities  to  satisfy  him 

that  the  tie  plates  are  being  furnished  in  accordance  with  these  specifications.  All  tests 

and  inspection  shall  be  made  at  the  place  of  manufacture  prior  to  shipment,  unless  other- 
wise specified,  and  shall  be  so  conducted  as  not  to  interfere  unnecessarily  with  the 

operation  of  the  works. 

13.  (a)  Tie  plates  failing  to  meet  the  requirements  of  these  specifications  will  be 
rejected. 

(b)  Tie  plates  which  show  injurious  defects  subsequent  to  their  acceptance  at  the 

manufacturer's  works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 



416  Track 

Appendix  F 

(8)     WELDING  OF  MANGANESE  CASTINGS  IN  SPECIAL 
TRACK  WORK 

F.  J.  Bishop,  Chairman,  Sub-Committee;  Lem  Adams,  F.  W.  Hillman,  C.  T,  Jackson, 
G.  M.  Magee,  F.  H.  Masters,  1.  H.  Schram,  G.  J.  Slibeck,  H.  N.  West. 

HISTORY 

Manganese  steel  was  discovered  and  produced  by  Robert  A.  Hadfield  of  Sheffield, 

England,  in  1882.  Hadfield  was  attempting  to  produce  a  steel  that  had  the  properties 
of  both  hardness  and  toughness,  a  combination  not  ordinarily  found  in  rail  steel,  for 

the  reason  that  hardness  implies  brittleness  and  toughness  is  usually  found  in  a  soft  steel. 

The  combinations  of  pig  iron  and  manganese  oxide  were  produced  prior  to  1882 — such 

combinations  being  non-magnetic  similar  to  our  present  Hadfield  manganese,  but  the 
carbon  content  of  the  earlier  mixtures  was  so  high  that  the  steel  was  too  brittle  for  use 

in  track.  Hadfield's  experiments  of  1882  added  from  10  to  12  percent  manganese  with 
carbon  in  the  proportion  from  1  to  10.  The  first  manganese  steel  castings  produced  in 
America  were  made  in  1892  and  since  then,  production  has  grown  steadily  and  at  the 

present  time  production  of  such  castings  is  in  excess  of  100,000  tons  per  year.  Up  until 

1919  manganese  steel  was  made  by  mixing  soft  converter  steel  and  separately  melted 

ferro-manganese.  For  the  last  15  years,  however,  manganese  steel  has  been  produced 
largely  in  the  electric-arc  furnace. 

As  near  as  can  be  determined,  the  first  attempt  at  welding  manganese  was  in  1916 
on  the  traction  line  in  Denver.  The  first  welding  on  steam  railroads  was  on  the  B.  &  0. 

in  1919.  Up  until  1929,  all  welding  of  manganese  steel  was  somewhat  experimental  and 

its  rapid  progress  since  1929,  has  been  due  to  the  development  of  the  proper  kind  of 

welding  rod  developed  through  research  on  the  part  of  rod  manufacturers,  advances  in 

electric-arc  welding  equipment  and  earnest  efforts  on  the  part  of  commercial  arc  welding 
companies  to  improve  the  technique  of  manganese  welding.  All  of  these  efforts  con- 

tributing toward  the  progress  of  the  art  of  manganese  welding  were,  of  course,  greatly 

accelerated  by  the  absolute  necessity  of  decreased  maintenance  cost  during  the  depres- 
sion. Efforts  on  the  part  of  the  agencies  conducting  experiments,  etc.,  as  well  as  efforts 

contributed  by  the  railroads,  are  continuing  at  the  present  time. 

METALLURGY  OF  MANGANESE  CASTINGS 

Manganese  steel  for  track  work  has  the  following  chemical  composition: 

Minimum  Maximum 
Percent  Percent 

Manganese      ,       10.00  14.00 
Carbon          1.00  1.40 
Phosphorus      06  0.10 
Sulfur     02  O.OS 
Silicon      40  .60 

The  melting  point  of  this  combination  is  about  2450  degrees.  The  steel  coming 
from  the  furnace  is  poured  into  the  moulds  and  allowed  to  cool  which  results  in  a  brittle 

casting  unfit  for  use  in  track.  The  casting  is  again  placed  in  the  furnace  and  heated  to 
about  1900  degrees  F.,  at  which  temperature  the  carbides  go  into  solid  solution — the 
casting  is  then  removed  from  the  furnace  and  quenched  in  a  water  bath  in  order  to 

prevent  the  carbides  segregating  from  the  manganese.     Such  segregation  would  produce 
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a  weak  casting.  Because  of  the  peculiar  work  hardening  characteristics  of  the  man- 
ganese castings  produced  by  this  method,  it  is  necessary  to  finish  all  castings  by  grinding. 

The  finished  castings  have  a  Brinell  hardness  of  180  to  200.  The  peculiar  property  of 

this  steel  which  makes  it  so  adaptable  for  track  work,  is  that  under  repeated  loads  the 

castings  are  surface  hardened  to  the  point  where  the  Brinell  hardness  reaches  450  to  500 

— thus  under  traffic  there  is  produced  a  casting  the  body  of  which  is  soft  and  ductible, 
while  the  wearing  surface  is  hard  and  has  a  high  abrasive  resistance. 

METALLURGY  OF  WELDING 

When  the  Brinell  hardness  of  track  castings  reaches  500  to  550  extreme-  surface  brit- 
tleness  causes  the  top  surface  of  casting  to  spall.  Repairs  to  castings  by  welding  should, 
therefore,  be  accomplished  as  soon  as  evidence  of  spalling  is  noticed,  for  the  reason  that 

wheels  striking  the  depression  in  the  casting  at  the  spalled  portion  will  cause  excessive 
stresses  in  the  soft  body  of  the  casting  and  very  likely  to  cause  bad  cracks  and  ruin  the 
frog  for  further  service. 

WELDING 

Because  of  the  peculiar  metallurgical  properties  of  manganese  steel,  great  care  must 

be  exercised  to  prevent  overheating  of  castings  beyond  the  critical  temperature.  This 
critical  temperature  may  be  as  low  as  800  degrees  if  such  temperature  is  maintained  for 

several  hours.  Momentary  temperatures  much  higher  than  800  degrees  can  be  used  in 

welding  of  manganese  castings — such  high  momentary  temperatures  being  necessary  for 
the  proper  fusion  between  the  weld  metal  and  the  parent  metal  in  the  casting.  It  has 

been  found  that  fusion  temperatures  can  best  be  obtained  with  electric-arc  and  this 
process  is  used  exclusively  in  the  welding  of  manganese  track  castings. 

As  a  general  principle  the  weld  metal  or  electrode  used  in  welding  manganese  cast- 

ings should  correspond  closely  with  the  chemical  make-up  of  the  casting  and  originally 
welding  rods  were  practically  identical  with  the  castings.  Research  on  rods  has  shown 
that  the  introduction  of  small  amount  of  nickel  into  the  rod  produces  a  much  more 

successful  rod.    Most  reliable  rods  used  have  analyses  between  following  hmits: 

Minimum  Maximum 

Carbon      70  l.lS 
Manganese          12.00  14.00 
Nickel            3.00  5.00 
Silicon      45  2.00 

Bare  rods  are  preferable  to  those  containing  a  similar  combination  of  elements  by 

coating,  for  the  reason  that  coating  has  a  tendency  to  heat  the  castings  and  it  is  probable 
that  coated  rods  should  be  avoided  except  where  welding  is  performed  under  adverse 
weather  conditions. 

Castings  in  general  have  a  somewhat  variable  structure,  for  the  reason  that  parts 
are  of  different  thickness.  Thin  parts  are  attached  to  relatively  thick  parts,  resulting  in 

fine  hair  cracks  developing  under  traffic.  Manganese  castings  have  the  same  properties 
to  an  augmented  degree  because  of  the  sensitiveness  of  the  metal  to  temperature  changes. 

It  is  therefore  essential  that  a  manganese  casting  to  be  welded,  be  properly  prepared  by 
removing  all  loose  metal  and  by  grinding  out  a  sufficient  depth  to  remove  all  hair  cracks 

and  a  thin  section  of  weak  metal  produced  at  the  junction  of  any  previous  welds.  New 

weld  metal  must  be  applied  slowly  in  order  to  prevent  critical  increase  in  temperature  of 

the  castings.  Each  bead  of  the  weld  apphed  should  be  worked  into  the  casting  by  peen- 
ing.  Subsequent  beads  should  not  be  added  until  the  metal  has  cooled.  It  is  obvious, 

therefore,  that  for  the  best  results,  welding  manganese  castings  should  be  done  slowly 
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and  with  extreme  care.  It  is  likewise  essential  that  the  proper  voltage  and  amperage  be 

used  in  order  to  obtain  proper  fusion  between  weld  metal  and  the  original  casting. 

Various  diameters  of  rods  require  different  amount  of  current  to  produce  proper  pene- 
tration. The  lowest  possible  current  that  will  give  good  penetration  should  be  used. 

The  approximate  currents  for  various  sizes  of  electrodes  are  as  follows: 

Diameter  Rod  Current 

%  inch       75-100  Amps. 
^  inch      100-lSO  Amps. 
^  inch       1S0-17S  Amps. 
%  inch       175-225  Amps. 

EQUIPMENT 

Manufacturers  have  in  the  past  and  are  now,  spending  large  sums  in  the  develop- 
ment of  efficient  equipment.     Comprehensive  reports  have  been  prepared  covering  this 

subject  by  Committee  XXVII — Maintenance  of  Way  Work  Equipment,  which  report 
may  be  found  in  Volumes  35,  36  and  37  of  the  Proceedings. 

ECONOMIES 

The  welding  of  manganese  track  castings  whether  done  by  contract  welders  or  by 

the  railroad  company's  own  forces,  is  relatively  cheap  in  comparison  with  the  cost  of 
replacing  with  new  castings.  While  the  welding  of  worn  castings  brings  them  back  to 
serviceable  condition,  they  are  not,  as  a  general  rule  as  good  as  new  and  it  cannot  be 

expected  to  get  the  same  service  life  out  of  a  weld  as  is  obtained  out  of  the  new  casting. 

The  life  of  a  particular  manganese  weld  varies  from  30  percent  to  50  percent  of  the  life 

of  a  new  casting  and  on  the  average  40  percent  of  such  life.  Therefore,  a  new  frog  that 

would  last  normally  five  years  in  track,  its  service  life  would  be  extended  with  a  par- 

ticular weld  an  additional  two  years.  At  the  end  of  two  years  depending  on  the  con- 
dition of  the  frog  and  the  cost  of  rewelding,  its  service  life  may  be  prolonged  for  many 

more  years.  Frogs  have  been  welded  as  many  as  ten  consecutive  times  before  their 
service  life  was  exhausted.  Manganese  castings  that  have  been  welded  a  number  of 

times,  should  be  examined  closely  and  a  careful  estimate  made  of  the  cost  of  rewelding 

as  such  costs  may  become  so  high  that  economy  would  dictate  the  replacement  with  a 

new  casting.  The  strength  of  manganese  castings  is  somewhat  impaired  with  each  suc- 
cessive weld,  due  to  the  removal  by  grinding  of  a  part  of  the  soft  ductile  parent  metal 

of  the  casting.  The  life,  therefore,  of  subsequent  welds  on  the  frogs  on  account  of  being 

placed  on  a  less  stable  foundation  is  progressively  reduced  and  eventually  gets  so  short 
that  it  will  not  be  economical  to  repair  frog. 

The  cost  of  welding  manganese  castings  varies  considerably  on  different  railroads 
and  there  is  also  considerable  variation  in  the  cost  of  welding  similar  castings  on  different 

divisions  of  any  one  railroad.  At  the  present  time  the  greater  proportion  of  manganese 

welding  is  being  done  by  contract  welders  using  portable  equipment.  The  question  as 

to  whether  castings  should  be  welded  in  track  or  taken  to  a  central  reclamation  plant 

is  one  that  must  be  decided  by  the  individual  railroad.  Probably  no  definite  general 

principles  can  be  laid  down  that  would  be  of  material  assistance,  except  that  care  should 
be  exercised  in  determining  the  costs  of  welding  to  include  all  of  the  direct  costs  as  well 

as  indirect  and  hidden  expense  which  will  accrue  and  must  be  paid  for  by  the  railroad. 

The  successful  development  of  manganese  welding  has  made  it  possible  for  railroads 

to  obtain  longer  wearing  frogs,  maintain  these  frogs  in  track  for  a  much  longer  period 
than  had  been  heretofore  experienced.  Welding  has  likewise  made  it  possible  to  reduce 

stock  of  frogs  carried  on  hand  for  maintenance  purposes.  These  two  factors  obviously 

have  reduced  the  maintenance  cost  of  frogs  to  a  marked  degree. 
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Conclusions 

1.  The  welding  of  manganese  track  castings  by  the  electric  arc  process  is  entirely 
practical  and  economical  and  has  saved  the  railroads  many  thousands  of  dollars. 

2.  Proper  technique  in  the  application  of  welds  to  manganese  track  work  is  most 
essential. 

3.  Efficient  and  up-to-date  equipment  should  be  used. 
4.  Manganese  track  welding  should  not  be  attempted  by  untrained  men. 
5.  Care  must  be  used  in  the  selection  of  welding  rod. 
This  report  is  offered  as  information  with  a  recommendation  that  the  conclusions  be 

published  in  the  Manual  and  the  subject  dropped  for  the  present. 

Appendix  G 

(10)     LUBRICATION  OF  RAIL  ON  CURVES 

F.  S.  Hales,  Chairman,  Sub-Committee;  W.  H.  Bettis,  L.  H.  Bond,  R.  W.  E.  Bowler, 
A.  F.  Ruber,  T.  T.  Irving,  A.  E.  Perlman,  S.  H.  Poore,  G.  L.  G.  Smith,  C.  R. 
Strattman. 

Based  on  field  studies  and  records  which  have  been  kept,  the  life  of  rail  on  curves 
can  be  extended  by  lubrication  of  the  rail.  Whether  the  increase  in  rail  life  wUl  justify 
the  expense  of  lubricating  depends  on  many  factors. 

Lubrication  can  be  accomplished  by  any  of  the  following: 
1.  Mechanical  lubricators  installed  in  the  track. 
2.  Mechanical  flange  lubricators  on  locomotives. 
3.  Mechanical  lubricators  on  locomotives  applying  lubricant  directly  to  rail. 
4.  Hand  application  of  the  lubricant  to  rail. 

Method  4  is  too  expensive  in  the  majority  of  cases  and  will  not  be  discussed  further 
at  this  time. 

Methods  2  and  3.  Lubricators  on  locomotives  applying  lubricant  to  wheel  flanges 
or  directly  on  raU  function  satisfactorily  in  most  cases,  but  it  will  be  recognized  that 
this  does  not  always  provide  lubrication  in  proportion  to  tonnage  handled  as  do  lubri- 

cators installed  in  track,  and  that  unless  aU  engines  are  equipped  difficulty  arises  in 
assigning  engines  to  adequately  lubricate  curves. 

Method  1.  Track  lubricators  have  the  distinct  advantage  of  being  located  where 
needed  and  of  working  for  all  wheels  and  not  for  locomotives  only. 

Several  roads  have  accumulated  cost  data  on  lubricators  and  increase  in  life  of  rail 

on  curves,  and  tables  have  been  prepared  to  be  used  as  a  guide  in  determining  the  econ- 
omy of  lubricators,  but  in  all  cases  these  tables  take  into  account  the  increased  life  of 

the  rail  only,  while  tests  and  observations  have  shown  other  savings  to  be  made  as 
follows: 

Decreased  locomotive  driver  flange  wear 
Saving  in  ties  because  of  decreased  gaging 
Less  resistance  to  train  movement 

Very  little  actual  cost  data  has  been  accumulated  on  the  above  and  the  resultant 
saving  is  therefore  for  future  study. 

With  information  which  is  available  at  present  it  is  practically  necessary  to  justify 
the  lubricator  on  the  basis  of  increased  life  of  rail,  using  the  other  items  as  additional 
intangible  savings. 

Short  curves,  light  curvature,  and  curves  far  apart  do  not  generally  warrant 
lubricators. 
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Based  on  rail  life  only,  one  method  of  determining  whether  or  not  a  lubricator  is 
justified  is  as  follows: 

1 — Determine  total  annual  cost  of  lubricator  including 

Annual  charge  for  annuity; 
Interest  at  current  rate  on  investment; 
Maintenance  and  operating  cost,  including  lubricant. 

The  above  based  on  several  records  average  from  $100  to  $150  per  year,  depending 
upon  the  amount  of  lubricant  used  and  the  location  of  the  lubricator. 

2 — Estimate  from  experience  the  increase  in  life  of  the  rail  and  the  annual  saving 
resulting  therefrom,  taking  into  account  interest  on  rail,  use  after  removal,  salvage, 
labor,  etc. 

If  2  is  greater  than  1  the  lubricator  can  be  justified. 

For  information  only  there  is  attached  a  method  used  by  one  railroad.  It  should  be 

kept  in  mind  that  each  location  is  a  separate  problem  and  requires  a  separate  study. 

There  are  on  the  market  at  the  present  time  several  typ>es  of  track  lubricators,  of 
which  four  seem  to  be  the  only  ones  of  record  on  various  roads. 

A  very  important  factor  in  regard  to  track  lubricators  is  how  far  the  lubrication  is 

effective  and  while  this  depends  upon  the  amount  of  curvature,  a  canvass  of  most  of  the 
railroads  would  indicate  that  about  SOOO  feet  is  all  that  can  be  expected. 

There  are  many  other  items  which  the  Committee  feels  should  be  studied  but  on 

which  at  the  present  time  there  is  very  little  information.    These  are  as  follows: 

Proper  location  of  lubricators  with  respect  to  territory  to  be  lubricated. 
Effective  distance  lubricant  will  carry. 
Relation  between  degree  of  curve  and  increased  life  of  rail  lubricated. 
Decreased  train  resistance,  with  respect  to  tonnage  and  curvature. 
Decreased  wear  on  engine  tires. 
Kind  of  lubricant. 

Some  information  has  been  collected  but  not  enough  to  warrant  any  conclusions. 

The  Committee  has  collected  some  data  showing  rail  wear  before  and  after  oiling  and 
hopes  to  collect  additional  data  later  and  submit  this  data  to  the  Association  for  its 

information  next  year. 

The  report  is  submitted  for  information  with  the  recommendation  that  the  subject 
be  continued. 

ONE  METHOD  OF  DETERMINING  THE  ECONOMICS  OF  RAIL  LUBRICATORS 

Let  C  =  Original  cost  of  oiler. 
A  =  Annual  maintenance  of  oiler  including  repairs  and  grease. 
r=  Rate  of  interest  expressed  as  a  decimal. 
n  =  Life  of  oiler  in  years. 
a  =  Annual  charge  for  replacement  and  interest  on  investment. 

Total  annual  cost  of  rail  oiling  ■=  a-{-  A 

and  total  annual  cost  of  oiling 
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Let  bi  =  Life  of  rail  not  oiled. 
bi  =  Life  of  rail  when  oiled. 
M  ̂   Length  of  curve  in  miles. 
c=  Cost  of  one  mile  of  rail  installed,  including  labor  (5280  linear  foot  rail). 
s  =  Salvage  value  of  one  mile  of  rail  when  released. 

(c  —  i)  =  Cost  less  salvage. 

Annual  cost  of  rail  on  any  curve  not  oUed  =  oi 

Annual  cost  of  rail  on  any  curve  when  oiled  =  <h 

(3)   ̂ =[(i+;^(-i](^-^)   ̂  

Saving  in  rail  due  to  using  oilers 

(S)        =  Oi  —  (h 

and  this  should  be  greater  than 

(2)  or  (S)  —  (2)  =  annual  net  saving  due  to  installation  of  oilers. 

Example 

Assume  oiler  cost  $350  installed  and  will  last  10  years.    Interest  at  rate  of  5  percent. 

a — from  table  for  10  years  =  .1295  (350)      $  46.00 
Assume  maintenance,  etc.,  A     100.00 

Total  annual  cost  of  oiler    $146.00 

Assume  curve  one  mile  long  laid  with  112-lb.  rail,  with  Ufe  of  6  years  without  oiler 
and  an  estimated  life  of  11  years  with  oiler. 

5280  Linear  feet  of  112-lb.  rail— 88.5  tons  @  $40.00  (New)   $3,540.00 
Less  salvage  @  $15.00     1,328.00 

$2,212.00 Labor  laying          300.00 

Net  cost      $2,512.00— (c  —  5) 

For  S  percent  interest  and  annuity  for  given  b — see  tables 
6i  =  6 
6,  =  11 

<h  =  .197017  (2512)      $495.00 
02  =.12039    (2512)        303.00 

Annual   saving      $192.00 
Annual  oiler  cost      146.00 

Net  saving    $  46.00  or 

13  percent  return  on   $350.00 
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Appendix  H 

(11)     DESIGN  OF  CUT  TRACK  SPIKES  FOR  USE  WITH  AREA 
TOELESS  JOINT  BARS 

E.  D.  Swift,  Chairman,  Sub-Committee;   L.  H.  Bond,  H.  R.  Clarke,  H.  F.  Fifield, 
J.  N.  Todd. 

The  present  standard  cut  track  spike  with  a  toe  length  of  SS  inch  cannot  be  correctly 
driven  with  the  toeless  type  joint  bars.  If  driven  in  the  usual  position ;  that  is,  with  the 
point  or  toe  toward  the  bar,  the  length  of  the  head  is  too  great  to  permit  the  spike  being 
driven  straight  and  must  be  cocked  back,  which  is  not  desirable.  The  only  other  method 
of  driving  is  to  reverse  the  spike  and  drive  it  with  the  heel  toward  the  joint  bar.  In  this 
position,  the  spike  can  be  driven  straight,  and  it  will,  of  course,  hold  the  tie  plate  and 
the  rail  in  position,  but  it  offers  very  little  holding  power  to  lift  the  tie  when  track  is 
being  surfaced  or  the  joints  picked  up.  The  holding  power  is  so  slight,  particularly  after 
the  rail  has  been  in  a  short  time,  that  generally  the  joint  tie  does  not  come  up  with  the 
rail,  making  it  necessary  to  perform  an  extra  operation  in  nipping  up  the  tie. 

The  extra  length  of  spike  is  considered  necessary,  taking  into  account  the  thickness 
of  the  angle  bar,  tie  plate,  etc. 

A  spike  with  a  short  head  as  illustrated  by  Fig.  1  has  been  used  extensively  on  many 
roads  and  has  been  found  to  overcome  the  objections  outlined  above.  This  spike  can  be 
readily  manufactured  in  standard  spike  machines,  so  that  there  is  no  objection  to  this 
type  of  spike  from  a  manufacturing  standpouit. 

It  is  recommended  that  the  plan  for  the  short  head  spike,  shown  as  Fig.  1  be  printed 
as  information,  continuing  the  subject. 
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REPORT  OF  SPECIAL  COMMITTEE  ON  COMPLETE 
ROADWAY  AND  TRACK  STRUCTURE 

John  E.  Armstrong,  Chairman;  John  Foley,  C.  H.  Th-lett, 
Geo.  S.  Fanning,  John  V.  Neubert,  J.  E.  Teal, 
A.  D.  Kennedy,  C.  J.  Geyer,  A.  R.  Wilson, 

Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subjects: 

(1)  Complete  roadway  and  track  for  various  loads  and  traffic  densities.    Progress 

in  study — no  report. 

(2)  Classification  of  railways.    Progress  in  study — no  report. 

The  Special  Committee  on  Complete  Roadway  and  Track  Structure, 

John  E.  Armstrong,  Chairman. 

Bulletin  401,  January,  1938. 
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REPORT  OF  SPECIAL  COMMITTEE  ON  CLEARANCES 

A.  R.  Wilson,  Chairman;  J.  G.  Brennan,  J.  F.  Leonard, 
John  E.  Armstrong,  Geo.  S.  Fanning,  C.  H.  Tillett, 
H.  AusTiLL,  W.  S.  H.  Hamilton,  R.  A.  Van  Ness, 
Hadley  Baldwin,  L.  H.  Lattoley,  O.  G.  Wilbur, 
R.  C.  Bardwell,  Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  submits  the  following  report: 

(1)  Revision  of  Manual  (Appendix  A). 

(2)  Clearances  as  affected  by  half -through  inter-track  girders  and  structures,  third 
rail,  signal  and  train  control  equipment,  collaborating  with  Electrical  Section  and  with 
Mechanical  and  Operating  Divisions.    Progress. 

(3)  Provide  clearance  diagrams  for  recommended  practice,  collaborating  with 
committees  concerned.    Progress. 

Appendix  A 

Equipment  Diagram  Unrestricted  for  Main  Lines — Fig.  10,  as  included  in  the  Manual, 

page  Cl-10,  has  been  revised  and  Mr.  J.  M.  Symes,  Vice-President,  Operations  and  Main- 
tenance Department,  Association  of  American  Railroads,  so  advised,  in  accordance  with 

authority  given  the  Committee  at  the  1937  Convention  as  reported  in  the  1937  Proceed- 
ings, page  36,  namely,  width  of  diagram  changed  from  10  feet  7  inches  to  10  feet  8  inches 

and  distance  to  top  of  rail  changed  from  4  inches  to  2J^  inches  (it  being  necessary  with 

this  latter  change  to  change  width  of  diagram  at  this  location  from  7  feet  6  inches  to 
7  feet  4  inches). 

Your  Committee  recommends  approval  of  diagram  changes  and  confirmation  of  its 
action. 

The  Special  Committee  on  Clearances, 

A.  R.  Wilson,  Chairman. 
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EauiPMENT  Diagram 

Unrestricted* FOR  Mainlines 
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Plane  of  Top  of 
Runninq  Rails 

Notes  : 
The  word    Unresiricfed  io  be  mierpreted  fhaf  car  can  be  moved, 

bul  i+  may  be  necessary,  in  order  io.  avoid  ihe  close  clearance  at  a 

few  lociiions,  fo  move  car  af  reduced  speed  or  divert  car  to  tracks 
not  normally  used  for  regular  movement. 

The   2i  above  Top  of  Rail  is  absolute  minimum  under  an_y  and  all 
conditions  of  lading,  operation  and  maintenance  (v^ear  of  axles,  wheels 

and  settlement  of  parts).  Allowance  must  be  made  for  the    service 
conditions  in  the  desi3n  of  new  cars. 

FIGURE  10 



REPORT  OF  COMMITTEE  IX— HIGHWAYS 

J,  G.  Brennan,  Chairman; 
F.  D.  Batchellor, 
H.  A.  Bertram, 
H.  D.  Blake, 
H.  E.  Brink, 
H.  B.  Christianson, 
S.  N.  Crowe, 
A.  T.  Danver, 
A.  R.  Dewees, 
A.   F.   DORLEY, 
W.  M.  Dunn, 
G.  N.  Edmondson, 
C.  F.  Edwards, 
P.  W.  Elmore, 
H.  L.  Engelhardt, 
H.  W.  Fenno, 
D.  E.  Field, 

L.  C.  Frohman, 
P.  M.  Gault, 
R.   C.   GOWDY, 
A.  S.  Haigh, 
J.  P.  Hallxhan, 
H.  A.  Hampton, 
W.  J.  Hedley, 
A.  G.  Holt, 
CD.  Horton, 
Maro  Johnson, 
R.  B.  Kittredge, 
Geo.  a.  Knapp, 
A.  E.  Korsell, 
W.  S.  Lacher, 
Fred  Lavis, 
E.  R.  Lewis, 

Bernard  Blum,  Vice- Chairman; 
E.  E.  Mayo, 
G.  P.  Palmer, 
W.  C.  Pinschmidt, 
T.  M.  Pittman, 
L.   J.   RiEGLER, 
Frank  Ringer, 
H.  M.  Shepard, 
F.  C.  Squire, 
W.  C.  SWARTOUT, 
C.  A.  Taylor, 
V.  R.  Walling, 
J.  L.  Way, 
Leroy  Wyant, 
W.  L.  Young, 

Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subjects: 

(1)  Revision  of  Manual.    Progress  in  study — no  report. 

(2)  Economic  aspects  of  grade  crossing  protection  in  lieu  of  grade  separation. 

Progress  in  study — no  report. 

(3)  Design  and  specifications  for  highway  crossings  at  grade  over  railway  tracks, 

both  steam  and  electric,  collaborating  with  Committee  I — Roadway,  and  with  American 

Society  of  Municipal  Engineers,  and  American  Transit  Association.  Progress  in  study — 
no  report. 

(4)  Comparative  merits  of  various  types  of  grade  crossing  protection,  collaborating 

with  Committee  X — Signals  and  Interlocking,  Signal  Section,  and  Safety  Section  and 
Highway  Research  Board   (Appendix  A).    Progress.    Report  presented  as  information. 

(5)  "Gates-Not- Working"  and  "Watchman-Not-On-Duty"  signs  (Appendix  B). 
Complete,  with  recommended  conclusions  for  publication  in  the  Manual  as  recommended 

practice. 

(6)  Method  of  classifying  grade  crossings  with  respect  to  hazard.  Progress  in  study 

— no  report. 

(7)  Barrier  type  of  grade  crossing  protection,  including  automatic  gates,  collabo- 
rating with  Signal  Section  (Appendix  C).  Complete,  with  recommended  conclusions  for 

publication  in  the  Manual  as  recommended  practice. 

(8)  Lamps  on  manual  and  automatic  crossing  gates,  collaborating  with  Signal 
Section  (Appendix  D).    Progress.    Report  presented  as  information. 

The  Committee  on  Highways, 

J.  G.  Brennan,  Chairman. 

Bulletin  401,  January,  1938. 
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Appendix  B 

(5)     "GATES-NOT-WORKING"  AND  "WATCHMAN-NOT- 
ON-DUTY"  SIGNS 

Maro  Johnson,  Chairman,  Sub-Committee;  H.  D.  Blake,  S.  N.  Crowe,  A.  T.  Danver, 
A.  F.  Dorley,  L.  C.  Frohman,  P.  M.  Gault,  A.  S.  Haigh,  W.  J.  Hedley,  A.  G.  Holt, 
C.  D.  Horton,  A.  E.  Korsell,  E.  R.  Lewis,  G.  P.  Palmer,  W.  C.  Pinschmidt,  T.  M. 
Pittman,  F.  C.  Squire,  W.  C.  Swartout,  Leroy  Wyant. 

The    Sub-Committee    has    developed    drawings    for    "Gates-Not-Working"    and 
"Watchman-Not-on-Duty"  Signs: 

Reflector  "Watchman-Off-Duty"  Sign 
Reflector  "Gates-Not-Working"  Sign 
Mounting  of  Reflector  Signs 
Cover  Plates  for  Signs 

Conclusion 

Recommended  for  publication  in  the  Manual  as  recommended  practice. 
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SHORT    PmN^C\JE 
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Appendix  A 

(4)     COMPARATIVE  MERITS  OF  VARIOUS  TYPES  OF  GRADE 
CROSSING  PROTECTION 

H.  M.  Shepard,  Chairman,  Sub-Committee;  F.  D.  Batchellor,  H.  E.  Brink,  H.  B. 
Christiansen,  S.  N.  Crowe,  A.  T.  Danver,  A.  F.  Dorley,  L.  C.  Frohman,  P.  M.  Gault, 
C.  D.  Horton,  W.  C.  Pinschmidt,  L.  J.  Riegler,  C.  A.  Taylor,  V.  R.  Walling, 
Leroy  Wyant. 

Your  Committee's  assignment  this  year  was  to  investigate  the  various  types  of 
automatic  crossing  gates  on  the  market  and  report  on  their  use  by  the  different  rail- 

roads, the  results  obtained,  cost  of  installation,  maintenance,  etc. 

A  questionnaire  was  sent  to  railroads  that  were  known  to  be  using  automatic 
crossing  gates  and  the  replies  received  are  tabulated  as  follows: 

Number  of  crossings  Are  flashlights 
protected  by  used  in  addition  Type 

Name  of  Railroad                             automatic  gates  to  automatic  gates  of  gate 
Central  Vermont  Ry              1  Yes  Electric 
C.B.  &  Q.  R.R              2  No  HydrauUc 
Canadian  National  Ry              2  Yes  Electric 
C.M.St.P.  &  P.  R.R              3  Yes  Electric 
Erie  R.R              1  Yes  Hydraulic 
Grand  Trunk  Western  R.R              2  Yes  Electric 
Illinois  Central               5  No  3  Hydraulic 

2  Electric 
Rutland  R.R              1  Yes  Electric 
Southern  Pacific  Co              1  No  Electric 
L.  &  N.  R.R             19  S  with  1  Electric 

14  without  18  Hydraulic 

A  field  inspection  was  made  of  a  crossing  located  on  the  main  line  of  the  Erie  Rail- 
road between  Akron,  Ohio  and  Tallmadge,  Ohio.    The  grade  of  this  highway  is  heavy 

Fig.  1. 
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and  the  views  are  poor  in  all  quadrants.  Automatic  crossing  gates  were  installed  in 
January,  1937.  This  is  a  four-post  installation  with  a  red  light  on  each  arm  and  the 
gates  are  worked  in  conjunction  with  standard  flashlight  signals.  A  police  box  is  pro- 

vided so  that  in  case  of  failure  the  gates  can  be  raised  and  an  officer  can  protect  the 
crossing  until  repairs  are  made. 

Since  the  gates  have  been  installed  no  accidents  have  occurred.  The  crossing  is 
illustrated  by  photograph  shown  in  Fig.  1. 

Conclusion 
Offered  as  information. 

Appendix  C 

(7)     BARRIER  TYPE  OF  GRADE  CROSSING  PROTECTION, 
INCLUDING  AUTOMATIC  GATES 

Bernard  Blum,  Chairman,  Sub-Committee;  A.  R.  Dewees,  A.  F.  Dorley,  H.  L.  Engel- 
hardt,  H.  W.  Fenno,  R.  C.  Gowdy,  J.  P.  Hallihan,  H.  A.  Hampton,  W.  J.  Hedley, 
Geo.  A.  Knapp,  A.  E.  Korsell,  W.  S.  Lacher,  G.  P.  Palmer,  W.  C.  Pinschmidt, 
L.  J.  Riegler,  Frank  Ringer,  W.  C.  Swartout,  W.  L.  Young. 

REQUISITES  FOR  AUTOMATIC  CROSSING  GATES 

(1)  Automatic  gates  shall  be  provided  preferably  as  an  adjunct  to  AAR  recom- 
mended automatic  crossing  signals  of  the  flashing  light  or  wigwag  types. 

(2)  Automatic  gates  for  the  protection  of  highway  traffic  at  a  railroad  grade  cross- 
ing shall,  when  indicating  the  approach  of  a  train,  present  toward  the  highway  the 

appearance  of  horizontal  arm  or  arms  extending  over  the  traveled  roadway  a  sufficient 
distance  to  cover  the  lane  or  lanes  used  by  traffic  approaching  the  crossing. 

(3)  The  automatic  gate  arms  when  not  indicating  the  approach  of  a  train  shall 
not  obstruct  or  interfere  with  highway  traffic. 

(4)  A  highway  crossing  bell,  if  used,  shall  sound  a  warning  while  the  gate  is  being 
lowered. 

(5)  The  automatic  gate  arms  shall  be  mounted  on  posts  or  housings  containing 
the  arm  operating  mechanisms. 

(6)  The  design  of  the  gate  operating  mechanism  shall,  as  far  as  practicable,  be 
such  as  to  insure  proper  operation  during  unfavorable  weather  conditions,  and  if  out  of 
order,  the  gate  arms  shall  assume  the  horizontal  position  across  the  roadway. 

(7)  The  mechanisms  shall  be  so  designed  that  if  the  arms,  while  being  raised  or 
lowered,  strike  or  foul  an  object,  they  will  readily  stop  and,  on  removal  of  the  obstruc- 

tion, shall  assume  the  position  corresponding  with  the  control  apparatus.  The  arms 
shall  be  so  arranged  that  if  a  vehicle  is  entrapped  between  the  lowered  gates  it  may 
proceed  off  the  crossing. 

(8)  Circuits  for  operation  of  the  automatic  gates  shall  be  so  arranged  that  gates 
will  start  to  assume  the  horizontal  position  between  3  and  S  seconds  after  the  warning 
signals  start  to  operate.  Gates  shall  reach  full  horizontal  position  before  the  arrival  of 
the  fastest  train  operated  over  the  crossing  and  shall  remain  down  until  the  rear  of  the 
train  has  cleared  the  crossing. 

(9)  Each  gate  arm,  extending  over  the  roadway,  shall  have  2  red  lights,  for  each 
lane  of  traffic  it  protects,  shining  in  both  directions  along  the  highway  for  night  indica- 

tion. The  red  lights  on  the  gate  arms  shall,  when  lighted,  burn  steadily  except  where 
gates  are  used  without  AAR  flashing  light  or  wigwag  signals,  in  which  cases  the  lights 
for  each  lane  shall  flash  alternately. 
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(10)  The  bottom  of  gate  arms,  when  in  the  horizontal  position,  shall  be  not  less 
than  3  nor  more  than  4  feet  above  the  crown  of  the  roadway. 

(11)  The  gate  arms  shall  be  painted  on  both  sides  with  alternate  diagonal  stripes 
of  white  and  black. 

(12)  The  automatic  highway  crossing  signals  shall  operate  in  accordance  with  AAR 

recommended  practice  and  independently  of  the  gates. 

(13)  Details  of  the  signals,  gates,  operating  mechanisms,  and  control  circuits  shall 
be  in  accordance  with  AAR  recommended  practice. 

(14)  The  gate  arms  shall  operate  uniformly,  smoothly  and  complete  all  movements 
without  rebound  or  slap,  and  be  securely  held  when  in  the  raised  position. 

(15)  Each  individual  gate  post  shall  be  provided  with  independent  operating 
mechanism,  and  housing  to  be  of  sufficient  size  to  allow  ready  inspection,  adjustment 

and  repairs. 

(16)  The  lights  on  the  gate  arms  shall  burn  except  when  arms  are  in  raised  position. 

(17)  The  highway  traffic  lanes  in  the  vicinity  of  the  crossing  shall  be  distinctly 
marked. 

Conclusion 

Recommended  for  publication  in  the  Manual  as  recommended  practice. 

Appendix  D 

(8)     LAMPS  ON  MANUAL  AND  AUTOMATIC  CROSSING  GATES 

W.  L.  Young,  Chairman,  Sub-Committee;  H.  B.  Christiansen,  S.  N.  Crowe,  A.  F.  Dorley. 
G.  N.  Edmondson,  C.  F.  Edwards,  P.  W.  Elmore,  H.  L.  Engelhardt,  D.  E.  Field, 
L.  C.  Frohman,  A.  S.  Haigh,  H.  A.  Hampton,  C.  D.  Horton,  E.  E.  Mayo,  T.  M. 
Pittman,  J.  L.  Way. 

Note. — On  recommendation  of  Committee  IX  and  with  approval  of  the  1038 
convention,  Appendix  D,  p.  437,  has  been  withdrawn. 
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Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  submits  herewith  its  report  on  the  following  subjects: 

(1)  Revision  of  Manual  (Appendix  A).  Last  year  the  report  of  this  Committee 

dealt  with  power,  and  specifically,  electric  locomotives.  This  year,  continuing  the  dis- 

cussion of  II  POVt-EiR,  the  report  includes  an  addendum  to  last  year's  report  on  electric 
locomotives,  and  treatises  of  steam  locomotives  and  diesel  electric  power.     Progress  report. 

(2)  Review  reports  heretofore  made  on  the  economics  of  grade  revision  as  affected 

by  electric  operation,  collaborating  with  Electrical  Section  (Appendix  B) .  Progress 
report. 

(3)  Compile  operating  data  essential  to  establish  units  for  making  line  and  grade 

revisions  to  meet  operating  requirements,  collaborating  with  Committee  XXI — Economics 
of  Railway  Operation.     Progress  in  study — no  report. 

(4)  Effect  of  speeds  in  excess  of  75  miles  per  hour  on  the  economics  of  railway 

location,  collaborating  with  Committee  XXI — Economics  of  Railway  Operation  and  the 
Special  Committee  on  Complete  Roadway  and  Track  Structure  (Appendix  C).  Progress 
report. 

(5)  Spirals  required  for  high  speed  operation  (Appendix  D).     Progress  report. 

(6)  Grades  and  alinement  through  tunnels   (Appendix  E) .     Progress  report. 

The  Committee  on  Economics  of  Railway  Location, 

H.  M.  Stout,  Chairman. 

Bulletin  402,  February,   1938. 
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Appendix  A 

(1)     REVISION  OF  MANUAL 

E.  E.  Kimball,  Chairman,  Sub-Committee;  S.  E.  Armstrong,  F.  A.  Barnes,  R.  P.  Forsberg, 
E.  A.  Humphreys,  E.  E.  King,  Wm.  Michel,  F.  A.  Russell,  J.  R.  Scatterday,  H.  W. 
Snyder,  R.  S.  Stephens,  H.  M.  Treraaine. 

The  Sub-Committee  this  year  submits  a  discussion  of  the  capacities  and  character- 
istics of  Steam  and  Oil-Electric  Locomotives  and  Gas-Electric  Rail  Cars  as  a  basis  for 

revising  the  Manual  next  year.  The  proposed  revision  will  also  include  part  of  last  year's 
discussion  of  the  capacities  and  characteristics  of  Electric  Locomotives. 

When  these  reports  are  brought  together,  means  will  be  available  for  comparing  all 

types  of  motive  power  on  a  common  basis.  They  will  also  be  helpful  in  analyzing  some 
of  the  merits  of  different  types  of  construction  and  design. 

In  order  to  conserve  space  the  discussions  are  in  two  parts.  Those  portions  which 

precede  the  Exhibits  are  intended  as  Manual  material;  however,  the  discussions  contained 

in  the  Exhibits  are  important  and  hence  are  submitted  for  publication  in  the  Proceedings 
for  reference. 

In  this  connection  it  is  important  to  call  attention  to  references  made  to  reports  of 

Committee  XXI  describing  the  application  of  the  principles  herein  discussed  to  an  actual 
case. 

STEAM  LOCOMOTIVES 

Engineers  in  determining  the  economic  value  of  various  locations  and  gradients  are 

chiefly  concerned  with  the  following  characteristics  of  steam  locomotives  which  affect 
their  problems. 

(a)— Weight 
(b) — Tracking  Qualities 
(c) — Capacity 

The  weight  of  locomotives  and  the  manner  in  which  it  is  distributed  generally  fixes 
the  character  of  roadbed  track  and  track  structures,  or  conversely  the  character  of  track, 

roadbed  and  track  structures  places  limitations  on  the  designs  of  locomotives  which  can 
be  satisfactorily  operated. 

Since  the  speed  and  weights  of  trains  depend  upon  curvature  and  grades  and  also 

upon  adequate  tracking  qualities  and  horsepower  capacities  of  locomotives  it  is  impor- 
tant to  consider  the  mutual  effect  of  these  factors  upon  each  other  in  order  to  arrive  at 

a  well  balanced  solution  of  the  problem  from  all  angles. 

For  these  reasons  the  first  step  in  this  investigation  is  to  discuss  the  relation  of  these 
essential  locomotive  characteristics  to  each  other  in  order  that  proper  allowances  can  be 

made  for  the  effect  which  they  have  upon  various  details  of  track  and  roadway 
construction. 

In  the  final  analysis  it  is  important  to  consult  the  locomotive  designers  and  builders 

in  order  that  proper  allowances  can  be  made  for  advancements  in  the  art  and  consider- 
ation given  to  other  features  which  are  essential  for  successful  operation. 

Weight 

In  most  ca?es  the  maximum  allowable  weight  per  axle  of  locomotives  can  be 

tentatively  assumed. 

The  weight  of  locomotives  will  then  depend  upon  the  number  of  axles  and  the 

allowable  weight  per  axle.  In  general  the  weight  per  driving  axle  is  greater  than  the 

weight  for  idle  axles  because  the  weight  on  drivers  determines  the  tractive  effort  or  pull- 
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ing  power  of  the  locomotive  consequently  as  much  of  the  weight  of  the  locomotive  as 
possible  is  carried  on  the  drivers.  The  percentage  of  locomotive  weight  wh:ch  can  be 

carried  on  drivers  for  various  types  of  locomotives  will  therefore  depend  upon  the 
wheel  arrangement. 

Classification  of  Steam  Locomotives 

The  Whyte  Method  for  classifying  steam  locomotives  is  a  system  for  designating  the 

number  of  trucks  and  the  arrangement  of  wheels  under  a  locomotive.  Thus  2-8-2  refers 

to  locomotives  which  are  supported  on  three  trucks,  the  first  truck — the  one  nearest  the 
cylinders — is  the  guiding  truck  and  contains  two  wheels,  the  second  is  the  driving  or 
rigid  truck  which  is  composed  of  eight  wheels,  and  the  third  which  contains  two  wheels 
is  the  trailing  truck. 

Switching  locomotives  are  classed  as  follows:  0-6-0,  0-8-0,  or  0-10-0  which  indicates 
that  these  locomotives  have  no  guiding  or  trailing  trucks.  In  other  words  all  of  the 
weight  of  the  locomotive  is  on  drivers. 

Articulated  locomotives  which  have  two  sets  of  drivers  are  classed  as  follows: 

2-6  4-  6-0,  2-8  +  8-0,  2-6  +  6-2,  2-8  +  8-2,  2-6  +  6-4,  2-8  +  8-4  etc.,  which  indi- 

cates the  locomotives  are  supported  on  4  trucks  two  of  which — those  containing  the 

drivers — are  connected  by  an  articulated  joint,  indicated  by  a  plus  sign. 
Fig.  1  shows  a  chart  of  54  possible  wheel  combinations  and  the  percentage  of  weight 

carried  on  drivers  for  each  combination,  assuming  that  the  weight  per  guiding  axle  is 

arbitrarily  limited  to  one-half  the  weight  per  driving  axle  and  the  weight  per  trailing 
axle  is  not  allowed  to  exceed  the  weight  per  driving  axle. 

Not  all  of  these  wheel  combinations  are  practical,  neither  is  it  practical  to  cover  the 
same  range  as  shown  on  the  chart  for  the  various  combinations. 

Fig.  2  shows  a  similar  chart  of  the  most  popular  types  of  locomotives  built  for  the 

railroads  during  the  past  20  years  and  therefore  indicates  approximately  the  range  cov- 
ered by  practical  steam  locomotive  designs.  It  is  interesting  to  compare  these  two  charts 

and  note  the  types  of  locomotives  w^hich  do  not  appear  on  the  second  diagram.  The 
types  which  do  appear  do  not  cover  the  full  range  shown  in  Fig.  1  and  consequently 

leave  gaps  between  related  types  which  indicates  a  still  further  restriction  in  the  range 
of  practical  designs.    See  also  Table  1. 

Tracking  Qualities 

The  chief  reason  for  d'scarding  some  of  these  possible  wheel  combinations  is  because 
they  fail  to  combine  requisite  tracking  qualities  with  horsepower  capacity  or  sufficient 
horsepower  capacity  to  justify  the  adoption  of  superior  tracking  qualities.  For  example 

2-6-4  locomotives  are  apparently  in  the  first  class  because  these  designs  are  adapted  for 

a  large  fire-box  and  are  capable  of  developing  high  horsepower  capacity  for  high  speed 
operation.  Under  these  conditions  a  single  pair  of  guiding  wheels  fails  to  provide  ade- 

quate tracking  qualities,  consequently  they  give  way  to  locomotives  of  the  4-6-4  or  4-6-2 

types  wh'ch  have  two  pairs  of  guiding  wheels. 
On  the  other  hand  locomotives  of  the  4—6-0  type  are  in  the  second  class.  In  this 

design  the  horsepower  capacity  is  small  on  account  of  the  size  of  the  firebox  consequently 
the  speeds  are  low  and  superior  tracking  qualities  are  not  required.  Hence  this  type  can 

be  replaced  by  2-6-0  or  2-6-2  types.  Even  these  latter  types  are  not  being  built  and 
are  becomins  obsolete. 

It  is  interesting  to  note  in  the  8  coupled  group  that  two  or  more  types  overlap. 

The  4-8-4  is  a  newcomer  in  this  group  and  is  becoming  popular  because  it  is  a  type 
which  is  suitable  for  both  passengrer  and  freight  service.  For  this  reason  it  may  event- 

ually supersede  the  once  popular  Mountain  4-8-2  and  Mikado  2-8-2  types. 



442 Economics    of    Railway    Location 

Table  I 

SHOWING  DISTRIBUTION  OF  WEIGHT  FOR  VARIOUS  TYPES  OF 
STEAM  LOCOMOTIVES 

2-CYLINDER  LOCOMOTIVES 

Weight  on Drivers 
Weight  on 

Drivers 

Wheel Percent  Weight  oj  Engine 
Wheel 

Percent  Weight  oj  Engine 
Arrange- Arrange- ment Theoretical Practical 

ment 
Theoretical Practical 

4-4-4 .400-   .500 .430-. 470 4-8-4 .572-   .667 .570-. 640 
4-4-2 .500-   .667 .500-. 570 4-8-2 

.667- 

800 
.645-. 700 

4-4-0 .667-   .800 4-8-0 

.800- 

889 

2-4-4 .444-    .571 2-8-4 

.615- 

727 

.598-. 667 
2-4-2 .571-   .800 2-8-2 

.727- 

889 
.690-. 785 

2-4-0 .800-1.000 2-8-0 

.889-1 

000 

.875-. 926 
0-4-4 .500-    .667 0-8-4 

.667- 

800 

0-4-2 .667-   .800 0-8-2 

.800- 

889 

0-4-0 1.000 1.000 0-8-0 1.000 1.000 

4-6-4 .500-   .600 .525-. 570 4-10-4 .625-   .717 
4-6-2 .600-    .750 .585-. 660 4-10-2 .714-   .833 
4-6-0 .750-   .857 4-10-0 .833-   .909 
2-6-4 .545-   .667 2-10-4 .667-   .769 .659-. 715 
2-6-2 .667-   .857 2-10-2 .769-   .909 .740-. 840 
2-6-0 .857-1.000 2-10-0 .909-1.000 .900-. 925 
0-6-4 .600-   .750 0-10-4 .714-   .833 
0-6-2 .750-    .857 0-10-2 .833-   .909 

.850+ 

0-6-0 1.000 1.000 0-10-0 1.000 
1.000 

4-CYLINDER  ARTICULATED  LOCOMOTIVES 

4-6-I-G-4 .667-   .750 .680-. 700 4-8  +  8-4 .727-   .800 
4-6 -h  6 -2 .750-   .857 4-8  +  8-2 .800-   .889 
4-6 -h  6-0 .857-   .923 4-8  +  8-0 .889-   .941 
2-6  +  6-4 .706-   .800 .688-. 755 2-8  +  8-4 .762-   .842 .775-. 860 
2-6  +  6-2 .800-   .923 

.830  + 
2-8  +  8-2 .842-   .941 .860-. 895 

2-6  +  6-0 .923-1.000 2-8  +  8-0 .941-1.000 
•0-6  +  6-4 .750-   .857 0-8  +  8-4 .800-   .889 
0-6  +  6-2 .857-   .923 0-8  +  8-2 .889-   .941 
0-6  +  6-0 1.000 1.000 0-8  +  8-0 1.000 1.000 
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Diagram  Showing 
ThGoretical    Wheel    ArrangcmGnts 

for   Steam    Locomotives 
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Fig.  1. 

Diagram    Showing 
WhGGi    ArrangGments 

RGpresented  by  Modern  Steam  Loconnotives 
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Fig.  2.     ̂, 
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Another  type  which  is  being  contemplated  is  the  4-8-6  type  which  provides  room 
and  support  for  a  larger  boiler  and  firebox  than  is  practical  with  4-8-4  locomotives 

thereby  making  it  possible  to  increase  the  horsepower  capacity  and  retain  the  high 
tracking  qualities  possessed  by  4-8-4  designs. 

The  0-10-2  combination  is  a  recent  development  suitable  for  combined  switching 
and  heavy  duty  transfer  service.  In  this  field  it  has  some  advantages  over  2-10-0 
locomotives. 

Switching  locomotives  of  the  0-6  +  6-0  and  0-8  +  8-0  types  are  uncommon  in 
practice  and  are  shown  in  order  to  indicate  their  relation  to  other  locomotives  in  the 
articulated  group. 

Three  cylinder  locomotives  having  6  pairs  of  drivers,  and  compound  locomotives 

having  10  and  12  pairs  of  drivers  have  been  built.  In  general  it  is  not  necessary  to 
consider  these  locomotives  because  they  are  inferior  in  mechanical  construction  and 

because  they  are  physically  hmited  to  a  short  range  of  conditions  which  are  seldom  found 
in  practice. 

Capacity  of  Steam  Locomotives 

The  capacity  of  a  steam  locomotive  is  not  easily  defined  because  it  varies  depending 

upon  conditions.  The  object  for  defining  capacity  is  to  establish  a  basis  for  estimating 
and  comparing  locomotive  performances. 

Several  methods  have  been  developed  for  computing  the  horsepower  capacity  of 
steam  locomotives  which  are  based  on  test  data  and  design  experience.  These  methods 

have  to  be  revised  from  time  to  time  in  order  to  adjust  for  changes  in  practice  and 

advancements  in  the  art.  Some  of  the  principles  involved  are  discussed  in  Exhibit  A 
which  can  be  summarized  as  follows. 

Theoretically  it  can  be  assumed  that  weight  is  essential  for  capacity,  that  is,  there 

is  a  definite  limit  to  the  amount  of  power  which  can  be  obtained  from  a  given  weight 
of  material  which  limit  is  fixed  by  the  state  of  the  art. 

A  short  cut  method  based  on  the  theory  just  stated  has  been  developed  which  will 
be  found  useful  in  preliminary  estimates  involving  new  locomotives  or  for  analyzing  the 
design  and  capacity  of  actual  locomotives. 

Description  of  Short  Cut  Method 

Fig.  3  is  a  chart  which  is  used  to  find  the  approximate  horsepower  capacity  of 

various  types  of  typical  steam  locomotives  based  upon  the  weight  of  engine  and  weight 
on  drives. 

The  diagram  at  the  top  of  the  chart  is  condensed  from  Fig.  2  for  convenience  in 

obtaining  the  percentage  of  weight  on  drivers  for  various  types  of  locomotives  or  in 

identifying  the  types  of  locomotives  by  the  percentages  of  weights  on  drivers. 
The  horsepowers  per  ton  on  drivers  which  correspond  to  various  percentages  of 

weight  on  drivers  are  obtained  for  either  2-cylinder  or  articulated  locomotives  by  re- 
ferring to  the  proper  curve  and  the  scale  at  the  right  of  the  diagram. 

For  example  the  chart  indicates  that  it  is  feasible  to  build  4-6-4  locomotives  which 

will  have  52. 5  percent  of  their  weight  on  drivers.  If  the  locomotives  are  built  in  accord- 

ance with  present  day  practices  they  will  have  a  rated  capacity  of  approximately  36 
horsepower  per  ton  on  drivers.  Assuming  that  the  weight  per  driving  axle  is  limited  to 

65,000  pounds,  then  the  weight  on  drivers  will  be  3  X  65,000  or  195,000  pounds  (97.5 

tons)  and  the  horsepower  capacity  of  the  locomotive  will  be  approximately  97.5  X  36 

or  3,510  horsepower.  Also  based  on  latest  design  practices  the  engine  will  weigh  approxi- 

mately 195,000  -^  .525  or  371,000  pounds  in  order  to  meet  design  requirements  for  3,510 
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horsepower.  If  more  careful  estimates  are  needed  the  matter  should  be  referred  to  loco- 
motive builders  to  work  up  the  necessary  design  details  and  check  the  weights. 

In  order  to  illustrate  other  uses  for  the  chart  suppose  it  is  estimated  that  the  service 
requires  only  3,000  horsepower  instead  of  3,510  and  that  it  is  desired  to  compare  the 
performances  of  4-6-4  and  4-6-2  locomotives  before  actual  designs  are  started. 

In  the  case  of  4-6-4  locomotives  having  S2.S  percent  of  their  weight  on  drivers  the 
corresponding  capacity  obtained  from  the  chart  (or  Table  2)  amounts  to  36  horsepower 
per  ton  on  drivers,  hence  to  obtain  a  total  of  3,000  horsepower  the  weight  on  drivers  will 
amount  to  3,000  -;-  36  or  83.3  tons  (166,700  pounds,  55,600  pounds  per  driving  axle),  and 
the  total  weight  of  engine  will  amount  to  166,700  -^  .525  or  317,000  pounds. 

If  it  is  assumed  in  the  case  of  4-6-2  locomotives  that  the  weight  per  driving  axle  is 
limited  to  65,000  pounds,  then  the  weight  on  drivers  will  amount  to  3  X  65,000  or 
195,000  pounds  (97.5  tons).  Hence  to  obtain  a  total  of  3,000  horsepower  the  required 

horsepower  per  ton  on  drivers  will  amount  to  3,000  -i-  97.5  or  30.8  which  corresponds  to 
a  4-6-2  locomotive  having  64.8  percent  of  its  weight  on  drivers.  Therefore  the  total 
weight  of  the  engine  will  amount  to  195,000  -^  .648  equals  301,000  pounds. 

Thus  it  can  be  expected  that  the  4-6-4  locomotives  will  weigh  approximately  16,000 
pounds  more  than  4—6-2  locomotives  having  the  same  horsepower  capacity  which  can 
be  assumed  to  be  on  account  of  the  extra  axle  under  the  firebox  for  4-6-4  locomotives. 

Thus  it  is  possible  for  locating  engineers  to  compare  the  operating  advantages  of 
various  types  of  steam  locomotives  and  determine  what  measures  they  can  take  in  this 
connection  to  bring  about  more  effective  and  lasting  conditions. 

The  chart  also  contains  another  feature  which  is  described  below  for  obtaining  the 
total  weight  of  engine  and  tender. 

Weights  of  Tenders 
The  size  and  weight  of  tenders  used  in  practice  vary  over  a  wide  range  depending 

upon  the  fuel  and  water  requirements  of  the  service.  For  comparative  purposes  it  is 
desirable  to  have  a  method  for  making  proper  allowances  for  the  weight  of  tenders  based 
upon  fuel  and  water  capacities  which  are  proportional  to  the  horsepower  capacities  of 
the  locomotives  with  which  they  are  used. 

The  curve  marked  "Weight  on  Drivers"  has  been  added  to  the  chart  for  convenience 
in  estimating  the  total  weights  of  engine  and  tender  based  upon  providing  fuel  and  water 
capacities  commensurate  with  the  horsepower  capacities  of  the  engines. 

For  example  compare  the  weights  of  tenders  for  the  4-6-4  and  4-6-2  locomotives 
discussed  in  the  previous  example. 

In  the  case  of  4-6-4  locomotives  the  horsepower  capacity  amounted  to  36  horse- 
power per  ton  on  drivers.  Follow  the  horizontal  line  corresponding  to  36  horsepower 

per  ton  on  drivers  from  the  left  hand  scale  to  its  intersection  with  the  curve  marked 

"Weight  on  Drivers"  and  read  the  corresponding  percent  weight  29.7  on  the  upper  hor- 
izontal scale.  This  indicates  that  the  weight  on  drivers  in  the  case  of  4-6—4  locomotives 

amounts  to  29.7  percent  of  the  total  weight  of  engine  and  tender.  Therefore  the  total 

weight  of  engine  and  tender  is  equal  to  166,700  -f-  .297  or  561,000  pounds. 
Similarly  the  total  weight  of  engine  and  tender  for  4-6-2  locomotives  is  found  to 

be  195,000  -r-  .371  or  525,000  pounds,  thus  the  weights  of  tenders  will  be  approximately 
561,000  —  317,000  or  244,000  pounds  in  one  case  and  525,000  —  301,000  or  224,000 
pounds  in  the  other  case. 

The  explanation  for  this  difference  in  weight  of  tenders  is  as  follows. 

Assuming  4-axle  tenders  in  both  cases  the  weight  per  tender  axle  in  the  case  of  4-6-4 
locomotives  would  be  61,000  pounds  whereas  the  weight  per  driving  axle  of  the  loco- 

motive amounts  to  only  55,600  pounds.    In  order  to  reduce  the  weight  per  tender  axle 
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so  that  it  does  not  exceed  the  weight  per  driving  axle  it  is  necessary  to  furnish  6-axIe 
tenders. 

In  the  case  of  4-6-2  locomotives  the  weight  per  tender  axle  based  on  4  axles  would 

be  56,000  pounds  against  65,000  pounds  per  driving  axle  consequently  6-axle  tenders  are 
not  necessary  in  this  case. 

Since  the  capacities  of  the  two  locomotives  have  been  assumed  equal,  the  fuel  and 

water  capacities  should  likewise  be  equal  consequently  the  only  difference  in  the  weight 
of  the  two  tenders  would  be  due  to  differences  in  their  light  weights.  In  this  case  it  is 

reasonable  to  assume  that  the  difference  in  weight  between  6-axle  and  4-axle  construction 
might  amount  to  20,000  pounds.  All  told  there  is  a  difference  of  approximately  36,000 

pounds  in  the  weight  of  the  two  locomotives  which  is  an  item  worth  considering  in 
most  estimates. 

In  the  final  analysis  the  weight  and  capacity  of  tenders  can  be  adjusted  to  suit 

operating  conditions. 
The  data  shown  on  the  chart  Fig.  3  is  given  in  more  convenient  form  in  Table  2 

immediately  following. 
The  chart  and  table  are  intended  to  apply  to  new  locomotives  designed  to  get  the 

most  out  of  the  material  as  well  as  being  equipped  with  the  latest  economy  devices  and 

are  based  on  burning  high  quality  of  coal.  Locomotives  designed  to  bum  oil  may  have 
10  percent  higher  horsepower  ratings  than  shown  for  coal  fired  locomotives. 

The  chart  and  table  would  not  apply  to  the  majority  of  locomotives  now  in  service 

because  they  lack  the  modem  improvements  and  skill  in  designing  which  are  obtainable 

today.  Furthermore  it  is  sometimes  advantageous  to  "weight  up"  a  locomotive  with 
ballast.  The  chart  and  table  would  not  apply  in  these  cases,  consequently  in  any  actual 
case  it  is  necessary  to  compare  the  horsepower  capacities  obtained  from  the  chart  or 

table  with  actual  test  data,  or  official  ratings  furnished  by  the  locomotive  builders. 

After  the  horsepower  capacity  is  obtained  the  next  step  is  to  calculate  the  tractive 

efforts  corresponding  to  various  speeds  of  the  locomotive. 

Typical  Characteristics  of  Steam  Locomotives 

The  forms  on  the  preceding  pages  show  a  convenient  method  for  calculating  and 
tabulating  the  tractive  efforts  and  horsepower  outputs  of  typical  steam  locomotives  at 

various  speeds.  The  principles  on  which  they  are  based  are  discussed  in  Exhibit  A  and 
apply  to  all  types  of  simple  steam  locomotives  using  superheated  steam. 

Forms  for  compound  locomotives  and  locomotives  using  saturated  steam  have  not 

been  developed  since  these  locomotives  are  being  superseded. 

Form  A  is  a  simplified  form  designed  to  be  used  with  Fig.  3  or  Table  2.  When  used 
to  calculate  the  characteristics  of  a  particular  locomotive  which  does  not  conform  to 

Fig.  3  or  Table  2  it  is  necessary  to  make  certain  adjustments  which  are  indicated  on 
Form  B  and  explained  by  the  following  example. 

Example.  Calculate  the  speed  tractive  effort  and  horsepower  curves  of  the  following 
locomotive. 

Type      4-6-4 
Weight  on  drivers      195,000  pounds 
Weight  of  locomotive      371,000  pounds 
Weight  of  tender     330,000  pounds 
Total  weight      701,000  pounds 
Boiler  pressure    285  pounds/square  inch 
Diam.  of  Drivers     80  inches 
Cylinders        22  X  30  inches 
Tractive  effort          44,000  pounds 
Tractive  effort  including  booster      54,000  pounds 
Estimated  capacity      3500  horsepower 
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TABLE 

USED   "OR   OBTAINING   APPROXIMATE  HP   CAPACITIES  OP  TYPICAL 
STEAM  LOCOMOTIVES   PROM   THE  WEIGHT   OF   ENGINE   AND  WEIGHT   ON   DRIVERS 

BASED   ON   COAL   FIRED  LOCOMOTIVES 

Weight 

on  Drivers 

Per  cent 

Hr 
Per 

Ton on 

Drivers 

Types  of 

63 

9 

V/elght 
on  Drivers 

Per  cent 

HF 

Per 

Ton 

on 

Drivers 

Types  0 

f 

Wt.  of 

Eng. 

'.Vt.  of 

Eng.  i 

Tender 

Locoraotlv 

Avallabl 

•,Vt.  of 

Eng. 

Wt,  of 

Eng.  !c 

Tender 

Locomotives 

Available 

41 
71 

40,8 26,2 
2-10-4 2-8-2 

42 

72 
41.4 27.8 

2-10-4 2-8-2 
43 24.0 40.0 4-4-4 

73 

42.0 

27.4 

2-8-2 

44 24.6 39.6 4-4-4 

74 

42.6 
26.9 

2-10-2 2-8-2 
45 25.2 39.2 4-4-4 

75 

43.2 

26.5 

2-10-2 2-8-2 

46 25.8 
38.7 

4-4-4 

76 

43.8 

26.1 

2-10-2 2-8-2 

47 
26.4 38.3 4-4-4 77 44.4 

25.7 

2-10-2 2-8-2 

48 27.0 37.9 

78 

45.0 

25.3 

2-10-2 2-8-2 

49 27.6 37.5 

79 

45.6 

24.8 
2-10-2 

2-8-2 1 

50 28.2 37.1 4-4-2 80 46.2 

24.4 

2-10-2 51 28.6 36.6 4-4-2 81 46.8 
24.0 

2-10-2 

52 

29.4 36,2 4-4-2 4-6-4 

82 

47.4 
23.6 2-10-2 

53 30.0 35.8 4-4-2 4-6-4 

83 
48,0 

23.2 
2-10-2 

54 30.6 35.4 4-4-2 4-6-4 84 48.6 22.7 
2-10-2 1 

55 31,2 34.9 4-4-2 4-6-4 85 
49,2 

22.3 

0-10- 
2 

56 31.8 34.5 4-4-2 4-6-4 

86 

49.8 21.9 

57 
33.4 34.1 4-4-2 4-6-4 

4-8-4 

87 

50.4 21.5 2-8-0 

58 33.0 33.7 4-6-2 4-8-4 88 51.0 

21.1 

2-8-0 

59 33.6 33.3 4-6-2 4-8-4 89 
51.6 

20.6 
2-8-0 

60 34.2 32,8 4-6-2 2-6-4 4-6-4 

90 

52.2 
20.2 

2-10-0 2-8-0 
61 34.8 32,4 4-6-2 2-8-4 4-8-4 

91 

52.8 19.8 2-lC-O 
2-8-0 

62 35.4 32.0 
4-6-2 

2-8-4 4-8-4 

92 

53.4 19.4 2-10-0 2-8-0 

63 36.0 31.6 
4-6-2 

2-8-4 4-6-4 

93 
54.0 

18.9 2-10-0 2-6-0 

64 36.6 31.2 4-6-2 
2-8-4 4-6-4 94 54.6 18.5 

65 37.2 30.7 4-6-2 2-8-4 
4-8-2 95 55.2 18.1 

56 37.8 30.3 2-10-4 2-8-4 
4-8-2 

96 55.8 17.7 

67 38.4 29.9 2-10-4 2-8-4 
4-8-2 97 56.4 17.2 

66 39.0 29.5 2-10-4 
4-8-2 

98 57.0 16.8 

69 39.6 29.1 2-10-4 2-8-2 
4-8-2 99 57.6 16.4 

70 
40,2 26.6 2-10-4 2-8-2 4-8-2 100 58.2 16.0 

4  Cylinder  Articulated  Locomotives 

67 79 49.2 

22.3 

2-8+8-4 

66 44.6 
25.6 

4-6+6-4 80 49.7 

22.0 

2-6+8-4 

69 45.0 25.3 
4-6-1-6-4 2-6+6-4 81 50.1 

21.7 
2-8+8-4 70 

45,4 25.0 4-6+6-4 
2-6+6-4 

82 

50.5 21.4 2-8+8-4 
71 45.8 24,7 2-6+6-4 83 51.0 

21.1 

2-6+8-4 2-6+6-2 
72 

46.2 24.4 2-6+6-4 84 51.4 

20.8 

2-8+8-4 
73 

46.7 
24.1 2-6+6-4 

85 

51.8 

20. 5 

2-8+6-4 
74 

47.1 23.8 2-6+6-4 86 52,2 20.2 2-8+8-4 2-6+6-2 
75 47.5 23.5 

2-6+6-4 

87 
52.6 19.9 2-8+8-2 

76 48.0 23.2 2-6+6-4 86 53.0 19.6 2-6+8-2 
77 46.4 22.9 

2-8+6-4 89 53.4 19.3 
2-6+6-2 

78 48.6 22.6 2-8+8-4 90 53.9 
19.0 2-6+8-2 

Ooopiled  1937   by  AREA   Committees  XVI   and  XXI 
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Reduce  the  weights  to  tons  as  shown  on  sample.  The  adjusted  weight  on  drivers  is 
obtained  by  dividing  the  rated  tractive  effort  44,000  by  500  equals  88  tons.  Similarly  the 

adjusted  weight  on  drivers  allowing  for  the  booster  amounts  to  54,000  -^  500  equals 
108  tons. 

Item  (7)  the  horsepower  per  ton  on  drivers  based  on  the  adjusted  weight  of  88  tons 

is  3,500  -^  88  equals  39.8. 

Item  (9)  basic  speed  Vi  equals  .396  X  39.8  or  15.76  miles  per  hour.  Enter  15.76  in 
column  (b)  opposite  1.00  X  Vi.  Fill  out  the  balance  of  column  (b)  by  calculating  the 
miles  per  hour  corresponding  to  the  various  multiples  of  Fi. 

The  operations  for  filling  in  the  other  columns  are  indicated  on  the  form. 

If  the  cylinders  were  bored  out  an  inch  and  the  boiler  pressure  increased  about 

5  pounds  the  rated  tractive  effort  would  be  increased  from  44,000  pounds  to  48,750 

pounds  in  which  case  the  adjusted  weight  on  drivers  would  equal  the  actual  weight, 
consequently  it  would  be  simpler  to  use  Form  A  and  obtain  driver  tractive  efforts  direct. 

Performance  and  Fuel  Consumption 

For  quick  estimates  the  amount  of  work  done  or  the  net  energy  in  foot  pounds 

required  to  move  a  given  weight  train  over  a  given  profile  can  be  easily  obtained  by 

multiplying  the  distance  traveled  in  feet  by  the  train  resistance  in  pounds  per  ton,  in- 
cluding the  resistance  due  to  grades  and  curves,  times  the  weight  of  train.  Down  grade 

sections  where  the  grade  effect  exceeds  the  train  resistance  including  the  resistance  due  to 

curves  are  neglected  in  these  calculations  because  the  excess  energy  due  to  the  grade  is 
generally  not  recovered  but  wasted  in  the  brakes. 

Such  estimates  are  independent  of  the  type  of  motive  power  used  and  do  not  include 

any  allowances  for  acceleration  and  braking  or  for  other  losses  which  are  inherent  in 

various  types  of  motive  power.  It  is  a  convenient  way  to  compare  the  energy  or  fuel 
consumption  by  various  routes  provided  the  consumption  by  one  route  is  known. 

In  order  to  estimate  the  fuel  or  energy  consumption  more  carefully  it  is  necessary 

to  calculate  the  performance  of  the  particular  type  of  locomotive  proposed,  based  on  its 

speed  tractive  effort  characteristics,  the  weight  of  train  and  the  profile  of  the  district. 

These  calculations  are  known  as  speed-time-distance  calculations  which  constitute  a  step 
by  step  process  that  approximates  the  results  obtained  from  dynamometer  car  tests. 

From  these  calculations  the  input  or  indicated  horsepower  hours  can  be  computed  like- 

wise the  corresponding  evaporation  and  fuel  consumption — based  upon  the  water  rate, 
boiler  efficiency  and  quality  of  fuel. 

For  an  actual  example  see  Report  of  Committee  XXI  page  SSO. 

Exhibit  A 

The  purpose  of  this  exhibit  is  to  present  a  study  of  some  of  the  fundamental  prin- 
ciples which  govern  steam  locomotive  capacities  in  order  that  they  can  be  compared 

with  other  forms  of  motive  power  and  also  for  reference  in  connection  with  the  fore- 
going discussion  which  is  submitted  for  consideration  as  manual  material. 

Locomotive  Capacity 

As  stated  in  the  introduction  of  last  year's  report  the  capacity  of  any  locomotive 
from  a  theoretical  standpoint  is  limited  in  two  ways;  first  by  the  amount  of  power  it  is 
possible  for  the  locomotive  to  use  and,  second,  by  the  amount  of  power  which  the 
locomotive  is  able  to  produce. 
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FORM  FOR  CALCULATING 
TH£  TRACTIVE  EFFORT  AND  HORSEPOWER  OUTPUT 

OF  TYPICAL  STEAM  LOCOMOTIVES 

USING  SUPERHEATED  STEAM 

FORM  A 

RAILROAD 

Item 

1.  Type    (V7heel    Arrangement). 

2.  'iVeight    on  Drivers    (Tons). 
3.  77elght   of   Engine   

4.  Weight   of   Tender   
5.  Total   r/eight   

6.      Ratio    Item    (2)/Item    (3). 

7.  HP  per  Ton  on  Drivers  From  Table  2  =  K   
8.  HP  Capacity  of  Loco.  Item  (2)  x  Item  (7)_ 

9.  Basic  Speed  MPH  =  Vl  =  .396  x  K   

Speed 

Driver 
Tractive  Effort 

V UFH 

Per  Ton 
on 

Drivers 

Total 

(a) 
(b) 

(0) (d) 
0 0 500 

l.OCxVi 480 

1.25  " 
473 

1.50  " 
453 

1.75  " 427 

2.00  " 397 

2.25  ■• 
369 

2.50  " 
341 

3,75  " 
314 

3.00  " 
3  90 

3.50  " 
250 

4. 00  " 217 

4.50  " 190 

5. CO  •• lt,9 

O.OO  " 138 

7.00  " (115) 

llilti   Booster 

0 500 

l.COxVi' 
480 

1.25  " 
473 

1.50  " 
453 

1.75  •■ 427 

2.00  " 397 

col.  (b)  =  Col.  (a)  X  Item  (9) Col.  (d)  =  Col.  (c)  X  Item  (2) 

For  Locomotives  using  Boosters  add  weight  on  Booster  Axle  to  weight  on  Drivers, 

then  K'  equals  Item  (8)/Item  (2)  including  weight  on  Booster  Axle. 
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FORH  FOR  CALCULATING 

THE  TRACTIVE  EFFORT  AND  HORSEPOWER  OUTPUT 
OF  TYPICAL  STEAM  LOCOMOTIVES 

USING  SUPERHEATED  STEAM 

FORM  B 

S/UvgLS 
.RAILROAD 

Item 

1.  Type  (Wheel  Arrangement). 

2.  Weight  on  Drivers  (Ton8)_ 
3.  Weight  of  Engine   

4.  Weight  of  Tender   
5.  Total  Weight   

6.  Ratio  Item  (2)/lteia  (3)_ 

4-6-4 

57.5 

1S5.0 

1S5.0 
■•^Bn.o 

»Ad Justed 

so.o (a) Booster iQn.Q 

7.  HP  per  Ton  on  Drivers  =  K   
8.  HP  Capacity  of  Locomotive   

9.  Basic  Speed  MPH  »  Vi  =  .396  x  K   

Based  on 

Table  2 56.0 

5fiQ0 

Based  on 
Design 

^  59.3 

T5.7R 

K'  gsa 

Jfji. 

Spe ed 
Cylinder Engine 

Losses 
20  Lb/Ton 

Act.Wt. 

on  Drivers 

Driver 
Tract. 

Effort 

Col(d)- Col(e) 

Cylind 

er  HP 

Driver 
HP 

Total 

Tractive  Effort Per  Ton 
on 

Drivers 

Adj.Wt. 

Total 
V MPH 

Per  Ton 
on 

Drivers 
Total 

(a) (b) (c) (d) (e) 
(f) 

(e) (h) (1) 
0 0 500 44,000 0 44,000 0 0 0 

1.00  X  Vi 15.75 
500 44,000 1950 42,050 .528  X  K 1843 

1766 
1.26   " 

19.70 493 43.300 1950 41,350 
.649 

2272 
2171 

1.50   " 23.63 473 41,600 1950 39,650 .748 

2618 
2500 

1.75 27.56 447 39.350 19R0 37 . 400 

.824   " 

2884 2750 

2.00   - 31.50 417 36.700 1950 34.750 .880 3080 
2920 

2.25 35.44 389 34,250 iqsn 32.300 
.921 

3224 
3055 

8.50   • 39.38 361 31  .  ROO i9Bn 29.850 

.948    ■ 

3313 3135 

2.75   " 
43.32 334 29.400 1950 27,450 

.967    " 

5305 3175 

3.00   ■ 
47.25 310 

27.300 1950 25.350 

.980   • 

3430 

3195 
3.50   • 

55.13 270 
23.800 1950 21,850 

.993   " 

3475 

3205 

4.00   " 63.00 
237 

20.900 1950 18.950 

.997   • 

3490 
3185 

4.50   ■ 70.83 
210 

13.500 
1950 

16.550 

.999   • 

3497 
3125 

5.00   " 78.75 189 
16,650 

1950 14.700 

1.000   " 

3500 
3035 

6.00   ■ 94.50 156 13,900 1950 11,950 
1.000   • 

3500 3010 

7.00   - (135) 

With  Boostar 

0 0 500 
54,000 0 54,000 

1.00  X  Vi' 
12.84 500 54,000 

2160 
51,840 

1.25    " 16.05 493 53,200 
2160 

51,040 

1.50   • 19.26 473 51.100 2160 48.940 

1.75   ■ 
447 

43,300 2160 46,140 

2.00   • 25.68 
417 

45.000 
2160 

-42.840 

*AdJaeted  walgbt  on  drivers  (tons)  =  Rated  tractive  •ffort/500 

^P  =  K  =  Itaa  (e)/Ad Justed  wt.  on  drivers 

Col.(d)  =  Col.(o)  X  Xtea  (2)  Adjusted    Col.(h)  :  Col.(g)  x  Iten  (2)  Adjusted 
Col.(f)  =  Col.(d)  -  Col.Ce)  Col.(l)  =  Col.(b)  x  Col.(f)/375 

TE  eorrssponding  to  7xVx  aay  be  Halted  by  cylinder  capacity 

(a)  lot*  for  loeoBOtlves  with  boosters  weight  on  drivers  equals  rated  traetlvs 

effort  incl.  booster/500.  Deteralne  K'  and  Vi'as  abors. 
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Tractive  Capacity 

The  first  limit  is  set  by  the  adhesion  between  the  drivers  and  the  rails,  that  is,  a 

locomotive  can  use  only  that  amount  of  power  which  will  not  slip  the  wheels  when  rail 

conditions  are  normal,  usually  assumed  to  amount  to  25  percent  of  the  weight  on  drivers. 

This  limit  is  referred  to  in  this  discussion  as  tractive  capacity  and  is  represented  by  the 
line  OA  in  Fig.  4. 

Boiler  Capacity 

The  second  limit  is  usually  set  by  the  evaporative  capacity  of  the  boiler  and  the 
steam  economy  of  the  engine. 

The  evaporative  capacity  of  the  boiler  depends  upon  boiler  efficiency  and  the  quan- 
tity and  quality  of  fuel  burned.  Boiler  efficiency  depends  upon  design  experience  and 

decreases  as  the  firing  rate  increases,  consequently  for  maximum  output  the  efficiency  is 

so  low  that  it  is  impractical  to  operate  steam  locomotives  at  maximum  capacity  because 

the  fuel  consumption  is  prohibitive — being  twice  as  much  for  maximum  output  as  it  is 
for  three-quarters  of  the  maximum. 

Thus  if  the  normal  evaporative  capacity  of  the  boiler  is  assumed  to  be  three-quarters 
of  the  maximum  capacity  then  the  locomotive  will  have  an  inherent  overload  capacity 
of  33%  percent. 

The  normal  and  maximum  boiler  capacities  converted  into  horsepower  can  be  assumed 

to  be  constant  for  all  speeds  as  represented  by  the  horizontal  lines  BC  and  B'C 
respectively.    Fig.  4. 

Engine  or  Cylinder  Capacity 

In  order  to  be  able  to  utilize  the  overload  capacity  of  the  boiler  it  is  necessary  to 

assume  that  the  cylinder  or  engine  capacity  of  the  locomotive  is  made  equal  to  or  greater 
than  the  maximum  capacity  of  the  boiler. 

It  is  also  necessary  to  assume  that  the  cylinder  capacity  will  be  sufficient  to  obtain 
the  full  tractive  capacity  of  the  locomotive. 

In  order  to  be  sure  of  meeting  these  conditions  the  horsepower  characteristics  of  the 

engine  should  be  known  in  advance  or  assumed.  For  purposes  of  illustration  suppose 

that  it  has  been  found  that  the  typical  engine  horsepower  curve  based  on  an  unre- 
stricted supply  of  steam  can  be  approximately  represented  by  a  circle  as  shown  in  Fig.  4. 

If  this  is  the  case,  then  the  indicated  horsepower  of  the  engine  increases  as  the  speed 

increases  and  as  the  cut-off  is  shortened  until  at  some  speed  it  is  a  maximum.  At  higher 
speeds  and  shorter  cut-offs  the  indicated  horsepower  begins  to  decrease  on  account  of 
the  limited  amount  of  steam  which  can  be  admitted  to  the  cylinders  during  the  short 
time  that  the  valves  are  open. 

Finally  when  the  reverse  lever  is  about  midway  between  forward  and  reverse  little 

or  no  steam  is  admitted  to  the  cylinders  and  the  indicated  horsepower  becomes  zero. 

When  the  lever  is  moved  into  reverse  and  the  engine  kept  running  in  the  same 

direction  by  applying  power  to  drive  it,  it  will  act  as  an  air  compressor.  Thus  the  dotted 
portion  of  the  circle  roughly  indicates  the  amount  of  power  which  can  be  absorbed  on 

heavy  descending  grades  provided  it  is  practical  to  operate  the  engine  as  an  air  com- 
pressor for  this  purpose. 

In  the  absence  of  tests  these  assumptions  seem  reasonable  for  the  purpose  of  this 

discussion.  Hence  in  order  to  balance  the  engine  capacity  against  the  tractive  capacity 

and  boiler  capacity  it  is  only  necessary  to  draw  the  circle  so  that  it  will  be  tangent  to 

both  OA  and  B'C  as  shown  in  Fig.  4. 
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Diaqram  Illustratinq  Tractive  Capacity  - 
Boiler  Capacity   and    Engine  Capacity  ^f 

Steam    Locomotives 

Tractive  capacity    A . 
I  ""v/      Maxinnurn  boll 2 r  capacity     ^-i ■^—=--   \   ̂ -^^   

^^»x.     ̂ Cylinder  cr 

g  yyr   'Normal  boiler  capacity^S^'^'^q''"'^  capacity 

0.45  r 
capacity 

Speed 

Capacity  if  operated  as 
an  air  compressor 

/ 

Fig.  4. 
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The  equation  of  the  line  OA  is 

HP/Ton  on  drivers  =   -25X2000X5  ^  ̂ ^3  ̂  375 

And  the  equation  of  the  circle  is 

HP/Ton  on  drivers  =  [r  —  (S  —  5 / Ary]"" 
Where  r  =  maximum  cylinder  horsepower  per  ton  on  drivers 

5  =  speed  in  miles  per  hour 
If  Si  represents  the  speed  at  the  point  of  tangency 

Then  HP  =  4/3  Si=  [r'— (5i  —  S/4r)']'^^ 
From  which  it  is  found  that  5i  =  .45r 

and  the  corresponding  HP  =  .60r 

If  r  is  made  equal  to  the  maximum  boiler  capacity  then  the  circle  will  be  tangent 

to  B'C.  In  some  cases  the  cylinder  capacity  will  naturally  exceed  the  maximum  boiler 
capacity  and  in  other  cases  it  will  be  made  greater  than  the  maximum  boiler  capacity 

intentionally  in  order  to  increase  the  speed  range  of  the  locomotive  as  shown  in  Fig.  S 
and  explained  later. 

Performance  Capacity 

The  performance  of  the  locomotive  is  usually  based  on  normal  boiler  capacity  which 

is  sometimes  called  "Potential  horsepower  capacity".  In  this  case  the  supply  of  steam 
is  limited  hence  it  is  necessary  to  adjust  the  cylinder  horsepower  characteristics  in  accord- 

ance with  the  amount  of  steam  available.  Assume  that  the  adjusted  characteristics  can 

be  represented  by  a  curve  which  is  tangent  to  OA  and  asymptotic  to  BC  as  shown  in 

Fig.  4.    Such  a  curve  can  be  represented  by  the  following  equation. 

r  nf— l""! 
IHP /Ton  on  drivers  =  ii:|l   C  '       J 

Where  K  =  normal  boiler  capacity  per  ton  on  drivers 
e  =  base  of  Naperian  logarithms 
V  =  speed  in  mph 

,  n  and  m  constants  to  be  derived 
T  =  tractive  effort  in  pounds  per  ton  on  drivers 

Then  T. 

^5^^f^=-^x[i_r(^)"] dT 

When  r  is  a  maximum,  —tt^^z  0  which  is  found  to  be  when 

/  F  \m  {  V  \"^ 

1  +  nm  I  "j77  I     =  Anti  loge  n  [y^) 
If  n  and  m  are  equal  to  unity  the  maximum  tractive  effort  is  obtained  when  V  =  0 

as  shown  by  the  following  substitution 

1  +  0— anti  loge  (0)  =  1 

This  is  a  condition  which  applies  in  the  case  of  Oil-Electric  Locomotives. 
In  the  case  of  Steam  Locomotives  the  maximum  tractive  effort  occurs  when 

(—\  =  1  that  is  when  V  =  Fi. 

Substituting  1  for  |  —  |  the  equation  becomes 

1  +  nm  =  anti  loge  (n) . 

Values  of  m  and  n  which  will  satisfy  this  equation  can  be  determined  by  applying 
the  Method  of  Least  Squares  to  test  data  when  available. 
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Assuming  n  =  3/4  then  m  =  1.4Q  or  approximately  3/2  and  the  equation  of  the 
indicated  horsepower  curve  becomes 

=  Kl-e'<^y] 
IHP/Ton  on  drivers 

Thus  when  V  =:  Vi 

I  HP  =  K{1  —  e-")  =  .52SK 
If  the  maximum  tractive  effort  amounts  to  25  percent  of  the  weight  on  drivers  then  for 
the  point  of  tangency  with  OA 

TiTD/rr            J-               CIO  I'       .25X2000X^1 IHP/Ton  on  drivers  =:  .S28a  =   —   — — 
375 

or  Fi  =  .396K 

Typical  work  sheets  which  are  shown  as  Forms  A  and  B  on  pages  450,  451  in  the 

main  body  of  the  report  have  been  prepared  from  this  discussion  in  order  to  have  a 
convenient  form  for  making  practical  applications  of  the  theory. 

Theoretically  the  performance  capacity  never  reaches  the  maximum.  On  the  basis 

of  assumptions  the  engine  capacity  and  performance  capacity  curves  intersect  at  a  point 

which  corresponds  to  a  speed  of  6.43  Vi  or  (4.25  Si)  Fig.  4.  At  higher  speeds  the  loco- 
motive capacity  is  limited  by  engine  capacity  which  rapidly  decreases  to  0  as  the  speed 

increases.  Thus  there  is  an  abrupt  change  in  the  curve  which  does  not  appear  in  the 

formula.  This  deficiency  in  the  formula  is  not  serious  because  as  shown  in  Fig.  5  the 

speed  range  can  be  increased  by  increasing  the  engine  or  cylinder  capacity  without 
increasing  the  boiler  capacity. 

Diagram  Shov>ying  how  tha  Speed   Range  and  Boiler 
Utilization   Depends  upon  Engine   Capacity 

Increase  5n  engine  capacity 

_L  -\         C 

Increase  in  speed  range 

Speed 
Fig.  S. 

The  tractive  effort  corresponding  to  7  Fi  on  Forms  A  and  B  are  enclosed  in  paren- 
thesis to  call  attention  to  the  fact  that  cylinder  capacity  may  be  a  limiting  factor. 

Fig.  6  is  a  more  familiar  form  of  Fig.  4  which  shows  the  normal  indicated  tractive 

efforts  and  cylinder  tractive  efforts  in  addition  to  the  normal  indicated  and  cylinder 

horsepower  capacities,  plotted  against  speed  in  terms  of  Vi  instead  of  r. 

Form  BB  is  a  special  work  sheet  based  on  the  assumption  that  the  cylinder  horse- 
power characteristics  can  be  represented  by  the  equation  of  a  circle. 
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FORM  FOR  CALCULATING 
THE  TRACTIVE  EFFORTS  AND  HORSEPOWERS 

OF  TYPICAL  STEAM  LOCOMOTIVES 
BASED  ON  CYLINDER  CAPACITIES 

FORM  BB 

RAILROAD 

Tyoe  (Wheel  Arrangement). 

2.  Weight  on  Drivers 
3.  Weight  of  Engine_ 
4.  Weight  of  Tender   

5.  Total  '.Teight   

6.  Cylinder  KP  Capacity  of  Loco.   
7.  Cyl.  HP  Cap.  Per  Ton  on  Drivers 

8.  Basic  Speed  HPH  =  Sj^  =  .45  x  r_ 

Adjusted 

Sp 

eed cylii Tractiv 

ider 
3  Effort Engine 

Losses 
20  Lb/Ton 

Actual  Wt . 
on  Drivers 

Driver 

Tract. 
Effort 

Col(d)- 
Col(e) 

Cylind 

sr  HP 

Driver 

HP Total 

Per  Ton 
on 

Drivers 

Adj.Wt. 

Tolal s MFH 
Per  Ton on 

Drivers 
Total 

(a) (b) 
(c) 

(d) 
(e) 

(f) 
(g) 

(h) (1) 
0 0 500 0 0 0 0 

l.OOxSi 500 
.600xr 

1.20  " 489 

.704  " 

1.40  " 467 

.785  " 

1.60  " 443 

.846  " 

1.80  " 416 

.898  " 
2.00  ■' 390 

.937  " 

2.25  " 359 

.970  " 

2.50  " 
331 

.992  "  ' 

2.75  " 303 

1.000  " 
2,78  " 3C0 

l.OOC  " 
3.00  " 

276 

.995  " 

3.50  " 
225 

.946  " 

4.00  " 
174 

.835  " 

4.20  " 
153 

.770  " 

4.40  " 130 

.684  " 
4.60  ■• 104 

.572  " 

4.80  " 
72 

.415  " 

5.00  " 
0 

.000  " 
See  Form  B  for  Explanatory  Notes. 
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Fig.  6. 
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Driver  Horsepower  and  Tractive  Effort 

As  stated  in  last  year's  report  it  is  proposed  to  refer  to  the  output  of  all  types  of 
motive  power  in  terms  of  the  horsepower  measured  at  the  driving  axles  in  order  that 

various  types  of  motive  power  can  be  compared  on  a  comparable  basis. 

For  this  purpose  and  in  order  that  the  Davis  Formulas  for  the  Tractive  Resistance 
of  Electric  Locomotives  can  be  used  for  all  types  of  locomotives  it  is  assumed  that  the 
driver  tractive  efforts  of  Steam  Locomotives  are  based  on  the  indicated  horsepowers  less 

the  mechanical  losses  in  the  engine  taken  at  20  pounds  per  ton  on  drivers.  That  is  in 

place  of  using  the  usual  25  pounds  per  ton  on  drivers  which  includes  the  rolling  resist- 
ance of  the  drivers  it  is  proposed  to  exclude  the  rolling  resistance  of  the  drivers  and  use 

20  pounds  per  ton  on  drivers  because  the  Davis  Formulas  include  the  head  end  air 

resistance  of  the  locomotive  and  the  rolling  resistance  of  drivers  and  engine  and  tender 
trucks. 

In  most  cases  it  is  simpler  to  deal  with  driver  tractive  efforts  and  the  total  resistance 

of  the  train  including  locomotive  in  which  case  the  resistance  of  the  locomotive  is  com- 
puted separately  and  added  to  the  resistance  of  the  train  to  obtain  the  total  resistance 

which  has  to  be  overcome  by  the  tractive  effort  at  the  driving  axles  of  the  locomotive. 

When  dealing  with  steam  locomotives  only  the  cylinder  tractive  efforts  can  be  used 
instead  of  driver  tractive  efforts  if  20  pounds  per  ton  on  drivers  is  added  to  the  tractive 
resistance  of  the  locomotive. 

Summary 

The  foregoing  discussion  outlines  some  of  the  basic  limits  between  which  designing 

engineers  and  locomotive  builders  have  to  work.  One  of  these  limits,  namely,  the  adhesive 
limit  can  be  arbitrarily  fixed,  that  is  all  of  the  tables  are  based  upon  a  coefficient  of 

adhesion  of  25  percent  of  the  weight  on  drivers,  which  corresponds  to  an  adhesion  factor 

of  4  and  is  equivalent  to  500  pounds  tractive  effort  per  ton  on  drivers. 

When  the  actual  cylinder  tractive  efforts  are  not  equal  to  25  percent  of  the  weight 

on  drivers,  it  is  necessary  to  base  the  calculations  on  the  effective  weight  on  drivers  which 

is  equal  to  four  times  the  actual  tractive  effort. 

The  other  limits  depend  upon  designing  engineers  and  locomotive  builders.  Their 

problem  is  to  proportion  the  locomotive  so  as  to  obtain  as  much  capacity  as  possible 
within  the  prescribed  limits  of  weight  and  physical  dimensions.  It  is  possible  for  them 

to  obtain  more  capacity  in  three  different  ways. 

1 — By  raising  the  limits  when  possible. 
2 — By  developing  new  and  more  economical  ways  for  making  use  of  the  material. 
3 — By  improving  the  efficiency  of  the  boiler  and  the  economy  of  the  engine. 

Thus  the  limits  BC  and  B'C  depend  upon  the  state  of  the  art  and  in  the  final 
analysis  must  be  determined  by  the  manufacturers  from  design  data  and  tests. 

In  this  connection  the  Bureau  of  Research  of  the  Association  of  American  Railroads 

as  stated  in  last  year's  report  has  appointed  a  Committee  from  the  Mechanical  Division  to 

revise  Cole's  Ratios  which  have  been  widely  used  for  many  years  for  estimating  the 
horsepower  capacity  of  locomotives  based  on  heating  surfaces,  grate  areas,  etc.  This 
revision  has  not  been  completed. 

In  the  meantime  Committee  XVI,  in  cooperation  with  Committee  XXI,  has  developed 

a  tentative  chart  and  table  pages  which  will  be  found  useful  in  determining  the  approx- 
imate horsepower  of  modern  steam  locomotives  based  on  the  weight  of  the  engine  and 

the  weight  on  drivers.    The  chart  is  based  on  an  analysis  of  upwards  of  250  different 
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designs  of  steam  locomotives  built  during  the  past  20  years  and  also  upon  a  number  of 
reliable  road  tests.  It  is  intended  to  be  used  as  a  guide  in  selecting  suitable  types  of 
locomotives  for  various  proposed  services. 

The  horsepowers  obtained  from  the  chart  or  table  represent  normal  boiler  capacity 
based  upon  latest  design  practice  including  feed  water  heaters  and  other  economy  devices. 

For  this  reason  locomotives  built  10  or  IS  years  ago  will  not  rate  as  high  as  shown  by 

the  chart.  It  is  generally  necessary  to  reduce  the  chart  ratings  10  to  20  percent  de- 
pending upon  the  date  locomotives  were  built  when  estimating  the  performances  of 

older  locomotives. 

Provision  is  made  on  Form  B,  page  451,  for  checking  the  actual  or  design  capacities 

against  the  capacity  of  typical  modem  locomotives  of  equal  weight  based  upon  Table  2, 

page  448. 

In  a  short  time  it  is  expected  that  sufficient  new  data  will  be  accumulated  which 
will  make  it  desirable  to  revise  the  chart  and  tie  it  in  with  actual  design  data.  Until 

then  it  can  be  assumed  that  designing  engineers  and  locomotive  builders  will  take  care 

of  the  essential  details  of  construction  necessary  to  fulfill  the  horsepower  requirements 
obtained  from  the  chart. 
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FORM  FOR  CALCULATINO 
THE  TRACTIVE  EFFORT  AND  HORSEPOWER  OUTPUT 

OF  TYPICAL  ELECTRIC  LOCOMOTIVES 
MOTOR  GENERATOR  LOCOMOTIVE 

FORM  E 

ITEM 

1.  Type  (Wheel  Arrangement)   
2.  Weight  on  Drivers  (Tons)   
3.  Weight  of  Locomotive  (Tons). 

4.  HP  Rating  of  Mot-Gen  Set   
5.  Max  HP  Rating  (Pull  Out)  M-G  Set. 

6.  Rated  Speed   

7.  Rated  Tractive  Effort. 

8.  Rated  HP  M-G  Set  Per  Ton  on  Drivers  =  K. 

9.  V  =  .522  X  Item  (8). 

Speed 

Driver 

Tractive  Effort 

Locomotive 
Output 

Substation 
Output 

V MFH 
Lbs  per 

Ton  on 

Drivers 

Total 

HP  per 

Ton  on 
Drivers 

Total 

KW  per 

Ton  on 

Drivers 
Total 

(a) 
(b) (c) 

(d) 
(e) (f) 

(g) (h) 

0 0 
500 

0 0 .100  X  K 

1.00  X  Vi 500 .696  X  K 
1.000 

1.25 437 
.760 1.000 

1.50 386 
.805 1.000 

1.75 344 
.837 

1 

1.000 
2.00    " 308 

.858 
1.000 

2.25 
279 

.874 
• 

1.000 
2.50   " 

254 
.684 

1  .000    " 2.75 233 
.892 

' 
1.000 

3.00 
215 

.897 

' 
1.000 

3.50 185 

-.902 

1 

1.000 4.00 163 .907 

' 
1 .000 

Traction  Motor  Characteristics  Full  Gen.  Voltage 

3.00  X  Vi 
2  94 1.228  X  K 

1.362  X  K 
3.25 

231 
1.046 

1.160 3.50 185 
.902 1.000 

4.00 124 
.690 

.765 
4.50   " 

87 
.545 .605 

3.50  X  Vi 
244 

1.185  X  K 1.307  X  K 

3.75   " 
198 

1.032 1.138 4.00 163 
.907 

1.000 4.50 114 
.716 

.790 5.00 
83 

.580 
.640 

xy  Note  effect  of  constant  generator  voltage   See  Fig.  4 
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Exhibit  B 

ELECTRIC  LOCOMOTIVES 

For  a  discussion  of  the  capacities  and  characteristics  of  Electric  Locomotives  see  the 

Committee's  report  for  last  year. 
On  account  of  errors  which  have  been  discovered  in  the  Form  for  calculating  the 

characteristics  of  Motor  Generator  Locomotives,  the  Committee  desires  to  withdraw  the 

Form  AREA  Proceedings,  Volume  37,  page  429  and  substitute  Form  E  which  is  shown 
on  the  opposite  page. 

The  Committee  also  desires  to  supplement  last  year's  report  with  the  following 
discussion  on  Electric  Braking. 

Electric  Braking 

There  are  two  forms  of  electric  braking  which  convert  the  stored  energy  in  the  train 

into  electric  energy  and  thus  reduce  the  heating  of  brake  shoes  and  wheels  and  the  wear 
and  tear  on  the  equipment. 

In  one  form  which  is  known  as  Dynamic  braking  the  electric  energy  is  wasted  in 

heating  resistances  which  are  carried  on  the  locomotive  for  this  purpose. 

In  the  other  form  which  is  called  Regenerative  braking  the  electric  energy  is  re- 
turned to  the  distribution  system  where  it  does  useful  work  supplying  power  to  other 

trains  on  the  line  or  reducing  the  load  on  the  power  station. 
In  calculating  the  amount  of  power  which  can  be  converted  into  electric  power  it 

is  necessary  to  consider  the  tractive  capacity  of  the  locomotive  and  the  characteristics 
of  the  electrical  equipment  as  well  as  the  grades  and  the  resistance  of  the  train. 

Part  of  the  stored  energy  of  the  train  is  lost  in  overcoming  train  resistance,  the 

balance  represents  the  amount  available  for  conversion  into  electric  energy. 

Braking  Effort 

The  braking  effort  of  a  locomotive  is  the  force  exerted  at  the  driving  axles  to  oppose 
its  motion  or  the  opposite  of  tractive  effort. 

The  maximum  braking  power  of  the  locomotive  is  therefore  limited  by  the  same 
conditions  which  limit  the  maximum  tractive  effort  except  in  practice  it  is  customary 

to  limit  the  maximum  braking  effort  to  20  percent  of  the  weight  on  drives  instead  of 

25  percent  which  is  generally  assumed  as  the  maximum  tractive  effort  available  for 
propeUing  the  locomotive. 

Thus  the  tractive  and  braking  capacities  of  a  locomotive  can  be  represented  by  the 

lines  OA  and  OA'  respectively  in  Fig.  7. 
The  actual  amount  of  electric  power  which  can  be  generated  is  limited  by  the  capac- 

ity of  the  equipment,  its  efficiency  and  characteristics. 

A  typical  tractive  effort  and  regenerative  braking  diagram  based  upon  the  char- 
acteristics of  direct  current  locomotives  is  shown  in  Fig.  7. 

In  the  left-hand  portion  of  the  diagram,  the  horsepower  output  of  the  locomotive 
when  motoring  are  shown  above  the  horizontal  axis  and  the  H.P.  input  to  the  drivers 
and  Kw.  electrical  output  of  the  locomotive  when  braking  are  shown  below  the 
horizontal  axis. 

In  the  right-hand  portion  of  the  diagram  the  tractive  efforts  at  various  speeds  are 
shown  above  the  horizontal  axis  and  the  braking  efforts  below. 

The  tractive  effort  characteristics  are  based  on  an  allowance  of  about  10  percent 

for  average  voltage  drop  in  the  trolley  whereas  no  allowance  has  been  made  for  voltage 
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drop  during  regeneration  because  it  is  assumed  that  a  Kw.  generated  at  the  locomotive 
is  equivalent  to  a  Kw.  generated  at  the  substation.  Actually  there  will  be  times  during 
regeneration  when  the  voltage  at  the  locomotive  will  be  higher  than  at  the  substation 
but  in  preliminary  estimates  this  condition  can  be  neglected. 

Form  F  shows  a  work  sheet  for  calculating  the  braking  efforts  obtainable  at  various 
speeds  based  on  full  speed  and  %  speed.  Space  is  left  at  the  bottom  of  the  form  for 
calculating  the  braking  efforts  at  J/2  or  %  speed  whichever  combination  is  applicable  to 
the  particular  locomotive  in  question. 

In  applying  this  data  to  actual  examples  it  is  sometimes  found  that  the  braking 
efforts  required  to  hold  the  train  at  the  desired  speed  are  less  than  given  on  the  diagram 
or  on  the  form.  In  these  cases  it  is  necessary  to  reduce  the  power  regenerated  in 
proportion  to  the  braking  efforts. 

When  the  braking  efforts  required  to  hold  the  train  at  the  desired  speed  are  greater 
than  obtained  on  the  form  then  it  is  necessary  to  assume  that  the  excess  braking  effort 
will  be  supplied  by  the  brakes  on  the  train. 

Example  1 

For  example,  assume  a  case  where  loaded  trains  are  operated  up  a  2  percent  grade 
and  empty  trains  down  grade  and  where  the  loaded  trains  weigh  3  times  as  much  as 
the  empty  trains. 

Suppose  the  tractive  effort  required  for  the  loaded  train  amounts  to  376  pounds  per 
ton  on  drivers  which  corresponds  to  a  speed  of  l.lOFi,  say  1S.4  miles  per  hour  then  Fi 

equals  15.4  -r-  1.10  or  14.0  miles  per  hour. 
The  weight  of  the  loaded  train  per  ton  on  drivers  will  amount  to  376  divided  by  44 

(40  pounds  for  the  resistance  of  a  2.0  percent  grade  and  4  pounds  per  ton  for  train 
resistance)  or  8.5  tons  per  ton  on  drivers. 

Assuming  that  the  speed  of  the  empty  train  is  to  be  limited  to  21  miles  per  hour, 
which  corresponds  to  21/14  or  1.50  Fi  and  that  the  train  resistance  amounts  to  9  pounds 
per  ton  for  empty  cars  against  4  pounds  for  loaded  cars,  then  the  braking  effort  required 
to  hold  a  train  of  Vs  the  loaded  weight  on  a  minus  2  percent  grade  will  amount  to 

(40  —  9)  X  %  X  8.5  =  88  pounds  per  ton  on  drivers,  whereas  the  braking  effort 
obtainable  as  shown  on  the  form  corresponding  to  1.50^1  (21  miles  per  hour)  equals 
373  pounds  per  ton  on  drivers. 

The  amount  of  electric  power  which  can  be  regenerated  under  these  conditions 
amounts  to  88/373  or  only  23.6  percent  of  the  capacity  of  the  locomotive,  that  is 
.236  X  .970  X  Vi  or  3.2  kw.  per  ton  on  drivers. 

Example  2 

On  the  other  hand,  if  conditions  are  reversed  and  empty  trains  are  operated  upgrade 
and  loaded  trains  downgrade,  then  the  weight  of  the  empty  trains  assuming  a  train 
resistance  for  empty  cars  at  15.4  mDes  per  hour  of  8  pounds  per  ton  will  amount  to 
376/48  or  7.9  tons  per  ton  on  drivers  whereas  the  loaded  train  will  weigh  3  times  as 
much  or  23.7  tons  per  ton  on  drivers. 

The  braking  effort  required  to  hold  this  train  on  a  minus  2  percent  grade  will 
amount  to  23.7  X  (40  —  4)  equals  853  pounds  per  ton  on  drivers. 

This  braking  effort  is  beyond  the  adhesion  limit  of  the  locomotive  regardless  of  the 
type  of  brakes  used,  hence  the  excess  braking  effort  required  must  be  obtained  from 
the  brakes  on  the  train. 

On  account  of  the  capacity  and  characteristics  of  the  electrical  equipment  the  max- 
imum braking  effort  can  only  be  obtained  between  the  speeds  1.3Fi  and  1.4Fi.    The 
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FORM  FOR  CALCULATING  THE  BRAKING 
EFFORT  AND  KW  OUTPUT  REGENERATED 

TYPICAL  DIR-CT  CURRENT  LOCOMOTIVES 

FORM  T 

Item 

RAILROAD 

1.  Type  (wheel  Arrangement), 
2.  Weight  on  Drivers  (Tpns), 
3.  Weight  of  Locomotive   
4.  Number  of  Motors   

5.  Horsepower  Continuous  Rating   
6.  Speed  at  Continuous  Rating   
7.  Tractive  Effort  Continuous  Rating_ 

8. 
9. T.E.  Continuous  Rating  per  Ton  on  Drivers   

Speed  (Cont.  Rating)  Corrected  for  Ave  Line  Voltage. 

10.   Maximum  Safe  Speed  MPH_ 

Full  Speed 

Driver 

Braking  Effort 
Input 

Locomotive 

Output 

Locomotive 

V MFH 

Lbs  per 

Ton  on 
Drivers 

Total 

HP  per 
Ton  on 
Drivers Total 

KW  per 

Ton  on 

Drivers 
Total 

1.00  X  Vi 

Fill  out  above  s Daces  from  Form  C 

1.20  X  Vi 0 0 0 0 0 0 

1.30 400 
1.387  X  Vi 

.900  X  Vi 

1.40 400 1.494 
.970 1.50 

373 
1.494 

.970 1 .  60 350 1.494 

.970 l.SO 311 1.494 

.970 2  .00 227 1.210 .790 
2.20 171 1.004 

.650 2.40 131 
.838 .550 2.60 103 .714 

.460 2.80 63 
.620 .400 

3.00 67 
.535 

.350 
2/3  Speed 

.600  X  Vi 0 0 0 

.857 400 
.925  X  Vi .600  X  Vi 

.933 400 
.996 

' 
.647 1.000 373 

.995 
.647 1.067 350 .996 

• 

.647 1.200 311 
.996 

• 

.647 1.333 227 
,807 

' 

.527 1.467 
171 

.670 

•' 

.433 1.600 131 
.559 

' 
.367 1.733 103 

.476 .307 1.867 

83 

.413 
.267 2.000 

67 
.357 .233 

Spee 
d 
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kilowatts  of  electric  power  which  can  be  generated  at  these  speeds  vary  between  .9Fi 

and  .97Fi  per  ton  on  drivers.  At  higher  speeds  the  braking  effort  decreases,  but  the 

amount  of  electric  power  which  can  be  generated  remains  constant  between  the  speeds 
lAVi  and  1.87i.  For  speeds  above  I.8F1  it  is  necessary  to  limit  the  electrical  output  of 
the  locomotive  on  account  of  the  inherent  characteristics  of  the  equipment. 

These  limits  are  more  or  less  arbitrary  and  subject  to  revision  by  designing  engineers 

when  final  designs  are  completed.  They  are  sufficiently  conservative  for  use  in  connec- 
tion with  economic  studies  of  the  effect  of  regenerative  braking  upon  line  or  grade 

revisions  or  methods  of  operation. 

OIL-ELECTRIC  LOCOMOTIVES  AND  RAIL  CARS 

Oil-Electric  Locomotives  are  examples  of  a  type  of  motive  power  which  uses  elec- 
trical means  for  transmitting  power  from  a  power  unit  to  the  drivers.  Other  examples 

which  can  be  included  in  this  class  are  Gas-Electric  Rail  Cars  and  Turbo-Electric 
Locomotives. 

In  all  cases  the  basic  principles  are  the  same  as  for  steam  locomotives  except  that 
in  some  instances  different  limits  are  assumed  as  explained  later.  For  example,  the  power 

available  is  limited  the  same  as  for  steam  locomotives  by  the  capacity  of  the  prime  mover 

or  power  unit.  The  maximum  tractive  capacity  is  limited  by  the  adhesion  which  exists 

between  the  drivers  and  the  rails,  which  in  the  case  of  oil-electric  locomotives  is  gener- 
ally based  on  30  percent  of  the  weight  on  drivers  instead  of  25  percent  in  the  case  of 

steam  locomotives,  because  the  tractive  effort  which  can  be  developed  by  overloading  the 

traction  motors  is  not  a  fixed  maximum  as  it  is  in  the  case  of  steam  locomotives.  How- 

ever, in  some  cases  it  is  necessary  to  arbitrarily  limit  the  maximum  tractive  efforts  in 
order  to  avoid  exceeding  the  overload  capacity  of  the  electrical  equipment. 

The  design  and  construction  of  Oil-Electric  Locomotives  and  others  of  this  class 
follow  along  the  lines  of  electric  locomotives,  therefore  it  is  customary  to  denote  the 

wheel  arrangement  in  accordance  with  the  electric  system.  For  example,  B-B  oil-electric 
locomotives  are  commonly  used  in  switching  service.  The  letters  A,  B  and  C  are  used 
to  indicate  1,  2  and  3  driving  axles  respectively  as  explained  in  the  section  on  Electric 

Locomotives.  Thus  B-B  indicates  a  locomotive  consisting  of  a  cab  mounted  on  two 

2-axle  trucks,  each  truck  containing  two  motors,  one  for  each  axle. 

Weight  and  Capacity 

At  the  present  time  there  is  not  sufficient  statistical  data  available  to  attempt  an 

analysis  of  the  relation  between  engine  horsepower  capacity  and  weight  of  locomotive 
along  the  lines  discussed  in  the  section  on  Steam  Locomotives. 

For  preliminary  estimates  it  can  be  roughly  assumed  that  for  the  same  horsepower 

capacity,  oil-electric  locomotives  will  weigh  more  than  the  engine  and  nearly  as  much 
as  the  engine  and  tender  of  steam  locomotives  as  determined  by  the  chart  or  table, 

pages  448  and  450. 

At  the  same  time,  oil-electric  locomotives  will  generally  have  about  twice  as  many 
driving  axles  as  steam  locomotives  of  the  same  capacity  and  hence  will  have  nearly  twice 
as  much  weight  on  drivers,  therefore  the  maximum  tractive  effort  at  starting  may  be 
twice  that  of  comparable  steam  locomotives. 

Thus  in  the  preliminary  stages  it  is  difficult  to  appreciate  the  possibilities  of  Oil- 
Electric  Locomotives  until  design  data  are  available  and  the  weights,  construction  and 

horsepower  capacities  determined.  Given  the  weight  on  drivers  and  the  horsepower 
capacity  of  the  power  unit,  the  speed  tractive  effort  and  horsepower  characteristics  of 
the  locomotive  can  be  closely  calculated  as  outlined  below. 
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FORM  rOR  CALCULATING 

THE  TRACTIVE  EFFORT  AND  HORSEPOWER  OUTPUT 

OF  OIL-ELECTRIC  LOCOMOTIVES 

.RAILROAD 

Item 

1.  Type  (7/heel  Arrangement). 
2.  Weight  on  Drivers  (Tons). 

3.  Weight  of  Locomotive   

4. 
S. 

6.  "Nominal  Horsepower  Output  of  Locomotive. 

Rated  Horsepower  of  Power  Unit   

Horsepower  Required  for  Auxiliarie3_ 

7,  Horsepower  per  ton  on  Drivers  Item  (6)/ltem  (2)  =  K. 

8.  Vi  =  .395  X  Item  (7)   

Normal  Gearing 
Special 

Gearing 
Horsepower 

Speed 
Driver A B 

Output 

V UPH 

Tractive Effort 
MPH 

Driver 
T.E. 

Total 

UPH 
Driver 
T.E. 

Total 

per 
Ton on 

Drivers 

Total 
Lbs. Per 

Ton  on 

Drivers 
Total 

(a) (b) (0) 
(d) 

(e) 
(f) 

(g) 
(h) 

(J) 
(k) 

0 0 600 0 0 0 0 

l.GOxVl 600 .632xK 

1.25  " 542 

.713  " 

1.50  ■• 492 

.777  " 

1.75  " 
448 

.826  " 

2.00  " 
411 

.865  " 

2.50  " 348 

.918  " 

3. CO  " 
300 

.950  " 

3.50  " 
263 

.970  " 

4.00  " 

233 

.982  " 

4.50  " 

209 

.989  " 

5.00  " 
189 

.993  " 

6.00  " 
156 

.998  '■ 

7.00  " 
135 

.999  " 

8.00  ■' 
119 

1.000  " 

10.00  " 
95 

1.000  " 

12.00  " 

79 

1.000  " 

14.00  " 
67 

1.000  " 
l.lOxV 

(U).626  " 

1.20  " 

(X).694  " 

1.30  " 

(Y).592  - 

1.40  " 

(Z).510  '• 
itNominal  horsepower  output  of  locomotive  depends  upon  engine  capacity  and  allowances 
for  auxiliaries. 

Assume  80  per  cent  (78-82)  of  Item  (4)  for  roeul  locomotives 

75  per  cent  (73-77)  of  Item  (4)  for  switch  locomotives  and  rail  oars 
Including  auxiliaries 

(0)  (X)  (y)  (2)  are  the  horsepower  outputs  corresponding  to  10,  20,  30  and  40 
per  cent  over  speed  (afier  generator  reaches  full  voltage) 

Spaces  A  and  B  are  provided  in  cas9 
meet  high  speed  conditirns. 

it  is  necessary  to  change  motor  gearing  to 
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Speed  Tractive  Effort  Curves  Oil-Electric  Locomotives 

Form  G  on  the  opposite  page  shows  a  typical  work  sheet,  similar  to  the  ones  for 
Steam  and  Electric  Locomotives,  for  computing  the  tractive  effort  and  horsepower  output 

of  oil-electric  or  turbo-electric  locomotives  and  rail  cars,  based  upon  the  horsepower 
capacity  of  the  power  unit  and  the  weight  on  drivers. 

The  horsepower  rating  of  the  power  unit  is  the  manufacturers  rating  which  is  based 

on  a  guaranteed  performance  under  specified  load  conditions  usually  about  %  or  54  of 
maximum  capacity. 

In  some  cases  the  main  power  unit  furnishes  power  for  operating  auxiliaries,  such  as 
air  compressor,  blowers,  battery  charging,  etc.  In  these  cases  it  is  necessary  to  estimate 
the  amount  of  power  required  for  this  purpose  and  deduct  it  from  the  rated  capacity  of 

the  power  unit.  In  the  case  of  freight  and  switching  locomotives  the  usual  allowances 
amount  to  4  to  7  percent  of  the  rated  capacity  of  the  engine. 

The  nominal  horsepower  output  of  the  locomotive  is  equal  to  the  rated  capacity  of 
the  power  unit  less  allowances  for  auxiliaries,  less  the  mechanical  and  electrical  losses  in 

the  equipment,  including  control  and  locomotive  wiring.  These  deductions  in  the  case  of 

road  locomotives  are  generally  assumed  to  amount  to  18-22  percent  of  the  rated  capacity 
of  the  power  unit. 

In  the  case  of  switching  locomotives  and  rail  cars  the  losses  and  adjustments  for 

auxiliaries  usually  amount  to  23-27  percent  as  indicated  on  the  form  and  explained  in 
Exhibit  C. 

The  speeds  and  driver  tractive  efforts  corresponding  to  normal  gearing  are  calculated 

first  and  entered  in  Columns  (b)  and  (d)  and  the  horsepower  outputs  in  Column  (k). 

For  normal  gearing  Vi  =  .395  times  the  nominal  horsepower  output  per  ton  on  drivers 
and  corresponds  to  a  tractive  effort  of  30  percent  or  600  pounds  per  ton  on  drivers. 

This  gearing  which  usually  corresponds  to  maximum  reduction  (minimum  motor 

pinion)  limits  the  speed  range  over  which  the  full  capacity  of  the  power  unit  can  be 
used  to  about  10  X  Vt,  without  shunted  field  and  to  about  14  X  V^  with  shunted  field 

control  provided  the  generator  is  wound  for  the  same  voltage  as  the  motors.  At  higher 

speeds  the  tractive  efforts  fall  off  rapidly  with  increases  of  speed  because  the  generator 

voltage  remains  nearly  constant  and  the  current  decreases.  On  this  account  the  load  on 

the  power  unit  is  automatically  reduced. 

The  reduced  horsepowers  (U) ,  (X),  (Y)  and  (Z)  which  correspond  to  10,  20,  30 

and  40  percent  increases  in  V  are  given  in  order  to  be  able  to  adjust  the  tractive  efforts 

at  these  high  speeds  and  reduced  outputs.  The  speed  represented  by  V  may  correspond 

to  any  value  of  V  between  8Fi  and  14Fi  depending  upon  the  design  voltages  of  generator 
and  motors,  type  of  control,  etc. 

If  it  is  desired  to  use  the  full  capacity  of  the  power  unit  over  a  higher  speed  range 
than  indicated  for  normal  gearing  then  it  is  necessary  to  change  the  motor  gearing. 

For  example,  if  it  is  desired  to  obtain  full  engine  capacity  up  to  20Fi  instead  of,  say, 
lOFi  then  the  speeds  in  Column  (b)  would  be  doubled  and  entered  in  Column  (e)  and 

the  tractive  efforts  in  Column  (d)  would  be  halved  and  entered  in  Column  (f).  The 

speeds  and  tractive  efforts  corresponding  to  any  other  gear  ratio  would  be  obtained  in 

like  manner  and  entered  in  Columns  (g)  and  (h). 

In  the  case  of  double  speed  gearing  the  tractive  effort  for  the  same  overload  on  the 

electrical  equipment  would  be  limited  to  300  pounds  per  ton  on  drivers,  otherwise  the 
losses  might  be  excessive  and  the  overloads  injurious  to  the  equipment.  For  these  reasons, 

it  is  necessary  to  depend  upon  designing  or  application  engineers  for  the  final  selection 
of  equipment  and  gearing  to  meet  operating  conditions. 
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Performance  and  Fuel  Consumption 

The  performance  and  fuel  consumption  o^  Oil-Electric  Locomotives  are  estimated 
along  the  same  lines  as  outlined  for  Steam  Locomotives. 

Exhibit  C 

The  purpose  of  this  exhibit  is  to  call  attention  to  some  of  the  similarities  and  some 

of  the  differences  between  steam  and  oil-electric  locomotives  for  reference  in  connection 
with  Exhibit  A. 

Locomotive  Capacity 

The  capacity  of  oil-electric  locomotives  is  set  by  the  same  limits  which  determine 
the  capacity  of  all  locomotives  namely,  the  amount  of  power  which  can  be  used  and, 
second,  by  the  amount  of  power  which  can  be  produced  on  the  locomotive. 

Tractive  Capacity 

The  adhesion  limit  or  tractive  capacity  of  oil-electric  locomotives  is  the  same  as  for 
electric  locomotives  and  somewhat  higher  than  for  steam  locomotives  on  account  of  the 

uniform  tractive  effort  obtained  at  the  drivers.  The  electrical  equipment  is  usually  de- 

signed with  sufficient  margin  to  be  able  to  slip  the  wheels  without  injury  under  condi- 
tions where  the  tractive  effort  is  equivalent  to  30  percent  of  the  weight  on  drivers  instead 

of  25  percent.    It  is  represented  by  the  line  OA  in  Fig.  8. 

Power  Capacity 

The  second  limit  is  set  by  the  capacity  of  the  power  unit  which  corresponds  to  the 

Boiler  Capacity  in  the  case  of  Steam  locomotives  and  is  represented  by  the  horizontal 

line  EC  Fig.  8.  Actually  it  is  possible  for  the  power  unit  to  carry  overloads  up  to  its 

maximum  capacity  which  is  represented  by  the  horizontal  line  E'C. 
In  some  cases  the  Power  Unit  supplies  power  for  operating  the  auxiliaries,  air  com- 

pressor, blowers,  battery  charging  etc.  which  amounts  to  4  to  7  percent  of  the  rated 

capacity.  The  balance  after  deducting  the  power  required  for  auxiliaries  is  available  for 

traction  and  is  represented  by  the  horizontal  line  E"C". 

Motor  Capacity 

Motor  capacity  in  the  case  of  Oil-Electric  Locomotives  is  analogous  to  engine  or 
cylinder  capacity  in  the  case  of  steam  locomotives. 

If  the  power  supply  of  an  oil-electric  locomotive  were  unrestricted  the  characteristics 
of  the  locomotive  would  be  the  same  as  for  electric  locomotives  of  the  D.C.  type  which 

depend  upon  the  characteristics  of  the  traction  motors.  Fig.  9  is  a  chart  which  gives  the 

equations  and  shows  the  characteristics  of  typical  direct  current  traction  motors. 

In  practice  the  characteristics  of  motors  and  generators  can  be  accurately  determined 

from  stand  tests  before  the  equipment  is  assembled  on  the  locomotive.  Furthermore  the 
control  can  be  adjusted  to  limit  the  output  of  the  power  unit  to  any  desired  amount 

consequently  the  characteristics  of  oil-electric  locomotives  can  be  more  accurately  cal- 
culated than  is  possible  in  the  case  of  steam  locomotives. 

Locomotive  Output 

The  locomotive  output  in  the  case  of  electric  drive  is  equal  to  the  engine  output 

less  the  power  required  for  auxiliaries,  less  the  electrical  and  mechanical  losses  in  trans- 
mission. The  dotted  curve  in  Fig.  8  shows  the  horsepower  output  at  the  driving  axles 

based  on  the  motor  and  generator  efficiencies  shown  in  Fig.  9. 
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The  solid  curve  shows  the  horsepower  output  calculated  by  the  general  formula 
which  was  introduced  in  Exhibit  A  in  connection  with  Steam  Locomotives. 

HP  output  per  ton  on  drivers  ̂ JSTi    ^~\^i/     I 

Where  K  =  maximum  horsepower  output  per  ton  on  drivers 
e  =  base  of  Naperian  Logarithms 
V  =  speed  in  miles  per  hour 
m  and  n  are  constants 

By  selecting  the  proper  gearing  the  dotted  and  solid  lines  can  be  made  to  intersect 

the  line  OA  at  the  same  point  and  the  constants  m  and  n  can  be  made  equal  to  unity. 
The  equation  then  becomes, 

r       (^)i HP  output  per  ton  on  drivers  =  /iT  M    £ 

and  the  two  curves  will  practically  coincide.    Then  for  normal  gearing  when  V  =  Vi 

HP  output  per  ton  on  drivers  =  K  {1  —  e'^)  =  .632  K 
Also  on  the  line  OA  where  V  =  Vi 

.30  X  2000  X  Fi 
HP  output  per  ton  on  drivers 

By  equating  Vi  =  .395  K 
375 

Thus  it  becomes  an  easy  matter  to  calculate  the  speed  tractive  effort  and  horsepower 

output  curves  of  oil-electric  locomotives  before  design  data  is  available  if  the  weight  on 
drivers  and  engine  horsepower  capacities  are  known  or  if  they  can  be  estimated.  See 
Form  G  and  Fig.  8  and  10. 

The  chief  difference  between  Steam  and  Oil-Electric  Locomotives  is  that  the  general 
formula  applies  to  the  indicated  horsepower  (input)  in  the  case  of  steam  locomotives 

whereas  it  applies  to  the  horsepower  output  at  the  drivers  in  the  case  of  Oil-Electric 
Locomotives.  An  adjustment  for  the  mechanical  losses  in  steam  locomotives  is  there- 

fore necessary  before  the  two  types  can  be  compared.  This  is  automatically  taken  care 
of  on  Form  A  and  separately  allowed  for  on  Form  B. 

Conclusions 

The  theory  and  assumptions  set  forth  in  this  report  and  exhibits  are  subject  to 

verification  before  final  action  will  be  recommended  in  regard  to  material  for  the  Manual. 

Much  uncertainty  exists  regarding  the  rating  of  steam  locomotives  on  account  of  the 

fact  that  the  output  depends  upon  the  quality  and  quantity  of  fuel  fired  and  upon  the 
boiler  and  engine  efficiencies.  Work  is  in  progress,  as  explained  last  year,  by  a  Committee 

of  the  Mechanical  Division  to  revise  Cole's  Ratios.  Any  plant  or  road  tests  which  are 
undertaken  for  this  purpose  will  be  exceedingly  valuable  in  verifying  the  theory  advanced 
in  this  report. 

It  is  hoped  that  Association  Members  will  bring  this  report  to  the  attention  of  their 

motive  power  departments  for  review  during  the  coming  year  in  order  that  the  com- 
mittee will  have  the  benefit  of  their  experience  and  whatever  data  is  available. 

Recommendations 

It  is  recommended  that  the  report  be  received  as  information  and  the  subject 
continued. 
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Appendix  B 

(2)  REVIEW  REPORTS  HERETOFORE  MADE  ON  THE  ECONOM- 
ICS OF  GRADE  REVISION  AS  AFFECTED  BY  ELECTRICAL 

OPERATION 

E.  E.  King,  Chairman,  Sub-Committee;  F.  A.  Barnes,  H.  H.  Edgerton,  E.  A.  Humphreys, 
C.  T.  Jackson,  E.  E.  Kimball,  R.  S.  Marshall,  F.  N.  Nye,  L.  H.  Powell,  B.  H.  Prater, 
H.  W.  Snyder,  W.  D.  Wiggins. 

For  a  number  of  years,  electric  operation  has  received  serious  consideration  as  a 
means  for  handling  tonnage  trains  on  heavy  grades.  This  subject  was  assigned  to  this 
Committee  in  1916  to  study  its  possibilities  as  an  alternative  for  grade  revision  or 

heavier  steam  power  looking  towards  greater  economy  in  train  operation.  Successive 

reports  were  presented  by  the  Committee  at  the  annual  conventions  in  1920,  1921,  1924, 
and  1926  to  1931  inclusive.  Data  for  the  Manual  were  presented  and  approved  in  1930. 

The  several  reports  and  the  materials  in  the  Manual  referring  to  matters  of  theory  of 

electrification  may  be  summarized  without  reference  to  individual  years,  in  a  general 

way  as  indicated  in  the  paragraphs  that  follow.  No  reference  has  been  given  to  cost 
data    in  this  resume. 

In  making  studies  of  economy  in  heavy  freight-train  operation,  the  engineer  faces 
the  problem  of  considering  three  alternatives.  One  of  these  is  to  reduce  the  grades  and 
use  the  existing  steam  power,  another  is  to  use  heavier  steam  power  on  the  existing 

grades,  and  the  third  is  to  use  electric  traction  on  the  existing  grades.  In  making  the 
determinations  for  changes  that  will  enable  the  existing  steam  power  to  meet  the  needs, 

the  engineer  must  estimate  as  best  he  may  the  cost  of  making  the  grade  revision,  and 

predict  the  performance  of  the  steam  locomotives  on  the  revised  grade  by  the  best  com- 
bination of  train  weights,  speed  and  distribution  of  trains  for  the  expected  amount  of 

traffic.  He  will  then  be  able  to  estimate  the  total  cost  of  steam  operation  on  the  revised 

grade,  including  operating  expenses,  depreciation  of  the  physical  properties,  and  taxes  and 
interest  on  the  investment.  In  figuring  on  the  changes  due  to  heavier  power  for  use  on 

existing  grades,  the  engineer  must  take  into  account  the  additional  first  cost  and  expense 
for  increasing  the  size  of  the  power,  for  strengthening  the  existing  roadway  structure, 
and  for  operating  longer  trains. 

In  making  the  calculations  for  the  installation  of  electric  power,  on  the  other  hand, 

the  engineer  must  determine  the  power  requirements,  select  the  best  types  of  equipment 

to  handle  the  probable  amount  of  traffic,  and  estimate  the  cost  of  electrifying  the  present 
line.  He  may  then  figure  the  probable  cost  of  electric  operation  and  compare  the  three 
alternatives  on  the  basis  of  economy  in  operation  for  the  same  amount  of  traffic. 

One  of  the  advantages  that  might  be  listed  in  favor  of  electric  operation  is  the  mat- 
ter of  smoke  elimination  and  reduced  maintenance  and  operating  expense  where  long 

tunnels  are  involved.  Then,  too,  since  the  power  is  supplied  from  a  central  station,  the 

local  fuel  and  water-supply  problems  are  very  much  simplified.  Electrification  eliminates 

the  stand-by  losses  that  occur  in  the  steam  locomotive,  obviates  the  necessity  for  con- 
struction, maintenance  and  operation  of  fuel  and  water-supply  stations  at  terminals  and 

intermediate  points,  removes  the  need  for  hauling  the  fuel  and  water  supply  for  each 

individual  power  unit,  reduces  the  amount  of  non-revenue  freight,  and  simplifies  the 
locomotive-design  problems. 

In  case  the  line  is  through  a  wooded  section  of  country,  electrification  eliminates 

the  contributory  hazards  of  steam  locomotive  in  regard  to  forest  fires.  Since  there  is 
no  need  to  make  provision  for  water  and  fuel,  a  large  portion  of  the  weight  of  the  electric 

locomotive  can  come  on  the  driving  axles.     The  traction  per  unit  of  weight  of  the  loco- 
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motive  is  thereby  increased.  The  traction  ability  is  higher,  also,  because  the  uniform 

torque  of  the  motors  acts  continuously  at  the  driving  axles.  On  account  of  the  fact  that 

electric  locomotives  are  lighter  than  steam  for  the  same  tractive  power  and  do  not  have 

the  side  thrusts  and  wheel  impacts  that  the  steam  locomotives  have,  their  use  requires 
less  track  maintenance.  Because  there  are  fewer  parts  to  maintain,  there  is  less  need 

for  enginehouses  and  repair  plants.  On  account  of  the  fact  that  electric  locomotives  do 

not  require  much  time  out  of  service  for  repairs,  they  can  operate  on  practically  a  con- 
tinuous schedule.  They  operate  at  even  a  greater  efficiency  in  cold  weather  than  in 

warm.  It  has  been  found,  further,  that  electric  locomotives  can  operate  trains  at  higher 

speeds  than  steam  locomotives.  Finally,  because  of  the  possibilities  of  multiple  control, 

a  number  of  units  may  be  combined  into  a  single  locomotive  for  any  particular 
requirements. 

While  there  are  many  advantages  to  be  gained  by  electric  operation  on  heavy-grade 
lines,  there  are,  unfortunately,  many  disadvantages,  some  of  which  are  of  dominating 
importance.  Among  the  first  of  these  comes  the  high  iirst  cost  of  installation  of  the 

power-supply  system  and  the  locomotive  units  and  the  heavy  iixed  charges  on  the  outlay 
and  investment.  Furthermore,  it  is  not  possible  to  install  the  system  so  as  to  change 

from  steam  to  electrical  operation  gradually  over  a  period  of  time.  The  power  supply, 

transmission  system,  feeder  system,  and  substations  must  all  be  set  up  for  an  entire 

operating  unit  of  line  before  a  single  locomotive  can  go  into  operation.  In  addition, 
the  likelihood  of  failure  in  the  transmission  line  and  feeder  system  due  to  storms  and 

sleet  acts  somewhat  as  a  deterrent.  Since  the  steam  and  internal-combustion  locomotives 

are  self-contained  units,  they  are  independent  of  any  general  breakdown  difficulties  that 
might  serve  to  tie  up  a  system  or  an  operating  division.  Besides,  once  a  line  is  electrified, 

there  is  little  flexibility  in  the  distribution  of  the  motive  power.  In  the  case  of  steam  or 

Diesel  power,  however,  the  locomotive  units  may  be  transferred  to  other  divisions  if 

conditions  warrant  such  interchanges.  The  plan  of  increasing  the  size  of  steam  power  on 

existing  grades  has  the  advantage  of  mobility  of  power  without  sinking  huge  investments 

in  permanent-way  and  distribution  systems. 

DETERMINATION  OF  LOCOMOTIVE-CAPACITY 

Weight  on  Drivers 

The  first  thing  in  choosing  an  electric  locomotive  is  to  get  the  weight  on  the  drivers. 

Since  either  the  starting  or   running   conditions  may  be  the   controlling  factors,   it  is 
necessary  to  find  the  weight  on  the  drivers  for  both  conditions. 

For  starting,  the  formula  becomes 
i20G+  I00a+  Rt)  (T  +  Wc) 

°"~    2000/ls  — 20G  — i?D  — 100a 

And  for  running  it  becomes 
(20G+  Rr)  (T  +  Wc) 

°~    2000^R  — 20G  — /2d 

Where  IFn=:  total  weight  in  tons  on  locomotive  drivers 
pyc=  total  weight  in  tons  on  idle  axles 
T  =  total  weight  of  train  in  tons   (excluding  locomotive) 
G  ̂ percent  of  ruling  grade,  including  curve  compensation 
a  =  miles  per  hour  per  second  acceleration  rate 

i2T=  pounds  per  ton  train  resistance  for  cars  and  non-driving  axles  of  the 
locomotive 

Rj}  =  pounds  per  ton  locomotive  resistance  for  weight  on  drivers 
/4a  =  starting  coefficient  of  adhesion  of  drivers 
.4r=: running  coefficient  of  adhesion  of  drivers 

In  the  case  where  all  of  the  locomotive  weight  is  on  the  drivers.  Wo  =  0. 



  Economics    of   Railway   Location   475 

Electric  Locomotive  Capacity 

The  general  formula  for  horsepower  is 

7£r  X  MPHn ^^=  
375 

Where  HP  =  horsepower  developed  by  the  locomotive 
TEk  =  total  pounds  tractive  effort  to  move  the  locomotive  and  its  train  on  the 

ruling  grade 
MPHb.  =  speed  in  miles  per  hour  desired  on  the  ruling  grade. 

Using  the  same  symbols  as  given  above,  the  general  formula  for  tractive  effort  is  given 
by  the  equation 

TE  =  (20G  +  100a  +  Ri>)  TFd  +  (20G  +  100a  +  Rr)  {T  +  Wc) 

On  a  level  track,  C  =  0.  At  uniform  unbalanced  speed,  a  =  0.  When  the  locomotive 
has  all  the  weight  on  the  drivers,  Wc  =  0. 

For  extreme  accuracy  in  determining  the  locomotive  type,  it  is  necessary  to  have 

locomotive  performance  characteristic  curves  and  motor-heating  and  cooling  curves  in 
addition  to  the  detailed  profile  and  alinement  of  the  track,  train  schedules,  train  weights, 

and  local  requirements,  such  as  limiting  wheel  loads,  speed  restrictions,  and  so  on. 

The  starting  tractive  effort  should  not  exceed  the  running  tractive  effort  on  the 

ruling  grade  by  more  than  SO  percent.  If  it  takes  more  than  one  hour  to  cover  the 

ruling  grade  at  the  desired  speed,  the  tractive  effort  on  the  ruling  grade  should  not  exceed 

the  rated  continuous  tractive  effort.  Where  the  grade  continually  rises  in  slightly  vary- 
ing amounts  and  it  takes  over  an  hour  to  cover  the  distance,  the  continuous  rated  tractive 

effort  may  be  the  average  for  the  entire  climb,  provided  the  tractive  effort  on  the  ruling 
grade  does  not  exceed  the  continuous  tractive  effort  by  more  than  S  percent  for  15  minutes 

nor  by  more  than  10  percent  for  5  minutes.  If  the  terminals  are  at  practically  the  same 

elevations  with  a  rolling  profile  between,  and  it  takes  less  than  40  minutes  to  ascend  the 

longest  continuous  ruling  grade,  the  rated  continuous  tractive  effort  may  be  not  less  than 

80  percent  of  that  for  the  ruling  grade  or  not  less  than  90  percent  of  the  average  for  the 
whole  ascent  of  this  long  continuous  grade.  The  largest  value  of  the  continuous  tractive 

effort  indicated  by  the  foregoing  processes  should  be  taken  as  the  locomotive's  continuous 
tractive  effort,  TEc. 

There  are  four  general  types  of  electric  locomotives,  the  direct  current,  alternating- 
current  series,  alternating-current  split  phase,  and  alternating-current  motor-generator. 
On  the  speed-tractive-effort  curve  of  the  locomotive-type  chosen,  the  engineer  should  plot 

TEu 
the  value  of    >ri?      expressed  in  percent  and  read  the  corresponding  percent  MPH  value 1  tLo 

{P)  which  is  the  speed  on  the  ruling  grade,     MPHs. .    Then  the  speed  at  the  continuous 
MPH^, 

rating  MPHc,  is  equal  to  — „ —  • 

The  locomotive  horsepower  continuous  capacity  is 

MPHc  X  TEc HPc=  
375 

Since  the  relations  between  locomotive  weight  and  capacity  are  affected  by  both 

mechanical  and  electrical  design,  a  suitable  locomotive  of  required  capacity  HPa  may 

weigh  considerably  more  or  less  than  that  given  by  the  requirements  of  the  weight  on 

the  drivers.  Comparison  of  the  weight  as  given  for  adhesion  requirements  should  be 

made  with  published  information  in  regard  to  electric  locomotives  of  similar  horsepower 
capacity,  speed  and  mechanical  design  to  determine  if  the  chosen  locomotive  will  be 
heavier  than  required  or  if  it  will  have  to  be  ballasted  to  get  sufficient  adhesive  weight. 
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Electric  Locomotive  Performance  Curve 

The  next  step  is  to  construct  a  locomotive-performance  curve  to  see  if  the  loco- 
motive can  meet  the  schedule  requirements.  In  constructing  the  performance  curve,  the 

continuous  speed,  MPHc,  and  the  tractive  effort,  TEc,  are  the  100  percent  values  of  the 
general  curve  of  the  chosen  locomotive  type  in  Fig.  1.  Assume  any  other  tractive  effort 

value,  TEy.  This  is  Py  percent  of  the  continuous  tractive  effort  TEc.  This  value  cor- 
responds to  Pi  of  the  continuous  speed.  Then,  MPHx  =  Px  (MPHc) .  This  locates  the 

tractive  effort  on  the  curve  in  Fig.  2  in  terms  of  speed. 

Electric  Energy  Requirements 

For  any  section  of  track,  the  locomotive  output  is 

(TE  X  MPH)  T ^—  
375 

Where       O  =  horsepower-hours  output 
TE  =  tractive  effort  in  pounds  for  the  section 

MPH  =  speed  in  miles  per  hour  on  the  section 
T  =  running  time  in  hours  for  the  section 

From  the  locomotive-characteristic  curve,  the  efficiency  of  the  locomotive,  jEt,  corre- 
sponding to  the  speed  and  tractive  effort,  is  taken.  Then  the  input  to  the  locomotive 

for  traction  for  the  section  is  represented  by  the  equation 
^'=Et 

where  h  =  horsepower-hours  input  for  traction. 

Expressed  in  kilowatt-hours,  it  becomes 
/k  =  0.746  /h 

This  is  the  power  input  for  running  only.    To  this  must  be  added  the  power  input  for 

accelerating.    This  may  be  found  by  taking  the  rate  of  input  for  the  starting  tractive 
effort  and  multiplying  this  value  by  the  number  of  stops  required. 

Is  =  HPs  {Ta'  +Ta"—   ) 

Where      h  =  horsepower-hours  accelerating  input 
HPb  =  horsepower  at  starting  tractive  effort 

Ta',  Ta",  etc.  =  time  for  acceleration  at  each  start. 

To  these  values  must  be  added  the  input  for  the  auxiliaries 

HP^  =  K  (HPc) 

Where  HPti  ■=  average  horsepower  input  to  the  auxiliaries 
K  =  a.  constant 

HPc  =  continuous  horsepower  capacity  of  the  locomotive. 

The  values  of  K  which  may  be  used  for  the  different  types  of  locomotives  are: 

Direct  current     0.03 

Single-phase  series      O.OS 
Motor-generator       0.09 
Split  phase    0.09 

The  total  energy  for  auxiliaries  during  the  drifting,  braking,  and  standing  portion 

of  the  run  is  /a  =  ffP.  (Td  -\-Tb-\-  Ts) 

Where    /«  =  horsepower-hours  for  auxiliaries 
Ta  =  total  hours  drifting  time 
Th  =  total  hours  braking  time 
Tb  =  total  hours  standing  time 
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In  kilowatt-hours,  this  becomes 
KWH,.  =  0.746  /. 

The  total  input  for  the  run  for  the  entire  locomotive  is  the  sum  of  these  inputs  for 
traction  for  all  sections,  the  input  for  starting,  and  the  input  for  the  auxiliaries. 

Regenerating  Braking 

Where  the  grades  are  long  and  steep,  the  energy  that  may  be  turned  back  into  the 
system  by  regenerative  braking  is  an  important  factor  in  the  economics  of  electrification. 
Using  the  same  symbols  that  were  employed  in  earlier  equations 

TEo  =z  20  Gd  (TFd  +Wc+T)  —RvWo  —  Rt  {T  +  Wc) 

Where  TEo  =  pounds  tractive  effort  available  for  regeneration  and 
Gd  =  actual  descending  grade  reduced  by  curve  compensation 

(TEo  X  MPHo)  To 
^«  -  375 

Where      /g  =  horsepower-hours  input  to  locomotive 
MPHg  =  miles  per  hour  as  speed  of  regeneration 

To  =  time  in  hours  down  the  grade  at  MPHg  speed 
Oo  =:  /g  X  Et 

Where      Oo  =  horsepower-hours  locomotive  output  to  the  distribution  system 
£f  =  efficiency  of  the  locomotive  corresponding  to  the  MPHg  and  TEg 

In  kilowatt-hours,  the  regenerated  energy  is 

0^  =  0.746  Oo 

This  must  be  deducted  from  the  total  input  (h  )  to  the  locomotive  for  propulsion 

in  order  to  find  the  net  quantity  of  electrical  energy  for  the  distribution  system  for  the 
entire  run. 
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EXAMPLE   SHOWING  METHODS   OF   DETERMINING  THE   ELECTRIC- 

ENERGY  REQUIREMENTS  FOR  FREIGHT-TRAIN  OPERATION 
OVER  HEAVY  GRADES 

In  addition  to  the  assignment  of  making  a  resume  of  the  previous  reports  on  the 

economics  of  grade  revision  as  affected  by  electric  locomotives,  it  would  probably  not 

be  amiss  to  exemplify  the  use  of  the  forms  and  tables  given  in  Appendix  A  of  last  year's 

and  in  Appendix  A  of  this  year's  reports  for  figuring  the  tractive  effort  and  horsepower 
output  of  electric  locomotives  and  the  substation  output  in  meeting  the  requirements  of 

these  locomotives  in  moving  a  heavy  freight  train  over  an  electrified  line  having  heavy 
grades.  These  data  sheets  and  tables  are  used  in  making  the  energy  determinations  in 

this  case  in  preference  to  the  corresponding  formulas  and  diagrams  given  in  the  above 
resume,  because  they  seem  to  make  the  case  somewhat  easier  for  the  civil  engineer  to 

follow.  The  electrified  section  of  the  Great  Northern  Railway  through  the  Cascade 

Range  has  been  chosen  for  the  illustration.  The  description  of  the  line  and  motive  power 

is  given  in  the  following  paragraphs. 

The  electrified  division  of  the  Great  Northern  Railway  covers  a  distance  of  approx- 
imately 73.2  miles,  extending  from  Wenatchee  to  Skykomish,  Washington.  The  track 

structure  is  a  single-track  main  line,  which  includes  7.8  miles  through  the  Cascade  Tunnel, 
and  such  adjacent  sidings  as  are  necessary  for  economical  operation.  The  maximum 

ruling  grade  in  each  direction  is  2.20  percent.  The  average  grade  through  the  tunnel  is 

1.553  percent,  ascending  from  west  to  east.  A  condensed  profile  of  the  electrified  section 
is  shown  in  Fig.  3.  There  are  two  types  of  electric  locomotives  in  use  on  this  line  which 

have  characteristics  as  follows:  Type  A  Type  B 
„  .  .  ,  2-8-2-2-8-2  or  2-6-6-2  or 
Driving  axles  l_D-i-i-D-l  1-c-c-l 
Number  of  driving  axles       8  6 
Number  of  idle  axles     4  2 

Weight  in  tons,  working  order      370  ■  264 
Weight  in  tons  on  driving  axles     285  210 
Number  of  motors      8  6 
HP  capacity,  one  hour  rating     4430  3300 
HP  capacity,  continuous  rating  of  locomotive      3660  3000 
Tractive  effort,  starting,  25  percent  adhesion     142,000  105,000 
Maximum  tractive  effort,  starting,  33%  percent  adhesion  189,000  140,000 
Tractive  effort,  hourly   rating       112,500  67,200 
Tractive  effort,  continuous  rating     88,500  60,000 
Speed,  hourly   rating       14.4  mph  18.0  mph 
Speed,  continuous  rating    15.5  mph  18.7  mph 

It  is  proposed  to  calculate  the  electric  energy  required  to  handle  a  S200-ton  freight 
train  from  east  to  west  over  this  line  with  three  of  the  Type  B  locomotives  serving  as 

motive  power.  The  energy  for  train  operation  is  delivered  to  the  trolley  system  at 

11,000  volts  of  2S-cycle  alternating  current.  The  voltage  is  reduced  by  a  transformer 
on  the  locomotive  to  2300  volts  and  is  passed  through  a  motor-generator  set  which 

supplies  a  1500-volt  direct  current  to  the  driving  motors. 
Table  I  is  built  up  on  the  data  sheet  shown  on  page  429  of  the  1937  report  of 

Committee  XVI.  The  data  for  power  requirements  are  given  in  Table  III  of  this  report. 
For  convenience,  the  electrified  line  is  divided  into  8  sections,  the  lengths  of  which  are 

given  on  the  profile  and  in  Column  2  of  Table  III.  Information  in  regard  to  grades 
appears  in  Columns  3,  4,  and  5  of  this  table.  The  required  tractive  efforts  to  handle  the 

train  in  these  various  sections  is  given  in  Column  6.  These  values  are  determined  by  the 
equation  given  in  the  foregoing  resume  for  tractive  effort  up  grade  as  follows: 

TE  =  (20G  -t-  100a  +  Rd)  Wo  +  (20G  ̂ -  lOOo  -f  Rt)  (T  -f  Wc) 



480 Economics    of    Railway    Location 

1 

Gr
ad
e 

^5 

5e 

^ 

% 

■1   § 

1^       5i 

1 ^ 
^ 
^ 

"1 

1^ 

•5' 

aai^o^ ouaM 

9P-9 t 

'<:i 

'f^ 

^'Ci 

nj Qi 

■^H lUO^ 001 

1^^
 $■

 

Ci 

^l- 

oi 

<:i 

9J9LU L^?0^ 

vi 

■^ 

UP plij(j 
'          "Nj 

^ 

upAca 7 

■M 

9IZI 

/ 

S^ 

^ 

ypz/j- 

Lunqj\ 

/ 

■n 

N. 

^ 

"^ 

m^!M  P-IO? f 
/ i 

<i 

■H- 
ujaiJ I ^ 

0^
 

>» 

r 

Ifi 

'§ 

^ 

ic 

O 

aujdg / 
^ 

Ni 

•T) 

^ 

<6 

lO 

V 9Z ^ 
\ 

\ 
^ 

c> 
Ol 

U90Q OCI7 

V, 

■•• ^ 

■^ 

\, 

5-^ § 

~^ 

> ^ 
ouqi \ 

\, 

rv 

^ 5 ^ 
Q> 

(^S'lu/o 
v^vr V9e N 

<
^
 

"^ 

> 

-< 

hv 



Econ o mics    of   Railway   Location 

481 

Table  I 

THE  TRACTIVE  EFFORT,  HORSEPOWER  OUTPUT,  AND  SUBSTATION  OUT- 
PUT OF  THREE  TYPE  B  MOTOR-GENERATOR  LOCOMOTIVES  ON  THE 

GREAT  NORTHERN  RAILWAY 

Item 

1.  Type  (Wheel  Arrangement) 
2.  Weight  on  drivers  (Tons) 
3.  Weight  of  Locomotive  (Tons) 
4.  HP  Rating  of  Mot-Gen.  Set 
5.  Maximum  HP  Rating   (Pull  Out) 

M-G  Set 
6.  Rated  Speed 
7.  Rated  Tractive  Effort 

8.  Rated  HP  of  M-G  Set  per  Ton  on  Drivers 
9.  Vi  =  .522  X  Item  (8)  =  .522  X  16.34 

=  8.53  miles  per  hour 

2-6-6-2  or  1-c-c-l  for  1  locomotive 
630  tons  for  3  locomotives 
792 

10,294  (10050)* 

18.7  mph 

180,000  pounds 
K  —  16.34 

DRIVER UICOMOTIVE SUBSTATION 
SPEED TRACTIVE EFFORT OUTPUT OUTPUT 

i.b3.  Per HP  Per KW  Per 

V 
HPH Ton  on Total Ton  on Total Ton  on Total 

Drivers Drivers HP Drivera K-.y 

(a) (W (c) (d) Ce) (f) (g) 

(h)- 

0 500 315,000 0 .100  X  K 

•1,029 

1..00 

XV^ 
8.53 500 

315,000 
.6963K 

7164 

1 .000     '• 

10,294 
1.25 

<» 

10.66 437 275,400 

.760" 

7822 

1.000    • 
10,294 1.50 tt 12.79 386 243,300 

.805  " 

8286 

1.000     - 10,294 1.75 n 
14.92 344 216,600 

.837  " 

8616 

1.000     " 
10,294 2.00 n 

17.06 308 194,100 

,858  " 

8832 

1.000     " 
10,294 2^5 It 19.19 

279 
175,800 

.874  " 

9007 

1.000     " 10,294 2.50 a 21.32 254 
159,900 

,8&i   " 

9097' 

^    1.000     " 
10,294 2,75 a 23.45 233 145,300 

.892   " 

9182 

1,000     " 
10,294 3.00 n 25.59 215 

135,600 
.897   " 

9234 

1 .000     " 
10^294 X  3.50 n 29.85 

185 

U6,7O0 

.902   " 

9285 

1 .000     " 
10y294 y  4,00 * 

34.12 
,    163 

102,600 .907    " 
9337 

1.000     " 
10,294 

TRACTION. MOTOR  CHARACTERISTICS  FULL  GEN.  VOLTAGE 

3,00   X  Vn 294 1,235  X  K 1.372  X  K 

3.25     • 
231 

1.042     - 1.210    " X  3.50     • 185 

.902     " 1.000     " 4.00     " 124 

.688     " .763     " 4.50     •• 

87 

.545     • .603      " 
3.50  X  Vi 244 1.194    X  } 1.318  X  K 

3,75     - 
198 

1.030     • 
1.136     » y  4.00     •• 

163 

.907     " 1.000     " 4.50     " 
114 

.713     - .787     " 5 .00     " 
83 

.577     " 
.636     " 

xy  Note  effect  of  constant  generator  voltage. 
*  Manufacturer's  rating  7500  KW. 
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For  continuous  running,  a  =  0. 
For  a  grade  of  2.20  percent 

TE=  [(20X2.20)  +  IS]  630+  [(20  X  2.20)  +  3.8]  (5200+  162)  =  293,500 pounds 

On  down  grades,  the  holding  tractive  effort  is  given  by  the  equation  under  regenerative 
braking  under  the  above  resume  as  follows: 

r£  =  20G  (Wd+ Wc+T)— i?D   W^  —  Rt(.T+Wc) 

For  the  grade  — 1.575  percent,  for  example, 

r£  =  20X  1-575  (630+  162  +  5200)  — IS  X  630  — 3.8(5200  +  162)  =  159,000  pounds 
The  HP  given  in  Column  7  of  Table  III  is  developed  from  the  data  in  Table  I. 

Column  (b)  in  Table  I  gives  speeds  in  miles  per  hour.     Fi  is  found  as  follows: 
180,000 

'   7T^ — =  286  pounds  per  ton  on  driver. 

This  gives  by  interpolation    2. 192  Fi  =18. 7 
Vi  =  8.53  miles  per  hour 

Column  (c)  in  Table  I  is  made  up  for  a  factor  of  adhesion  at  starting  of  25  percent. 
Column  (d)  in  this  table  is  Column  (c)  X  630.     Column  (e)  is  found  as  follows: 

TE  X  Speed  in  mph ^^=  
375 

For  a  speed  of  1  Fi 

_500XI>_ ^^-         375 

But  Fi  =  .522  K  from  Item  9,  Table  I 
500  X  -522  X  K 

Then,  HP  =.^^^   
=  .696  K 

Column  (f)  is  Column  (e)  X  16.34  X  630,  since  K  =  16.34. 
HP  =  7164  for  1  Fi 

Column  (g)  depends  upon  the  coefficient  of  the  system. 

Column  (h)  is  Coefficient  of  K  in  Column  (g)  X  16.34  X  630  =  Coefficient  of  K  in 
Column  (g)  X  10,294. 

The  HP  up  grade  is  found  by  taking  the  value  of  the  TE  from  the  section  of  the  line 

in  Column  6  of  Table  III  and  interpolating  it  in  Column  (d)  and  Column  (f)  of  Table  I. 
The  speed  is  determined  by  interpolation  or  by  the  equation 

TE  X  Speed ^^-  375 

The  speeds  in  Sections  1,  4,  and  8,  however,  are  assumed  to  be  limited  to  35  miles 

per  hour  on  account  of  curvature.  The  HP  for  those  sections  is  determined  directly  by 
the  equation  just  given  above.  The  HP  down  grade  is  found  by  interpolating  it  the 

same  way  in  Table  II.  Table  II  is  the  same  as  Form  G  in  this  year's  report  of  Sub- 
Committee  I  given  in  Appendix  A  with  a  decrease  of  10  percent  in  the  column  of  "Output 

Locomotive"  to  allow  for  the  motor-generator  set.  The  HP  per  ton  on  Drivers  in  the 
fifth  column  of  Table  II  is  found  as  foUows: 

EP=  TEX  velocity 
375 

For  a  velocity  of  1.3  Vi 
400  X  1.3  Fi 

HP 
—  375 

=  1.387  Fi 
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Table  II 

BRAKING  EFFORT  AND  KW  OUTPUT  REGENERATED  IN  THE  THREE 
TYPE  B  MOTOR-GENERATOR  SETS 

Full  Spo ed 
Driver 

Braking  Effort 
Input 

Locomotive 
Output 

.  Locomotive 

V MPH 
Lbs.  per 
Ton  on 

Drivers 

Total 
HP  per 

Ton  on 
Drivers 

Total 

KW  per 

Ton  on 
Drivers 

Total 

1.00  X  V^ 

1.20  X  v. 10.22   P....   0.     0.  .  . 0 0 0 

T.30-  "  ̂ 
11.08 

400 
252^000 

1.387  V, 
7165 

.610  V, 

4185 
1.40   "  . 11.93 400 252,000 

i.494  1- 

7718 
.87'?  .. 

4510 

1.50   " 12.78 373 235,000 
1.494  1' 7718 

.873  •' 

4510 

1.60   " 
13.63 350 

220,000 

1.494  " 

7718 

.873  " 

4510 

1.80   " 
15.34 311 196,000 

1.494  " 

7718 

.873  " 

4510 

2.00   " 
17.04 227 143^000 

1.210  '' 

6251 

.711  " 

3673 

2.20   " 
18.74 171 

107j700 
1.004  " 

5187 

.585   ■' 
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To  the  positive  values  in  the  last  column  of  Table  III  should  be  added  an  allowance 

for  accelerating  and  the  au.xiliaries.  The  amount  to  add  for  accelerating  depends  upon 
the  number  of  stops  and  the  speeds.  The  allowance  for  accelerating  will  be  20  minutes 
for  the  entire  trip  one  way. 

KW-hours  =  10294  X  %  =  3431  KW-hours 

To  allow  for  auxiliaries  during  braking,  standing,  and  acceleration,  we  use  the  formula 

KW  =  .09  X  KW  input  to  the  locomotive 
=  .09X10294  =  926 

If  we  allow  1  hour  for  the  time,  the  input  becomes  926  KW-hours.    The  value  .09  comes 
from  the  equation  given  for  allowance  of  the  auxiliaries  in  the  above  resume.    The  total 

energy  required  from  the  substation  for  this  train  movement  is,  then, 

22404  +  3431  +  926  —  5620  =  21,141  Kw-hours 

Action  Recommended 

This  report  is  presented  for  information.  Although  the  first  part  of  this  report 
covers  a  literal  interpretation  of  the  subject  as  assigned,  it  is  the  view  of  the  Committee 
that  certain  data  and  information  related  to  electrification  which  could  not  be  collected 

and  put  into  shape  in  time  for  inclusion  in  this  report,  should  be  made  available  to  the 

Association.    It  is,  therefore,  recommended  that  the  subject  be  continued  another  year. 
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Table  III 
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Appendix  C 

(4)  EFFECTS  OF  SPEEDS  IN  EXCESS  OF  75  MILES  PER  HOUR  ON 
THE  ECONOMICS  OF  RAILWAY  LOCATION 

J.  E.  Teal,  Chairman,  Sub-Committee;  F.  A.  Barnes,  J.  C.  Bradley,  C.  W.  Breed,  F.  R. 
Layng,  F.  N.  Nye,  L.  H.  Powell,  H.  C.  Searls,  C.  B.  Stanton,  H.  M.  Stout,  H.  M. 
Tremaine,  W.  D.  Wiggins. 

INTRODUCTORY 

The  question  of  the  effects  of  speed  in  excess  of  75  miles  an  hour  on  the  economics 

of  railway  location  was  assigned  to  this  Committee,  for  study  and  report,  in  1935.  After 
considerable  investigation,  the  first  progress  report  was  made  in  1936,  which  will  be  found 

on  pages  109-111  of  Volume  37  of  the  AREA  Proceedings.  This  report  treats  briefly  of 
maximum  and  average  speeds,  items  affecting  speed,  and  economic  justification  of  high 
speeds. 

If  all  classes  of  trains  on  a  railroad  ran  at  a  more  or  less  uniform  speed  on  level 

grades,  the  problem  of  track  adjustment  for  high  speeds  would  be  relatively  simple, 
but  with  the  variations  between  passenger  and  freight  trains  on  ascending  and  descending 
grades,  many  additional  factors  are  introduced.  Such  data  as  the  Committee  has  been 

able  to  develop  to  date  are  submitted  with  the  thought  that  they  may  be  of  help  to 
those  railroads  that  contemplate  installation  of  high  speed  trains. 

In  the  more  than  100  years  since  the  beginning  of  railroad  transportation  in  North 

America,  the  development  of  roads,  tracks,  equipment — both  power  units  and  cars — and 
facilities  for  safe  operation  has  gone  on  continuously.  This  evolution  has  become  familiar 

to  the  world  through  use,  story,  and  pageant.  In  the  early  decades,  reliability,  punctu- 
ality, distance,  capacity,  and  safety  were  objectives,  not  necessarily  in  the  order  of 

importance  assigned.  Increased  speed,  too,  was  an  attainment  of  the  period  and  an 
honest  and  justified  boast. 

Some  Record  Train  Speeds 

By  1880  the  evolution  of  road,  track,  locomotive,  cars,  and  operation  had  proceeded 
so  that,  it  has  been  recorded,  a  train  ran  90  miles  over  an  eastern  line  at  the  average 

speed  of  58  miles  per  hour.  Tv/o  years  later,  this  speed  was  exceeded  by  almost  one 

mile  per  hour  by  another  train  over  about  82  miles  of  track.  And  in  1884  a  speed  of 

74.2  miles  per  hour  for  14  miles  was  attained  by  a  railway  train.  But  38  years  earlier 

(1842),  in  England,  a  train  of  the  Great  Western  is  reported  to  have  run  18  mUes  at  the 
speed  of  72  miles  per  hour;  and  the  next  year  a  train  on  the  same  railway  ran  between 
London  and  Didcot,  53  miles,  at  the  average  speed  of  almost  68  miles  per  hour. 

Since  the  beginning  of  the  present  century,  the  records  include  more  than  thirty 
railway  train  runs  at  average  speeds  of  100  miles  per  hour  or  more  for  distances  of  a 

single  mile  up  to  181.  These  runs  were  over  railways  of  the  United  States,  Germany, 

England,  and  France.  Probably  the  highest  average  speed  is  that  claimed  for  an  Amer- 
ican road,  in  1913,  of  almost  151  miles  per  hour  for  a  distance  of  7^  miles.  More  than 

80  runs,  or  bursts  of  speeds  on  runs,  of  75  or  more  miles  per  hour  have  been  recorded. 

Trains  on  High-Speed  Schedules 

Although  special  runs  and  bursts  of  high  speed  hold  a  fascination  and  stir  the  imag- 
ination, and  it  may  not  be  denied  they  may  have  contributed  to  the  development  of  the 

basic  elements  of  the  present  railway,  trains  operating  on  regular  schedules  of  high-speed 
give  much  greater  promise  and  are  looked  to  for  guidance  in  further  developments  of 
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road,  tracks,  trains,  and  operation.  The  last  five  years  have  seen  a  remarkable  develop- 

ment of  high-speed  trains.  More  than  25  such  new  trains  have  been  established  on 
regular  runs  of  from  44  mUes  up  to  2298  miles. 

Table  I  contains  a  list  of  such  recent  scheduled  trains;  and  also,  there  is  attached  to 

this  report,  as  Exhibit  B,  a  Bibliography  on  High  Speed  Trains  and  Related  Subjects. 
In  addition  to  these  trains,  the  time  schedules  of  a  great  many  other  trains  on  a  large 

number  of  roads  have  been  shortened.  Mr.  Ralph  Budd,  President  of  the  Chicago,  Bur- 
lington &  Quincy  Railroad,  and  a  member  and  Director  of  this  Association,  in  an  address 

to  the  convention  of  March,  1936,  said:  "The  speed  of  freight  trains  is  50  percent 

faster  than  it  was  ten  years  ago,  and  the  same  is  true  of  many  passenger  trains."  During 
the  years  1936  and  1937  there  have  been  a  further  quickening  of  schedules  of  existing 

trains  on  many  roads,  as  well  as  notable  additions  of  new  high-speed  trains. 
The  considerations  which  are  prominent  today  in  the  development  of  railway 

transportation  include 

Speed Safety 

Security 
Comfort 

Factors  Limiting  the  Speed  of  Trains 

There  are  a  number  of  factors  affecting  the  establishment  of  high-speed  train 
schedules  which  must  be  given  consideration.  The  train  power  unit  as  developed  is  prob- 

ably capable  of  hauling  trains  at  much  higher  speeds  and  maintaining  the  schedules.  And 

it  is  not  thought  the  development  in  that  direction  has  reached  culmination.  Opinion  has 
been  expressed  that,  except  for  other  inhibitions  and  factors  tending  to  limit  maximum 

speeds,  locomotives  or  power  units  are  now  capable  of  hauling  a  ten-unit  passenger  train 
of  800  tons  at  50  percent  higher  speed  schedule  than  the  present  fastest  schedule.  In 

some  respects  the  resistances  to  high  speed  are  the  same  economic  factors  which  are  of 

first  importance  in  the  designing  and  laying  out  of  tonnage  carrying  railroads;  for  ex- 

ample, gradients,  rise  and  fall,  curvature,  etc.  Some  of  these  take  on  additional  impor- 

tance as  factors  in  adapting  lines  to  modern  high-speed  operation. 
But  there  are  many  other  influences,  many  of  them  Uttle  manifested  or  whose  effects 

are  even  not  at  all  observable  at  train  speeds  heretofore  regarded  high-speed,  which 
come  out  and  whose  cumulative  effects  are  very  appreciable;  and  some  of  them  have 

evident  limiting  effects. 
Belonging  in  the  schedule  of  factors  to  be  closely  studied  when  the  putting  on  of  a 

new  high-speed  train  or  reducing  of  an  established  speed  schedule  is  under  consideration 
are: 

Prospective  revenue 
Distance 
Gradients 
Alinement 

Location  and  spacing  of  passing  tracks  (on  single  track  operation) 
Adjustment  of  locations  of  service  stations 
Weight  or  solidity  of  track  structure  (type  or  class  of  track) 
Refinement  of  design  or  adjustment  of  catenary  on  electrified  lines 
Refinement  of  pantograph  on  electrified  lines 
Condition  of  maintenance  of  track 
Condition  of  maintenance  of  bridges 
Number  of  stops — 

Traffic  (station  stops) 
Service 

Operation 
Number  of  slows 
Number  of  railroad  grade  crossings 
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Type  of  protection  at  railroad  grade  crossings 
Number  of  highway  grade  crossings 
Type  of  protection  at  highway  grade  crossings 
Type  of  signal  system 
Spacing  of  signals 
Type  and  capacity  of  power  unit 
General  design  of  train 
Weight  of  train 
Train  resistance: 

Journal  resistance 
Air  and  wind  resistance 
Rolling  resistance  (between  wheel  flange  and  rail) 

Acceleration 
Braking 

Although  distance  is  not  a  function  of  speed,  it  is  an  element  of  primary  importance 

in  the  making  of  a  terminal  to  terminal  or  start  to  stop  schedule. 

Of  considerable  interest  in  this  connection  is  the  experience  of  the  Chicago,  Bur- 
lington &  Quincy  Railroad  in  the  establishment  of  its  high  speed  runs  between  Chicago 

and  Denver.  In  the  development  of  these  schedules,  a  non-stop  run  of  the  light-weight 
train  was  operated  on  October  23rd,  1936.  A  log  of  this  run  is  attached,  as  Exhibit  A. 
The  results  of  the  operation  are  compared  with  the  results  of  a  similar  run  made  by  a 

motor  car  train  on  May  26th,  1934.  It  will  be  noted  that  the  average  speed  made  from 

Halsted  Street,  Chicago  to  Denver  by  the  Zephyr  powered  with  a  3,000  horsepower  motor 

on  October  23rd  was  83.69  miles  per  hour,  compared  with  77.61  miles  per  hour  made 

by  the  run  of  May  26th,  1934,  which  was  powered  with  a  600  horsepower  motor. 
The  number  of  station  stops  and  the  time  required  at  stations  are  material  factors 

in  the  ability  to  maintain  high  average  speeds  between  the  initial  and  final  terminals. 

From  the  records  of  the  Burlington,  it  was  possible  to  compile  comparative  figures  of 
dead  time  based  on  service  runs. 

From  an  analysis  of  records  of  five  westbound  and  two  eastbound  trips  of  second 

(steam)  section  Zephyrs  run  during  last  July  and  August,  which  were  operated  under 

the  same  schedules,'  except  a  speed  restriction  of  ten  miles  per  hour  less  than  the  allowable 
speeds  of  the  Zephyr,  it  was  found: 

Length  of  run — ^Westbound      1033  miles 
"      "  —Eastbound        1039      " 

(Variation  in  mileage  due  to  different  routes  between 
Omaha  and  Pacific  Junction,  Iowa.) 

Time  of  Zephyr  runs — Westbound    16  hours,    0  minutes 
"      "        "  "   — Eastbound       IS  hours,  38  minutes 

Average  time  of  S  steam  runs — Westbound      16  hours,  S3  minutes 
"  "     "    "      "         "  —Eastbound        18  hours,  10  minutes 
(The  longer  time  on  eastbound  runs  accounted  for  by 
power    and    equipment    trouble    that    developed    on 
these  two  runs.) 
(Dead  time  on  all  runs  covers  nine  stops  per  trip.) 

Average  per  stop  for  Zephyrs        4  minutes,  20  seconds 
"  "       "       "     steam  trains         6  minutes,  IS  seconds 

Total  dead  time  for  Zephyrs,  per  run    26  minutes 

"        "        "      "    steam  trains,  per  run       62  minutes,  30  seconds 

In  general,  it  may  be  stated  that  on  these  runs,  with  nine  stops  per  run,  the  dead 
time  for  steam  trains  was  36  minutes,  30  seconds  greater  than  for  Zephyr  trains,  and 

that  the  increase  is  largely  attributed  to  changing  of  engines,  which  occurred  twice  on 
each  run,  and  for  taking  coal  and  water  and  servicing  engines  at  intermediate  points. 

Grades  and  rise  and  fall  offer  resistances  to  speed  as  to  tonnage  transportation. 
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LOG  OF  BURLINGTON  DENVER  ZEPHYR  NON-STOP  RUN, 
OCTOBER  23, I93< 
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BENKELMAN 814.06 

4:20 

3-57'-15" 9-67'-16" 

81.78 

32'-44" 

nsjaa 

S4'-27- 

89.2 

S263 

22.01 
HAIGLER 836.07 4:38 

4-ll'-B0-' 10-ll'-60" 

81.99 

H*-36" 

90.5(1 

16'-32- 

85.0 

8617 
16.40 

WRAY,  COLO. 862.47 4:49 

4-22'-45- 10-22'-45" 

82.13 

10'-55" 

90.14 

12'-11" 

80.8 

4131 

27.23 

TUMA 879.70 5:10 

4-41'-43" 
10-41'-4B- 

82.26 

19'-00" 

85.99 

17'-2B" 

OS.T 

4654 

26.10 
AKRON 906.80 5:32 

4-68'-40" 10-58'-40" 

82.51 

I6--55" 

92.57 

18'-10- 

86.2 4234 

24.00 
BRUSH 929.80 

6:50 

6-13'-66" ll-lS'-56- 

82.78 

15'-16- 

MXi 

18'-20- 

78.S 

4954 
50.65 

KEENESBURO      ' 
980.45 6:28 

5-45'-50" ll-45'-60" 

83.34 

31'-64- 

95.27 

47'.30- 

64.0 

6092 

18.99 

BARR. 999.44 6:42 

6-S7'-40" 
ll-67'-40" 

83.58 

ir-50" 

80.20 

14'-25" 

79.0 

6183 
17.79     (Western  Union 

DENVER          T.pe) 1017.23 7:00  PM 

e-12'-37" 12-ia'.2T" 

83.33 

14'-47" 

72.20 

17'-10- 

62.8 

HIGH  SPOTS    «<3  addition  to  tbose  emphasUed  above) 
Halsted  Street  to  Denver.  1015.81  miles;  this  trip  In  12  houra,  7  minutes,  52  seconds  (728  minutes)  at  88.69  miles  an  hour. 
Denver  to  Halsted  Street   (enroute  to  A  Centuiry  of  Progress  grounds)    May   26,   1934,   13   Iiours,   4   minutes,   68  seconds    (78S 

minutes)  at  77.61  miles  an  hour. 
Top  speed  this  trip,   116  miles  an  hour  between  Akron  and  Brush. 
Top  speed  May  26.   1934.   112.5   miles  an   hour  between  Tuma  and  Wray. 
Fastest  sustained  speodi  105.08  miles  an  hour,  Bristol  to  EarlvlUe,  Illinois,. C6. 6  miles  in  16  minutes,  12  seconds. 
Lons  sastained  speedst 

88.69  miles  an  hour,  Lincoln  to  Denver.  482.7  miles  In  326  minutes,  rise  In  elevation  4036  feet.  «, 
91.98   miles  an  hour,   Dorchester,   Neb.,   to  Barr,  Colo.,   436.4   miles  In  286  minutes,  rise  in  elevation  8605  feet 
92.39  miles  an  hour,  Juniata,  Neb.,   to  Barr,  Colo.,   362.1  miles.  In  235  minutes,  rise  In  elevation  8121  feet 

Fastest   hundred   mllesi   94.57   miles   an   hour,   Otis,   Colo.,    to   Barr,  Colo.,  107.05  miles.  In  67  minutes,  56  seconds. 
Across  State  of  Illinolsi  204. G3  miles  In  2  hours,  27  minutes.  15  seconds,  at  83.38  miles  an  hour. 
Across  State  of  lowsi  274.16  miles  In  3  hours,  23  minutes,  65  seconds,  at  80.67  miles  an  hour. 
Across  State  of  Nebraskai  304.28   miles   In   4   hours,   24   minutes,   25  seconds,  at  82.66  miles  an  hour. 
Nebraska  State  Line  to  Denver)  174,17  miles  In  1  hour,  66  ralnute.s,  52  seconds,  at  89.42  miles  an  hour. 
Fuel   Oil  CoUHUmptloni 

This  trip  (3000  Horso  Power,  approximate  loaded 'height  1,036,000  pounds)  1560  gallons,  or  0.66  miles  a  VAllOB. May  26,  1934    (COO  Horse  Power,  approxlm.tto   loaded  weight  253,000  pounds)  372  gallqns,  or  3.78  miles  a  CSUon. 
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Alinement 

Curvature  imposes  restrictions  to  high  speeds  which  may  be  maximum  or  limiting 
in  effect  for  the  district.  The  speed  restrictions  which  have  been  imposed  by  some  of 

the  railroads  operating  high-speed  trains  are  illustrated  in  Table  II.  The  applications 
of  the  two  devices  for  modifying  to  a  limited  degree  the  limiting  effects  of  curvature, 
viz,  elevation  of  the  outer  rail  on  curves  and  the  use  of  transition  curves,  are  illustrated 

in  Tables  III  (a)  and  III  (b). 

Track 

The  effects  of  blows  vary  with  the  weight  and  the  square  of  the  velocity.  Therefore, 

track  designed  to  carry  trains  at  high  speed  must  be  strong,  rugged,  and  sturdy,  not 
readily  yielding  to  blows,  vibrations,  and  oscillations,  resulting  in  swaying  of  the  train. 

It  must  be  high-speed  track.  Table  III  (c)  illustrates  the  weights  of  some  tracks  carry- 

ing today's  high-speed  trains. 

Effects  of  High-Speed  Train  Operation  on  Roadway  and  Track 

By  the  application  of  the  well-known  laws  of  dynamics,  it  is  obvious  that  high- 
speed trains  of  equal  weight  with  those  traveling  at  slower  speeds  are  more  destructive 

of  track  and  roadbed.  However,  many  of  the  new  high-speed  passenger  trains  today 
are  considerably  lighter  in  weight  than  other  and  older  trains.  Also,  the  power  units 

hauling  these  trains  either  are  without  reciprocating  parts  or  they  are  in  such  nice 

adjustment  to  the  work  they  are  doing  that  damaging  effects  can  not  be  traced  to  their 

operation.  Again,  trains  of  this  class  are  in  all  cases  operated  on  the  same  tracks  with 
other  trains  of  lower  speeds,  and  usually  with  all  classes  of  freight  trains.  It  is  therefore 

difficult,  if  not  impossible,  to  determine  how  much  of  disturbances  of  the  track-line-sur- 
face, gage,  etc. — are  attributable  to  the  high-speed  trains.  Further  and  greater  diversity 

of  experience  will  be  required  for  definite  determination  of  these  effects. 

Reference  is  made  to  the  report  of  Committee  XXII  on  "The  Effect  of  High  Speeds 
on  the  Labor  Cost  of  Track  Maintenance,"  which  will  be  found  as  Appendix  F  of  that 

Committee's  report,  page  375  of  Volume  38  of  the  Proceedings. 

Conclusions 

In  this  prelimiiury  study  no  conference  was  held  or  correspondence  entered  with 
either  of  the  two  committees  of  collaboration. 

The  problem  of  operating  trains  at  high  speed  as  related  to  the  economies  of  location 
or  railway  design  has  many  aspects  and  more  ramifications.  Perhaps  discussion  may 

bring  questions  in  addition  to  those  now  under  consideration  by  this  Committee,  or 
produce  additional  information  not  accessable  to  them. 

It  will  be  appreciated  that  the  object  here  has  been  to  state  and  outline  the  problem, 
and  to  direct  attention  to  some  features  which  ought  to  be  investigated  in  particular 

cases,  to  record  some  results  from  experience,  and  review  some  underlying  principles  as 

a  basis  for  the  establishment  of  high-speed  schedules.  It  is  the  hope  of  your  Committee 
that  interest  in  the  subjects  dealt  with  will  be  stimulated  and  some  small  contribution 

made  to  the  development  of  high-speed  operation. 

Recommendations 

It  is  recommended  this  report  be  received  as  a  progress  report  and  the  study 
continued. 
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Exhibit  B 

BIBLIOGRAPHY  ON  HIGH-SPEED  TRAINS  AND  RELATED  SUBJECTS- 
ARTICLES   FOUND   IN  PUBLICATIONS   INDICATED 

Railway  Age 

Date             Vol.  No.  Page 

10—27—34           97,  17  499 

4 —  4 — 36         100,  14  583 

6—13—36         100,  24  945 

7—11—36         101,  2  63 

78 

8—  1—36         101,  5  185 

9—26—36         101,  13  439 

10—  3—36         101,  14  479 

10—10—36         101,         15         514 

10—17—36         101,         16        548 

10—31—36         101,         18        627 

11—14 — 36         101,         20         709 

12—19—36         101,         25         900 

1—  2—37         102,  1  16 

1—30—37         102,  5         223 

1—30—37         102,  5         229 
2—  6—37         102,  6         259 

2—20—37         102,  8        319 

3—  6—37         102,        10        389 

Title  and  Remarks 

What  Motive  Power  for  High  Speeds? 

American  Trains  Hold  World   Speed  Records. 

Passenger  Train  Length,  Speed  and  Horsepower. 

Superintendents     Discuss     High-Speed     Passenger 
Trains. 

Changing  Times  Demand  Greater  Alertness. 

Is  Safety  Adequately  Considered  as  Speeds  Increase. 

Discuss  Effect  of  High-Speed  Trains. 

C.P.R.  Buys  Streamline  Steam  Locomotives. 
(A   description   of   these    five   high-speed   units   of 
the  4-4-^4— type  which  are  for  service  with  new  light 
passenger  cars.) 
Three-cylinder     locomotives     on    the    London     & 
North   Eastern. 

(Presents  descriptions  of  the  2-6-2  "Green  Arrow" and  the  2-8-2  "Lord  President,"  two  new  designs 
recently  developed  for  high-speed  service.) 

New  Equipment  for  the  Hiawatha. 
(A  description  of  new  lighter  weight  cars  placed 
on  this  steam  train,  enabling  it  to  handle  more cars.) 

Denver  Zephyr  Breaks  World  Speed  Records. 
(A  description  of  the  1017-mile  run  made  by  this 
Burlington  train  between  Chicago  and  Denver.) 

C.P.R.    Inaugurates    High-Speed    Local    Passenger 
Service. 

(A  description  of  the  16  light-weight  air-conditioned 
cars  which  were  recently  completed  by  this  road 

for  use  in  trains  hauled  by  its  4-4-4  type  stream- 
line steam  locomotives.) 

A  powerful  High-Speed  Freight  Locomotive. 
(A  description  of  the  4-6-6-4-type  built  for  the 
Union  Pacific,  designed  for  fast  freight  service.) 

1936— A  Year  of  Outstanding  Traffic. 
(Contains  table  of  high-speed  trains.) 

How  Strong  Should  Track  Be? 
(Some  suggestions  for  the  practical  application  of 
the  results  of  research  in  the  solution  of  current 
problems.) 

Disc-Flo  Journal  Bearing  for  High-Speed  Service. 
Performance  of  High-Speed  Trains  on  the 
Burlington. 

Largest  Streamline  Steam  Locomotive. 

(A  desciiption  of  the  Southern  Pacific's  4-8-4-type 
built  by   the  Lima   Locomotive  Works   for   high- 

speed service  over  a  difficult  profile.) 

Northern  Pacific  High-Speed  Freight  Locomotives. 

(A  description  of  these  4-6-6-4's.) 
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Date 

3—13—37 

3—20—37 

3—27—37 

8—28—37 

9—11—37 

10—  2—37 

Vol. 102, 

102, 

102, 

103, 

103, 

103, 

No.      Page 

11        430 

12         505 

13         540 

4—  3—37 
102, 14 

589 

4—  3—37 
102, 14 

603 

5—15—37 

102, 
20 825 

5—15—37 
102, 20 

823 

7—17—37 
103, 

3 75 

7—24—37 
103, 

4 103 

9         256 

11         330 

14        442 

Title  and  Remarks 

Santa  Fe  Reduces  Curves  on  Chicago-Los  Angeles 
Line. 

(Tells  how  this  road  fixed  on  1°  30"  as  the  desired 
maximum  and  made  hundreds  of  reductions  to  re- 

move speed  restrictions.) 

Signal  Section  Convenes  in  Chicago. 
(New  aspects  and  rules  for  higher  speeds,  part  of 
discussion.) 

New     Haven     Installs     Streamline     Passenger 
Locomotive. 

(A  description   of  4-6-4-type.) 
The  Relation   Between  Track  and  Rolling  Stock. 

Steel  Castings  for  High-Speed  Railroad  Service. 
Locomotive  Design  and  Rail  Stresses. 

Burlington  Builds  Streamline  Steam  Locomotive. 

Resistance  of  Lightweight  Passenger  Trains. 

London  &  North  Eastern  Inaugurates  "Coronation" Trains. 

(A  description  of  this  road's  new  trains,  each  with 
four  pairs  of  articulated  twin  cars  and  an  obser- 

vation car,  which  are  hauled  by  streamline  loco- 
motives between  King's  Cross  and  Edinburgh  at 

an  average  speed  of  65.5  mph.) 

Rock  Island  Places  New  Trains  in  High-Speed 
Service. 

(An  article  describing  the  first  of  this  road's  six 
"Rockets"  which  will  average  70  mph  and  cut  time 
between  Kansas  City  and  the  Twin  Cities  about 
two  hours.) 

Maintenance  of  High-Speed  Motive  Power  and 
Equipment. 
(An  article  describing  methods  used  in  condition- 

ing three  Western  trains  for  super-speed  service.) 
Southern  Pacific  Streamliners. 

(Describes   this   road's   new   trains   with    stainless- 
steel    exteriors    and    streamline    locomotives   which 
will  run  between  Houston,  Texas,  and  Dallas.) 

International  Railway  Congress  Association  Bulletins 

Date  of 
Bulletin  Vol.  No. 

April,  1936        XVIII,  4 

May,  1936        XVIII, 

June,  1936        XVIII,  6 

June,  1936        XVIII, 

Page  Title  and  Remarks 

377  Track    Laying    for    High    Speeds — by 
Felice  Corini,  Professor  at  Royal  Higher 
Engineering  School  at  Genoa. 

490  Note     on     Train     Speeds — by     Lionel 
Wiener,     Professor     at     University     of 
Brussels. 

(Pertains  to  train  speeds  in  Poland  and Finland.) 

609  Note     on     Train     Speeds — by     Lionel 
Wiener. 
(Pertains  to  train  speeds  in  Denmark.) 

645  Santa  Fe's  New  3,600  HP  Diesel-Electric 
Locomotive  Makes  Record  Run. 
(Description   of  test   run  between  Los 
Angeles  and  Chicago.) 
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Date  of 
Bulletin  Vol.  No.  Page 

July,            1936  XVIII,  7  667 

August,        1936  XVIII,  8  769 

September,  1936  XVIII,  9  942 

September,  1936  XVIII,  9  98S 

December,  1936  XVIII,  12  1447 

February,     1937  XIX,  2  351^41 

February,     1937  XIX,  2  479 

June,            1937  XIX,  6  1487/1 

Miscellaneous 

Name  of  Book 
or  Magazine 

Atlantic  Month 

Modern  Trends  in  Rail- 
way Motive  Power — by 

Wm.  C.  Dickerman, 
President,  American 
Locomotive  Company 
Thirty-ninth  Annual 
Report  of  The  Travel- 

i  n  g  Engineers'  Asso- ciation 

Date 

March,         1930 

1933 

September,  1935 

Title  and  Remarks 

Note     on     Train     Speeds — by     Lionel 
Wiener. 

(Pertains  to  train  speeds  in  Norway.)' 
Note  on  Train  Speeds — by  Lionel 
Wiener. 
(Pertains  to  train  speeds  in  Sweden.) 
Note    on    High-Speed   Trains    Between 
Chicago,  St.  Paul  and  Minneapolis — by 
Leon  Pondeveaux. 
(Information  obtained  from  report  on 
these  trains  by  Coverdale  &  Colpitis, 
New  York.) 

Track  Laying  for  High  Speeds. 
(Comments  by  Director  of  the  Rail- 

way Technical  Operating  Inspectorate 
of  the  French  Ministry  of  Public  Works 
on  article  by  Mr.  Corini  in  April,  1936, issue.) 

The  Construction  of  Modern  Track  to 
Carry  Heavy  Loads  at  High  Speeds, 
and  Methods  of  Modernizing  Old 
Tracks  for  Such  Loads  and  Speeds. 
Facing  Points  Which  Can  Be  Taken  at 
High  Speeds— by  H.  Flament. 
The  Construction  of  Modern  Track  to 
Carry  Heavy  Loads  at  High  Speeds 
and  Methods  of  Modernizing  Old 
Tracks  for  Such  Loads  and  Speeds. 
Facing  Points  Which  Can  Be  Taken  at 
High  Speeds — by  C.  Lemaire,  Belgian 
National  Railways. 

Note  on  Train  Speeds — by  Lionel 
Wiener. 
(Pertains  to  train  speeds  in  Portugal.) 

Special  Accounts  Summing  Up  the  Re- 
ports on  the  Questions  for  Discussion 

at  the  Thirteenth  Session  of  the  Inter- 
national Railway  Congress  Association. 

Section  1.     Way  and  Works. 

Question  1. The  Construction  of  Modern  Track  to 
Carry  Heavy  Loads  at  High  Speeds, 
and  Methods  of  Modernizing  Old  Track 
for  Such  Loads  and  Speeds.  Facing 
Points  Which  Can  Be  Taken  at  High 

Speeds — by  H.  Flament. 

Page  No.  Title  and  Remarks 

322        Speed— by  George  W.  Gray. 
(History  of  speed,  all  vehicles.) 

(Photographs  and  general  de- 
scription of  modern  steam, 

Diesel,  Diesel-electric  and  elec- 
tric locomotives.) 

19  Light-Weight,  High-Speed  Artic- 
ulated Train  Handling.  (Brake 

equipment  used  in  connection 
with  these  trains.) 
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Name  of  Book 
or  Magazine 

Tabulation  of  Statistics 
Pertaining  to  Signals 
and  Automatic  Train 
Control  as  of  January 
1,  1935— by  Burt  T. 
Anderson 

Report  on  High-Speed 
Trains,  Chicago-T  w  i  n 
Cities — June  and  July, 
1935— by  Coverdale  & 
Colpitis 
The  Mechanics  of  a 
Locomotive  on  Curved 

Track— by  S.  R.  M. 
Porter 
Pennsylvania    Railroad, 
September,    1936,    issue 
of  "Train  Talks" 
Civil  Engineering 

Railroad  Storif  s 

Explanation  of  Method 
of  Calculating  Time  of 
Steam  Powered  Runs ; 
also  Method  of  Calcu- 

lating Electric  Energy 
Consumption 
Interstate  Commerce 
Commission  Statement 

No.  3639,  Year  1936— 
New  Types  of  Light- 

weight Passenger  Trains 
Today 

Think 

Recent  Developments 
in  European  Railroad 
Motive  Power  —  by 
A.  I.  Lipetz,  Chief  Con- 

sulting Engineer,  Amer- 
ican  Locomotive 
Company 
Transactions  of  The 
American  Society  of 
Mechanical  Engineers 

Date 
1935 

1935 

1935 

Page  No. Title  and  Remarks 

September,  1936 

September,  1936 

October,       1936 

December,  1936 

1936 

1-23-37 

February,  1937 

February,  1937 

May,  1937 329 

(A  general  report  on  practically 
all  factors  in  connection  with 
the  operation  of  these  trains.) 

(A  general  study  of  this  subject, 
including  diagrams,  formulae, 
equations,  etc.) 

(Tests    conducted    to    determine 
types  of  locomotives  best  suited 
for  high-speed  trains.) 
Track    studies    for    speeding    up 
trains. 

North    America's    Mile-a-Minute 
Runs— by  G.  H.  Burck. 
(Includes  table  of  mile-a-minute 
or  faster  runs.) 

(Issued  by  Pennsylvania  Rail- road.) 

(A  study  of  all  factors,  includ- 
ing speed.) 

Railroads  and  R  e  s  e  a  r  c  h — by 
Karl  Brown. 

(An  article  on  the  efforts  of  rail- 
roads to  improve,  and  success  al- 
ready achieved.) 

The  Renaissance  in  Railroading. 
(Story  of  struggles  of  American 
railroads,  how  they  have  over- 

come obstacles,  and  how  they 
have  increased  speed.) 

(Gives  photographs,  diagrams 
and  descriptions  of  various  types 
of  power.) 

Resistance  of  Lightweight  Pas- 
senger Trains. 

(Contains  formulae  for  calculat- 
ing resistances  due  to  track, 

journal,  flange,  air,  ground 
winds ;  air-conditioning  and  light- 

ing equipment.) 
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Appendix  D 

(5)     SPIRALS  REQUIRED  FOR  HIGH  SPEED  OPERATION 

H.  M.  Shepard,  Chairman,  Sub-Committee;  J.  C.  Bradley,  C.  W.  Breed,  J.  L.  Campbell, 
R.  P.  Forsberg,  C.  T.  Jackson,  B.  H.  Prater,  J.  R.  Scatterday,  H.  W.  Snyder,  C.  B. 
Stanton,  H.  M.  Tremaine,  W.  D.  Wiggins. 

A  study  of  spiral  curves  for  high-speed  operation  naturally  deals  with  train  speed 
and  super-elevation. 

Your  Committee  sent  a  questionnaire  to  railroads  operating  high-speed  passenger 
trains  in  which  the  following  information  was  requested: 

1.  Standard  super-elevation  and  permissible  speed  on  curves. 
2.  Length  of  spiral  used. 
3.  Maximum  desired  rate  of  curvature  for  high  speed  operation. 

The  information  received  has  been  tabulated  for  1°  and  1°  30'  curves  and  is  shown 

in  Table  1.  Under  the  column  headed  "super-elevation"  it  is  interesting  to  note  that 

many  railroads  are  using  American  Railway  Engineering  Association's  tables  with  3  inches 
of  unbalanced  elevation.  The  following  is  quoted  from  a  letter  received  from  the  Chief 
Engineer  of  one  of  the  leading  railroads: 

"We  feel  that  the  3  inches  unbalanced  elevation  is  perfectly  safe  at  the  higher 
speeds  and  desire  a  certain  amount  of  elevation  at  the  lower  speeds.  With  curve 
lubricators  protecting  the  high  rail  and  the  minimum  amount  of  elevation  we  expect 
our  rail  wear  on  curves  to  be  considerably  reduced  and  have  been  able  to  increase 

the  tonnage  on  certain  grades." 

Of  the  18  railroads  reporting,  7  are  using  the  American  Railway  Engineering  Asso- 

ciation's rate  of  transition  oi  1%  inch  per  second;  4  railroads  are  using  a  lesser  rate  and 
7  railroads  are  using  a  greater  rate.  Since  11  of  the  railroads  are  using  the  rate  of  tran- 

sition ol  1%  inch  per  second  or  less  there  seems  to  be  no  reason  at  this  time  to  change 

the  American  Railway  Engineering  Association's  maximum  rate  oi  1%  inch  per  second. 
Table  2  indicates  length  of  spirals  and  runoffs  required  for  running  off  elevation  of 

curves  at  the  rate  of  1J4  inch  per  second  of  rise. 

Information  relative  to  European  practice  is  shown  in  Table  3.  This  data  was 
obtained  from  Bulletins  of  The  International  Railway  Congress  Association  presented  at 
the  13th  Session  held  in  Paris  in  1937. 

Conclusion 

Recommend  that  this  report  be  received  as  information. 
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Appendix  E 

(6)     GRADES   AND    ALINEMENT    THROUGH    TUNNELS 

Wm.  Michel,  Chairman,  Sub-Committee;  H.  H.  Edgerton,  R.  P.  Forsberg,  C.  T.  Jackson, 
Fred  Lavis,  F.  R.  Layng,  B.  H.  Prater,  F.  A.  Russell,  H.  B.  Shattuck,  H.  M.  Shepard, 
R.  S.  Stephens,  H.  M.  Stout. 

In  order  to  appreciate  in  an  accurate  way  the  benefits  derived  from  the  changes 
in  tunnel  grades  and  curves,  it  may  be  well  to  keep  in  mind  certain  technical  facts  which 
have  a  direct  bearing  upon  the  design  and  operation  of  a  railroad. 

The  total  tractive  effort  exerted  at  the  rim  of  the  driving  wheels  of  a  prime-mover 
must,  of  course,  overcome  the  total  resistance  of  the  train  to  motion.  This  total  train 

resistance  is  composed  of  a  number  of  elements. 

1 — The  net  resistance  on  straight,  level,  clean,  and  dry  track  at  uniform  speed,  in 
still  air;  an  item  which  is  always  in  operation  to  retard  a  moving  train,  and  which  in- 

cludes all  losses  in  bearings,  losses  due  to  rolling  friction,  to  flange  friction,  to  bending 
rails,  etc. 

2 — On  ascending  grades,  must  be  added,  to  all  of  these,  the  resistance  due  to  vertical 
lift.  The  grade  is  the  ratio  of  the  distance  the  train  is  raised  to  the  distance  it  travels; 

thus  on  a  grade  of  plus  1  percent,  the  train  is  lifted  vertically  one  foot  for  each  100  feet 

travelled,  or  a  minus  1  percent  grade,  the  train  falls  one  foot  for  every  100  feet  of  travel. 
Since  on  an  ascending  track,  an  additional  tractive  effort  of  20  pounds  per  ton  for  each 

1  percent  grade  is  required  to  move  the  train  forward,  it  follows  that  a  descending  grade 

is  equivalent  to  the  delivery  to  the  train,  of  a  tractive  effort  of  20  pounds  per  ton. 

3 — The  resistance  due  to  curvature  of  the  track. 

4 — Other  forms  of  resistance  due  to  acceleration,  to  wind,  etc.,  which  can  be  dis- 
regarded as  not  pertinent.  Another  factor  to  be  considered  when  comparing  an  old 

steam-operated  line  with  a  new  electrified  one,  is  the  regeneration  of  power  by  electrically- 
driven  locomotives  on  descending  grades. 

Ventilation 

A  tunnel  should  have  a  grade  or  inclination  in  one  direction  for  ease  of  future 

drainage  and  ventilation.  No  special  arrangement  is  essential  for  ventilation  either  dur- 
ing construction  or  after,  if  the  length  does  not  exceed  1000  feet.  The  longer  tunnels 

generally  require  some  artificial  means  of  ventilation  such  as  fans  or  ducts.  When  pos- 
sible, shafts  are  spaced  along  the  tunnel  and  ventilation  is  secured  by  their  down  drafts. 

Many  of  the  large  tunnels  in  Europe  have  no  shafts  and  have  grades  up  from  each 
end,  which  is  the  most  unfavorable  of  all  conditions  for  ventilation. 

They  were  made  so  as  to  meet  other  conditions  and  to  facilitate  drainage.  Their 
ventilation  is  maintained  by  air  forced  in  from  the  ends. 

Some  of  our  more  modern  railway  tunnels  on  the  American  Continent  are: 

The  Connaught  Tunnel  of  the  Canadian  Pacific  Railway  is  ventilated  by  dupli- 
cate fans  driven  by  Diesel  engines  blowing  air  against  the  tonnage  train. 
The  Moffat  Tunnel  of  the  Denver  and  Salt  Lake  Railroad  is  ventilated  by 

Diesel  engine-driven  fans.  The  arrangement  of  ducts  is  such  that  air  can  be  blown 
into  tunnel  or  current  reversed  and  air  drawn  out. 

The  Cascade  Tunnel  of  the  Great  Northern  Railway  has  no  artificial  ventilation. 

In  considering  this  subject  certain  assumptions  must  be  made,  for  until  the  tunnel 
is  completed  the  exact  condition  in  the  tunnel  will  not  be  known  and  varying  conditions 
of  weather  or  season  will  also  have  effect  both  In  the  tunnel  and  outside  it. 
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It  seems  to  us  that  there  will  be  what  is  equivalent  to  an  actual  reduction  in  the 

tractive  power  of  the  locomotive  while  working  within  tunnels,  and  also  due  to  not 
working  the  locomotive  at  full  power  in  order  to  reduce  smoke  and  gases  while  passing 
through  the  tunnel. 

While  the  usual  formulas  now  used  for  tractive  power  do  not  contain  a  factor  for 

the  adhesion  between  wheels  and  rails,  this  adhesion  has  a  direct  effect  and  it  is  ordi- 

narily assumed  at  25  percent  of  the  weight  on  the  drivers.  Webb  states:  "The  adhesion 
between  wheels  and  rails  varies  from  0.20  to  0.25  and  over  when  rail  is  dry.  When  wet 

and  slippery  this  may  fall  to  0.18  or  even  to  0.15.  Use  of  sand  will  always  raise  it  above 

the  0.20  and  on  a  dry  rail  may  raise  it  to  0.35  or  even  0.40."  Others  state  that  (the 
maximum  adhesion)  under  most  favorable  conditions  with  dry  clean  rail  and  using  sand, 

one-third  may  be  realized;  but  that  one-fourth  is  the  ordinary  maximum;  when  rail  is 

slippery  or  greasy,  ratio  may  drop  to  one-fifth  or  even  one-sixth.  We  assumed  that  the 
tractive  power  in  the  tunnel  might  be  reduced  to  ̂ ,  which  is  really  the  ratio  between 
0.25  and  0.20  factors  of  adhesions,  but  probably  it  would  generally  exceed  this. 

The  factor  of  adhesion  is  not  used  any  further  than  to  aid  in  arriving  at  a  per- 
centage to  apply  to  the  tractive  power.  Near  the  summit  of  a  long  maximum  grade,  or 

with  poor  steaming  locomotives,  tractive  power  might  also  decrease  due  to  loss  of  steam 
pressure  or  otherwise,  but  such  loss  is  not  due  to  the  tunnel  or  track  conditions,  and 

while  some  part  of  such  loss  under  certain  conditions  would  probably  be  provided  for  in 

the  percentage  used  and  resulting  reduced  grade  outside  of  tunnel,  we  do  not  think  such 
loss  is  strictly  pertinent  to  the  question.  Such  conditions  must  be  otherwise  considered 

and  provided  for  regardless  of  whether  there  are  any  tunnels  or  not. 
We  must  assume  that  the  power  used  is  proper  and  efficient  for  the  ruling  grades 

and  train  loads  established. 

The  asumption  and  calculations  are  as  follows; 

G  =  rate  percent  of  ruling  grade  in  the  district. 
g  =  rate  percent  of  required  grade  in  the  tunnel. 
L  =  total  weight  of  train  including  locomotive. 
T=  tractive  power  of  locomotives  in  pounds. 

O.sr  =  equivalent  tractive  power  of  locomotive  in  the  tunnel. 
R  =z  resistance  in  pounds  per  ton  of  train. 

Then,  since  load  hauled  (L)  must  be  the  same  within  or  without  the  tunnel: 
T  0.87 

L 
R  +  20G  —  R+20g 
T  0.8T 

R  +  20G—  R+  20g 

or      g  =  0.8G  —  0.01/2 

Assume  R  =  4 

g  1=  79  percent  G 
g  =  78  percent  G 
g  =  76  percent  G 
g  =  72  percent  G 

g  =  78  percent  G 
g  =  77  percent  G 
g  =  74  percent  G 
g  =  68  percent  G 

An  increase  in  the  assumed  resistance  per  ton  increases  the  amount  of  reduction  to  a 
small  extent. 

When  G  =  3.0  percent 
"       G  =  2.0  percent 
"      G=i  1.0  percent 
"      G  =  O.S  percent 

g  =  2.36 
g  =  l.S6 
g  =  0.76 
g  =  0.36 

ime  R  =  6 

When  G  =  3.0  percent 

"      G  =  2.0  percent 
"      G  =  1.0  percent 
"      G  =  O.S  percent 

g  =  2.34 
g=l.S4 
g  =  0.74 
g  =  0.34 
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In  order  to  get  the  full  advantage  of  the  reduction  of  grade  and  also  to  aid  in 

handling  the  train  this  reduction  should  be  extended  both  ways  from  the  tunnel.  Just 
how  far  each  way  is  a  matter  open  for  discussion.  However,  in  order  that  the  train 

may  accelerate  its  speed  in  coming  up  the  grade  to  the  tunnel  we  would  suggest  that 
about  one  train  length  would  be  required  below  the  tunnel  or  say  at  least  3,000  feet. 

At  the  higher  end  of  the  tunnel  we  do  not  believe  it  will  be  necessary  to  continue  the 

reduced  grade  line  as  far,  but  would  suggest  one-half  train  length  of  at  least  1,500  feet. 

With  the  grades  modified  this  way,  the  train  going  up  grade,  would  accelerate  on  ap- 
proaching the  tunnel.  The  fireman  would  have  an  opportunity  to  care  for  and  adjust 

his  fires  before  entering  the  tunnel.  The  accelerated  speed  would  assist  the  train  through 
the  tunnel.  The  speed  would  begin  to  decrease  on  entering  the  tunnel  if  the  rail  or 

conditions  of  the  track  were  not  equal  to  the  conditions  outside,  and  to  again  accelerate 
on  leaving  tunnel. 

An  important  question  in  the  above  is:  does  the  assumption  made  as  to  loss  in 

tractive  power  give  sufficient  reduction  to  be  safe  in  its  results,  or  does  it  give  too  large 
a  reduction?  If  a  larger  loss  is  assumed,  the  reduction  required  in  grade  would  be  greater 

and  correspondingly  less  if  a  less  reduction  is  assumed.  On  the  assumption  of  0.8  there 
might  be  cases  arise  where  the  rail  conditions  would  be  such  as  to  tend  to  cause  a  greater 
loss,  in  which  case  sand  would  have  to  be  used  and  there  would  be  little  reduction  in  the 

amount  of  smoke  or  gases  in  the  tunnel;  however,  even  this  would  be  partly  offset  by 
the  accelerated  speed  in  entering  the  tunnel,  and  if  assumptions  are  correct  the  locomotive 
would  not  stall. 

On  short  tunnels,  say,  less  than  500  feet,  probably  no  reduction  in  grade  will  be 

required,  and  since  often  tunnels  of  any  considerable  length  are  on  special  grades  lighter 
than  maximum,  and  our  assumptions  show  that  as  percent  of  ruling  grade  increases,  the 
percentage  to  apply  to  it  increases  and  is  usually  greater  than  75  percent,  we  would 

suggest  adoption  of  not  more  than  75  percent  and  a  statement  somewhat  as  follows: 

Conclusions 

It  is  the  opinion  of  the  Committee  that,  taking  into  consideration  proper  drainage, 

the  rate  of  grade  in  tunnels  should  be  kept  as  low  as  is  practical,  and  that  in  all  tunnels 
over  500  feet  in  length  the  rate  of  grade  through  tunnel  shall  not  exceed  75  percent  of 
that  of  the  ruling  grade,  and  that  this  reduced  grade  be  extended  for  the  full  length  of 
a  maximum  train,  but  not  less  than  3,000  feet,  from  the  lower  end  of  the  tunnel  and  for 

one-half  that  distance,  but  not  less  than  1,500  feet,  from  the  higher  end  of  the  tunnel. 
If  the  tunnel  is  on  a  curve  the  regular  compensation  for  curvature  should  also  be 
introduced. 

Recommendation 

It  is  recommended  that  this  report  be  accepted  as  information. 



Appendix  F 

(7)     OUTLINE  OF  COMPLETE  FIELD  OF  WORK  OF 
THE  COMMITTEE 

S.  E.  Armstrong,  Chairman,  Sub-Committee;  J.  L.  Campbell,  E.  A.  Humphreys,  E.  E. 
King,  Fred  Lavis,  F.  R.  Layng,  F.  A.  Russell,  H.  M.  Stout,  H.  C.  Searls,  H.  B. 
Shattuck,  J.  E.  Teal. 

This  Committee  considers  its  "Complete  Field  of  Work"'  to  embrace  all  problems 
pertaining  to  both  railway  location  and  relocation. 

While  attention  must  be  devoted,  from  time  to  time,  to  the  projection  of  locations 
for  new  lines,  the  Committee  considers  that  future  work  of  this  nature  will  be  largely 

relocations  and  revisions  of  existing  lines,  and  developments  arising  out  of  the  regrouping 

and  rearrangement  of  systems,  not  only  in  conformity  to  many  notable  improvements 

in  operation,  both  in  freight  and  passenger  service,  but  also  in  conformity  with  their 
relationship  to  our  entire  national  economy. 

The  fundamental  conception  of  this  Committee's  work  is  that  railway  location 
is  primarily  a  study  of  rational  design  based  on  certain  technical  and  economic  con- 

siderations in  order  to  develop  maximum  safety  and  efficiency  of  operation  at  a  reason- 
able cost.  It  must  conduct  its  studies,  ever  bearing  in  mind  the  type  and  tonnage 

of  traffic  now  handled  and  which  may  be  reasonably  anticipated,  the  performance  of 
available  motive  power  and  the  developments  in  that  field,  and  the  methods  and 

practices  of  actual  operation  in  such  matters  as  train  tonnage,  speed,  density  of  traffic,  etc. 
It  must  also  take  into  account  basic  financial,  economic  and  legislative  considerations. 

The  special  aim  of  the  Committee  should  be  to  establish  uniform  methods  and  unit 
values  for  investigating  and  analyzing  the  relative  advantages  and  comparative  costs 

of  such  problems  as  alternate  plans  for  line  and  grade  revision,  choice  of  power,  type 

of  equipment,  etc. 

The  creation  of  other  Committees,  particularly  Committee  XXI  (Economics  of 

Railway  Operation) ,  whose  work  may  closely  approach  some  phases  of  that  of 

Committee  XVI,  perhaps  has  narrowed  the  field  originally  embraced  by  Committee 
XVI.  In  certain  studies  an  overlap  of  assignment  may  occur,  making  collaboration 
as  desirable  in  studies  yet  to  be  made  as  in  studies  heretofore  completed. 

The  "Outline  of  Complete  Field  of  Work"  given  below  is  offered  as  information 
and  as  a  guide  for  further  assignments. 

Outline  of  Complete  Field  of  Work  of  Committee  XVI 

1.  Determination  of  Location 

a.  Reconnaissance 

b.  Surveys  and  mapping 

c.  Projecting  location 
d.  Economics  of  temporary  construction 

e.  Preparation  of  estimates. 

2.  Studies  as  to  the  Effect  on  Location  of: 

a.    Alinement 
Mechanical  and  economic  effects  of  curvature 

Realinement  for  higher  speeds,  including  superelevations  and  easements 

Compensation  for  curvature 

SlOa 
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b.  Distance 
c.  Gradients 

Maximum  grades 

Ruling  grades 
Pusher  grades 
Momentum  grades 
Rise  and  fall 

Adjustment  for  unbalanced  traffic 
Through  tunnels  and  other  special  cases 

Restriction  on  tonnage  and  higher  speeds 
Vertical  curves 

d.  Train  resistance 

e.  Speed — Density  of  traffic 
Multiple  tracking  vs.  alternates 

f.  Type  of  traffic 
Passenger 

Standard  equipment 
Streamlined  equipment,  etc. 

Freight 

Tonnage  freight 
Fast  freight 

Future  traffic. 

3.  Improvement  of  Existing  Lines 

a.  Grade    reduction   and   modification   in   alinement   considered   in   the  light   of 

modern  types  and  capacity  of  power  and  equipment 
b.  Methods    for    comparing    one    or   more    suggested    relocations    and/or    grade 

reductions  with  existing  line 

c.  Elimination  of  grade  crossings  involving  change  of  line 
Track  elevation 

Track  depression. 

4.  Power 

General  principals  (all  locomotive  characteristics)  • 
a.  Steam 

b.  Electric 

c.  Other  types 

d.  Fuel  and  fuel  consumption. 

5.  Miscellaneous 

General  and  special  formulas,  definitions,  etc. 
Location  of  various  facilities 

Interest,  taxes,  maintenance 
Restrictive  Legislation 

Full  crew  bills 

Maxmium  train  length  bills,  etc. 

Conclusions 

It  is  recommended  that  this  report  be  received  as  information. 
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J.  F.  Prlngle, 
C.  P.  Richmond, 
L.  S.  Rose, 
R.  T.  Scholes, 
H.  T.  Schryver, 
B.   J.   SCHWENDT, 
H.  W.  Snyder, 
J.  E.  Teal, 
R.  E.  VanAtta, 
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John  Worley, 
Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subjects: 

(1)  Revision  of  Manual.    Progress  in  study — no  report. 

(2)  Methods  for  obtaining  a  more  intensive  use  of  existing  railway  facilities 
(Appendix  A).     Presented  as  information. 

(3)  Methods  or  formulae  for  the  solution  of  special  problems  relating  to  more 
economical  and  efficient  railway  operation  (Appendix  B).    Presented  as  information. 

(4)  Analyses  to  determine  when  a  railway  or  branch  line  should  be  retired 

(Appendix  C).     Complete  and  presented  as  information. 

(5)  Methods  for  determining  most  economical  train  length,  considering  all  factors 

entering  into  transportation  costs,  collaborating  with  Operating  Division  (Appendix  D). 
Complete  and  presented  as  information. 

(6)  Effect  of  volume  of  traffic  on  railway  operating  expenses,  collaborating  with 

Committee  XXII — Economics  of  Railway  Labor.    Progress  in  study — no  report. 

(7)  Train  resistance  as  affected  by  weights  of  rail,  collaborating  with  Committee  IV 

— Rail  (Appendix  E).    Complete  and  presented  as  information. 

(8)  The  economics  of  the  movement  of  the  railway  of  freight  from  shipper  to 

receiver,  by  rail,  by  highway  or  by  a  combination  of  both,  collaborating  with  Com- 
mittees IX— Highways,  XIV— Yards  and  Terminals  and  with  Motor  Transport  Division 

(Appendix  F).    Complete  and  presented  as  information. 

The  Committee  on  Economics  of  Railway  Operation, 

M.  F.  Mannion,  Chairman. 

Bulletin  402,  February,  1938. 

511 



512   Economics    of   Railway    Operation 

Appendix  A 

(2)     METHODS  FOR  OBTAINING  A  MORE  INTENSIVE  USE  OF 
EXISTING  RAILWAY  FACILITIES 

J.  E.  Teal,  Chairman,  Sub-Committee;  B.  T.  Anderson,  L.  E.  Dale,  J.  M.  Farrin,  W.  B. 
Irwin,  F.  H.  McGuigan,  Jr.,  L.  S.  Rose,  R.  T.  Scholes,  H.  F.  Schryver,  H.  W.  Snyder, 
S.  L.  Wonson. 

COORDINATION  OF  FACILITIES 

This  Committee  submitted  a  report  in  1935  on  this  subject,  in  which  an  effort  was 

made  to  show  what  can  be  accomplished  when  two  or  more  lines  find  it  possible  to 
coordinate  and  consolidate  their  properties  without  detriment  to  the  public  interest  and 

at  the  same  time  effect  economies  by  sharing  the  operating  expenses.  In  1937  a  number 

of  items  that  it  was  thought  should  be  considered  in  making  coordination  studies,  and 
also  some  of  the  principles  that  should  be  given  consideration  in  the  preparation  of 
agreements  to  cover,  were  submitted. 

This  year,  the  Committee  has  secured  information  relative  to  a  number  of  pooling 

arrangements  which  have  been  approved  by  the  Interstate  Commerce  Commission,  and 
that  were  in  effect  as  of  September  18,  1937.  Following  is  a  brief  description  of  each, 
together  with  I.C.C.  docket  references: 

(a)     Traffic  Originating  at  and  Destined  to  Points  on  Gulf  and  Northern  Railroad 

Roads  Involved 

The  Gulf  &  Northern; 
The  Orange  &  North  Western;  and 
Gulf,  Colorado  &  Santa  Fe. 

Description 

Provides  for  connections  with  respect  to  traffic  originating  at  and  destined  to  points 
on  Gulf  &  Northern  R.R.  Embraces  line  Wiergate,  Texas,  to  Newton,  Texas,  and 
Newton  to  Orange,  Texas.  The  Gulf  &  Northern  R.R.  connects  with  main  line  of 
the  Gulf  Coast  Lines,  with  connections  at  Bleakwood  and  Bessmay,  Texas. 

• 
History 

74 — 44S— 13486— Submitted  May  31,  1922;  approved  December  12,  1922.  Gulf  & 
Northern  extends  from  Wiergate  to  Newton,  Texas,  connecting  with  the  Orange  & 
North  Western  (a  component  of  the  Gulf  Coast  Lines)  which,  in  turn,  extends  from 
Newton  to  Orange,  Texas,  and  connects  with  the  main  line  of  the  Gulf  Coast  Lines 
at  Mauriceville,  Texas.  The  O.&N.W.  connects  with  the  Gulf,  Colorado  &  Santa  Fe 
(a  component  of  Santa  Fe  System)  at  Bleakwood  and  Bessmay,  Texas,  a  distance  of 
12  and  30  miles,  respectively. 

Contract:  Traffic  destined  to  or  originating  at  points  designated,  be  routed  via  Gulf 
Coast  Lines  and  Santa  Fe,  and  to  be  divided  equally.  Contract  to  remain  in  force 
for  nine  years  from  September  23,  1921.  To  be  broken  if  either  party  cannot  supply 
the  necessary  service.  Santa  Fe  to  furnish  sufficient  cars  to  handle  traffic  allotted 
to  it,  which  traffic  to  be  transported  by  the  O.&N.W.  at  charges  of  $5.00  and  $6.00 
per  car,  at  risk  of  Santa  Fe.  In  case  Santa  Fe  fails  to  furnish  sufficient  cars  to 
handle  the  traffic  apportioned  to  it,  it  will  forfeit  the  right  to  have  such  traffic 
routed  over  its  line. 

(b)     Joint  Passenger  Train  Service  Between  Twin  Cities  and  Head  of  Lakes 

Roads  Involved 

Northern  Pacific; 
Minneapolis,  St.  Paul  &  Sault  Ste.  Marie ;  and 
Great  Northern. 



  Economics    of    Railway    Operation   513 

Description 

Proposed  joint  passenger  train  service  between  Minneapolis-St.  Paul,  Minn.,  and 
Duluth,  Minn.-Superior,  Wis.,  together  with  division  of  earnings. 

History 

107 — 493— 17876— Submitted  January  26,  1926;  approved  February  8,  1926.  Each 

of  the  two  railroads  (N.P.  and  "Soo'")  operated  trains  along  same  route,  having 
about  the  same  time  schedules.  It  seemed  advisable  that  the  "Soo"  change  its  after- 

noon schedule  and  discontinue  the  night  train,  and  Northern  Pacific  discontinue  the 
afternoon  train.  Percentage  of  revenue  to  be  the  same  as  each  received  during  1924— 
25.  Net  savings  from  discontinued  service  and  other  savings  to  be  divided  equally. 
Revenue  from  intermediate  points  not  to  be  allocated.  An  initial  saving  effected  of 
400,000  passenger  train  miles  per  annum,  and  each  road  estimated  an  annual  saving 
of  $115,000  by  the  elimination  of  afternoon  and  evening  trains.  American  Railway 
Express  estimated  a  saving  of  from  $3,000  to  $4,000  per  annum. 
State  of  Minnesota  prohibits  pools  of  such  nature,  but  was  overridden  by  the  I.C.C. 
under  Section  5,  Paragraph  1  of  the  Transportation  Act. 

112-^.03— 17876— Submitted  April  19.  1926;  approved  May  28,  1926,  but  did  not 
become  effective.  Instead,  an  amended  application  was  filed.  Northern  Pacific  night 

train  to  continue  service.  "Soo"  to  run  a  fast  afternoon  train,  and  to  discontinue 
night  train  in  each  direction. 

132 — 413—17876 — Submitted  September  27,  1927;  approved  November  5,  1927.  On 
July  15,  1927,  and  made  a  part  of  this  proceeding,  the  above  carriers  and  Great 
Northern  Railway  sought  authority  to  establish  a  division  of  earnings.  Former  con- 

tract was  nulhfied.  Percentages  proportioned:  20  percent  to  "Soo",  40  percent  to 
each  of  the  others.  Proof  had  been  shown  that  only  one  night  train  was  necessary; 
and  under  this  arrangement,  the  late  afternoon  train  of  Northern  Pacific  and  night 
train  of  Great  Northern  were  discontinued.  Saving  effected  of  116,800  train  miles 
by  each  road,  equivalent  to  $300,000  per  annum. 

Also,  see  docket  161—1—17876. 

(c)     Pooling  of  Iron  Ore  and  Coal  Traffic  Between  Points  in 
Minnesota  and  Wisconsin 

Roads  Involved 

Northern  Pacific;  and 
Minneapolis,  St.  Paul  &  Sault  Ste.  Marie. 

Description 

Joint  operation  of  tracks  and  pooling  of  certain  ore  and  coal  tonnage  between  points 
in  Aitkin  and  Crow  Wing  Counties,  Minn.,  and  Superior,  Wis. 

History 

154 — 279— 7569— Submitted  May  2i,  1929;  approved  June  3,  1929.  Northern  Pacific 
and  Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  filed  joint  application  for  an  order 
authorizing  them  to  pool  all  ore  shipped  from  that  portion  of  the  Cuyuna  Range 

lying  north  of  the  Northern  Pacific's  main  line  in  Crow  Wing  County,  Minn.,  and 
to  pool  coal  consigned  to  the  mines  on  said  portion  of  the  Cuyuna  Range;  and  to 
make  joint  use  of  certain  tracks  and  facilities  in  Crow  Wing  and  Aitkin  Counties, 
Minn.  Applicants  entered  into  a  contract,  dated  April  15,  1929,  subject  to 
I.C.C.  approval,  covering  the  proposed  arrangement.  Under  the  terms  of  this  con- 

tract, the  ore  tonnage  to  be  divided  50  percent  to  each  road  subsequent  to  Jan- 
uary 1,  1937,  and  coal  consigned  from  Duluth  or  Superior  to  the  Range  for  use  at 

the  mines  to  be  pooled  and  divided,  subsequent  to  January  1,  1937,  similarly, 
that  is,  50  percent  to  each  road.  Each  applicant  to  receive  and  retain  all  revenues 
on  the  portion  of  the  pooled  tonnage  transported  by  it. 

Applicants  provided  for  operating  as  follows: 
After  eliminating  all  unnecessary  tracks  on  the  Range,  the  remaining  tracks  to  be 
jointly  owned,  used  and  operated.  Northern  Pacific  yard  at  Ironton  to  be  enlarged, 
to  constitute  a  train  yard  for  both  companies.  Switching  on  the  Range  to  be  joint, 
each  Company  furnishing  power  and  crews  for  the  joint  work  in  the  same  proper- 
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tion  of  switch  engine  hours  as  the  agreed  division  of  ore  tonnage.    Both  Companies 
to  use  the  steel  and  concrete  dock  of  the  Northern  Pacific  at  Superior.    Northern 
Pacific  to  operate  its  own  dock  in  the  handUng  of  ore  for  both  Companies,  and  to 
do  the  switching  for  both  Companies. 
Use  of  Northern  Pacific  dock  eliminated  necessity  for  Minneapolis,  St.  Paul  &  Sault 
Ste.  Marie  expending  $2,800,000  for  repairs  to  their  dock  and  saves  the  boats  an 
average  of  one-half  day  in  loading.    Ore  cars  pooled  on  a  tonnage  capacity  basis, 
each  Company  furnishing  same  percentage  of  total  car  tonnage  as  agreed  division 
of  ore  tonnage. 

Contract  provides  for  payment  of  rentals  covering  the  use  of  property  used  jointly 
by  both  parties. 

(See  also  Docket  187—800—7569.) 

(d)  Pooling  of  Iron  Ore  Traffic  Between  Points  in  Michigan  and 
Wisconsin  (Gogebic  Range) 

Roads  Involved 

Chicago  &  North  Western;  and 
Wisconsin  Central. 

Description 
Pool  iron  ore  traffic  handled  from  the  Gogebic  Range  in  Wisconsin  and  Michigan 
to  Ashland,  Wis.,  and  pool  earnings  therefrom. 

History 

201— 13— 26411— Submitted  March  26,  1934;  approved  May  1,  1934.  The  contract 
provides  for  (1)  the  pooling  by  North  Western  and  Wisconsin  Central  of  iron  ore 
traffic  from  producing  mines  in  the  Gogebic  Range  in  Wisconsin,  (2)  the  joint  use 
and  pooling  of  tracks  on  the  Range,  (3)  the  pooling  of  ore  cars,  (4)  the  joint  use 
of  ore  docks  at  Ashland,  and  (S)  the  division  of  earnings  therefrom  for  a  period  of 
99  years. 
The  division  of  revenue  to  be  31  percent  to  Wisconsin  Central  and  69  percent  to 
Chicago   &   North   Western.      These   percentages   based   on   past   experience   of   both 
roads  in  connection  with  handling  of  this  traffic. 

Capital  outlay  less  than  $40,000  for  turnouts  and  new  tracks. 
Savings  in  maintenance,  in  employees,  and  in  train  and  engine  hours  estimated  to 
be  substantial. 

Each  carrier  to  furnish  its  pool  percentage  of  tractive  power  and  crews  (measured 
by  engine  hours)  and  labor  (measured  by  man-hours).  Deficiencies  in  pooled  ex- 

penses, tonnage  or  engine  hours  to  be  adjusted  during  the  following  years. 
The  North  Western  to  abandon  its  three  docks  and  build  before  1942  a  modern 
dock,  which  the  Wisconsin  Central  is  to  assume  38  percent  of  operating  expense. 

The  North  Western  to  use  Wisconsin  Central's  docks  in  meantime,  and  to  pay  a 
rental  therefor.  Estimated  savings,  based  on  moving  6,000,000  tons  of  ore  annually, 
from  $104,466  in  1934  to  $414,566  in  1942. 

(e)  Pooled  Passenger  Train  Service  Between  Montreal,  Portland, 
AND  KeNNEBUNK,  MaINE 

Roads  Involved 

Boston  &  Maine; 
Canadian  Pacific;  and 
Canadian  National. 

Description 
Pool  passenger  train  service  between  Montreal,  Portland  and  Kennebunk,  Maine, 
and  divide  revenues  therefrom.    Night  passenger  service  during  summer  season. 

History 

201— 699— 26531— Submitted  June  11,  1934;  approved  June  25,  1934.  Pooling  of 
night  passenger  service  operated  during  summer  seasons  between  Montreal  and  Maine 
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Coast  resorts  and  beaches.  Most  traffic  originates  at  Montreal.  The  arrangement 
eliminates  duplication  of  services  and  results  in  a  saving  of  train  miles.  The  service 
is  operated  by  the  Canadian  National  and  Boston  &  Maine;  fourteen  miles  of  con- 

necting Maine  Central  trackage  being  used,  for  which  $1.00  per  train  mile  is  paid 
for  trackage  rights. 

Revenues  and  expenses  divided  47.5  percent  to  Canadian  National,  22.5  percent  to 
Canadian  Pacific,  and  30  percent  to  Boston  &  Maine. 

Estimated  savings  $8,000  per  year. 

(f)     Pooling  Iron  Ore  Traffic  Between  Points  in  Wisconsin  and 
Michigan  (Menominee  Range) 

Roads  Involved 

Chicago  &  North  Western; 
Escanaba,  Iron  Mountain  &  Western  (subsidiary  of  C.&N.W.)  ;  and 
Chicago,  Milwaukee,  St.  Paul  &  Pacific. 

Description 
Pool  ore  traffic  in  Wisconsin  and  Michigan  from  Menominee  Range  to  Docks  at 
Escanaba,  Michigan. 

History 

210— 599— 26903— Submitted  June  15,  1935;  decided  September  24,  1935.    The  pool 
not  practical  unless  the  Milwaukee  abandon  the  use  of  leased  tracks  of  the  Escanaba. 
Under  Section  1,  Paragraph  18,  no  abandonment  of  any  facilities  allowed  until  the 
I.C.C.   issues   a   certificate   of   necessity   and   convenience.      Application    for   pooling 
denied  until  such  a  certificate  issued. 

219—285 — 26903 — Submitted   September   26,    1936;    approved   November    18,    1936. 
Certificate  of  necessity  and  convenience  granted  after  investigation  and  hearing. 
Conditions  and  purposes  of  contract:     The  Milwaukee  to  handle  with  its  road  trains 
and  crews  ore  from  mines  in  vicinity  of  Amasa  in  the  Menominee  Range  over  its 
own  line  to  Iron  Mountain,  where  the  ore  is  to  be  delivered  to  North  Western.     All 
other  ore-  to  be  handled  by  road  trains  of  North  Western  and  subsidiaries.    This 
arrangement  virtually  furnishes  a  double  track  movement,  as  these  Unes  nearly  parallel 
each  other  between  points  involved. 

Shifting  of  switch  engines  and  equipment  by  both  roads  eliminated.     Equipment  and 
revenue   divided   on   basis   of   34   percent   to   Milwaukee   and   66   percent   to   North 
Western. 

Savings,  as  determinable  in  advance  of  pooling,  derived  from  elimination  of  extra 
facilities  divided  equally  between  the  two  roads.     Other  savings  distributed  in  the 
division  of  revenues.     Large  savings  also  effected  account  Milwaukee  not  having  to 
replace  its  docks. 
Joint   rates   arranged   to   handle   interline   traffic,   and   provision   made   for   pooling 
revenues  from  extra  traffic. 

(g)     Joint  Passenger  Train  Service  Between  Seattle  and  Portland,  and 
Pooling  of  Revenues  and  Expenses 

Roads  Involved 

Northern  Pacific; 
Great  Northern;  and 
Union  Pacific  (as  lessee  of  Oregon,  Washington  Railroad  &  Navigation  Company). 

Description 
Joint  passenger  train  service  and  pooling  of  revenues  between  Seattle,  Wash.,  Tacoma, 
Wash.,  and  Portland,  Oregon. 

History 

96— 116— 16S30— Contract  dated  November  19,  1924 — Submitted  January  IS,  1925; 
approved  February  9,  1925.     Because  of  waste  due  to  carriers  operating  trains  over 
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same  route,  application  by  the  above  named  railroads  was  filed  for  the  pooling  of 
five  passenger  trains  to  be  operated  daily  between  Seattle  and  Portland  in  each 
direction,  and  one  local  passenger  train  daily  in  each  direction  between  Centralia 
and  Portland.  The  same  tracks,  station  and  appurtenant  facilities  to  be  used  by 
pooled  trains.  One  of  the  trains  eliminated  stops  and  operated  on  a  fast  schedule. 
Estimated  savings,  483,000  passenger  train  miles  a  year.  Contract  to  continue  in 
effect  for  a  period  of  two  years  from  effective  date.  Pooled  revenue  derived  from 
(a)  freight  handled  in  passenger  trains,  (b)  passenger  fares,  (c)  surcharges,  (d)  ex- 

cess baggage,  (e)  parlor  and  chair  car  fare,  (f)  U.S.  mail,  (g)  milk,  (h)  express, 
(i)  newspapers  and  other  passenger  services,  except  dining  and  buffet  service  and 
Pullman  Company  contract.  Equipment  furnished  by  respective  carriers.  Expenses 
of  operation  and  maintenance  equalized.  Became  effective  April  1,  1925;  expired 
March  31,  1927. 

128— 149— 16530— Submitted  March  14,  1927;  approved  May  28,  1927.  Contract 
to  run  for  a  period  of  three  years  from  April  1,  1927.  Application  made  for  amend- 

ments to  previous  contract.  (1)  Special  trains  operated  over  all  or  any  portion  of 
the  tracks  used  by  regular  pool  trains  to  be  considered  as  pool  trains  and  taken  into 
pool  accounts.  (2)  Regular  trains  having  runs  only  in  part  over  tracks  regularly 
used  by  pool  trains  not  to  be  considered  as  pooled  trains  and  not  to  be  taken  into 
pool  accounts.  (3)  Eliminate  from  pool  run  one  train  in  both  directions  operated 
by  Great  Northern  between  Portland  and  Centralia  because  of  previous  unprofitable 
operation.     Contract  effective  April  1,  1927;  expired  March  31,  1930. 

167— 308— 23455— Submitted  June  19,  1930;  approved  July  12,  1930.  Contract  ex- 
tended for  one  year  to  March  31,  1931.  Supplemented  by  contract  dated  Decem- 

ber 31,  1930,  effective  April  1,  1931,  extending  contract  without  further  revision  for 
one  year  and  thereafter  until  cancelled  by  either  party  to  the  contract  on  six  months 
written  notice. 

169 — 244 — 23455 — Decided  November  10,  1930.  Commission  stated  that  it  was  be- 
yond their  jurisdiction  to  deny  the  roads  the  division  of  revenues,  and  permission 

was  granted  to  do  so. 

194 — 426— 2355- Submitted  May  16,  1933;  approved  June  19,  1933.  Application 
made  to  run  three  trains  instead  of  five  as  originally  requested,  also  changes  in  divi- 

sion of  earnings.  Provided  that  each  party  bear  the  entire  expense  of  train  it  oper- 
ates, and  have  in  readiness  additional  trains  when  necessary.  This  curtailment 

resulted  in  a  monthly  saving  of  $20,674. 

218— 239— 2345S— Submitted  June  25,  1936;  approved  August  15,  1936.  Refers  to 
contract  of  December  31,  1930.  Permission  granted  to  operate  four  trains  both 
ways,  instead  of  three  trains.  Original  agreement  of  November  19,  1924,  including 
provision  for  equalization  of  operating  and  maintenance  expense,  reinstated  with 
some  modifications.  This  supplemental  agreement  covered  by  contract  dated 
August  1,  1936,  effective  September  2,  1936,  for  a  term  of  three  years  and  thereafter 
until  terminated  on  six  months  written  notice  by  either  of  the  parties  thereto. 

(h)     Pooling  of  Passenger  Train  Service  Between  Head  of  Lakes  and 
Chicago  and  Milwaukee 

Roads  Involved 

Chicago  &  North  Western; 
Chicago,  St.  Paul,  Minneapolis  &  Omaha; 
Minneapolis,  St.  Paul  &  Sault  Ste.  Marie;  and 
Wisconsin  Central. 

Description 
Pooling  of  passenger  train  service  and  revenues  relative  to  traffic  handled  between 
Duluth,  Superior  and  Lake  region  points,  and  Chicago  and  Milwaukee. 

History 

194 — 430— 25979— Submitted  January  2,  1933;  approved  June  19,  1933.  Pooling 
of  passenger  train  service  and  revenues,  including  surcharges  and  baggage  collections 
accruing,  on  traffic  handled  between  Duluth,  Minn.,  Superior,  Wis.,  and  Lake  regions, 
and   Chicago   and    Milwaukee,   and   to   establish    interchangeability   of   tickets   and 
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service  arrangements,  and  division  of  earnings,  in  accordance  with  terms  and  con- 
ditions set  forth  in  contract.  Carriers  reach  same  regions  and  are  in  competition 

with  each  other. 

Revenue  to  be  divided  73  percent  to  Chicago  &  North  Western  and  23  percent  to 

"Soo"  Line.  North  Western  savings  aggregate  $28,000  during  summer  months 
because  it  does  not  have  to  install  additional  competitive  service. 

220— 659— 25979— Submitted  February  13,  1937;  approved  March  29,  1937.  Appli- 
cation requests  elimination  of  several  stations  on  both  lines,  and  also  a  change  in 

division  of  percentages  of  revenues  to  76  percent  and  24  percent,  respectively. 
Change  in  local  passenger  conditions  given  as  reason. 

Typed  sheet  25979— Submitted  July  21,  1937;  approved  August  1,  1937.  Permis- 
sion asked  to  make  revised  percentages  change  granted  above  effective  as  of  July  1, 

1936. 

(i)     Pooling  of  Passenger  Train  Revenues  Between  Montreal-Toronto, 
Ottawa-Toronto,  and  Montrealt-Quebec 

Roads  Involved 

Canadian  Pacific; 
Canadian  National. 

Description 

Pooling  of  passenger  revenues  between  Montreal-Toronto,  Ottawa-Toronto,  and 
Montreal-Quebec. 

History 

The  two  Companies  have  pooled  competitive  passenger  revenues  between  Montreal- 
Toronto,  Ottawa-Toronto,  Montreal-Quebec  and  intermediate  points  on  these  lines, 
whether  the  traffic  is  handled  on  pool  or  non-pool  trains.  These  pooled  revenues 
are  divided  between  them  on  an  agreed  basis,  based  upon  the  results  of  a  test  period. 
Certain  passenger  trains  operated  by  each  Company  paralleling  trains  operated  by 
the  other  have  been  discontinued,  and  the  corresponding  retained  trains  are  operated 
as  pool  trains.  Record  is  kept  of  the  service  performed  by  each  Company  for  the 
pool  in  various  operating  units,  such  as  train  miles,  locomotive  miles,  car  miles  of 
each  class  of  equipment,  engine  dispatches,  etc.,  and  due  allowance  being  made  for 
the  relative  corresponding  services  of  each  Company  prior  to  the  pooling  arrange- 

ment, each  Company  is  obligated  to  render  equal  service  to  the  pool.  At  the  end 
of  each  year  any  lack  of  such  equality  is  adjusted  by  a  money  payment  based  on 
agreed  unit  costs  for  the  various  units  of  service. 
Estimated  savings  are  $972,000  per  year. 
Pool  made  effective  March  11,  1934. 

Conclusion 

It   is   recommended  that  the   report  be  accepted  as   information   and  the  subject 
continued. 
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Appendix  B 

(3)  METHODS  OR  FORMULAE  FOR  THE  SOLUTION  OF  SPECIAL 

PROBLEMS  RELATING  TO  MORE  ECONOMICAL  AND  EFFI- 

CIENT RAILWAY  OPERATION 

C.  H.  R.  Howe,  Chairman,  Sub-Committee;  E.  Y.  Allen,  S.  B.  Clement,  H.  C.  Crowell, 
Olive  W.  Dennis,  J.  H.  Dyer,  E.  M.  Hastings,  E.  E.  Kimball,  J.  A.  Parant,  E.  S. 
Pennebaker,  John  Worley. 

Assignment 

Methods  of  determining  the  value  of  rise  and  fall,  distance  and  curvature,  in  minor 
line  and  grade  revisions  on  operated  railways. 

Your  Committee  presents  the  following  report  covering  the  above  assignment: 

Introduction 

It  is  an  accepted  fact  that  operating  expenses  are  affected  by  rise  and  fall,  distance, 

and  curvature.  The  problem  of  the  Committee  is  to  formulate  methods  for  measuring 
the  effect  of  these. 

If  sufficient  data  were  available,  a  precise  solution  might  be  obtained  that  would  be 

specific  in  application.  This  is  precluded,  however,  by  economical  and  practical  limits 

of  physical  and  accounting  records,  and  the  influences  of  varying  local  conditions.  In 

many  cases,  however,  a  practical  solution  is  possible  by  the  use  of  available  accounting 
records,  and  the  judgment  of  experienced  maintenance  and  operating  men. 

The  solution  of  such  problems  involves  the  following  procedures: 

(A)  Establish  a  Base  Period  of  normal  operating  expenses,  from  which  the  unit 
cost  of  the  various  items  of  Expenses  can  be  developed. 

(B)  Determine  the  proper  Unit  of  Measure  to  be  used,  taking  into  consideration 
the  normal  variation  in  traffic. 

(C)  Develop  the  Cost  per  Unit  by  Primary  Accounts  for  Maintenance  of  Way  and 
Structures,  Maintenance  of  Equipment,  Traffic,  Transportation,  Miscellaneous 
Operation,  and  General. 

(D)  Develop  the  percent  affected  for  each  item,  for  Rise  and  Fall,  Distance,  and 
Curvature,  separately. 

(E)  Develop  the  cost  per  unit  affected  for  Rise  and  Fall,  Distance,  and  Curvature, 
separately. 

In  any  orderly  procedure  toward  the  analysis  of  the  effect  of  these  factors,  it  will 
be  found  that  it  is  necessary  to  establish  certain  simple  classifications.  The  Committee 

has  found  that  those  used  by  Wellington  will  serve  the  purpose  admirably.  Further, 

much  of  Wellington's  discussion  under  the  various  headings  still  applies.  Where  condi- 
tions have  been  modified  to  an  appreciable  extent,  since  Wellington,  the  Committee  has 

taken  the  liberty  of  making  suitable  comment  and  presents  more  recent  information 

where  available.  The  quotations  throughout  will  therefore  refer  to  Wellington's  work 

on  "Railway  Location",  Sixth  Edition,  the  figures  in  each  case  indicating  the  article  and 
page,  for  the  benefit  of  those  readers  who  desire  to  amplify  their  studies. 

As  a  basis  for  computation  the  Committee  has  selected  the  records  of  a  certain 

Class  I  railroad  for  analysis,  and  after  careful  consideration  and  comparison  of  the 

Operating  expenses  year  by  year  from  1926  to  1935  inclusive,  it  became  evident  that  the 
year  1929  would  serve  as  a  satisfactory  Base  Period  of  operating  expenses.  In  making 
this  study  consideration  was  given  to  the  changing  value  of  the  dollar  for  labor  and 

materials  during  the  entire  period.    Since  it  was  found  that  there  was  little  or  no  change 
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and  that  items  affecting  expenses  were  very  comparable,  it  was  decided  that  the  year 
1929  would  be  more  representative  of  the  future  than  any  of  the  others,  and  will 
therefore  result  in  the  information  being  useful  for  a  longer  period. 

In  general,  every  railroad  produces  transportation  units  in  the  two  quite  distinct 

classes,  viz.,  freight  and  passenger  service.  No  common  transportation  unit  can  ade- 
quately cover  both   unless  properly   combined   through   suitable  equated   units. 

The  Committee  appreciates  the  fact  that  on  many  railways  passenger  traffic,  par- 
ticularly the  operation  of  modern  high-speed  trains,  is  an  important  factor  in  transpor- 

tation and  must  be  taken  into  account  in  proposed  line  and  grade  changes.  However, 
the  fundamental  principles  of  solution  outlined  in  this  report  are  equally  applicable  to 
either  passenger  and  freight  traffic  or  a  combination  of  both. 

In  the  case  of  the  railroad  under  consideration  passenger  traffic  constitutes  less  than 

4  percent  of  the  total  consequently  an  analysis  of  proposed  hne  or  grade  changes  may 

be  simplified  by  confining  the  investigation  to  the  effect  on  freight  traffic.  Therefore 
the  use  of  the  unit  of  transportation  for  freight  service  is  taken  as  a  basis,  that  is,  the 

gross  ton  miles,  freight  service,  revenue  and  non-revenue  as  reported  to  the  Interstate 
Commerce  Commission  yearly  by  the  railway  in  its  annual  report,  the  unit  being  one 
thousand  (1000)  gross  ton  miles. 

The  Distribution  of  Expenses,  by  Accounts,  for  Maintenance  of  Way  and  Structures, 

Maintenance  of  Equipment,  Traffic,  Transportation,  Miscellaneous  Operations  and 
Genera]  is  as  shown  in  appended  Table  I. 

The  Distribution  of  Expenses  per  Unit,  as  affected  by  the  factors  involved,  is  shown 
in  Columns  3  to  18  inclusive  of  Table  I.  The  costs  of  all  items  have  been  calculated, 
even  though  some  of  them  are  not  used  in  the  study. 

Your  Committee,  in  preparing  this  report,  has  in  mind  the  fact  that  inasmuch  as 

the  subjects  under  consideration  require  the  application  of  certain  natural  physical  laws, 
the  nature  of  which  have  been  generally  understood  for  sometime  past,  the  study  should 

be  more  or  less  a  review  of  the  results  of  the  application  of  these  laws  as  defined  by 
recognized  authority.  Recognition  is  also  given  to  the  fact  of  modification  in  the 

application  of  certain  of  these  laws  through  the  use  of  improved  mechanical  equipment 
and  methods  of  operation. 

RISE  AND  FALL 

Classification  of  Gradients 

Edition     VI  — Page     374, 
Paragraph  2. 

Class  A —  "Rise  and  fall  on  minor  gradients  and  for  small  undulations. 
Art.   449 — P.   374  not  sufficient  to  make  it  necessary  to  vary  the  power  of  the 

engine,  but  merely  causing  a  momentary,  gradual,  and 

unobjectionable   fluctuation    of   speed." 

Class  B —  "Rise  and  fall  similar  to  Class  A,  in  its  effect  on  speed,  pro- 
vided steam  be  shut  off  in  descending,  but  not  requiring  the 

use  of  brakes  in  descending,  nor  seriously  taxing  the  power 

of  the  engine  on  the  ascent." 

The  above  statement,  in  our  opinion,  might  be  further  clarified  if  expressed  as 
follows: 

"Rise  and  fall  similar  to  Class  A,  in  its  effect  on  speed,  but  not  requiring  the  use  of 
brakes,  except  for  the  purpose  of  maintaining  equalized  drawbar  tension  on  long  trains, 

and  requiring  only  shght  lengthening  of  the  cut-off  when  ascending  in  order  to  maintain 

the  desired  speed." 
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Class  C —  "Rise  and  fall  requiring  the  use  of  brakes  in  descending  in 
Art.  449 — P.  374  addition  to  shutting  off  steam,  in  order  to  avoid  excessive 

velocities  and  consequently,  in  almost  all  cases,  more  or  less 

use  of  sand  in  ascending." 

This  also  might  be  clarified  to  read:  "Rise  and  fall  requiring  the  use  of  brakes  in 
descending  in  addition  to  shutting  off  steam  in  order  to  avoid  excessive  speed  and 

requiring  a  considerable  lengthening  of  cut-off  when  a-cending  in  order  to  maintain  a 

reasonable  speed." 

THE  EFFECT  OF  RISE  AND  FALL  ON  OPERATING  EXPENSE 

Fuel  Consumption 

Class  A —  "No  loss  of  power  (energy),  except  as  wasted  by  brakes.    No 
Art.  452,  P.  375  loss  of  fuel  or  power  except  as  wasted  by  brakes  and  radia- 

tion combined.  Slight  difference  in  frictional  resistances  re- 
sulting from  a  regularly  irregular  speed  instead  of  from  a 

uniform  speed  averaging  the  same  in  miles  per  hour,  is 

neglected." "As  regards  difference  in  the  level  of  two  termini,  power  lost 
in  going  in  one  direction  is  regained  in  returning." 

In  the  case  of  hand-fired  locomotives  there  may  be  a  loss  of  fuel  except  as  wasted 

by  brakes  and  radiation  combined.  This  is  particularly  true  of  coal-burning  locomotives. 
In  ascending  a  grade  the  locomotive  is,  of  course,  doing  its  hardest  work.  Therefore 

the  fire  must  be  kept  up  until  the  maximum  load  is  over  the  summit.  Beginning  the 

down-grade  it  is  iranrartical  to  quickly  reduce  the  rate  of  combustion  and  since  the  fire 
must  be  maintained,  loss  may  be  occasioned  by  blowing  pop  valves.  This  loss  is  entirely 

independent  of  radiation.  The  longer  the  down-grade  the  greater  the  loss  will  be,  because 
it  will  require  a  certain  amount  of  coal  per  mile  to  maintain  the  fire.  The  amount  of 
this  loss  cannot  be  determined  except  by  actual  records  of  operation. 

The  foregoing  statement  does  not  apply  in  the  case  of  stoker-fired  locomotives.  In 

a  properly  fired  stoker-locomotive  the  fuel  bed  is  only  6  to  10  inches  thick,  it  is  burning 
at  a  high  temperature  when  the  locomotive  is  working  hard  and,  because  of  its  slight 

thickness,  is  absolutely  dependent  on  a  continuous  fuel  supply  to  maintain  combustion. 
If  the  fuel  supply  is  interrupted  the  fire  dies  down  very  quickly.  Thus  there  is  no 

difficulty  in  preventing  waste  of  steam  through  the  pop  valves  if  the  stoker  is  shut  off 
at  the  proper  time  when  reaching  the  summit  of  the  grade. 

Class  B —  "Total  time  the  locomotive  is  exposed  to  exterior  radiation  is 
Art.  452 — P.  375  the  same,  and  probably  also  the  loss  of  heat." 

"The  loss  from  interior  radiation  in  the  cylinders  is  a  very 

important  loss." 
The  loss  from  interior  radiation  in  the  cylinders  is  less  drifting  down-grade  than  it 

is  when  working  up-grade.  This  is  because  when  working  up-grade  the  amount  of 
steam  used  is  far  greater  than  the  small  amount  necessary  to  drift  down-grade.  The 

radiation  loss  in  the  cylinders  when  going  down-grade  is  not  a  separate  loss,  but  is 
taken  into  account  by  the  remarks  about  Class  A.  The  steam  used  by  the  cylinders 

when  drifting  down-grade  would  be  produced  anyway,  because  of  the  necessity  of  keeping 
the  fire  burning  end  if  it  were  not  used  in  drifting  it  would  be  lost  through  the  pop 
valves. 

There  is  a  loss  of  fuel  except  as  wasted  by  brakes  and  radiation  combined.  This  is 

particularly  true  of  coal-burning  locomotives.  In  ascending  a  grade  the  locomotive  is. 
of  course,  doing  its  hardest  work.    Therefore,  with  coal  as  fuel  the  fire  must  be  kept  up 
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until  the  summit  is  reached.  Beginning  the  down-grade  it  is  impossible  to  put  the  fire 
out  and  since  it  must  be  maintained  the  loss  is  occasioned  by  steam  blowing  out  of  the 

pop  valves.  This  loss  is  entirely  independent  of  radiation.  The  longer  the  down-grade 
the  greater  the  fuel  loss  will  be,  because  it  will  require  about  so  much  coal  per  mile  to 

maintain  the  fire.  The  amount  of  this  loss  cannot  be  determined  except  by  actual 
records  of  operation. 

This  is  especially  true  in  engines  using  saturated  steam  and  is  due  to  the  fact  that 

when  any  heat  is  extracted  from  saturated  steam  part  of  the  steam  is  condensed.  This 
cylinder  condensation  causes  a  considerable  loss  in  saturated  engines. 

However,  there  are  relatively  few  saturated  engines  in  service  to-day.  Most  of 

them  are  equipped  with  superheaters  which  add  from  150  to  2S0  degrees  of  superheat  to 

the  steam.  Under  these  conditions,  very  little  cylinder  condensation  takes  place,  as  the 

steam  contains  sufficient  heat  to  remain  in  a  gaseous  state  after  losing  heat  due  to  expan- 
sion and  radiation.  Therefore,  the  loss  from  interior  radiation  in  the  cyhnders  is  not 

nearly  as  important  as  it  was  before  the  superheater  came  into  general  use. 

Class  B —  "The  fuel  used  will  probably  be  much  more  increased,  not 
(Cont'd)  only  by  possible  blowing  off  of  steam  from  the  safety  valve, 
Art,  452 — P.  376  but  by  blowmg  out  more  unconsumed  coal  and  wasting  more 

heat  through  the  smokestack,  owing  to  the  stronger  draft. 
That  in  proportion  as  the  work  of  the  engine  is  increased, 
economy  of  fuel  consumption  is  decreased." 

We  are  mclined  to  agree  with  this  statement.  Locomotive  boiler  efficiency,  in  any 
locomotive,  varies  inversely  as  the  firing  rate  which  varies  directly  as  the  amount  of 

work  being  done  by  the  locomotive.  The  boiler  efficiency  will  be  in  the  neighborhood  of 

80-85  percent  at  a  firing  rate  of  say  40-50  pounds  of  coal  per  square  foot  of  grate 
area  per  hour  and  will  decrease  approximately  on  a  straight-line  curve  as  the  firing 
rate  increases.  When  the  firing  rate  reaches  160  pounds  per  square  foot  of  grate  area 

per  hour  the  boiler  efficiency  wDl  be  down  to  about  SO  percent.  This  is  due  prin- 
cipally to  the  increased  loss  of  unburned  fuel  through  the  stack  resulting  from  the 

stronger  draft  at  the  higher  firing  rates. 

The  result  is  that  any  given  locomotive,  regardless  of  how  it  is  drafted,  will  require 

more  coal  to  produce  one  boiler  horsepower  when  working  hard  on  an  ascending  grade 

at  a  relatively  high  firing  rate  than  it  will  require  when  running  on  a  level  territory 
at  a  lower  firing  rate.  This  has  been  demonstrated  by  numerous  road  tests  and  by  the 
data  obtained  by  locomotive  testing  plants. 

Class  B —  "A   locomotive    will   bum    probably    one-fifth    (%)    to    one- 
( Cont'd)  fourth    (J4)    more,  certainly  not  over  one-third   (Vs)   more 
Art.  452 — P.  376  fuel  in  ascending  one  mUe  on  the  grade  equal  to  the  grade  of 

repose   (assumed  at   26  feet  per  mile,  or  0.5  percent),  and 
then   descending   one   mile   without  steam,   than   in  running 
two  miles  on  a  level." 

In  ascending  grades  of  this  type  the  rate  of  fuel  consumption  is  very  high  and 

continues  to  be  so  for  sometime  after  the  summit  is  reached;  therefore  the  figures  given 
appear  reasonable. 

Class  C —  "This  class  is  very  much  more  costly  and  objectionable  than 
Art.  453 — P.  376  Class  B  and  should  be  borne  in  mind  when  the  hne  is  laid 

out." 
"Owing  to  the  grade  being  either  too  steep  or  too  long  to permit  operatmg  it  without  brakes,  the  power  used  in  ascend- 

ing is  entirely  lost  except  that  portion  of  it  which  is  just 
sufficient  to  keep  the  train  in  motion  on  the  grade  of  repose. 
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"An  engine  descending  a  grade  without  steam,  the  wastage  of 
fuel  by  radiation  and  slow  combustion  is  at  first  (say  10  or 
IS  minutes)  very  considerable — about  one-fourth  (J4) — of 
the  usual  consumption  per  mile. 

"The  loss  of  fuel  on  this  class  of  rise  and  fall  may  be  taken 
as  equal  to  the  average  consumption  in  running  a  mile  for 

every  26  feet  of  rise  and  fall." 

We  have  been  unable  to  secure  verifying  data  for  the  last  two  statements,  which 

were  evidently  matters  of  opinion  with  Wellington  and  should  be  applied  accordingly. 

Repairs  of  Cars  and  Locomotives — 

Art.  454— P.  377 

Wear  of  Rails — 
Art.  457— P.  379 

"The  use  of  brakes  is  excessively  destructive  to  wheels.  Some- 
thing like  one-third  (%)  of  the  total  cost  of  wheels  arises 

from  this  cause.  Brakes,  however,  are  used  even  more  for 
stopping  and  starting  than  on  grades — sometimes  very  much 
more;  and  the  whole  cost  of  wheels  is  only  some  30  percent 
of  freight-car  repairs  and  very  much  less  of  passenger  cars. 

"Grades  are  only  one  of  many  causes  for  wear  and  tear  of 
cars.  Hence  it  is  exceedingly  difficult,  in  fact  impossible,  to 
reach  an  exact  estimate  in  such  a  matter  as  this;  yet  that  it 
is  probable,  if  all  grades  were  levelled  down  flat  so  as  to 
require  in  no  case  the  use  of  brakes,  except  for  stops,  wheel 
renewals  would  not  be  reduced  more  than  one-sixth  (%),  nor 
car  repairs  as  a  whole  more  than  one-tenth  (1/10). 

"The  only  item  of  car  repairs  other  than  the  wheels  affected 
to  an  important  extent  is  the  cost  of  draft  gear.  This  loss 
arises  more  from  lack  of  proper  vertical  curves  at  breaks  of 
grades  than  from  the  grades  themselves.  The  percentage 
affected  is  inconsiderable,  probably  not  exceeding  four  per- 

cent." 
"On  Class  A  of  rise  and  fall  there  cannot  be  considered  to  be 
any  measurable  increase  in  the  cost  of  rolling  stock  main- 

tenance if  proper  vertical  curves  are  used. 

"On  Class  B  there  is  very  little — possibly  not  over  one-fourth 
(^4) — of  what  exists  on  the  worst  Class  C." 

"The  wear  of  rails  due  to  gradients  as  such  is  almost  nil, 
unless  as  the  grades  are  such  as  to  require  the  use  of  brakes 

and  sand,  which  is  productive  of  rail  abrasion." 

Wellington  states:  "Wear  of  rails  is  increased  not  over  5  percent  per  25  vertical 
feet  of  rising  grade,  and  the  same  on  the  corresponding  descent  or  10  percent  for  each 

25  feet  of  rise  and  fall".  As  very  little  rail  is  removed  due  to  abrasion,  this  item  is 
negligible;  the  major  causes  for  removal  are  battered  ends,  underhead  wear  at  joints, 
line  and  surface  kinks,  corrugation  and  wheel  burns. 

On  Class  A  there  is  certainly  no  direct  evidence  that  the  wear  of  steel  rails  is 
affected  at  all. 

Class  B  of  rise  and  fall  likewise  has  little  effect  to  increase  rail  wear,  but  as  it  is 

apt  to  cause  a  somewhat  high  velocity  in  the  hollows,  it  undoubtedly  has  some  ill  effect. 

Class  C — The  range  of  possibilities  of  a  local  condition  requires  individual  con- 
sideration of  such  cases. 
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Maintenance  of  Roadbed  and  Track — 

j\it,  4S9 — ^P.  381  "The  cost  of  these  items  is  estimated  to  increase  in  about  the 
same  ratio  as  the  damage  to  rail.  A  liberal  estimate  in  such 
a  matter  is  proper,  and  may  be  based  on  Class  C,  although 
it  is  probably  somewhat  too  high  for  average  conditions. 

"On  Class  A  and  Class  B  the  disadvantages  and  advantages 
of  the  grade  may  be  fairly  considered  to  balance  each  other 
with  respect  to  maintenance  of  roadbed  and  track.  A  great 
compensating  advantage  from  the  grade,  despite  the  lower 
speed,  is  the  more  perfect  drainage,  giving  a  firmer  roadbed 
and  prolonging  the  life  of  ties  and  ballast  as  well  as  preserving 

the  surface." 

Level  cuts  are  always  objectionable  from  a  drainage  standpoint. 

Creeping  of  rails  is  an  annoying  effect  due  in  part  to  gradients  but  has  been  largely 
done  away  with  in  recent  years  by  improved  track  fastenings. 

Train  Wages — 

Art.  460— P.  381 

Are  not  affected  by  rise  and  fall  unless  the  gradients  are  adverse  to  the  extent  of 
seriously  retarding  speed  of  train  load. 

Art.  461 — P.  381  "Station,  Terminal  and  General  Expense,  as  well  as  train  wages 
and  a  large  proportion  of  the  other  running  expenses,  cannot 
be  considered  as  affected  to  any  appreciable  extent  by  any 
changes  in  rise  and  fall  not  of  the  most  radical  and  extensive 

nature." 
Art.  462 — P.  381  "From  all  that  has  preceded  we  may  deduce  that  no  leading 

item  of  railway  expenditure  is  largely  affected  by  rise  and 
fall  in  itself,  and  very  many  of  them  not  at  all  affected.  In 

Table  I'  is  a  detailed  summary  of  the  aggregate  effect  to 
increase  expenses  of  each  of  the  two  classes  of  rise  and  fall, 

B  and  C." 

"A — not  requiring  shutting  off  steam  nor  change  in  the  natural 
velocity  nor  use  of  brakes  or  sand. 

"B — requiring  shutting  off  steam  at  the  head  of  the  grade,  but 
not  use  of  brakes  or  sand. 

"C — requiring  use  of  brakes  and  sand." 

It  should  be  noted  that  while  the  percentages  affected,  as  shown  in  columns  15 

and  17  of  Table  I,  apply  to  costs  per  1000  Gross  Ton  Miles  given  in  column  4,  the  costs 

shown  in  columns  16  and  18  are  dependent  on  the  distances  traveled  to  accomplish 
100  feet  of  Rise  and  Fall.  In  the  case  shown  on  Table  I  the  gradient  is  0.5  which  is 

26.4  feet  per  mile,  and  for  100  feet  of  Rise  and  Fall  a  distance  of  3.8  miles  Rise  travel 
and  3.8  miles  Fall  travel  is  required. 

This  complying  with  the  formula: 

3.8  miles  Rise  +3.8  miles  Fall   ^3.8  mUes 

Hence  the  costs  in  columns  16  and  IS  are: 

Column  4  ($1.73)   X  Percentage  Column  IS  (.$0.0186)   )<  3.8  —  $0,122 
Column  4  {%\.1}>)  X  Percentage  Column  17  (.'i;0.0607)   X  3.S  =  $0,398 



524   Economics    of    Railway    Operation   

A  summary  of  the  cost  per  1000  gross  ton  miles  of  a  foot  of  rise  and  fall  shows  its 
cost  per  year  to  be: 

Class  C  Class  B  Class  A 

Cost  on  minor  gradients       $0.003980'         $0.001218'         $0.000406' Addition  to  cost  of  same  amount  of  rise  and 

fall    if    on    ruling    gradients — 3    percent    of 
total  cost,  Wellington's  table  124       0.001969  0.001969    

Cost  on  ruling  gradients         0.005949  0.003187    

These  sums,  divided  by  the  rate  of  interest  on  capital,  will  give  the  Justifiable  Ex- 
penditure per  1000  Gross  Tons  to  avoid  one  foot  of  rise  and  fall.  Thus,  if  capital  costs 

6  percent,  the  justifiable  expenditure  per  1000  gross  tons  to  avoid  100  feet  of  rise  and 

fall  will  be  found  for  each  class  by  multiplying  the  above  sums  by  100  and  dividing 

by  0.06. 
Class  C        Class  B        Class  A 

If  on  a  ruling  gradient     $9.91  $5.31    
To   reduce  the   ruling  to   a   minor  gradient    (leaving   the 

ruling  gradient  elsewhere  unchanged)          3.28  3.28    

Minor  gradient      $6.63  $2.03    

It  is  impossible,  however,  that  there  should  be  so  much  as  100  feet  of  rise  and  fall 

of  Class  A  at  any  one  point,  since  if  there  were  so  much,  or  even  half  or  one-quarter  so 
much,  it  could  not  belong  to  Class  A.  The  value  given  for  reduction  of  a  ruhng  to  a 

minor  gradient  refers,  of  course,  merely  to  the  direct  saving  of  wear  and  tear  by  having 

the  grade  easier,  and  not  at  all  to  the  much  greater  value  which  results  from  reducing 

all  ruling  grades  throughout  the  line,  so  that  the  length  of  trains  can  be  increased. 

The  foregoing  values  are  to  be  further  multiplied  by  the  estimated  number  of  units 

of  1000  ton  miles.  Thus,  if  there  are  expected  to  be  1,000,000  ton  miles,  the  value  of 

substituting  a  level  for  a  hill  100  feet  high  becomes  $2030  to  $6630  per  year  for  minor 

gradients,  and  $5310  to  $9910  for  ruling  gradients,  which  are  very  considerable  sums  if 

we  remember  that  they  are  quite  apart  from  all  limiting  effect  of  the  gradients. 

The  value  of  changing  the  rise  and  fall  from  Class  C  to  Class  B  is  $4600,  and  of 

reducing  a  ruling  gradient  to  a  minor  gradient  without  changing  the  class,  $3280. 

Art.  462,  P.  383  "Class  A  of  Rise  and  Fall  is  not  included  in  the  table,  because, 
as  will  be  seen  from  the  preceding  discussion  of  the  details 
of  expenses,  no  expense  can  be  directly  traced  to  it  in  any 
single  item.  Yet  it  causes  some  variation  in  the  velocity 
of  the  train  and  there  must  be  considered  to  be  some  dis- 

advantage arising  from  such  rise  and  fall  for  this  cause 
alone.  It  will  lead  to  no  serious  error  to  assume  its  cost  at 

one-fourth  to  one-third  the  cost  of  Class  B." 

The  Effect  of  Distance  on  Operating  Expense 

Art.    182 — P.   198  "The  cost  of  operating  additional  distance  is  not  the  same  per 
mile  as  the  average  cost,  and  is  not  a  constant  quantity  per 
unit  of  additional  length,  that  is  to  say,  it  is  by  no  means 
the  same  per  mile  when  the  addition  to  be  considered  is  one 
mile  as  when  it  is  twenty  miles. 

"With  the  small  changes  of  distance  which  most  frequently 
occur  the  number  of  yearly  trips  of  equipment,  very  fre- 

»  Wellington's  Table  124. 
*See  footings  Table  I,  Columns  15,  16,  17,  18. 
*  Cost  taken  as  ooe-thlrd  of  Class  B. 
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quently  train  wages,  the  number  of  structures,  sidings,  etc., 
and  the  large  class  of  expenses  which  vary  therewith,  remain 
practically  constant  and  are  not  perceptibly  affected  until 
the  change  of  length  amounts  to  a  considerable  percentage. 
"How  much  such  relatively  small  changes  of  length  affect 

expenses  we  shall  first  consider." 
Maintenance  or  Way — 
Art.    183— P.  199 

Maintenance  of  Way  expenses  and   requirements  are  affected  by— 
The  amount  and  character  of  fixed  property  to  be  maintained. 
The  volume  and  character  of  the  traffic  handled,  or  use  made  of  the  property. 

This  question  has  been  the  subject  of  a  previous  report  by  this  Committee  and  the 
result  of  its  investigations  will  be  found  in  Volume  26  of  the  Proceedings  pages  911  to 
927  inclusive. 

Maintenance  of  Way  expenses  (excluding  yards  and  structures)  vary  perceptibly 
with  changes  of  distance  two  or  three  miles. 

Such  items  as  track,  labor  and  track  watchmen  are  not  appreciably  affected  by 

variations  of  a  few  hundred  feet,  or  even  sometimes  of  as  much  as  half  a  mile  in 
distance. 

The  cost  of  track  labor  is  fixed  by  causes  other  than  the  precise  amount  of  labor 

to  be  performed. 

Safety  demands  there  should  be  a  gang  of  men  large  enough  to  handle  a  lever  or 
motor  car,  and  perform  such  work  as  putting  in  an  occasional  rail. 

In  theory  the  road  is  divided  into  a  number  of  sections  of  equated  length,  with  a 
minimum  number  of  men  assigned  to  each,  whose  duties  during  a  large  portion  of  the 

year  are  simply  watchfulness  and  "spot"  work. 
During  a  few  months  ifl  the  spring  and  summer  the  amount  of  labor  put  upon 

the  track  varies  strictly  with  the  distance. 

It  is  believed  reasonable,  however,  to  consider  that  all  track  and  roadbed  expenses 

will  vary  directly  with  distances  large  enough  to  be  measured  by  miles,  or  at  least  quar- 
ter miles,  as  they  will  certainly  do  when  the  distances  become  as  great  as  two  or  three 

miles;  but  for  distances  of  a  few  feet  there  is  no  reasonable  possibility  that  many  items 
other  than  rail  wear,  tie  renewals,  ballast,  ditches,  and  fencing  will  increase  in  direct  ratio. 

Fuel 

Art.  184 — P.  199  "A  large  percentage  of  fuel  consumed  is  a  constant  wastage 
independent  of  the  exact  distance  run.  The  cost  of  kindling 
fires  averages  8  or  10  percent  of  the  total. 

"A  firebox  full  of  coal  is  wasted  every  time  the  fire  is  drawn, 
which  is  about  every  1000  miles.  The  practice  of  banking 
fires  wastes  rather  than  saves  coal,  its  advantage  is  in  the 

saving  of  injury  to  the  locomotive  from  expansion  and  con- 
traction. This  terminal  wastage  alone  will  average  about  500 

pounds  per  100  miles,  or  5  to  10  percent  of  the  total  con- 
sumption. Whether  or  not  the  fire  is  drawn  at  the  end  of  a 

trip,  a  firebox  full  of  coal  at  least  (and  usually  more)  is 

wasted." 
The  figures  quoted  in  the  foregoing  statements  are  not  in  accord  with  modern 

operating  practice.  It  is  not  8  percent  or  10  percent  of  the  total  fuel  used  and  the  fire 
is  not  drawn  every  1000  miles. 

The  average-size  freight  locomotive  in  service  has  a  grate  area  of  about  80  square 
feet.  It  will  burn  approximately  15  to  18  tons  of  coal  on  a  100  mile  run  with  a  full 

tonnage  train  and  approximately  2100  pounds  of  coal  are  required  to  kindle  the  fire  and 
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raise  steam  pressure.  However,  the  fire  is  drawn  and  kindled  only  once  or  twice 

a  month.  Approximately  160  pounds  of  coal  per  hour  will  be  required  to  keep  the  fire 

going  when  the  engine  is  lying  over  at  the  terminal.  The  following  table  shows  the 

approximate  amount  of  coal  burned  pei  month,  assuming  5  days  out  for  monthly 
inspection,  boUer  wash,  etc. — 

Coal  burned  on  road       400  tons  =     91.5  percent  of  total 
Coal  burned  at  terminals        34  tons  ==       7.8  percent  of  total 
Coal  burned  kindling  fires          2  tons  =        .7  percent  of  total 

Total      436  tons  =  100.0  percent  of  total 

It  appears  from  this  that  the  total  cost  of  keeping  up  fires  at  terminals  and  kindling 
fires  is  about  8.5  percent  of  the  total  cost  of  coal  burned. 

Based  on  the  running  of  an  actual  test  with  an  H-7  Mallet  locomotive  having 
112.9  square  feet  of  grate  surface  it  required  2465  pounds  of  coal  to  lay  the  firebed 
and  raise  the  boiler  pressure  to  80  pounds. 

Total  coal  used  to  lay  firebed    1875  lb. 

Temperature  of  water  when  fire  was  started    220° 
Fire  started  at    11:50AM 

Eighty-pound  boiler  pressure  at    12:15PM 
Total  time  to  secure  eighty-pound  boiler  pressure    25  Min. 
Total  coal  used  after  fire  was  started  to  secure  eighty-pound  boiler  pressure  590  lb. 
Total  coal  used  to  secure  eighty-pound  boiler  pressure    2465  lb. 
Total  coal  used  after  firing  up  until  locomotive  was  coupled  to  train    700  lb. 
Locomotive  coupled  to  train  at    1 :  30PM 
Total  time  held  from  firing-up  period  to  coupling  to  train     1  Hr.  15  Min. 
Total  time  from  lighting  fire  to  coupling  to  train     1  Hr.  40  Min. 
Total  coal  used  during  this  period    3165  lb. 
Total  ashpan  loss  after  securing  eighty-pound  boiler  pressiffe    65  lb. 

This  locomotive  runs  on  an  average  of  100  miles  daily,  consuming  on  each  100-mile 
run  approximately  25  tons  of  coal  and  makes  approximately  3000  miles  before  the  fire 
is  entirely  withdrawn  for  necessary  boiler  washing,  etc. 

Therefore,  from  this  it  can  be  seen  that  approximately  750  tons  of  coal  is  consumed 

before  it  actually  becomes  necessary  to  withdraw  the  entire  fire.  Of  the  total  fuel 

consumed  the  3165  pounds  required  to  build  or  kindle  the  fire  represents  two-tenths  of 
one  percent. 

The  statement  in  reference  to  a  firebox  full  of  coal  being  wasted  everytime  the 
fire  is  drawn,  which  occurs  about  every  1000  miles,  appears  to  be  erroneous. 

As  stated  above,  the  fire  is  not  withdrawn  until  the  locomotive  makes  about  3000 

miles,  in  which  case  the  firebox  then  would  not  entirely  be  full  of  coal,  as  the  depth  of 
the  fire  would  hardly  exceed  6  inches  or  8  inches,  of  which  2  inches  is  unburnt  carbon. 

In  event  fires  are  to  be  withdrawn,  the  supervisory  forces  at  the  terminal  would  not 

permit  the  engine  watchman  to  deliver  to  the  firebox  any  excess  amount  of  coal. 

Art.  185 — P.  200  "In  the  case  of  two  nearly  equal  lines  between  the  same  ter- 
mini, operated  with  the  same  number  of  stops  and  sidings, 

the  consumption  of  fuel  due  to  stopping  and  starting  and  to 
standing  idle  in  yards  and  on  sidetracks  is  a  heavy  item, 
and  may  be  considered  as  nearly  independent  of  distance. 

"The  direct  amount  of  loss  of  power  in  stopping  a  train  run- 
ning at  15  miles  an  hour  is  sufficient  to  lift  it  vertically 

nearly  eight  feet,  and  at  30  miles  an  hour  four  times  that 
height  or  nearly  32  feet. 
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"The  rolling  resistance  of  a  loaded  freight  or  passenger  train 
in  motion  on  a  level  is  equivalent  to  that  of  a  grade  of  less 
than  16  feet  per  mile. 

"Stopping  and  starting  only,  a  waste  of  power  sufficient  to 
run  the  train  one-half  mile  in  the  one  case  and  two  miles  in 
the  other,  causing  a  loss  for  an  average  number  of  stops  for 
station  and  crossings  of  something  very  close  to  10  percent 
of  the  total  consumption. 

"Wastage  while  standing  idle  all  day  long  in  a  yard,  wholly 
protected  from  wind  and  using  no  steam  in  the  cylinders, 
requires  from  25  to  32  pounds  of  coal  per  hour  to  keep  up 
steam  in  the  boiler,  or  nearly  enough  to  run  it  a  mile  in 
service. 

"For  short  stops  in  actual  service  at  least  twice  this  amount 
per  hour  is  probably  wasted." 

In  reference  to  the  practice  of  banking  the  fires,  causing  waste  rather  than  the  saving 

of  coal,  aggregating  in  terminal  wastage  5  or  10  percent  of  the  total  consumption: 

It  is  the  practice  on  arrival  of  engines  at  the  cinder  pit  to  have  the  fire  cleaned, 

fill  the  boiler,  open  ashpan  slides  and  clean  fire,  after  which  ashpan  slides  and  firedoor 
are  closed  and  the  fire  brought  up  to  proper  activity  with  a  live  fire  over  the  entire 

grate  area  after  which  the  fire  is  bedded  down  level  over  the  entire  grate  surface.  When 

this  has  been  completed,  coal  is  banked  around  the  edges  to  prevent  excess  air  entering 
and  chilling  the  throat  sheet,  side  and  door  sheets  around  the  mud  ring.  The  fire  is 
then  maintained  in  this  condition  until  the  engine  is  called  for  service.  It  is  estimated 

that  the  maintenance  of  fires  in  this  manner  at  the  terminals  requires  2  pounds  of  coal 

per  square  foot  of  grate  area  per  hour.  On  this  basis  for  an  H-7  Mallet  locomotive,  as 
mentioned  previously,  it  would  require  225.8  pounds  of  coal  per  hour  to  maintain  the 

fires  at  the  terminal.  This  would  indicate  1.8  percent  terminal  fuel  required  for  a 

four-hour  period  for  each  100  miles. 

Art.  185 — P.  201  "A  surprisingly  great  amount  of  time  is  spent  on  an  average 
trip  in  simply  standing  still.  It  will  average  about  four  hours 
per  day  if  not  more  in  freight  service  on  single-track  roads, 
not  including  the  time  lost  at  the  beginning  and  end  of  the 

trip." Available  statistics  indicate  that  in  present-day  operating  service  road  delay  is 
nearer  one  hour  than  four. 

"On  fast  express  runs  experience  has  shown  that  fully  one- 
fourth  of  the  time  between  termini  is  lost  by  stops.  This 
amounts  to  a  further  waste  of  3  to  6  per  cent. 

Art.  186 — P.  201  "From  all  these  causes  together  it  is  a  very  moderate  esti- 
mate that  about  one-third  of  the  total  cost  of  fuel  is  not 

affected  by  a  sUght  change  in  the  length  of  hne  and  is  not 
greatly  affected  by  grades,  while  going  up-grade  the  con- 

sumption is  greatly  increased,  but  going  down  there  is  no 
consumption  of  steam,  so  that  the  average  is  only  slightly 

increased." 
Repairs  of  Engines  and  Cars — 

Art.  187 — P.  201  "These  expenses  do  not  vary  directly  with  distance.    The  wear 
and  tear  of  rolling-stock  arises  from  several  distinct  causes, 
of  which  the  regular  running  gear  when  in  motion,  is  only 

one." 
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"These  causes  are: 

"1.    Deterioration  from  time  and  age:     Varying  with  time. 

"2.    Stopping  and  starting:     Varying  with  number  of  stops. 

"3.  Terminal  Service,  getting  up  steam,  and  drawing  fires, 
switching,  etc:  Varying  with  the  number  of  trips, 
independent  of  their  length. 

"4.  Effect  of  curvature  and  heavy  grades:  Varying  with  the 
character  of  the  alinement. 

"S.  Effect  of  regular  running  between  stations  on  a  tangent: 
Varying  with  distance  (the  additional  effect  of  any 

curvature  on  a  given  distance  being  a  separate  matter.)" 

"Detail  consideration  of  the  foregoing  Item  5  gives  approxi- 
mately 42  percent  and  36  percent  as  the  proportion  of  the 

cost  of  engine  and  car  repairs  respectively,  appearing  to  vary 
with  the  minor  changes  of  length,  which  are  as  follows: 

Engine  Repairs 

Wellington's  Table  85 
Percent 

Item  Affected 
Boiler           7 
Running  gear          7 
Machinery        14 
Lagging  and  painting         6 
Smokebox,   etc         3 

Tender: 

Running  gear               4 
Body  and  tank           1 

Total          42 

Freight  Car  Repairs 

Wellington's  Table  86 
Percent 

Item  Affected 
Wheels          10 
Axles,  brasses  and  boxes        18 
Springs             6 
Truck  frame  and  fittings           1 
Car  body,  painting,  etc         1 

Total       36 

Train  Wages — 

Art.  191 — P.  205  "The  circumstances  and  the  standard  of  train  wages  must  be 
considered  in  each  case." 

Art.  192 — P.  206  "It  is  extremely  unlikely  that  slight  changes  of  length  of  a 
few  feet  will  affect  train  wages." 

Station  and  General  Expenses  and  Taxes — 

Art.  193 — P.  206  "Stations,  terminal  and  general  expenses  are,  of  course,  un- 
affected by  any  small  changes  of  length  unless  the  volume  of 

business  or  number  of  stations  and  sidetracks  is  also 
increased. 
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"Taxes  are  nominally  determined  at  so  much  per  mile  and 
actually  vary  with  mileage  to  a  considerable  extent,  but  as 
they  are  based  on  value  and  not  on  cost  of  operation  it  is 
not  thought  proper  to  say  they  vary  with  distance  in  this 

calculation." 

Art.  194 — P.  206  "Summing  up  the  effect  of  distance  on  the  various  items  of 
operating  expenses  it  is  found  that  fractional  changes  in- 

crease or  decrease  expenses  by  36  to  41  percent  of  the  aver- 
age cost  of  operating  an  equal  distance,  according  as  train 

wages  are  affected  or  unaffected." 

Great  and  Small  Reductions  of  Distance 

Art.  195 — P.  208  "When  the  savings  or  loss  of  distance  is  more  considerable 
than  we  have  been  considering,  or  at  some  point  varying 
from  2  to  10  or  more  miles  according  to  the  practice  or 
condition  of  the  road,  a  large  proportion  of  expenses  will 
vary  with  distance.  The  train  wages  and  number  of  track 
sections  may  do  so.  The  cost  of  stopping  and  starting,  main- 

tenance of  yards  and  sidings,  and  track  labor  generally  will 

also  be  increased." 

Table  I — Columns  9  and  11 

The  results  are,  if  affected  by  train  wages,  49  percent,  if  not  affected  by  train  wages, 
40  percent,  and  for  longer  distances  63  percent  and  52  percent,  respectively. 

From  the  foregoing  then  we  may  summarize  as  follows:  . 

Cost  per  1000  Gross  Ton  Miles 

Table  I— Columns  8-10-12 
Changes 

Up  to  1  Mile     1  to  10  Miles     Over  10  Miles 
If  train  wages  are  affected       $0.68906  $0.84700  $1.08456 
If  train  wages  are  not  affected         0.59704  0.69978  0.90053 

Fuel 

Art.  347 — P.  315  The  Effect  of  Curvature  on  Operating  Expenses 

"Assuming  curve  resistance  to  average  about  0.5  pound  per 
ton  per  degree,  it  is  perhaps  as  correct  an  average  as  any  to 

say  that  a  continuous  11°  20'  curve  causes  an  average  addi- 
tional train  resistance  of  about  6  pounds  per  ton,  or  about 

doubles  the  resistance  of  a  train  on  a  tangent.  A  mile  length 

of  such  a  curve  contains  600°  of  curvature." 

It  was  probably  true  in  Wellington's  time  that  600  degrees  of  curvature  would 
waste  at  least  50  percent  as  much  fuel  as  the  average  burned  per  mile  run,  but  modern 

improvement  in  engine  and  car  construction  has  undoubtedly  reduced  this  percentage. 

Water,  Oil  and  Waste — 

These  items  are  affected  probably  25  percent. 

Repairs  of  Engines — 

Art.  348— P.  315  and  Table  85— P.  203 

"The  proportion  of  this  item  assignable  to  the  average  effect 
of  curvature  and  grades  is  about  19  percent,  a  considerable 
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part  of  it  arising  from  wear  of  wheels  and  tires,  and  is  made 
up  as  follows: 

Boiler       4  percent 
Running  Gear    7  percent 
Machinery       S  percent 
Tender-Running  Gear     3  percent* 

Total       19  percent 

Art.  349 —  P.  316  "It  will  be  noted  that  the  repairs  to  running  gear  constitute 
about  53  percent  of  the  above,  and  it  is  fair  to  assume  that 
one-third  of  this,  or  IS  percent,  of  the  total  cost  of  engine 
repairs  is  due  to  the  effect  of  curvature.  On  a  continuous 

11°  20'  curve,  containing  600  degrees  per  mile  the  curvature 
is  20  times  the  amount  found  on  the  average  railway;  hence 
on  such  a  mile  the  extra  cost  due  to  the  curvature  would  be 
18  X  20  =  360  percent  of  the  average  cost  of  engine  repairs 

per  mile." Repairs  of  Cars — 

Art.  351— P.  319 

The  proportion  of  the  cost  of  this  item  assignable  to  the  effect  of  grades  and  curva- 

ture is  given  by  Wellington's  Table  86,  page  203,  as  some  23  percent.  At  least  three- 
fourths  of  this  would  ordinarily  be  assignable  to  the  effect  of  grades  and  only  one- 
fourth  to  curvature.  Then  proceeding  as  in  the  case  of  engine  repairs  we  have 

6-  X  20  =  120  percent  of  the  average  total  cost  of  car  repairs  per  mile  as  the  extra 
cost  due  to  600  degrees  of  curvature.  This  estimate  is  certainly  large  enough,  and 
probably  considerably  too  large. 

Wheel  wear  is  the  chief  and  almost  the  only  item  of  car  repairs  affected  by  curvature. 

Wear  of  Rails — 

Art.  352 — P.  318  "The  wear  of  rails  on  curves,  as  an  average  of  whole  life, 
may  be  taken  at  about  J/2  pound  per  10,000,000  tons  per 
degree  of  curve,  or  certainly  not  more  than  this. 

"The  additional  rail  wear  on  curves  is  estimated  at  100  per- 
cent increase  over  the  tangent  wear  on  an  11°  20'  curve." 

Modern  methods  of  rail  and  flange  lubrication  have  eliminated  a  large  percentage 

of  engine  flange  and  rail  wear  on  those  railways  that  are  extensive  users  of  this  process. 
Its  value  as  a  means  for  reducing  train  resistance  and  consequent  fuel  saving  remains 
to  be  determined. 

Cross-Ties — 

The  effect  of  curvature  on  ties  has  been  much  decreased  by  th»  introduction  of 
creosoted  ties  and  by  the  use  of  heavier  rail  sections  and  tie  plates.  Still  its  effect  on 

the  life  of  ties  is  considerable.  On  sharp  curves  several  years  of  the  tie's  life  must  be 
sacrificed  because  the  holding  power  of  the  spikes  is  lost.  The  so-called  "cutting"  of 
ties  is  also  greater  on  curves  and  mainly  on  the  outside  of  the  rail.  As  the  rail  wears 

by  flange  cutting,  moreover,  it  is  necessary  either  to  renew  the  rails  prematurely  or 
throw  them  in  to  gage.  The  effect  of  all  these  causes  together  to  shorten  the  life  of 

ties  is  a  pure  matter  of  fact;  the  conclusion  is  that  the  cost  for  ties  on  all  11°  20'  curve 
(600  degrees  per  mile)    is  about  SO  percent  greater  than  on  a  tangent,  and  that  the 

*  Wellington  does  not  include  Tender-Running  Gear  now  classified  under  Steam  Locomotive  Repair, 
I.C.C.  Account  308. 



  Economics    of   Railway    Operation   S31 

increase  is  directly  as  the  degree  of  curvature  on  any  given  distance,  or  in  other  words 
is  uniform  per  degree,  whatever  the  radius. 

Track  Labor — 

Art.  354— P.  321  "This  item  is  as  a  matter  of  fact  but  little  affected  by  curva- 
ture. It  is  an  unusual  thing  to  see  sections  made  shorter 

than  others  on  this  account.  It  is  not  an  unusual  thing  to 
take  a  quarter  or  half  mile  off  one  section  and  add  it  to 
another  if  the  two  are  continuous  and  are  noticeably  different 

in  this  respect,  but  any  greater  difference  than  this  is  un- 
likely. Yet  comparing  the  conditions  which  would  exist  on 

a  mile  of  tangent  and  a  mile  of  11°  20'  curve,  it  might  not 
be  unfairly  claimed  that  there  would  be  a  difference  of  SO 
percent  in  the  cost  of  track  labor;  and  to  avoid  that  very 
objectionable  result,  an  underestimate  of  the  disadvantages  of 
curvature,  we  may  assume  this,  which  will  simply  cover  the 

facts." Art.  3SS  P.  321 

Summing  up  the  various  items  affected  by  curvature,  we  obtain  the  figures  given  in 
Table  I,  giving  the  assumed  effect  on  expense  of  600  degrees  of  curvature  per  mile. 

The  total  cost  (per  year)  per  1000  ton  miles  of  1  degree  of  curvature  is,  Table  I, 

Column  14,  one-six-hundredth  of  $0,725,  or  $0.001208.  This  divided  by  the  rate  of 

interest  on  capital  will  give  the  justifiable  expenditure  to  save  1  degree  of  curvature, 
estimated  per  1000  gross  ton  miles. 

$0.001208 
At  5  percent     ^^   =  $0.0241 

$0.001208 
At  6  percent   — ^^   =  $0.0201 

and  similarly  for  any  other  rate  of  interest.  This  is  not  a  precisely  accurate  result,  but 
is  close  enough  to  avoid  serious  error.  An  example  of  how  little  difference  any  probable 
error  in  the  above  estimate  can  make  in  the  justifiable  expenditure  to  avoid  curvature: 

Assuming  the  case  of  a  road  handling  annual  traffic  equal  to  1,000,000  gross  ton 

miles  per  mile,  the  justifiable  expenditure  to  save  1  degree  of  curvature  at  6  percent  is 
$20.10,  and  to  save  20  degrees,  $402.00,  a  sum  which  will  provide  for  no  very  large 
amount  of  work. 

The  saving  possible  if  curvature  is  reduced  will  be — 

$0.00121  X  1000  X  20  degrees  =  $24.20 

When  the  effect  of  the  most  trifling  difference  of  grade  is  compared  with  this  it 

becomes  slight  indeed.  If,  however,  the  reduction  in  curvature  is  great  enough  to 

permit  a  material  increase  in  speed,  the  reduction  in  running  time  and  fuel  consumed 
may  be  of  importance. 

This  example  is  for  a  moderate  traffic  and  for  a  great  amount  of  curvature  to  be 
saved  at  one  point,  but  well  illustrates  the  principal  purpose  of  such  estimates. 
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Appendix  C 

(4)     ANALYSES  TO  DETERMINE  WHEN  A  RAILWAY  OR  BRANCH 
LINE  SHOULD  BE  RETIRED 

J.  A.  Parant,  Chairman,  Sub-Committee;   E.  Y.  Allen,  H.  C.   Crowell,   G.  W.  Hand, 
G.  D.  Hughey,  W.  B.  Irwin,  F.  H.  McGuigan,  Jr.,  L.  G.  Morphy,  J.  F.  Pringle. 

This  Sub-Committee  has  studied  the  reports  of  several  railroads  in  connection  with 
the  abandonment  or  proposed  retirement  of  certain  of  their  branch  lines. 

It  was  found  that  every  railroad  used  a  different  yardstick  to  measure  the  effect  of 

the  revenue  and  expenses  of  the  branch  line  in  question  on  the  revenue  and  expenses  of 
the  system  as  a  whole. 

The  Committee  feels  that  no  hard  and  fast  rule  can  be  used  to  determine  when  a 

line  should  be  retired.  It  is  the  opinion  that  local  conditions,  possible  future  business 
expansion,  development  of  natural  resources,  etc.,  in  the  last  analysis  makes  each  line 
an  individual  problem. 

In  their  investigation,  the  Committee  found  that  the  methods  used  by  various  rail- 
roads in  developing  their  studies  were  similar  to  those  suggested  in  a  previous  report  of 

the  Committee  and  published  in  Volume  28  of  the  Proceedings,  pages  535  to  556. 

Conclusions 

The  Committee  recommends  that  reference  be  made  in  the  Manual  to  the  study  on 

this  subject  published  in  Volume  28  of  the  Proceedings,  pages  535  to  556,  and  that  the 
subject  be  discontinued. 



  Economics    of    Railway    Operation   533 

Appendix  D 

(5)  METHODS  FOR  DETERMINING  MOST  ECONOMICAL  TRAIN 
LENGTH,  CONSIDERING  ALL  FACTORS  ENTERING  INTO 
TRANSPORTATION  COSTS 

L.  S.  Rose,  Chairman,  Sub-Committee;  B.  T.  Anderson,  F.  D.  Beale,  J.  H.  Dyer, 
J.  L.  Haugh,  G.  D.  Hughey,  E.  E.  Kimball,  E.  S.  Pennebaker,  A.  E.  Perlman, 
C.  P.  Richmond,  H.  W.  Snyder. 

It  has  been  found  from  a  consideration  of  a  number  of  reports  bearing  on  this  sub- 
ject that  conditions  vary  so  widely  in  practice  that  it  is  impractical  to  devise  a  method 

for  determining  the  most  economical  train  length  which  can  be  applied  in  all  cases. 

However,  in  most  cases  it  is  necessary  to  begin  by  determining  the  limitations  for 
the  particular  class  of  locomotives  in  use  or  proposed  for  use  on  the  district  under  review. 

For  this  purpose  Committee  XXI  originated  a  study  of  typical  steam  locomotive 
capacities  in  order  to  determine  the  maximum  tonnage  ratings  for  various  classes  of 

locomotives  on  various  grades  up  to  2.40  percent  for  three  types  of  trains — manifest 
trains,  coal  or  ore  trains,  and  empty  trains.  At  the  same  time,  formulas  were  developed 

and  tables  prepared  for  determining  the  tonnage  rating  which  would  produce  the  max- 
imum gross  ton  miles  per  train  hour  for  the  same  classes  of  locomotives,  types  of  trains 

and  on  the  same  grades. 

Revision  of  these  tables  based  on  a  further  study  of  locomotive  capacities  by  Com- 
mittee XVI  are  given,  on  pages  539,  540,  541.  (See  also  report  of  Committee  XVI 

pages  440-472). 
Another  essential  step  is  to  analyze  Freight  Train  Performance  which  has  been 

discussed  in  previous  reports  of  Committee  XXI. 
These  steps  will  set  forth  the  volume  of  traffic  to  be  handled,  the  quality  of  service 

to  be  performed  and  some  of  the  limitations  of  road  and  equipment.  After  these  steps 

■  are  taken  the  problem  is  largely  one  of  comparing  locomotive  performances  under  various 
fixed  conditions  for  the  purpose  of  deciding  which  one  of  several  alternative  methods  of 

operation  offers  the  greatest  promise  as  regards  new  revenue,  capital  investment  and 
operating  expense. 

On  this  basis  the  natural  procedure  in  practice  is  to  determine  the  locomotive  per- 
formance under  present  operating  conditions.  For  example  take  an  actual  case  such  as 

Road  A  which  will  serve  to  illustrate  how  the  method  can  be  applied. 

A  condensed  profile  and  track  chart  of  Road  A  is  shown  in  Fig.  1,  page  534  and 
the  operating  statistics  for  1934  are  shown  in  Table  I,  page  535. 

Locomotive  Performance 

In  order  to  show  the  application  of  the  proposed  method  the  first  step  will  be  to 
introduce  the  tables  on  pages  539,  540,  541. 

The  maximum  and  most  efficient  tonnage  ratings  given  in  these  tables,  are 

trailing  weights  in  terms  of  the  weight  of  engine  and  tender  in  tons  based  on  the 

weights  obtained  from  the  table  on  page  538.  In  practice  the  total  weight  of  engine 
and  tender  may  not  agree  with  the  total  weight  obtained  from  this  table,  in  which  case 

it  will  often  be  necessary  to  adjust  for  the  difference  in  weight  of  tenders.  In  the  case 
of  most  modern  locomotives  the  adjustment  necessary  is  usually  small  and  in  the  case 

of  older  locomotives  the  adjustment  is  nearly  automatic  because  the  tenders  are  gener- 
ally light  and  the  horsepower  capacity  of  the  locomotives  less  than  assumed  for  modern 

locomotives,  so  that  for  first  approximations  the  tonnage  ratings  can  be  based  on  the 
actual  weight  of  engine  and  tender  if  the  actual  weight,  due  to  extra  heavy  tenders,  does 
not  exceed  the  total  weight  obtained  from  the  table. 
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Road  A 

OPERATING  STATISTICS  AND  LOG  OF  PERFORMANCE 

SLOW  FREIGHT 

Northbound 

Year 
1934 
Month 

Train 
Miles 

1,000 Gross  Ton 
Miles 

Train  Hours 
Trains 

Per 

Day 

Gross 
Tons  Per 

Day 

Hours  Road Time Per  Day 
Road 
Time 

Crew 
Time 

January .   16,385 
20,001 
24,450 
17,967 
26,894 
27,911 
26,103 
24,860 
27,007 
26,668 
23,052 
15,368 

182,202 
207,171 
258,081 
201,711 
312,083 
331,185 
310,939 
297,519 
321,289 
314,666 
271,836 
177,224 

802 

1,033 
1,237 912 
1,308 
1,527 
1,444 
1,331 
1,653 
1,632 
1,309 

771 

986 

1,274 
1,490 
1,089 

1,678 1,806 
1,713 
1,595 
1,940 
1,908 
1,561 927 

4.68 
6.11 

7.00 
5.30 
7.68 
8.23 
7.45 
7.10 7.97 

7.61 
6.80 4.39 

52,050 
63,300 
73.700 
59,500 89,203 
97,700 
88,800 
85,000 
94.800 

89,900 80,200 
50,600 

5  53 

February     
March    .    . 

5.83 

5  70 
5  73 

May.          .    . 

5  92 

June.    ..   

6  18 

July 

6  25 

August      .    -   . 
6  05 

September   
October. . 

6.92 6  92 
November   
December   

6.42 
5.67 

Total   ̂ 34   •35   
•36   

276,666 
280,282 
371,872 

3,185,906 
3,286,634 
4,223,759 

14,959 
15,466 
21,885 

17,967 
18,501 
25,951 

6.69 

6.80 
8.99 

77,030 
79,690 

102,100 

6.115 6.230 

6.650 

Southbound 

January   
February   
March   
April   
May   
June   
July   
August   
September.. 
October   
November.. 
December.  . 

Total  ̂ 34 

'35 
'36 

20,227 
22,939 
27 , 572 
21,809 
30,171 
30,962 
29,945 
27,685 
30,058 
30,355 
27,120 
18,758 

317,601 
321,206 
412,511 

59,386 
54,383 
73,397 
62,424 
88,855 
101,955 
98,246 
90,774 
89,854 
94,564 
85,549 
51,567 

950,954 
997,635 

1,263,982 

761 
832 

1,016 804 

1,188 
1,238 
1,162 
1,078 
1,179 
1,260 
1,148 

672 

12,338 
12,675 
16,423 

1,041 
1,164 
1,390 
1,055 
1,566 
1,658 
1,546 
1,466 
1,587 
1,690 
1,524 

902 
16,598 
16,695 
22,188 

5.77 

7.00 7.87 
6.43 

8.61 9.13 

8.54 7.90 8.87 
8.67 

8.00 
5.35 

7.68 
7.79 
9.98 

16,930 
16,600 

20,950 
18,420 
25,350 

30,100 
28,050 
25,900 
26,500 

27,000 25,230 
14,700 

23,000 
24,160 
30,600 

4.25 4.10 4.17 
4.17 
4.45 

4.52 4.38 
4.40 4.43 
4.68 
4.78 

4.06 

4.389 
4.458 
4.500 
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Road  A 

OPERATING  STATISTICS  AND  LOG  OF  PERFORMANCE 

FAST  FREIGHT 

Northbound 

Year 
1934 
Month 

Train 
Miles 

1,000 Gross  Ton 
Miles 

Train  Hours 
Trains 

Per 

Day 

Gross Tons  Per 

Day 

Hours  Road 
Time Per  Day 

Road 
Time 

Crew 

Time 

January   
February   

10,509 
9,718 

10,396 
10.170 
10,509 
10,170 
10,509 
10,509 
10,170 
10,509 
10,283 
10,509 

21,369 
23,960 
29,500 
25,142 
26,067 
25,602 
24,540 
22,581 
21,328 
21,786 
20,932 
22,916 

332 335 357 

329 
349 
333 
327 
321 
330 347 

325 
313 

414 
417 
451 
413 

431 
419 419 
409 

420 436 
413 
400 

3.57 

3.90 
3.88 April   

May   
3.65 

3.75 
3.70 July   

August   
September   

3.58 

3.45 3.67 
3.73 
3.57 3.37 

^ 
Total    '34   '35   

'36   
123,961 
123,735 
123,735 

285,723 
307,236 
354,981 

3,998 
3,806 
4,021 

5,042 
4,869 
5,174 

3.00 
3.00 
3.00 

6,910 7.450 
8,585 

3.644 
3.476 
3.670 

Southbound 

January   
February   7,006 

6,441 
7,119 
6,780 
7,006 
6,667 
7,006 
7,006 
6,780 
7,006 
6,780 
7,006 

21,361 
18,254 
22,532 
19,758 
19,873 
19,564 
20,070 
20,078 
19,096 
21,173 
19,408 
18,828 

231 197 

231 
195 
208 
204 
214 194 

192 
205 
194 
189 

335 304 

319 281 
295 
280 
291 266 

268 
286 267 

261 

3.73 
3.45 
3.33 
3.25 

May   3.35 3.45 
July   

3.45 3.13 
September   3.20 

3.30 3.23 
3.05 

Total   '34   '35   
'36   

82 , 603 
82,601 
82,716 

239,995 
264,799 
295,223 

2,454 

2,422 
2,481 

3,453 
3,419 
3,606 

2.00 
2.00 
2.00 

5,800 
6.420 

7,140 

3.357 
3.313 

3.389 
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Slow  Freight  Trains 

The  type  of  locomotives  used  in  slow  freight — heavy  coal  service — is  the  2-10-4 
type  which  weighs  490  tons  distributed  as  follows,  186.5  tons  on  drivers,  283  tons  for 
the  engine  and  207.5  tons  for  the  loaded  tender.  The  ratio  of  the  weight  on  drivers  to 

the  weight  of  engine  is  therefore  186.5/283  equals  65.9  percent. 

The  total  weight  of  engine  and  tender  obtained  from  the  table  corresponding  to  a 

locomotive  having  65.9  percent  of  the  engine  weight  on  drivers  amounts  to  186.5/37.8 
=  493  tons  or  about  3  tons  heavier  than  the  actual,  hence  it  is  conservative  to  base  the 

ratings  obtained  from  the  tables  on  the  actual  weight. 

The  maximum  tonnage  rating  and  the  most  efficient  tonnage  rating,  that  is  the 
tonnage  rating  which  will  produce  the  maximum  gross  ton  miles  per  hour,  will  be  found 

in  one  of  the  tables  on  pages  539-541  for  example  either  in  Group  III  or  Group  IV  which 
cover  locomotives  having  61  and  70  percent  of  their  weight  on  drivers. 

From  inspection  of  the  profile.  Fig.  1,  it  will  be  seen  that  were  it  not  for  the  dips 
the  average  grade  northbound  would  be  less  than  .1  percent  and  even  with  the  dips  the 

maximum  grade  of  any  consequence  is  .167  percent  for  about  IS  miles.  All  of  the 
steeper  grades  against  the  loaded  movement  are  short  and  can  be  neglected  for  the 

present. 

Referring  to  the  table  Group  IV  it  will  be  found  that  the  most  efficient  weight  for 
a  coal  train  on  a  .1  percent  grade  amounts  to  15.65  tons  per  ton  of  engine  and  tender 
or  15.65  times  the  weight  of  engine  and  tender,  in  this  case  about  7670  tons. 

Likewise  the  most  efficient  weight  for  an  empty  train  on  a  minus  tu  percent  grade 
amounts  to  12  times  the  weight  of  engine  and  tender,  in  this  case  about  5,880  tons. 

For  a  balanced  movement  there  wiU-  be  the  same  number  of  cars  per  train  in  both 
directions.  Since  the  tables  are  based  on  loaded  coal  cars  weighing  4  times  as  much  as 

empty  cars  (80  tons  against  20  tons)  the  weight  of  an  empty  train  corresponding  to  the 
most  efficient  loaded  train  will  be  15.65/4  or  only  3.91  times  the  weight  of  engine  and 

tender.  On  the  other  hand  a  loaded  train  corresponding  to  the  most  efficient  empty 
train  will  be  12  X  4  or  48  times  the  weight  of  engine  and  tender. 

Again  consulting  the  table  it  will  be  seen  that  the  maximum  tonnage  for  coal  trains 

on  a  plus  tV  percent  grade  amounts  to  only  35.95  times  the  weight  of  the  engine  and 
tender,  consequently  it  is  impossible  to  meet  the  conditions  for  operating  the  most 
efficient  empty  train  without  exceeding  the  maximum  tonnage  for  loaded  trains  in  the 

opposite  direction. 

Furthermore,  since  the  grade  for  15  miles  is  .167  percent  against  the  heavy  trains, 

the  loaded  tonnage  must  be  limited  to  what  the  locomotive  can  haul  on  this  grade  with- 
out stalling,  which  is  between  25.15  and  35.95  times  the  weight  of  engine  and  tender. 

Interpolating  between  Groups  III  and  IV  and  between  .1  and  .2  percent  grade  the  max- 
imum tonnage  capacity  is  found  to  be  27.0  times  the  weight  of  engine  and  tender,  in 

this  case  about  12,250  tons.  The  average  weight  of  northbound  slow  freight  trains 

actually  operated  is  around  11,515  tons  or  nearly  95  percent  of  the  theoretical  weight 

set  by  the  maximum  tonnage  capacity  of  the  locomotive  on  ruling  grade. 

Manifest  Trains 

In  the  case  of  manifest  trains  it  is  assumed  that  loaded  cars  weigh  half  as  much 

as  loaded  coal  cars  (40  tons  against  80  tons)  and  twice  as  much  as  empty  cars.  On  this 

basis  the  weight  of  a  loaded  manifest  train  which  corresponds  to  the  most  efficient 

empty  train  will  be  12  X  2  or  24  times  the  weight  of  engine  and  tender  which  is  within 
the  maximum  tonnage  capacity  of  the  locomotive  shown  for  .1  percent  grade  in  Group  IV 
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TABLE 
USED  TOR   OBTAINING  APPROXIMATE  HP  CAPACITIES  OF  TYPICAL 

STEAM  LOCOMOTIVES  FHOM  TK£  WEIGHr  OF  ENGINE  AND  WEIGHT  ON  DRIVERS 
BASED  CN  COAL  FIRED  LOCOMOTIVES 

Weight 
on  Drivers 

Per  cent 

Hr 

Per 
Ton 
on 

Drivers 

Types  of 

y/eight 

on  Drivers 

Per  cent 

HP 

Per 

Ton 

on 

Drivers 

Types  0 

r 

Wt.  of 

Eng. 

Wt,  of 

Eng.  4 
Tender 

Locomotives 

Available 

\Vt.  of Eng. 

•nt.    of 

Eng.  & 

Tender 

Locomotives 

Available 

41 
71 

40.8 
28.2 

2-10-4 2-6-2 

42 

72 

41.4 
27.8 

2-10-4 
2-8-2 

43 24.0 40.0 4-4-4 

73 

42.0 

27.4 

2-8-2 
44 24.6 39.6 4-4-4 

74 

42.6 
26.9 

2-10-2 
2-8-2 

45 25.2 39.2 4-4-4 

75 

43.2 

26.5 

2-10-2 
2-8-2 

46 25.6 
38.7 

4-4-4 

76 
43.8 

26.1 

2-10-2 2-8-2 

47 26.4 38.3 4-4-4 

77 

44.4 
25.7 

2-10-2 2-6-2 

48 27.0 37.9 

78 

45.0 

25.3 

2-10-2 
2-8-2 

49 27.6 37.5 79 45.6 
24.8 

2-10-2 2-8-2 

50 28.2 37.1 
4-4-2 

80 46.2 
24.4 

2-10-2 
51 26.6 36.6 4-4-2 81 46.8 

24.0 
2-10-2 

52 
29.4 

36.2 4-4-2 4-6-4 

82 

47.4 23.6 
2-10-2 

53 30.0 35.8 4-4-2 4-6-4 

83 

48.0 
23.2 

2-10-2 
54 30.6 35.4 4-4-2 4-6-4 

84 
46.6 

22.7 
2-10-2 

55 31.2 34.9 4-4-2 4-6-4 85 49.2 

22.3 

0-10-2 

56 31.8 34.5 4-4-2 4-6-4 66 49.8 21.9 

57 
32.4 34.1 4-4-2 4-6-4 4-8-4 

87 

50.4 
21.5 2-8-0 

58 33.0 33.7 4-6-2 4-8-4 88 51.0 

21.1 
2-6-0 

59 33.6 33.3 
4-6-2 4-6-4 89 

51.6 

20.6 

2-8-0 
60 34.2 32.8 4-6-2 2-8-4 4-6-4 90 52.2 

20.2 
2-10-0 2-6-0 

61 34.8 32.4 
4-6-2 

2-8-4 4-8-4 

91 

52.8 19.8 
2-lC-O 

2-8-0 

62 
35.4 32.0 4-6-2 

2-8-4 
4-8-4 

92 

53.4 19.4 2-10-0 2-8-0 
63 36.0 31.6 4-6-2 2-8-4 4-8-4 

93 

54.0 16.9 
2-10-0 2-8-0 

64 36.6 31.2 4-6-2 
2-8-4 4-8-4 94 54.6 16.5 

65 37.2 30.7 4-6-2 2-8-4 
4-8-2 

95 55.2 
16.1 

66 37.8 30.3 2-10-4 2-8-4 
4-8-2 

96 

55.8 17.7 

67 38.4 29.9 2-10-4 2-8-4 
4-8-2 

97 

56.4 17.2 

65 39.0 29.5 2-10-4 4-8-2 
98 57.0 

16.8 

69 39.6 29.1 2-10-4 2-8-2 
4-6-2 

99 57.6 
16.4 70 

40.2 
28.6 2-10-4 2-8-2 

4-8-2 100 58.2 16.0 

4  Cylinder  Articulated  Locomotives 

67 79 
49.2 

22.3 
2-8+8-4 

66 44.6 25.6 
4-6-J.6-4 60 49.7 

22.0 2-848-4 

69 45.0 25.3 
4.6f6-4 2-6+6-4 81 50.1 

21.7 

2-8+8-4 7C 
45,4 25.0 

4-6+5-4 
2-646-4 

82 

50.5 21.4 2-6+6-4 
71 

45.6 24.7 2-6+6-4 83 51.0 

21.1 

2-6+8-4 2-6f6-2 72 
46.2 24.4 2-646-4 84 

51.4 

20.6 
2-8+8-4 

73 
46.7 

24.1 
2-646-4 

85 

51.8 

2C.5 

2-5+6-4 

i   ■"' 

47.1 23.6 2-6+6-4 
85 

52,2 20.2 
2-6+6-4 

2-8+6-2 

1   75 

47.5 23.5 
2-6+6-4 

87 

52,6 19.9 2-6+8-2 
76 48.0 23.2 2-6+6-4 

86 
53.0 

19.6 2-6+8-2 
77 46.4 22.9 C-e+c-4 89 53.4 19.3 

2-6+6-2 78 46.8 22.6 2-8+8-4 90 53.9 
19.0 2-8+6-2 

Compiled  1937  by  AREA  Committees  XVI  and  XXI 
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TABLES 

SHOWING  THEORETICAL  MAXIMUM  AND  MOST  EFFICIENT 

TONNAGE  RATINGS  PER  TON  OF  LOCOMOTIVE  (ENGINE  !c   TENDER) 

FOR  VARIOUS  TYPES  OF  STEAM  LOCOMOTIVES' ON  VARIOUS  GRADES 

BASED  ON  40  TONS/CAR  -FOR  MANIFEST-80  TONS  FOR  COAL  &  ORE-20  TONS  FOR  EMPTY 

I  WEIGHT  ON  DRIVERS  =  43<  OF  WT.  OF ENG. IHP/TON  ON DRIVERS  =  40 

PER 

MAXIMUM  TONNAGE MOST  EFFICIENT  TONNAGE (THEO) 

PER 
MANI- 

COAL 

AND 

MANIFEST  TRAINS COAL&ORE  TRAINS EMPTY  TRAINS 
GTM GTM 

GTM 

CENT FEST ORE EMPTY PER PER PER CENT 

GRADE MPH TRAINS TRAINS TRAINS MPH TONS HOUR 
MPH 

TONS HOUR MPH 
TONS HOUR 

GRADE 

-  .4 15.84 45,9 11.33 

520 

-  .4 

-  .3 15.64 44.6 

'■6,61 

3  93 

-  .3 

-  .2 15.84 46.9 13.66 650 43.3 7,04 

305 

-  .2 

-  .1 15.84 45.3 10.05 455 47.5 
15,80 

750 
42.2 

5.92 

250 

-  .1 

0,0 15.84 21.15 30.90 12.72 44.0 
7.95 350 

45.8 
11.06 507 

41.3 
5.13 212 

0.0 

.1 
15.64 15.00 19.50 10.08 

42.9 
5.60 263 44.3 

8.35 370 
40.3 

4.47 
180 

.1 
.2 

15.84 11.52 14.12 8.30 
41.6 5.55 232 

43.1 
5.84 

2  95 39.4 4.01 158 

.2 

.3 15.64 10.29 10.98 7.00 40.6 
4.78 195 

42.0 
5.67 

238 

38.7 
3.67 

142 

.3 

.4 
15.64 7.73 8.90 6.03 39.8 

4.20 167 
40.9 

4.64 198 37.9 
3.30 

125 

.4 

.5 
15.84 6.58 7.45 5,26 38.9 3.73 

145 
40.0 

4.30 

172 

37.2 3.01 

112 .5 
.6 

15.84 5.70 6.37 4.65 38.1 3,41 130 39.1 
3.83 

150 

36.4 
2.72 

99 

.6 
.7 

15.84 5.00 5.53 4.14 37.3 
3.08 

115 36.3 

3.47 

133 
35.7 

2.44 

87 

.7 

.8 
15.84 4.43 4.87 3.72 

35.6 2.76 101 
37.5 

3.15 
118 

35.0 
2.23 

78 

.8 

.9 15.84 3.97 4,32 3.37 
35.6 

2'.  4  9 

89 
36.7 2.81 

103 

34.4 2.09 

72 .9 
1.0 15.84 3.57 3,87 3,06 35.2 

2.30 

81 

35.9 
2.51 

90 

33.6 

1.95 66 

1.0 1.2 15,84 2.95 3,17 2,55 34.0 2.00 

68 
34.5 

2.12 

73 

32.7 
1.66 55 

1.2 1.4 15.84 2,47 2,64 2.17 32,8 1.74 

57 

33.3 
1.63 61 31.6 

1.42 

45 

1.4 1.6 15.84 2,10 2.23 
1.65 

31.8 
1.45 46 32.2 

1.62 

52 

30.6 
1.31 

40 

1.6 
1.6 15.64 1.80 1.91 1.60 

30.7 
1.34 

41 31.1 
1.42 

44 
29.6 

1.18 
35 

1.6 2.0 15.64 1.55 1.64 1.38 29.7 1.16 35 30.1 
1.23 

37 

28.7 

1.05 30 

2.0 

2.2 15.84 1.34 1.42 1.20 

26.7 

1.05 
io 

29.1 

1.10 

32 

27,8 

.90 

25 

2.2 
2.4 15.84 1.17 1.23 1.04 

27,8 .90 25 28.2 
.96 

27 

27.0 

.81 

'   22 

2.4 

II  WEIGHT  ON  DRIVERS  =  53^  OF  VlfT.  OF 
ENG. 

IHP/TON  ON DRIVERS  =35.8 
MAXIMUM  TONNAGE MOST  EFFICIENT  TONNAGE 

(THEO^ 

PER 
MANI- 

COAL 

AND 
MAN! FEST  TRAINS COAL&ORE  TRAINS EMPTY  TRAINS 

PER GTM 
GTM 

GTM 
CENT FEST ORE EMPTY PER PER PER CENT 

GRADE MPH TRAINS TRAINS TRAINS MPH TONS HOUR MPH TONS HOUR MPH TONS HOUR 
GRADE 

-  .4 14.18 
42.6 

15.65 575 

-  .4 

-  .3 14.16 41.5 12.05 500 

-  .3 

-  .8 14.16 43.3 19.29 

635 40.4 

9.60 386 

-  .2 

-  .1 14.16 
42.0 

13.57 570 
43.7 22.10 

965 
39.5 

8.02 317 

-  .1 

0.0 14.16 
2''. 40 

40.00 16.40 40.8 10.70 426 42.3 
14.65 

620 36.6 
6.73 

260 

0.0 

.1 
14.18 19.35 25.10 13.10 39.8 

8.52 
339 41.0 10.90 447 

37.6 
5.85 

221 

.1 
,2 14.18 14.88 18.17 10.80 

38.8 7.01 272 39.9 
6.70 347 

37.0 5.14 
190 

.2 

.3 
14.18 12.00 14.15 9.13 36.0 6.03 

229 
36.9 

7.10 

276 
36.3 4.66 

169 

.3 

.4 14.18 10.01 U.50 7.88 37.2 

5.32 198 
38.0 

6.03 

22  9 

35.6 4.19 
149 

.4 

.5 
14.16 8.55 9.55 5.90 36.4 4.73 

172 

37.3 
5.41 

202 
34.9 3.76 

132 .5 

1   .6 14.16 7.43 
8.28 6.12 

35.7 4.26 
152 

36.5 
4.77 

174 34.3 

3.47 119 

.6 
.7 

14.16 6.55 7.22 5.46 
35.0 3.83 134 35.6 4.33 

155 33.8 

3.23 

109 

.7 
.6 

14.18 5,^4 6.38 4.95 34.4 
3.52 

121 35.1 
3.86 

136 
33.2 

2.95 98 

.6 

.9 14.18 5.24 5.70 
4.49 33.8 3.33 109 34.5 

3.57 
123 32.7 2.75 

90 .9 

1.0 14.18 4.75 5.12 4.10 
33.2 2.95 98 

33.9 

3.27 
111 32.2 

2.55 

62 

1.0 

1.2 14.18 3.95 4.23 3.47 
32-.2 

2.55 

68 
32.7 

2.75 
90 31.3 

2.24 
70 

1.2 

1.4 14,18 3.36 3.57 2.97 
31.3 2.24 

70 

31.7 2.37 

75 

30.4 
1.94 

59 

1.4 

1.6 14.18 2,89 
3.06 

2.58 30.4 1.94 

59 

30.8 
2.05 

63 29.6 

1.69 

50 

1.6 1.8 14.18 2.51 2.65 
2.26 

29.5 

1.70 
50 29.9 

1.81 
54 

26.6 

1.53 

44 

1.8 

2.0 14.18 2.20 2.31 1.99 
28.7 

1.50 

43 

29.1 

1.56 
46 

28.0 

1.36 

36 

2.0 

2.2 14.18 1.94 2,03 1.76 
27,9 

1.33 

37 

28.3 

1.41 
40 

27.2 
1.21 

33 

2.2 

2.4 14.18 1.72 i.eo 1.56 27.2 
1.21 33 27.6 

1.29 
35 

26.4 

1.06 
28 

2.4 
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III WEIGHT ON  DRIVERS  =  61^  OF WEIGHT  OF  ENGINE IHP/TON  ON DRIVERS  =  32.3 

PER 

UAXIUUU TONNAGE MOST  EFFICIENT  TONNAGE (THEO) 
PER 

MANI- 

COAL 
AND 

MANIFEST  TRAINS COAL&ORE  TRAINS EMPTY  TRAINS 

GTM GTM 

GTM 

CE1JT FEST ORE EMPTY PER PER PER CENT 

GRADE MPH TRAINS TRAINS TRAINS 
MPH TONS HOUR MPH TONS 

HOUR 

MFH 

TONS HOUR GRADE 

-  .4 
12.80 

39.3 21.00 625 

-  .4 

-  .3 12.80 
36.3 

14.26 

565 

-  .3 

-  .2 12.80 39.7 24.20 
962 

37.4 
11.90 445 

-  .2 

-  .1 12.80 38.6 16.84 
650 

36.6 9.64 
360 

-  .1 

0.0 12.80 32.80 48.00 19.80 37.7 12.87 485 38.8 17.79 
690 

35.9 
8.47 304 

0.0 

.1 12.80 23.10 29.95 15.69 
36.8 

10,22 
376 37.7 12.67 

465 

35.1 7.15 

251 

.1 
.8 

12.80 17.74 21.60 
12.90 

36.0 8.61 310 36.8 
10.22 

376 

34.4' 

6.22 

214 

.8 

.3 
12.80 14.31 16.80 10.93 35.2 7.30 

257 
36.0 8.61 

310 
33.6 

5.59 
189 

.3 
.4 

12.80 11.95 13.70 9.45 34.5 
6.32 

218 
35.3 

7.42 262 
33.2 5.03 

167 

.4 

.5 12.80 10.21 11.50 
8.29 

33.8 5.59 
169 34.6 6.48 

224 

32.6 4.54 148 

.5 

.6 
12.80 8.90 9.89 7.37 33.2 5.03 157 33.9 

5.66 
192 

32,1 

4.11 
132 

.6 

.7 
12.80 7.85 8.64 6.61 32.6 .4.54 148 33.3 

5.08 169 

31.6 

3.80 

120 

.7 

.6 
12.80 7.01 

7.64 5.98 32.1 4.11 132 
32.7 

4.59 
150 31.1 3.51 

109 

.8 

.9 12.80 6.32 6.84 5.44 
31.6 

3.80 

120 
32.2 4.22 136 

30.6 
3.20 

98 

.9 

1.0 12.60 5.73 6.17 4.99 
31.1 

3.51 

109 

31.6 3.60 
120 

30.2 
3.01 

91 

1.0 1.8 12.80 4.80 5.13 4.24 
30.2 

3.01 

91 

30.7 

3.26 100 

29.4 2.69 79 

1.8 

1.4 12.80 4.09 4.34 
3.66 

29.4 
2.69 79 29.8 2.85 

65 
26.6 

2.34 

67 

1.4 

1.6 12.80 3.55 3.74 3.19 
28.6 2.34 67 

29.0 
2.46 

72 

27.9 2.11 59 

1.6 1.8 12.80 3.10 3.86 2.61 
27.9 2.11 

59 

26.2 
2.20 

62 

27.2 

1.64 

50 1.6 

2.0 12.80 2.74 2.87 2.50 27.2 
1.84 

50 

27.5 

1.96 
54 

26.6 

1.69 

45 

8.0 

2.2 12.80 2.43 2.54 2.23 26.6 

1.69 
45 

26.8 
1.75 47 

26.0 

1.54 

40 

2.2 

2.4 12.80 2.17 2.27 2.00 26.0 1.54 40 26.2 
1.57 41 

25.4 

1.36 
35 

2.4 

IV  WEIGHT  ON  DRIVERS  =  705^  OF  WT.  OF 
ENG. 

IHP/TON  ON DRIVERS  =28.8 

PER 

MAXIMUK TONNAGE MOST  EFFICIENT  TONNAGE (THEO) 

PER MANI- 

COAL AND 
MANIFEST  TRAINS COAL&ORE  TRAINS EMPTY  TRAINS 

GTM GTM 

GTM 

CENT FEST ORE EMPTY PER PER PER 
CENT GRADE 

MPH- 

TRAINS TRAINS 
TRAINS 

MPH TONS 
HOUR 

MPH 
TONS 

HOUR 
MPH TONS HOUR GRADE 

-  .4 
11.40 

-  .4 

-  .3 
11.40 34.9 20.34 710 

-  .3 

-  .2 11.40 34.0 14.70 
500 

-  .2 

-  .1 11.40 35.0 
21.43 750 33.3 

12.00 400 

-  .1 

0.0 11.40 38.50 56.50 
23.25 34.8 

15.65 535 35.0 21.43 750 
32.6 

9.88 

328 

0.0 

.1 
11.40 27.00 35.95 18,37 33.4 12.36 

413 

34.2 15.65 
535 

32.0 6.44 

870 

.1 .2 
11.40 20.68 25.15 15.11 32.7 10.09 330 33.4 12.36 413 31.4 

7.26 
888 

.8 

.3 
11.40 16.67 19.46 12.80 32.0 8.44 

270 32.7 
10.09 

330 

30.9 

6.50 

201 

.3 
.4 

11.40 13.92 15.95 11.06 31.5 
7.46 

235 
32.0 8.44 270 30.4 5.92 

160 

.4 
.5 

11.40 11.91 13.40 9.71 30.9 6.50 

201 31.5 
7.46 

235 
29.9 

5.35 
160 

.5 .6 
11.40 10.36 11.51 8.64 30.4 

5.92 

180 30.9 
6.50 

201 
29.5 

4.98 
147 

.6 

.7 
11.40 9.17 10,08 7.76 

29.9 
5.35 160 30.4 

5.92 
180 

29.1 

4.60 134 

.7 

.8 
11.40 8.20 6.94 7.02 

29.4 
4.87 143 29.9 

5.35 160 

28.6 

4.16 

119 .8 
.9 

11.40 7.40 8.00 6.41 
29.0 

4.48 130 

29.4 

4.67 143 

28.2 
3.87 

109 

.9 

1.0 11.40 6.72 

7.23j 

5.87 
28.6 

4.16 119 
29.0 

4.48 
130 

27.8 

3.60 
100 

1.0 

1.2 11.40 5.65 6.02 5.02 

27.8 

3.60 
100 

28.1 

3.81 107 

27.1 

3.17 
66 

1.2 1.4 11.40 4.84 5,12 4.34 
27.0 

3.11 64 
27.4 

3.32 
91 

26.4 
2.60 74 

1.4 1.6 11.40 4.21 
4.44 3.81 

26.4 
2.80 

74 

26.7 2.96 

79 

25.8 

.2.52 

65 

1,6 

1.-8 
11.40 3.70 3.66 3.37 

25.8 
2.52 

65 
26.0 

2.62 
66 25.2 

2.22 

56 

1.8 2.0 11.40 3.28 3.43 3.01 
25.2 

2.22 56 
25.4 

2.32 

59 
24.6 

2.03 

50 

2.0 

2.2 11.40 2.93 3.06 
2.70 24.6 

2.03 50 
24.6 

2.10 

52 

24.1 

1.87 
45 

2.2 2.4 11.40 2.63 2.74 8.43 24.1 
1.87 45 

24.3 

1.94 
47 

23.6 

1.70 
40 

2.4 
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V WEIGHT ON  DRIVERS  =  78^  OF WEIGHT OF  ENGINE I HP/ TON  ON DRIVERS  :  25.3 

PER 

MAXIMUM  TONNAGE MOST  Er FICIENT  TONNAGE (THEO) 
PER 

MANI- 

COAL 
AND 

MANIFEST  TRAINS COAL&ORE  TRAINS EMPTY  TRAINS 

GTM 
GTM 

GTM 

CENT FEST ORE EMPTY PER PER PER 
CENT 

GRADE MPH TRAINS TRAINS TRAINS MPH TONS HOUR 
MPH 

TONS HOUR MFH TONS 
HOUR GRADE 

-  .4 10.02 

-  .4 

-  .3 10.02 31.2 
26,43 825 

-  .3 

-  .2 10.02 32.0 43.75 1400 
30,4 18.10 550 

-  .2 

-  .1 

0.0 

10.02 31.2 
26.43 825 32.0 43.75 

1400 
29.8 

14.43 
430 

-  .1 

10.02 44.35 65.25 26.75 30.5 18.85 o75 31.1 24.93 
775 

29.3 

12.29 
360 0.0 

.1 10.02 30.95 40.05 21.10 
29.8 

14.43 430 
30.4 

18.10 
550 

28.7 
10,25 

294 

,1 .2 
10.02 23.65 28.75 17,24 39.2 11.98 

350 

29.8 
14.43 430 28.2 8.76 247 

.2 

.3 10.02 19.05 22.33 
14.57 28.7 10.25 

294 
29.2 

11.98 
350 

27.6 

7.53 

216 

.3 
.4 10.02 15.92 

20.05 12.68 28.8 8.76 247 
28.6 

9.93 

284 27.3 

6.82 

185 

.4 

.5 10.02 13.62 16.60 11.15 27.7 7.54 
209 

28.2 8,76 247 26.9 

6.17 166 

.5 

.6 10.02 11.88 14.15 9,91 27.3 
6.83 

186 

27.7 
7.54 

209 26.5 

5.66 
150 

.6 

.7 10.02 10.50 12.28 8,92 
26,9 

6.17 
166 27.2 

6,65 181 

26.1 

5.14 
134 

,7 

.6 10.02 9.40 10.82 8.08 
26.5 

5.65 
150 

26.8 

6,04 

162 

25,8 

4.81 124 

,8 

.9 10.02 8.49 9.66 7.38 26.1 5.14 
134 

26.4 
5.53 

146 

25.4 

4.33 
110 

.9 
1.0 10.02 7.72 8.28 6.78 25,7 

4.67 120 

26,1 
5.14 

134 

25.1 

4.07 

102 

1.0 1.2 10.02 6.51 6.92 
5.80 

25.1 
4.07 

102 

25.4 

4.33 
110 

24.5 

3.59 

88 

1.2 1.4 10.02 5.59 5.91 5.03 
24.5 

3.59 88 24.7 
3.73 

92 

24.0 

3.17 

75 

1.4 

1.6 10.02 4.87 5.12 
4.43 

23.9 
3.14 

75 
24.1 

3.24 
78 

23.4 

2.82 66 1.6 

1.8 10.02 4.30 4.50 3.93 
23.3 2.79 

65 

23.6 2.97 

70 

22.9 2.56 59 

1.8 2.0 10.02 3.83 3.99 3.52 
22.8 2.50 57 23.1 2.68 

62 

22.4 

2.28 51 2.0 

a.  2 10.02 3.43 3.57 3.17 
22.4 

2.28 51 
22,6 

2.39 
54 

21.9 
2.05 45 2.2 

2.4 10.02 3.10 3.2-1 2.87 21.9 2.05 45 
22,1 

2.17 48 
21,5 

1.91 
41 

2.4 

VI WEIGHT ON  DRIVERS  =  86^  OF WEIGHT  OF  ENGINE IHP/TON  ON DRIVERS  = 

21.7 

PER 

MAXIMUM  TONNAGE HOST  EFFICIENT  TONNAGE  (THEO) 

PER 
MANI- 

COAL 
AND 

MANIFEST  TRAINS COAL&ORE  TRAINS EMPTY  TRAINS 
GTM 

GTM GTM 

CENT FEST ORE EMPTY 
PER 

PER 
PER 

CENT 

GRADE MPH TRAINS TRAINS TRAINS MPH TONS HOUR 
MPH 

TONS 
HOUR 

MPH 

TONS HOUR GRADE 

-  .4 8.60 

-  .4 

-  .3 6.60 

27.0 
29.63 

800 

-  .3 

-  .2 e.60 
26.4 

21,00 555 

-  .2 

-  .1 8.60 
27.1 

32.30 

875 25.9 

16.40 
425 

-  .1 

0.0 8.60 50.40 74.40 30.35 
26.5 26.05 

590 
27.0 29.63 600 

25.5 
13.73 

350 

0.0 

.1 
•6.60 

35.00 45.30 23.86 25.9 16.40 425 
26.4 

21.00 
555 25.1 

11.60 

296 

.1 

.2 
6.60 26.70 32.40 19.60 

25.4 

13.20 335 

25.9 
16.40 425 

24.7 

10.29 
254 

.2 

.3 6.60 21.50 25.15 16.58 25.0 11.40 
285 25.4 

13.20 
335 

24.3 
9.01 

219 

.3 

.4 6.60 17.95 20.48 14.33 24.6 
9.92 

244 25.0 
11.40 

285 24.0 

8.25 
198 

.4 

.5 6.60 15.35 17.20 12.60 24.2 8.72 

211 
24.5 

9.59 

235 23.6 

7.29 
172 

.5 

.6 6.60 13.30 14.80 11.21 23.6 
7.77 

185 
24.1 

8.50 

205 23.3 

6.65 
155 

.6 

.7 6.60 11.85 12.97 10.08 
23.5 

7.06 166 
23.8 

7.77 
185 23.0 

6.09 140 

.7 

.8 6.60 10.50 11.51 9.15 23.2 6,47 
150 

23.4 
6.84 

160 

22.7 

5.55 
126 

.6 

.9 6.60 9.60 10.33 8.36 22.6 5.70 130 

23.1 

6.23 
144 

22.4 

5.09 
114 

.9 

1.0 6.60 6.73 9.35 7.68 
22.5 

5.20 117 

22.8 
5.70 

130 

22.1 

4.66 103 
1.0 

1.2 6.60 7.37 7.83 6.58 
22.0 

4.55 100 22.2 
4.77 

106 
21.6 

4.17 

90 1.2 

1.4 6.60 6.35 6.70 5.73 
21.5 

4.05 87 
21.7 

4.24 
92 

21.1 

3.70 
78 1.4 

1.6 6.60 5.55 5.82 5.05 21.0 
3.57 

75 

21.2 
3.73 

79 20,6 

3.30 

68 

1.6 i.e 6.60 4.90 5.12 4.50 
20.5 

3.17 
65 20.7 

3.33 
69 

20.2 
2.92 

59 

1.6 

8.0 6.60 4.37 4.56 4.04 

20.1 
2.69 56 

20.3 

3.00 
61 19.8 

2.66 53 

2.0 

2.2 6.60 3.93 4.09 3.65 19.7 2.59 51 19.9 2.71 54 19.4 

2.42 
47 

2.2 

2.4 6.60 3.56 3.69 3.31 19.4 2.42 47 19.5 2.46 48 19.0 2.21 

42 

2.4 
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as  27  times  the  weight  of  engine  and  tender.  (Strictly  calculated  the  maximum  tonnage 

for  manifest  trains  on  +.167  percent  grade  amounts  to  22.15  times  the  weight  of  engine 
and  tender.) 

The  difficulty  in  this  case  is  due  to  the  fact  that  a  manifest  train  weighing  22  to  27 

times  the  weight  of  engine  and  tender  will  be  about  twice  as  long  as  coal  trains.  Even 

the  most  efficient  manifest  train  which  in  this  case  amounts  to  12.36  times  the  weight 

of  engine  and  tender  would  be  nearly  as  long  as  coal  trains.  Trains  of  this  length  would 

be  unwieldy  in  Fast  Freight  Service  particularly  in  the  case  of  heavy  locomotives. 

For  this  reason  a  lighter  type  of  locomotive  with  fewer  drivers  would  naturally  be 

considered  for  example  2-8-4  or  2-8-2  locomotives  in  order  to  obtain  more  efficient 
operation  with  lighter  and  shorter  trains.  The  locomotives  actually  used  in  this  service 

are  2-8-2  weighing  about  330  tons  distributed  as  follows,  137  tons  on  drivers  approx- 
imately 180  tons  for  the  engine  and  150  tons  for  the  loaded  tender.  Data  applying  to 

this  locomotive  will  be  found  in  Group  V. 

(In  this  case  it  will  be  found  that  the  actual  locomotive  is  equipped  with  an  extra 

heavy  tender  hence  the  ratings  obtained  from  the  tables  should  be  based  on  313  tons 

(137/.438)  instead  of  330  tons.) 

The  purpose  of  the  foregoing  discussion  is  to  point  out  that  with  a  little  familiarity 

with  some  of  the  uses  of  these  tables  they  will  be  helpful  in  preliminary  investigation 

for  disposing  of  a  number  of  doubtful  alternatives  without  the  necessity  for  preparing 
careful  detail  estimates. 

Minimum  Running  Time 

The  next  step  is  to  show  how  the  tables  can  be  used  to  estimate  the  approximate 
running  time  between  terminals.  As  stated  above  the  average  grade  northbound  is  less 

than  .1  percent.  Assume  level  track.  The  maximum  gross  ton  mile  per  train  hour 

shown  in  Groups  III  and  IV  for  coal  trains  on  level  track  are  690  and  750  times  the 

weight  of  locomotive  and  tender.  The  weight  of  the  train  has  been  found  to  be  27  times 

the  weight  of  engine  and  tender  hence  the  speed  corresponding  to  the  maximum  gross 
ton  miles  per  train  hour  will  be  between  690/27  and  750/27  or  between  25.6  and  27.8 

miles  per  hour.  The  best  running  time  between  terminals  (113  miles)  with  the  most 
efficient  weight  train  will  therefore  be  between  4.0  and  4.5  hours.  The  minimum  road 

time  obtained  from  the  log  of  freight  train  performance,  Fig.  2,  amounts  to  4.5  hours. 

Likewise  the  minimum  running  time  southbound  with  empty  trains  on  level  track 
is  between  2.37  and  2.5  hours.  The  minimum  road  time  southbound  from  the  log  of 

freight  train  performance  is  about  3.4  hours  in  the  case  of  slow  freight  trains  and  less 
than  3.0  hours  in  the  case  of  fast  freight  trains  which  is  reasonably  close  considering 

that  allowances  must  be  made  for  road  delays. 

As  stated  above  the  gross  ton  miles  per  hour  given  in  the  tables  are  based  on  the 
capacity  of  modem  steam  locomotives,  consequently  when  estimating  the  minimum 
running  times  of  older  locomotives  due  allowance  should  be  made  for  their  smaller 

capacity. 

When  introducing  new  power  it  is  important  to  make  sure  that  it  will  be  operated 
at  its  full  capacity.  For  this  reason  it  is  necessary  to  follow  these  estimates  with  more 
careful  ones  taking  into  account  stops  for  fuel  and  water,  slow  downs  for  sidings  and 

other  speed  restrictions.  A  method  for  making  these  calculations  for  comparison  with 
dynamometer  car  tests  will  be  found  in  Exhibit  A. 
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Average  Road  Time 

The  various  numbered  dots  on  the  log  of  freight  train  performance,  Fig.  2,  indicate 
the  average  road  times  corresponding  to  the  number  of  trains  or  amount  of  tonnage 

handled  per  day  for  each  month  of  the  year  1934.  The  average  for  the  year  is  repre- 
sented by  a  plus  sign  (1934). 

The  sloping  line  drawn  through  this  point  and  intersecting  the  horizontal  axis  at  a 

point  corresponding  to  the  minimum  road  time  shows  the  effect  of  train  or  traffic  density 

upon  locomotive  or  train  performance. 

Theoretically  the  slope  of  the  lines  in  the  upper  portion  of  the  diagrams  remains 

constant  as  long  as  track  facilities  remain  unchanged.  (Note  how  nearly  parallel  the 

lines  representing  northbound  slow  and  fast  freight  trains  really  are  and  how  closely  the 
plus  marks  for  1935  and  1936  come  to  the  lines).  On  account  of  this  fact  the  effect 

obtained  by  reducing  train  weights  in  order  to  increase  their  speed  is  usually  more  than 

offset  by  increased  delays  due  to  the  necessity  for  operating  more  trains.  This  fact  was 
brought  out  in  a  previous  report  on  this  subject. 

Conditions  which  will  change  the  slope  of  these  lines  are  increased  number  of  tracks 

or  sidings,  installation  of  signals,  increased  size  of  tenders  or  any  changes  which  are 
effective  in  reducing  delays  on  the  road. 

If  it  is  desired  to  make  a  study  of  this  phase  of  the  problem,  then  a  most  reliable 

analysis  can  be  made  by  selecting  a  representative  period  and  obtain  the  necessary  data 

from  train  dispatcher  sheets  for  plotting  train  hour  diagrams  of  the  actual  running  times 
and  road  times  of  the  individual  trains  operated  during  that  period. 

The  theory  of  these  diagrams  and  the  method  used  for  plotting  them  need  not  be 

described  here  as  they  have  been  discussed  in  previous  reports.  (See  p.  659,  Volume  32, 
1931.) 

In  fact  it  is  possible  to  carry  the  analysis  of  train  operation  to  almost  any  degree 

of  refinement  required  for  the  purpose  in  hand,  namely  for  determining  the  merits  of 
various  new  facilities  and  operating  methods  in  connection  with  the  capital  expenditures 

and  operating  costs  with  which  they  are  related. 

For  example,  one  of  the  first  steps  in  a  typical  analysis  of  operating  statistics  is  to 
determine  the  number  of  locomotives  required  for  a  given  traffic.  For  this  purpose  it  is 

helpful  to  set  down  some  of  the  basic  operating  statistics  as  shown  in  Table  below  and 

proceed  to  determine  certain  units  such  as  the  number  of  trains,  average  train  weights, 
crew  time,  locomotive  miles,  etc. 

The  data  is  then  in  shape  for  estimating  the  crew  expense,  fuel  consumption,  main- 
tenance, etc.  as  well  as  the  number  of  locomotives  required  for  comparison  with  the 

actual  expenses  and  number  of  locomotives  assigned.  Then  if  it  is  desired  to  show — 
for  example — the  effect  of  operating  trains  of  half  the  weight  a  comparison  could  be 
made  based  on  using  the  present  locomotives  as  one  case  and  a  different  type  of 
locomotive  for  another  case. 

On  the  basis  of  operating  double  the  number  of  trains  the  difference  between  the 

minimum  and  average  road  times  would  double,  that  is  in  the  case  of  northbound  slow 

freight  trains  the  difference  would  be  2  X  (6.115  —  4.50)  or  3.23  hours,  whereas  the 
minimum  road  time  due  to  the  fact  that  higher  speeds  could  be  maintained  would  prob- 

ably be  somewhere  between  3  and  4  hours  (since  the  manifest  trains  which  are  less  than 

half  the  weight  of  slow  freight  trains  do  not  make  the  run  in  much  less  than  3  hours). 

In  other  words  the  average  road  times  and  crew  tinges  starting  from  a  new  base — ^say 
3.5  hours  minimum  road  time — would  probably  be  learly  three  quarters  of  an  hour 
longer  than  at  present. 
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Compared  with  the  present  operation  this  change  would  more  than  double  the 

number  of  locomotives  required,  increase  the  expense,  add  to  the  investment  and  impair 
the  performance  which  would  affect  revenues. 

Conclusions 

Probably  the  most  important  results  to  be  obtained  by  the  application  of  this 

method  is  to  obtain  a  picture  of  the  problem  which  will  serve  as  a  guide  for  selecting 
new  methods  or  facilities  to  meet  changing  conditions. 

Recommendations 

The  report  is  submitted  as  information  and  it  is  recommended  that  the  subject  be 
discontinued. 

Exhibit  A 

In  practice  conditions  vary  widely  on  different  railroads,  consequently  it  is  generally 

necessary  to  make  more  careful  checks  of  the  tonnage  rating  and  performance  of 
locomotives  than  afforded  by  the  tables  on  pages  539,  540,  541. 

For  this  purpose  there  are  no  practical  short-cut  methods  which  take  account  of  the 
actual  physical  and  operating  conditions  which  exist  on  any  particular  operating  district. 
In  these  cases  it  is  necessary  to  obtain  the  speed  tractive  effort  characteristics  of  the 

locomotive  and  calculate  speed-time-distance  curves  based  on  an  assumed  weight  of  train 
and  the  profile  of  the  line.  This  method  has  been  described  in  early  reports  of  the 

Association,  but  copies  of  these  reports  are  not  generally  available,  hence  a  new  descrip- 
tion of  the  procedure  is  included  in  this  exhibit  for  convenience  in  showing  its  application 

to  an  actual  case. 

Example.  Take  for  example  Road  A  which  has  been  previously  described.  The 

horsepower  capacity  and  tractive  effort  characteristics  of  the  locomotives  may  be  obtained 

in  two  ways,  either  from  the  locomotive  builders  or  estimated  from  the  weight  on  drives 

and  weight  of  engine  as  given  in  the  table  prepared  by  Committees  XVI  and  XXI  on 

page  538. 

The  design  data  pertaining  to  2-10^  locomotives  used  in  Slow  Freight  Service  is 
contained  in  the  following  table  for  reference  in  case  it  is  desired  to  check  the  horsepower 

capacity  derived  by  both  methods. 

By  the  proposed  AREA  method  the  ratio  of  the  weight  on  drivers  to  the  weight  of 

engine  amounts  to  373,000/566,000  or  66  percent  which  corresponds  to  30.3  horsepower/ 
ton  on  drivers  or  a  total  of  approximately  5650  horsepower  (30.3  X  186.5).  The  next 

step  is  to  calculate  and  plot  the  speed  tractive  effort  curves  as  determined  in  Columns 
(b)  and  (f)  Form  B.  (If  design  data  is  not  available  it  is  simpler  to  use  Form  A, 

See  Report  of  Committee  XVI.) 

The  weight  of  train  as  previously  determined  by  referring  to  Groups  III  and  IV  of 

the  tables  on  page  540  amounts  to  27  times  the  weight  of  engine  and  tender  of 

12,250  tons.  Calculate  the  tractive  resistance  of  this  weight  of  train  by  using  the  Davis 
Formulas  for  80  ton  cars  as  tabulated  below  and  add  the  tractive  resistance  of  locomotive 

and  tender. 
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Design  Data 

Type         2-10^ 

Weights  in  Working  Order 
On  Drivers     373,000  pounds 
On  Truck      61,000 
On  Trailer  Front  Axle     66,000 
On  Trailer  Rear  Axle       66,000 
Total  Engine      566,000 
Tender  Loaded       415,000 
Grand  Total     981,000 

Diameter  of  Drivers     69  inches 
Number  of  Cylinders     2 
Diameter  and  Stroke     *29  X  34  inches 
Steam  Pressure       *260  pounds 
Grate  Area     121.7  square  feet 
Fuel      Coal 
Boiler 

Diameter  Front     99^  inches 
Diameter  Back       108  inches 

Number  and  Diameter  Tubes    59 — 2J4  inches 
Number  and  Diameter  Flues      275 — 3^  inches 
Tube  Length       21  feet 

Heating  Surface 
Firebox  and  Comb  Chamber     477  square  feet 
Syphons       168  square  feet 
Tubes      726  square  feet 
Flues       5264  square  feet 
Total  Evaporating       6635  square  feet 
Super-heater      3030  square  feet 
Combined  Evap.  and  Super-Heat     9665  square  feet 

Tractive  Effort  Engine      91,584  pounds 
Tractive  Effort  with  Booster     106,584  pounds 
Tender  Capacity 

Coal       30  tons 
Water       23,500  gallons 

*  Cylinders  bored   out   to   29'/2    inches   diameter   and   Steam   Pressure   increased   to    270   pounds   for 
dynamometer  car  test. 
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rORM  FOR  CALCtJLATING 

THE  TRACTIVE  EFFORT  AND  HORSEPOWER  OUTPUT 
OF  TYPICAL  STEAM  LOCOMOTIVES 

USING  SUPERHEATED  STEAM 

FORM  B 

ROAD  A RAILROAD 

Itea 
1.  Type  (Wheel  Arrangement). 

2-10-4 

2. 

3. 

4. 
5. 

6. 

Weight  on  Drivers  (Tons). 

Weight  of  Engine   
Weight  of  Tender   

Total  Weight. 
Ratio  Item  (2)/lteB  (3). 

1^6.5 
Sf^.'^.Q 

207. 5 
4Qn..s 

fiB.Q 

«Ad Justed 

ts^t; (a) Booster 

7.  HP  per  Ton  on  Drivers  =  K   
8.  HP  Capacity  of  Locomotive   

9.  Basic  Speed  HPH  >  Vl  >  .396 

(■'^n..'^) 

Based  on 

Table  2 

BfiBn 

Based  on 

Deal 

^  30.84 18-15 

K'25,6 
se&Q 

-Vi'  lOtS 

Speed 
Cylinder Tractive  Effort 

Engine 

Losses 
20  Lb/Ton 

Act.Wt. 

on  Drivers 

Driver 
Tract. 

Effort 

Col(d)- 
Col(e) 

Cylinder  HF 

Driver 

HP 

Total 

Per  Ton 
on 

Drivers 

Adj.Wt. 

Total V MPH 
Per  Ton on 

Drivers 
Total 

( 

a) 

(b) (c) 
(d) 

(e) (f) (g) (h) (i) 
0 0 500 91,584 0 

91,584 
0 0 0 

1.00 

X  Vi 
12.15 500 91,584 3730 87,854 .528  X  K 

1.25 15.19 493 90,300 3730 
86,570 

.649   " 

1.50 18.23 473 86,700 
3730 82,970 

.748   - 
1.75 21.27 447 81.300 3730 78,070 

.824   " 
2.00 

24.. •^n 
417 76.400 3730 72,670 

.880   " 
2.25 

27.. -^4 
389 71,200 3730 67,470 

.921    • 
£.50 ?.n.7,fi 361 66.100 3730 

62,370 

.948   " 
2.75 33.42 334 61,200 3730 57,470 

.967   ■ 
3.00 36.45 310 56.800 3730 53.070 

.980   • 
3.50 42.58 270 

49,500 3730 45.770 

.993   • 
4.00 48.60 

237 
43.400 

3730 
39.670 

.997   " 
4.50 54.68 

210 
38.500 3730 34.770 

.999   • 
5.00 

189 

1.000   • 6.00 
158 

1.000   - 
7.00 (135) 

With  Boostar 

0 0 500 106,584 0 106.584 

1.00  X  Vi' 10.50 500 106,584 4264 102,320 

1.25    " 13.30 
493 

105.000 4264 100.756 

1.50   - 
15.80 473 100.800 4264 96.536 

1.75   " 18.40 447 95,300 
4264 

91.036 
2.00 21.00 417 88,200 4264 84,  ess 

»AdJu8ted  weight  on  drivers  (tons)  :  Rated  tractlre  •ffort/500 
^HP  =  K  =  Item  (8)/Ad Justed  wt.  on  drivers 

Col.(d)  =  Col.(o)  X  Item  (2)  Adjusted    Col.(h)  =  Col.(g)  x  Item  (2)  Adjusted 
Col.(f)  =  Col.(d)  -  Col.(e)  Col, (I)  =  Col.(b)  x  Col.(f)/375 

•te  corresponding  to  7xVi  aay  be  limited  by  cylinder  capacity 

(a)  Rote  for  locomotives  with  boosters  weight  on  drivers  equals  rated  tractive 

effort  incl.  booster/500.  DetermlQe  K*  and  Vi'as  above. 



Economics    of   Railway    Operation 549 

Typical  Tractive  Effort  Curve 
2-10-4-373/566  Locomotive 
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TRACTIVE  RESISTANCE  OF  LOCOMOTIVE 

2-10-4-6-6-377/566/981 

5 

Miles  per  h our 

10 15 20 

25 

30 

35 

40 45 60 66 

29 

^•«+3-5     - 
.03  V 

0024AV2 
490 

2.13 

.15 

.01 

2.13 

.30 

.06 

2.13 

.45 

.13 

2.13 

.60 

.23 

2.13 

.75 

.37 

2.13 

.90 

.53 

2.13 

1.05 

.72 

2.13 

1.20 

.94 

2.13 

1.35 

1.19 

2.13 

1.50 
1.47 

2.18 

1.65 
1.78 

Total/Ton   
Total  490  Tons   

2.29 
1122 

2.49 

1220 
2.71 
1328 

2.96 

1450 

3.25 
1593 3.56 

1744 
3.90 
1911 

4.27 

2091 
4.67 
2288 5.10 

2500 

5.56 

2724 

TRACTIVE  RESISTANCE  OF  TRAIN 

12,250  Tons  in  80  Ton  Cars 

Mil 
es'per  Y 

lour 

5 10 15 20 25 30 

35 

40 

45 

50 

55 

1  q+2
9 

.046V 

.0005AV2 

80 

2.75 

.23 

.01 

2.75 

.45 

.06 

2.75 

.68 

.13 

2.75 

.90 

.23 

2.75 

1.13 

.35 

2.75 

1.35 

.51 

2.75 

1.58 

.69 

2.75 

1.80 

.90 

2.75 

2.03 

1.14 

2.75 

2.25 

1.41 

2.75 

2.48 

1.70 

Total/Ton     

Total  12250  T   
Total  including 

1  Locomotive   
Total  including 

2  Locomotives   

2.99 

36600 

37700 

38800 

3.26 

39900 

41100 

42300 

3.56 

43600 

44900 

46200 

3.88 

47500 

49000 

50500 

4.23 

51800 

53400 

55000 

4.61 

56500 

58200 

59900 

5.02 

61500 

63400 

65300 

5.45 

66800 

68900 

71000 

5.92 

72500 

74800 

77100 

6.41 

78500 

81000 

83500 

6.93 

84900 

87600 

90300 

SPEED-TIME-DISTANCE  CALCULATIONS 

Sample  calculations  based  on  a  12,250  ton  northbound  coal  train  are  shown  on  pages 
552,  553.  The  following  discussion  will  explain  some  of  the  details  covering  part  of  the 
run.  Fig.  5  shows  a  comparison  between  the  calculated  speed  distance  curve  and  a 
dynamo-meter  car  test. 

It  is  convenient  to  note  the  starting  point  and  the  percent  grade  in  the  last  column 

under  Remarks  thus  it  is  assumed  that  when  the  train  is  started  it  rests  on  a  — .005  per- 
cent grade  and  the  locomotive  is  opposite  Mile  Post  4.  Fig.  5.  The  grade  resistance  is 

therefore— (20  X  -005  X  12,740)  or— 1,274  pounds. 

In  Column  (a)  the  speeds  beginning  with  10  miles  per  hour  are  set  down  at  2.5 
miles  per  hour  intervals.  In  Column  (b)  the  corresponding  tractive  efforts  obtained  from 
the  speed  tractive  effort  curve.  Fig.  3,  are  set  down  opposite  their  respective  speeds.  The 
tractive  resistance  of  the  train  and  locomotive  are  entered  in  Column  (c)  opposite  their 
corresponding  speeds.  The  resistance  due  to  grade  (20  pounds  per  ton  of  train  including 
locomotive  for  each  percent  grade)  with  a  plus  sign  for  ascending  grades  and  a  minus 
sign  for  descending  grades  is  shown  in  Column  (d) .  The  algebraic  sum  of  Columns  (c) 
and  (d)  is  shown  in  Column  (e). 
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The  net  tractive  effort  entered  in  Column  (f)  is  the  algebraic  difference  between 

Column  (b)  and  Column  (e).  The  acceleration  in  miles  per  hour  per  second  shown  in 

Column  (g)  is  obtained  by  dividing  the  net  tractive  effort  Column  (f)  by  the  product 
of  95. 5  times  the  total  weight  of  the  train  in  tons  including  locomotive.  In  this  case 

9S.S  X  12,250  equals  1,217,000  pounds. 

It  can  be  shown  that  it  takes  a  force  of  91.1  pounds  per  ton  to  produce  1.0  miles 

per  hour  ps.  acceleration  but  it  is  customary  to  add  about  5  percent  to  this  force  to  take 
care  of  the  inertia  of  the  revolving  parts  which  require  an  additional  force  to  start  them 
rotating.    This  adjustment  is  included  in  the  factor  95.5. 

The  time  interval  in  seconds  for  the  first  line  Column  (h)  is  obtained  by  dividing 

the  speed  in  Column  (a)  by  the  acceleration  in  Column  (g).  The  time  interval  for  the 
second  line  Column  (h)  is  obtained  by  dividing  the  difference  between  the  speeds  shown 

on  the  third  and  first  lines  of  Column  (a)  (2.5  miles  per  hour)  by  the  acceleration  shown 
on  the  second  line  of  Column  (g) .  Likewise  the  time  interval  for  other  changes  in  speed 
are  found  in  like  manner. 

The  distance  travelled  in  feet  during  a  given  interval  of  time  is  equal  to  the  product 

of  the  average  speed  in  miles  per  hour  during  the  given  interval  times  the  interval  in 
seconds  Column  (h)  times  1.467. 

Thus  in  the  first  interval  the  average  speed  is  5  miles  per  hour,  the  number  of  seconds 

is  250.5  hence  the  distance  travelled  is  5  X  250.5  X  1-467  equals  1,840  feet  requu-ed  to 
reach  a  speed  of  10  miles  per  hour. 

During  the  second  interval  the  average  speed  is  11.25  miles  per  hour,  the  number 
of  seconds  is  64.1  hence  the  distance  travelled  is  11.25  X  64.1  X  1-467  equals  1,057  feet. 
The  total  distance  travelled  during  the  two  intervals  is  the  sum  of  the  two  (2,897  feet) 

shown  on  the  third  line  Column  (k).  The  distance  travelled  during  the  third  interval 
is  added  to  the  distance  travelled  in  the  first  two  and  so  on.  The  distance  shown  in 

Column  (k)  is  the  distance  travelled  to  reach  the  speed  shown  on  the  same  line  in 

Column  (a)  for  example  it  takes  455.1  seconds  and  a  distance  of  6,008  feet  for  the  train 

to  reach  17.5  miles  per  hour  starting  from  rest  on  a  — .005  percent  grade. 

The  tractive  effort  shown  on  the  second  line  Column  (b)  is  the  average  of  the  first 
and  third  lines.  Likewise  the  total  tractive  resistance  on  the  second  line  Column  (e)  is 

the  average  of  the  first  and  third  lines  of  Column  (e)  and  so  on. 

The  maximum  free  running  speed  is  reached  when  the  total  tractive  resistance  (Col- 
umn (e)  is  just  equal  to  the  tractive  effort  Column  (b)  which  on  this  grade  is  32.0  miles 

per  hour  which  is  reached  about  the  time  the  locomotive  starts  up  the  .7  percent  grade. 

In  order  to  determine  whether  or  not  the  momentum  of  the  train  is  sufficient  to 

carry  it  over  the  .7  percent  grade  without  using  a  helper,  it  is  necessary  to  take  account 
of  the  length  of  the  train  and  the  length  of  the  grade.  In  this  case  it  is  assumed  that 
the  train  is  the  same  length  as  the  grade  namely  6,600  feet. 

The  curve  Fig.  4  shows  the  grade  resistance  of  a  train  6,600  feet  long  for  various 

positions  of  the  locomotive  between  mile  post  19.65  and  mile  post  42.4.  At  the  bottom 

of  the  grade  which  is  indicated  by  the  first  line  after  the  blank  space  in  the  speed  dis- 
tance calculations  the  grade  resistance  is  minus  1,274  pounds  since  none  of  the  train  is 

on  the  .7  percent  grade.  When  the  locomotive  reaches  the  top  of  the  grade  which  cor- 
responds to  6,600  feet  the  whole  train  is  on  the  grade  and  the  grade  resistance  amounts 

to  20  X  -7  X  12,740  or  178,360  pounds.  The  grade  resistance  for  any  other  position  of 
the  locomotive  on  the  grades  between  mile  posts  19.65  and  42.4  can  be  read  off  of  the 

chart.    Thus  in  the  third  line  after  the  blank  space  the  grade  resistance  is  shown  as  plus 
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SPEED-TIME   DISTANCE   CALCULATIONS 

WEIGHT    OF   TRAIN   -    12,250  TONS 
WEIGHT   OF   LOCO      -  490  TONS 

12,740   TONS 

MPH 
Tractive 

Effort 

Tractive  Resistance Net 

T.E. 

Accel. 
Time 

Distance 

Remarks Train Grade Total Inl'val Total Int'val Total 

a b c d e f g 

h'
 

1 J k 

10.0 88440 41100 
-1274 

39826 48614 
.0399 

250.5 
1840 Start MP  4.0 

12.5 

86020 40530 47490 .0390 
64.1 1057 

-.005^ 

Grade 
87600 42500 

-1274 
41226 

314.6 2897 
4.548 

15.0 

87070 42430 44540 
.0382 

65.5 
1321 

86530 44900 
-1274 

43525 
380.1 4218 

4.800 

17.5 
85120 44650 40470 .0333 

75.0 

1790 
83700 46950 

-1274 -45676 455.1 
6008 

5.140 

20.0 

81850 46700 35150 .0289 
86.6 2382 

80000 49000 

-1274 
47726 541.7 

8390 5.590 

22.5 

77600 48830 
2877C 

.0237 
105.6 

3292 
75200 51200 

-1274 
49926 647.3 

11682 
6.210 

25.0 
73000 51030 21970 .0181 

138.3 

4820 
70800 53400 

-1274 52126 
785.6 

16502 
7.125 

27.5 
68400 53330 15070 

.0124 

201.4 7760 

66000 55800 
-1274 

54526 
987.0 

24262 
8.595 

30.0 

64150 55730 842C .0069 360.5 15200 

62300 58200 
-1274 

56  926 1347.5 
39462 11.470 

32.0 

60650 57960 2690 
.0022 

950.0 43170 

59000 60280 
-1274 

59c)b0 
2297.5 82632 19.65 

Beg  of  .7^  Grade 

32.0 59000 60280 
-1274 

59000 

30.0 

60650 98600 

-37950 

,0312 
64.1 

2915 

62300 58200 80000 138200 
20.20 

27.5 

64150 
155500 

-91350 

.0750 

33.3 

1405 
66000 55800 117000 172800 

97.4 
4320 20.47 

25.0 

68400 185600 -117200 .0963 
26.0 

1000 70800 53400 145000 198400 123.4 5320 
20.66 

22.5 
73000 207300 -134300 .1103 

22.7 789 

75200 51200 165000 216200 146.1 6109 
20.80 

20.5 

77100 220050 
-142950 

.1175 17.0 537 

79000 49500 178400 227900 
163.1 

6646 

20.91 

20.5 
Cut  in  Booster 

86000 49500 178400 227900 Beg  of  .Z%   Grade 

17.5 

89650 218430 
-128780 

.1060 

28.3 
778 

93300 46950 162000 208950 191.4 
7424 

21.06 

15.0 
95500 199430 

-104930 

.0862 

29.0 

692 97700 44900 1450C0 
i89900 

220.4 
8116 21.19 

12.5 

99350 178700 
-79350 

.0652 

38.3 
774 

101000 42500 125D0C 167500 258.7 8890 21.33 

10.0 

101900 154300 
-52400 

.0431 58.0 956 

102800 41100 100000 141100 316.7 

9846 

21.51 

»-Net  T.E.    required   to  produce   1.0   MPHPS  =    95.5   x   12.740  =1,217,000   lbs. 
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MPH 

Tractive 

Effort 

Tractive  Resistance Net 

T.E. 

Accel. Tine        Distance 

Remarks Train Grade Total Int'val Total Int'val Total 

a b c d e f g h i 0 k 

10.0 102800 41100 100000 141000 316.7 
• 

9646 21.51 

8.2 

103100 123800 
-20700 

.0170 106.0 
1415 

103400 40C0C 63400 103400 422.7 
112ai 21.78 

10.0 

103 IOC 63750 19350 
.0159 113.2 1511 

102800 41100 23000 64100 
535.9 

12772 
22.07 

12.5 

101900 53600 46300 .0397 
63.0 

1040 
101000 42500 600 

43100 
598.9 13612 

22.27 

15.0 

99350 44000 55270 
.0454 

55.1 1111 

97700 44900 
250 45150 654.0 

14923 

22.48 

17.5 

95500 46170 49130 .0404 61.9 
1477 

9330C 46950 
250 

47200 715.9 
16400 

22.76 

20.0 

90150 48500 41650 
.0342 

73.0 2010 

67000 49000 800 49800 768.9 16410 
23.12 

20.0 
Cut  out  Booster 

80000 49000 800 49800 Beg  of  .167^  Grade 

17.5 

81850 69630 
12220 .0100 249.0 6840 

83700 46950 42500 89450 1037.9 25250 24.43 

15.0 
85100 66430 3330 .0027 

914.0 
21800 

86500 44900 42500 87400 1951.9 
47050 

28.55 

14.0 

86750 2290.0 
48782 

87000 44500 4250C 87000 
-0- 

4241.9 
95632 37.80 

14.0 
Beg  of  -.247^. Grade    | 

870C0 4450C 4250C 87CC0 

17.5 

85350 57980 27370 
.0225 

155.6 3600 
83700 46950 -160C0 28950 4397.5 99432 38.45 

20.0 
81650 19980 61870 

.0508 49.2 
1354 

80000 490C0 -36000 
11000 4446.7 1C0786 38.75 

22.5 

77600 1600 76000 .0624 40.0 1247 
75200 51200 

-590C0 
-7800 

4466.7 102033 

36.95  ̂  25.0 

73000 8650 61650 •  0670 37.3 1300 

7080C 5340C 
-629C0 -950C 

4524.0 103333 39.20 

27.5 
58400 

-6300 
76700 

.0630 
39.7 1527 

66000 558C0 
-62900 -7100 

4563.7 104860 
39.50 

30.0 

64150 
-5900 

70050 .0575 43.5 
1635 

62300 582C0 
-62900 -4700 

4607.2 106695 39.85 

32.5 

60150 
-3350 

63500 
.0522 

48.0 
2198 

58000 60900 
-62900 -2000 

4655.2 108693 40.25 

35.0 

56250 

-750 

55500 
.0456 

54.8 
2715 

545C0 63400 
-62900 

500 
4710.0 

111608 40.75 

37.5 

52750 1880 50870 60.6 3232 
5  loco 66150 

-62900 
3250 

4770.6 
114640 

41.40 

0 

192.0 5280 

4962.8 120120 42.40 
« Stop  at  MP  42.4  For  Coal  &  Water 

1       1       1       1 ■ 
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80,000  which  produces  enough  retardation  to  bring  the  speed  from  32.0  miles  per  hour 

down  to  30.0  miles  per  hour  in  a  distance  of  2,915  feet.  It  is  necessary  to  check  the 
grade  resistance  80,000  pounds  to  see  if  it  agrees  with  2,915  feet  on  the  chart.  If  it  does 

not  it  is  necessary  to  assume  some  other  value  of  grade  resistance. 

The  grade  resistances  used  in  the  calculations  between  mile  post  19.65  and  mile  post 
42.4  have  been  obtained  by  trial  and  error  as  indicated  by  the  trial  calculations  which 
follow. 

Make  a  trial  calculation  assuming  90,000  pounds  grade  resistance  corresponds  to  the 
position  of  the  locomotive  when  the  speed  reaches  30  miles  per  hour.  On  this  basis  the 

distance  travelled  amounts  to  2,580  feet.  Plot  the  point  A  corresponding  to  2,580  feet 
and  90,000  pounds  on  the  chart,  Fig.  4,  and  note  that  it  comes  above  the  line.  Make 

another  trial  calculation  assuming  70,000  pounds  grade  resistance  and  note  the  position 
obtained  for  the  locomotive  corresponds  to  3,355  feet.  Plot  the  point  B  corresponding 

to  3,355  feet  and  70,000  pounds  and  note  that  it  comes  below  the  line.  A  straight  line 

connecting  A  and  B  intersects  the  curve  at  approximately  80,000  pounds  using  this  value 

in  the  main  calculations  gives  2,915  feet  which  checks  with  the  chart. 

The  calculations  to  obtain  the  second  point  corresponding  to  27.5  miles  per  hour 
are  made  in  a  similar  manner.  The  first  line  in  the  second  group  of  trial  calculations  is 

the  same  as  the  line  corresponding  to  30  miles  per  hour  in  the  main  calculations.  Assum- 
ing a  grade  resistance  of  120,000  pounds  the  calculated  distance  obtained  is  1,385  feet 

which  added  to  2,915  gives  4,300  feet.  The  point  A  corresponding  to  4,300  feet  and 

120,000  pounds  is  above  the  line  on  the  chart.  Point  B  corresponding  to  4,375  feet  and 
110,000  pounds  comes  below  the  line.  The  correct  assumption  is  found  as  above  to  be 

117,000  pounds  corresponding  to  4,320  feet. 
Other  points  are  found  in  like  manner  except  in  the  fourth  trial  calculations  points 

A  and  B  are  both  above  the  line  on  the  chart.  In  this  case  if  a  grade  resistance  of  less 

than  63,900  pounds  is  assumed  for  B  the  net  tractive  effort  corresponding  to  8.0  miles 

per  hour  becomes  positive  which  means  the  train  will  begin  to  speed  up  instead  of 
slowing  down  hence  the  train  does  not  slow  down  to  8.0  miles  per  hour. 

Another  trial  calculation  is  made  to  determine  the  minimum  speed.  Thus  point  C 

is  computed  based  on  8.5  miles  per  hour  and  63,100  pounds  grade  resistance  which  added 

to  the  train  resistance  just  balances  the  tractive  effort  of  the  locomotive  at  8.5  miles  per 
hour.  Point  C  is  below  the  curve  hence  the  minimum  speed  is  between  8.0  and  8.5 

miles  per  hour,  say  8.2  miles  per  hour  which  occurs  when  the  locomotive  is  opposite  mile 

post  21.78,  assuming  the  locomotive  has  been  working  at  its  rated  capacity  with  the 
booster  cut  in. 

At  this  point  the  calculations  indicate  that  the  train  has  lost  about  93  percent  of  its 
momentum  and  therefore  nearly  on  the  point  of  stalling.  For  this  reason  it  is  customary 

to  provide  a  helper  between  mile  post  15.4  and  mile  post  21.4. 
In  most  cases  it  is  usually  sufficiently  accurate  to  neglect  the  length  of  the  train 

and  thus  avoid  the  necessity  for  making  trial  calculations. 

DYNAMOMETER  CAR  TEST 

For  the  purpose  of  comparing  the  estimated  performance  with  an  actual  dyna- 
mometer car  test  the  calculated  speed  distance  curves  have  been  plotted  in  Fig.  5  together 

with  readings  at  5  minute  intervals  from  the  dynamometer  car  test. 

The  test  was  made  on  a  specially  prepared  locomotive  pulling  a  train  of  156  cars 

including  dynamometer  car  and  caboose  which  weighed  14,042  tons  exclusive  of  the  loco- 
motive. The  computations  are  based  on  a  train  of  about  154  cars  including  caboose 

weighing   12,250  tons,  using  the  Davis  Formulas  for  train  and  locomotive  resistances. 
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TRIAL   CALCOI.ATIONS 

COVERING   1.25   MILES    .1%  GRADE 

MPH 

Tractive 

Effort 

Tractive  Resistance Net 

T.E. 

Accel. Time Disftance 

1 
Train Grade Total Int'val Total Int 'val Total Remarks 

a b c d e f g h i J k 

32.0 59000 60280 -1274 
59000 

30.0 

60650 103600 
-42950 

.0353 56.7 
2580 

6230C 58200 9CCC0 148200 
A 

30.0 

60650 93600 
-32950 

.02?1 
73.8 3355 

62300 582CC 7C00C 128200 B 

30.0 62300 58200 80000 138200 2915 

27.5 

64150 15700C 
-92850 

.0763 
32.8 1385 

66000 55800 120000 175800 
4300 

A 

27.5 
64150 152000 

-87850 

.0722 
34.6 

1460 66000 55800 110000 165800 4375 ,  B 

27.5 66000 55800 117000 172800 
4320 

25.0 

68400 188100 -119700 
.0984 

25.4 
979 

70800 53400 150000 203400 
5299 

A 

25.0 

68400 183100 
-114700 

.0942 

26.5 

1020 
708CG 53400 1400CG 193400 

5340 

B 

* 

-V 

-;s- 

-;:- 

:■ 

10.0 loaeco 41100 103CC0 144100 
9846 

8.0 
103200 13190C 

-287C0 
.0236 

84.8 

1120 103600 397CG eooco 1197C0 10966 A 

6.0 

103200 123850 
-20650 

.0170 
118.0 1560 

1C36CO 39700 63900 103600 -0- 
11406 

B 

10.0 102800 41100 103000 144100 
9846 

8.5 
103000 123650 

-20650 

.0170 
88.5 1200 

103200 4010C 63100 103200 -0- 
11046 

C 
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In  order  to  minimize  the  calculations  an  estimated  equivalent  profile  has  been  used  in 
place  of  the  detail  profile. 

Based  on  these  assumptions  (he  calculated  time  between  mile  post  4.0  and  mile 

post  42.4  is  about  9  minutes  longer  than  obtained  in  test  which  is  equivalent  to  approx- 
imately 8  percent  margin  neglecting  the  difference  in  weight  of  trains. 

No  attempt  has  been  made  to  analyze  the  test  results,  but  it  can  be  assumed  that 

test  conditions  are  generally  more  favorable  than  those  which  can  be  expected  in  practical 

operation.  On  this  basis  the  agreement  between  the  estimated  and  test  performances  is 
as  close  as  can  be  expected  and  still  be  conservative. 

In  other  words  the  above  calculations  indicate  that  the  actual  capacity  of  the 
locomotive  is  about  S700  horsepower. 

Fuel  and  Water  Consumption 

On  the  basis  of  the  above  calculations  the  locomotive  draws  on  its  boiler  for  5650  HP 

for  1.96  hours  which  is  equivalent  to  5650  X  1-96  or  11,074  horsepower  hours.  If  the 

steam  economy  of  the  engine  and  the  efficiency  of  the  boiler  corresponding  to  5650  horse- 
power are  known  then  the  fuel  and  water  consumption  for  the  run  can  be  calculated. 

For  example,  if  it  requires  IS  pounds  steam  (approximately  1,350  BTUs/pound) 
per  horsepower  hour  when  the  locomotive  is  developing  5650  HP  then  the  evaporation 
per  hour  will  amount  to  84,750  pounds  of  water  or  166,110  pounds  (20,000  gallons  nearly 

a  full  tank)  for  the  run  from  mile  post  4  to  mile  post  42.4.  Part  of  the  steam  is  con- 
densed and  recovered  by  the  feedwater  heater  and  used  over  again. 

If  the  heat  content  of  a  pound  of  coal  is  13,500  BTUs  or  10  times  the  BTUs  in  a 
pound  of  steam  then  the  pounds  of  coal  based  on  100  percent  boiler  efficiency  will  amount 

to  iTj  X  166,110  or  16,611  pounds.  Assuming  a  boiler  efficiency  of  75  percent  the  amount 
of  coal  required  will  be  16. 611/. 75  equals  22,150  pounds  which  is  equivalent  to  assuming 

that  1  pound  of  coal  will  evaporate  7.5  pounds  of  water. 

The  above  coal  consumption  is  equivalent  to  11,300  pounds  per  hour  or  92  pounds 

coal  per  square  foot  of  grate  area  per  hour.  If  a  boiler  efficiency  curve  is  available  a 

check  should  be  made  to  ascertain  whether  or  not  the  assumed  boiler  efficiency  corre- 
sponds to  this  rate  of  firing.     If  not,  another  efficiency  should  be  assumed. 

It  is  likewise  necessary  to  make  adjustments  if  the  steam  consumption  correspond- 
ing to  5650  horsepower  is  more  than  15  pounds  per  horsepower  hour  or  if  the  heat  units 

in  the  coal  are  less  than  13,500  BTUs  per  pound.  It  is  also  necessary  to  make  allowances 

for  the  steam  consumption  of  auxiliaries  if  it  is  not  included  in  the  water  rate  assumed 
for  the  engine. 

Horsepower  Output  at  the  Drivers 

The  horsepower  hours  output  at  the  drivers  can  be  obtained  by  dividing  the  total 

foot  pounds  of  work  done  by  1,980,000  (the  foot  pounds  in  1  horsepower  hour).  The 

total  foot  pounds  of  work  done  is  found  by  multiplying  the  distances  in  Column  (j)  by 

the  corresponding  tractive  efforts  in  Column  (b)  and  adding  the  products.  In  this  case 

it  amounts  to  14,970,000,000  foot  pounds  or  7560  horsepower  hours.  The  calculated 
time  the  locomotive  worked  during  the  run  is  1.96  hours  hence  the  average  output  at 
the  drivers  is  7560/1.96  equals  3857  HP. 

Drawbar  Horsepower 

The  drawbar  horsepower  is  equal  to  the  horsepower  output  at  the  drivers  less  the 

power  required  to  accelerate  and  propel  the  locomotive.    The  power  required  to  accel- 
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erate  the  train  less  locomotive  is  proportional  to  the  weight  that  is  in  this  case  12,250/ 
12,740  or  .962  times  3857  equals  3710  HP. 

The  power  required  to  propel  the  locomotive  is  equal  to  the  tractive  resistance  of 

the  locomotive  times  the  speed  divided  by  375.  Or  the  work  done  in  propelling  the  loco- 
motive over  the  profile  is  equal  to  the  total  distance  in  feet  times  the  average  tractive 

resistance  of  the  locomotive.  In  this  case  the  average  tractive  resistance  on  level  track 

at  19  miles  per  hour  is  approximately  1425  pounds.  In  addition  it  is  necessary  to  raise 
the  locomotive  about  80  feet  so  that  the  foot  pounds  of  work  done  is  equal  to  197,500  X 

1425  plus  490  X  2000  X  80  equals  about  360,000,000  foot  pounds  or  182  horsepower 
hours.  Dividing  182  by  1.96  hours  gives  93  horsepower.  Thus  in  this  case  the  drawbar 

horsepower  developed  amounts  to  3710  —  93  equals  3617  which  is  64.0  percent  of  the 
boiler  horsepower. 

The  pounds  of  coal  per  drawbar  horsepower  based  on  the  estimated  coal  consumption 
is  11,300/3617  or  3.12  for  that  portion  of  the  run  between  MP  4  and  MP  42.4. 

In  practice  it  would  be  necessary  to  calculate  the  boiler  output  for  the  entire  run 
both  northbound  and  southbound  and  for  slow  freight  and  fast  freight  trains  in  order 

to  estimate  the  fuel  and  water  consumption  for  the  district,  and  then  add  an  allowance 

for  standby  losses. 
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Appendix  E 

(7)  TRAIN  RESISTANCE  AS  AFFECTED  BY  WEIGHTS  OF  RAIL 

R.  E.  Van  Atta,  Chairman,  Sub-Committee;  F.  D.  Beale,  Richard  Brooke,  S.  B.  Clement, 
J.  M.  Farrin,  C.  H.  R.  Howe,  J.  S.  McBride,  A.  E.  Perlman,  R.  T.  Scholes,  H.  F. 
Schryver,  S.  L.  Wonson. 

This  Committee  made  a  study  of  its  assignment  "Train  Resistance  as  Affected  by 

Weight  of  Rail"  and  made  its  report  at  the  convention  last  year.  The  report  appears  on 
pages  409  to  413,  inclusive,  of  Volume  38,  1937  Proceedings,  the  presentation  remarks 
and  discussion  appearing  on  pages  691  to  694,  inclusive. 

In  presenting  its  report,  the  Committee  felt  that  the  subject  had  been  developed  to 

a  conclusion  which  would  permit  the  application  of  its  findings  to  particular  problems 

by  following  the  methods  shown,  and  therefore  recommended  that  the  report  be  received 
as  information  and  the  subject  dropped. 

Dr.  A.  N.  Talbot,  of  the  University  of  Illinois,  then  suggested  that  further  consider- 
ation be  given  to  the  subject,  with  particular  reference  to  wheel  spacing  and  stiffness  of 

the  sub-structure. 

The  Committee  has  given  attention  to  Dr.  Talbot's  suggestion,  but  feels  that  since 
the  methods  developed  in  its  report  may  be  used  for  any  combination  of  wheel  arrange- 

ment, wheel  loading,  or  degree  of  stiffness  of  sub-structure,  it  is  not  necessary  to  modify 
the  report  as  previously  presented. 

Diagrams  similar  to  those  included  in  the  report  can  be  developed  for  any  particular 
problem  by  following  the  methods  used  by  the  Committee,  which  are  clearly  set  forth 
in  the  report. 

The  Committee  again  recommends  that  the  report  be  received  as  information  and 

the  subject  be  dropped. 

Appendix  F 

(8)  THE  ECONOMIC  LIMIT  OF  THE  MOVEMENT  BY  THE  RAIL- 
WAY OF  FREIGHT  FROM  SHIPPER  TO  RECEIVER,  BY  RAIL, 

BY  HIGHWAY  OR  BY  A  COMBINATION  OF  BOTH 

V.  T.  Boughton,  Chairman,  Sub-Committee;  L.  E.  Dale,  Olive  W.  Dennis,  E.  M.  Hastings, 
E.  E.  Kimball,  F.  H.  McGuigan,  Jr.,  C.  P.  Richmond. 

This  subject  has  been  under  consideration  for  three  years  during  which  time  efforts 
have  been  made  to  determine  what  information  bearing  upon  it  is  available  and  to 

ascertain  whether  recommendations  of  value  to  the  Association  can  be  based  upon  it. 

This  study  has  shown  that  very  little  information  is  available  and  that  what  is 

available  is  of  questionable  value.  Further,  operating  cost  in  the  trucking  industry  are 

in  such  a  state  of  flux  that  it  is  doubtful  whether  unit  cost  figures  having  any  perma- 

nence will  be  available  for  two  or  three  years.  Similarly,  in  the  railway  field  wage  in- 
creases and  other  changes  in  factors  affecting  freight  handling  costs  have  changed  or  are 

changing  the  cost  of  freight  handling  in  terminal  areas.  Recent  developments  in  oil- 
powered  locomotives  promise  further  changes  in  operating  costs. 

In  view  of  these  conditions  it  is  recommended  that  this  subject  be  discontinued  until 

such  time  as  rail  and  motor  transport  costs  are  more  stable. 
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Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subjects: 

(1)  Revision  of  Manual.    Progress  in  study — no  report. 

(2)  Analysis  of  operations  of  railways  that  have  made  marked  progress  in  the 

reduction  of  labor  required  in  maintenance  of  way  work  (Appendix  A) .     Progress  report. 

(3)  Economics  of  methods  of  weed  killing.    Progress  in  study — no  report. 

(4)  Organization  of  forces  and  methods  of  performing  maintenance  of  way  work 
(Appendix  B).    Progress  report. 

(5)  Out-of-face  renewal  of  track  in  view  of  the  increasing  life  of  basic  units  of 
track  construction  (Appendix  C).    Complete  and  presented  as  information. 

(6)  Economies  in  labor  to  be  effected  through  increased  capital  expenditures 
(Appendix  D).    Progress  report. 

(7)  Economies  in  track  labor  to  be  effected  in  the  maintenance  of  joints  by  weld- 

ing and  the  use  of  r affirmed  bars  (Appendix  E).  Complete  and  presented  as  infor- 
mation. 

(8)  Effect  of  recent  developments  in  maintenance  of  way  practices  on  gang  organ- 
ization (such  as  use  of  heavier  rail,  treated  ties  and  labor-saving  devices  which  make 

practicable  small  section  forces,  and  conducting  the  major  part  of  maintenance  work 

with  extra  gangs)    (Appendix  F).    Complete  and  presented  as  information. 

(9)  Comparative  costs  of  maintaining  track  on  various  kinds  of  ballast  (Appendix 
G).    Complete  and  presented  as  information. 

(10)  Meeting  tomorrow's  demands  for  labor  and  supervisory  force  in  competition 
with  other  industry  (Appendix  H).  Complete,  with  recommended  conclusions  for 
publication  in  the  Manual. 

The  Committee  on  Economics  of  Railway  Labor, 

F.  S.  ScHWiNN,  Chairman. 

Bulletin  402,  February,  1938. 
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Appendix  A 

(2)  ANALYSIS  OF  OPERATIONS  OF  RAILWAYS  THAT  HAVE 
MADE  MARKED  PROGRESS  IN  REDUCTION  OF  LABOR 
REQUIRED  IN  MAINTENANCE  OF  WAY  WORK 

H.  A.  Cassil,  Chairman,  Sub-Committee;  Lem  Adams,  A.  L.  Bartlett,  W.  H.  Brameld, 
Elmer  T.  Howson,  C.  R.  Knowles,  J.  B.  Martin,  G.  M.  O'Rourke,  J.  A.  Parant, 
C.  R.  Wright. 

The  preceding  studies  of  this  subject  were  made  on  Eastern  railways,  namely  the 
Lehigh  Valley  Railroad,  reported  on  pages  348  to  353,  inclusive,  of  Volume  36  of  the 

Proceedings,  and  the  Norfolk  &  Western  Railway,  reported  on  pages  356  to  366,  inclu- 
sive, of  Volume  38.  It  was  thought  desirable  by  the  Committee  that  some  Western 

road  should  be  studied  next  and  the  St.  Louis  Southwestern  Lines  were  selected. 

For  the  reasons  set  forth  in  the  report  on  the  Norfolk  &  Western  Railway,  the 

period  1923  to  1936  has  been  considered  in  the  study  of  the  St.  Louis  Southwestern 

Lines.  This  study  is  likewise  complicated  by  reduced  traffic  during  the  depression  years, 
making  it  impracticable  to  segregate  the  effect  of  other  factors.  While  that  feature 

accounts  for  much  of  the  reduction  in  maintenance,  the  evidence  is  conclusive  that  the 

improvements  made  between  1923  and  1930  are  responsible  for  a  very  large  share  of  it. 

By  the  close  of  Federal  Control,  this  property  had  deteriorated  physically  to  such 

an  extent  that  it  was  necessary  to  initiate  an  extensive  program  of  rehabilitation  and 

betterment.  This  program  has  had  a  lasting  effect  in  reducing  maintenance  of  way  labor 

expense. 

In  regard  to  the  condition  of  the  property  when  this  program  was  begun,  W.  S. 
Hanley,  Chief  Engineer,  writes  as  follows: 

"Embankments  were  weak  and  narrow,  due  to  erosion.  The  drainage  of  the  track 
and  roadbed  had  been  given  little  consideration  in  the  past,  ditches  had  been  constructed 
at  the  toe  of  embankments  and  water  pockets  had  developed  in  embankments  at  numer- 

ous places.  The  ballast  section  over  the  entire  line  was  insufficient  to  maintain  econom- 
ically the  track  or  carry  the  traffic  expeditiously.  Practically  all  of  the  gravel  ballast 

used  contained  a  high  percentage  of  clay,  which  made  it  difficult  <to  maintain  good  surface. 

"The  rail  in  the  main  line  was  practically  all  7S-pound,  in  very  poor  condition. 
During  the  War,  due  to  the  scarcity  of  creosote  oil,  the  Federal  Administration  had 
accepted  and  caused  to  be  put  in  the  track  over  two  million  one  hundred  thousand  zinc 
treated  ties.  These  ties  proved  to  have  a  very  short  life.  Due  to  the  absence  of  tie 
plates,  tie  renewals  were  also  augmented,  life  of  ties  shortened  by  wearing  out  mechan- 

ically, and  it  was  difficult  to  maintain  the  track  to  proper  gage.  The  track  was  suffer- 
ing considerably  from  the  effect  of  creeping  rails,  causing  too  much  expansion  at  some 

of  the  joints,  and  creating  a  hazard  of  track  buckling  where  joints  were  excessively  tieht. 
This  creeping  track  also  destroyed  the  bearing  of  the  joint  ties  account  of  slot  spiked 
angle  bars,  adding  greatly  to  the  cost  of  maintenance. 

"At  the  end  of  Federal  Control  a  great  many  pile  trestles  had  reached  the  stage 
where  renewal  was  necessary.  Practically  no  work  had  been  undertaken  of  replacing 
wooden  trestles  of  unnecessary  length  with  permanent  structures.  Many  of  the  culverts 
were  constructed  of  untreated  wood  or  vitrified  clay  pipe,  which  were  rapidly  failing 

under  the  heavy  traffic." 

As  to  the  nature  and  extent  of  the  improvements,  Mr.  Hanley  states: 

"Roadbed. — Embankments  were  restored  and  widened  to  a  20-foot  crown.  Ditches, 
which,  in  most  cases,  had  been  located  at  the  toe  of  embankments,  were  filled  and  re- 

constructed near  the  right-of-way  line,  an  even  slope  being  provided  from  the  toe  of 
embankments  to  the  new  ditch  so  as  to  permit  the  use  of  mowing  machines  in  cutting 
vegetation  on  the  right-of-way.  The  cuts  have  been  ditched  and  widened.  Wet  cuts, 
where  the  material  was  soft  and  heaving,  were  provided  with  tile  drains.  In  embank- 

ments, which  had  developed  water  pockets,  perforated  galvanized  iron  pipe  was  installed. 
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"Ballast.— In  October,  1923,  the  Railroad  Company  opened  up  a  new  gravel  plant 
at  Britton  on  the  Ouachita  River  near  Camden,  Arkansas.  There  is  an  unlimited  quan- 

tity of  good  gravel  deposited  in  large  bars  in  this  river,  which  was  acquired  by  the 

Railroad  Company.  To  date  we  have  unloaded  and  applied  in  main  tracks  approxi- 
mately two  million  cubic  yards  of  gravel.  On  the  extreme  north  end  of  the  railroad, 

north  of  Paragould,  rock  and  gravel  from  commercial  plants  was  applied,  this  being 
more  economical  on  account  of  the  long  haul  from  the  Britton  plant. 

"Rall.— As  of  March  1st,  1920,  there  was  106.70  miles  of  85-pound  rail  in  the  main 
track,  950.02  miles  of  7S-pound  rail,  30.67  miles  of  70-pound  rail,  44.15  miles  of  60-pound 
rail,  395.27  miles  of  56-pound  rail  and  11.91  miles  of  40-pound  rail,  or  a  total  of  1538.72 
miles.  Renewal  with  heavier  rail  was  carried  out  during  the  period  under  consideration, 
so  as  of  December  31,  1936,  there  were  in  the  main  track— 24.61  miles  of  112-pound  rail, 
0.04  of  a  mile  of  110-pound  rail,  1.13  miles  of  90-pound  rail,  779.15  miles  of  85-pound 
rail,  3.46  miles  of  80-pound  rail,  429.29  miles  of  75-pound  rail,  2.97  miles  of  70-pound 
rail,  3.92  miles  of  65-pound  rail,  7.92  miles  of  60-pound  rail,  281.65  miles  of  56-pound 
rail  and  2.16  miles  of  52-pound  rail,  or  a  total  of  1554.24  miles.  The  difference  in  mile- 

age being  accounted  for  by  the  abandonment  of  some  branch  lines  and  the  reconstruction 
and  acquisition  of  additional  branch  lines. 

"The  112-pound  rail  was  laid  in  1936.  You  will  note  that  this  Company  adhered 
to  the  85-pound  ASCE  section  for  a  considerable  period,  because  it  was  felt  that  this 
section  was  less  susceptible  to  transverse  fissure  failures.  The  112-pound  rail  was  pur- 

chased under  a  specification  providing  for  controlled  cooling  with  the  ends  beveled  and 
hardened. 

"Cross  Ties.— An  inventory  as  of  March  1st,  1921,  reflected  a  total  of  6,031,913 
cross  ties  in  track.  Of  this  number  3,607,630,  or  61.3  percent,  were  treated  either  with 
zinc  or  creosote.  As  of  December  31,  1928,  out  of  2,100,000  zinc  treated  ties  which  had 
been  applied  there  remained  142.895,  or  2.4  percent,  of  the  total  ties  in  track. 

"During  the  latter  part  of  1925,  the  policy  of  treating  all  ties  with  70  percent  creo- 
sote and  30  percent  coal  tar  solution  using  the  Rueping  process  was  adopted,  and  since 

1925  the  application  of  untreated  ties  has  been  negligible,  all  ties  being  bored  and  adzed 
before  treatment,  and  fully  tie  plated  when  placed  in  the  track. 

"As  of  December  31.  1936,  there  were  6,271,729  ties  in  our  track,  5:807,682,  or  92.5 
percent,  were  treated  and  464,047,  or  7.5  percent,  were  untreated. 

"Tie  Plates. — At  the  beginning  of  the  period  under  consideration  approximately 
25  percent  of  the  total  number  of  ties  m  track  were  plated.  As  of  December  31,  1936, 
appro.ximately  73  percent  of  the  ties  were  plated. 

"Rail  Anchors. — During  the  period  under  consideration  rail  anchors  were  increased 
from  about  82,000  at  the  beginning  of  ̂ he  period  to  1.200,000. 

"Bridges,  Trestles  &  Culverts.— As  of  December  31,  1922,  there  were  1,884  open 
deck  trestles  aggregating  214,255  feet  in  length  and  229  ballast  deck  trestles  aggregating 
42,963  feet  in  length.  As  of  December  31,  1936,  there  were  1,510  open  deck  trestles 
aggregating  182,819  feet  in  length  and  221  ballast  deck  trestles  aggregating  41,927  feet 
in  length.  During  the  period,  therefore,  there  was  a  total  reduction  of  32,466  linear  feet, 
or  6.i5  miles,  of  wooden  trestle.  This  mileage  of  trestles  was  eliminated  by  the  aban- 

donment of  bridges  or  portions  of  bridges  which  drainage  surveys  indicated  were  no 
longer  required  and  by  the  replacement  of  wooden  trestles  with  other  structures  of 
permanent  construction. 

"In  general,  all  trestles  serving  small  drainage  areas  and  at  which  local  conditions 
permitted  have  been  replaced  with  concrete  pipe  or  corrugated  cast  iron  culverts.  At 
other  trestles  requiring  larger  waterways  or  where  restricted  head  room  or  other  local 

conditions  would  not  permit  the  use  of  pipe  culverts  we  have  used  concrete  boxes  and 

short  steel  spans  on  concrete  abutments.  A  number  of  long  spans  of  light  capacity  were 
replaced  with  heavier  structures  of  modern  design. 

"Grade  and  Line  Revision  Between  Mt.  Pleasant  and  Corsicana,  Texas. — One  of 
the  most  important  improvements  was  the  project  involving  the  line  and  grade  revision 
between  Mt.  Pleasant  and  Corsicana,  a  distance  of  141.2  miles,  in  order  to  provide  a 

satisfactory  route  on  highly  competitive  transcontinental  business  which  had  to  be  moved 
on  fast  and  dependable  schedules. 

"This  project  was  started  in  1928.  This  line  for  the  most  part  was  unballasted,  with 
a  few  stretches  of  cinders  or  sand  or  a  combination  of  both.  Drainage  was  poor,  or  non 
existant.  Most  of  the  bridges  were  wooden  bridges  of  the  open  deck  type.  The  track 
was  laid  with  75-pound  rail,  was  in  poor  condition,  and  the  maxhnum  grades  were  2.0 
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percent  and  curves  of  10  degrees.  Surveys  were  made  to  determine  the  most  economical 
plans  for  the  reduction  of  these  grades,  the  revision  of  the  line  and  drainage,  taking  into 
account  the  topography  of  the  country,  and  the  existing  as  well  as  the  future  volume 
of  traffic. 

"Between  Tyler  and  Mt.  Pleasant,  a  distance  of  65.86  mUes,  the  line  was  completely 
rebuilt.  Only  2.37  miles  remained  unaltered  either  as  to  grade  or  line.  The  aggregate 
curvature  between  Tyler  and  Mt.  Pleasant  was  reduced  from  1901  degrees  to  1599  degrees. 

"In  connection  with  this  work  considerable  excavation  was  necessary.  Between  Mt. 
Pleasant  and  Tyler  723,000  cubic  yards  of  excavation  were  involved;  embankments  re- 

quired 1,523,000  cubic  yards.  Between  Tyler  and  Corsicana  excavation  required  714,000 
cubic  yards  and  fills  required  1,782,000  cubic  yards.  This  work  was  accomplished  with- 

out interfering  with  traffic,  which  was  quite  heavy  at  the  time  this  work  was  undertaken. 
The  grade  between  Mt.  Pleasant  and  Corsicana  is  now  a  virtual  1  percent  in  both  direc- 

tions, and  the  maximum  curvature  about  4  degrees.  This  line  was  laid  with  8S-pound 
ASCE  section  rail  and  ballasted  with  gravel  from  the  Britton  plant." 

The  following  table  shows  the  total  man-hours  expended  in  maintenance  of  way 
and  structure  work  for  the  years  1923  to  1936,  inclusive;  also  the  man-hours  per  mile 
of  track  and  the  ratio  of  those  in  each  year  to  those  of  1923.  It  also  shows  the  revenue 
tons  per  mile  of  road  for  the  same  years  and  the  ratios  to  1923: 

Miles  oj  Track Man-Hours  per  Mile  of Net  Tons  per  Mile  of 
Total Maintained Track Road 

Year Man-Hours Main  &  Siding Man-Hours Ratio  to  1923 Net  Tons Ratio  to  1923 
Percent Percent 

1923.. ..   3,378,012 2104.60 1605 100.0 956,032 
100.0 

1924.. ..   3,809,625 2113.47 1803 112.3 801,029 83.8 
192S.. ..   3,985,710 2119.73 1880 117.1 842,609 88.1 
1926.. ..  4,180,034 2127.50 1965 122.4 846,404 88.5 
1927.. ..   3,889,694 2138.47 1819 113.3 798,658 

83.5 1928.. ..   3,418,175 2121.36 1611 100.4 940,928 98.4 
1929.. ..   3,512,410 2207.81 1591 

99.1 
961,028 100.5 

1930.. ..   2,321,555 2313.28 1004 62.6 889,377 

93.0 1931.. ..    1,498,511 2312.37 648 40.4 672,843 
70.4 

1932.. ..    1,471,376 2309.83 637 39.7 477,079 49.9 
1933.. ..   1,194,488 2277.04 525 

32.7 
533,405 

57.9 

1934.. ..    1,336,303 2145.98 623 38.8 
644,342 67.4 

1935.. ..    1,442,442 2183.62 661 41.2 736,906 77.1 
1936.. ..   2,021,900 2172.08 

931 58.0 728,967 76.3 

Chart  No.  1  shows  that  the  practice  of  using  only  creosoted  ties,  begun  in  1925, 
together  with  their  partial  use  in  preceding  years,  began  to  show  its  effect  in  1929  and 

made  very  low  renewals  possible  in  later  years.  The  increase  to  170  ties  per  mile  in 
1936  was  chiefly  due  to  bringing  up  deferred  maintenance  on  branch  lines  and  side 

tracks.  It  is  not  expected  that  the  low  level  of  renewals  of  1931  to  1935  will  be  main- 

tained, but  it  is  thought  that  renewals  will  eventually  stabilize  at  about  130  ties  per 
mile  per  year. 

Chart  No.  2  shows  that  the  mileage  of  85-pound  and  112-pound  rail  was  doubled 
between  1924  and  1930,  and  the  average  weight  of  rail  in  main  tracks  increased  from 

72.11  pounds  in  1923  to  76.92  pounds  in  1936. 

On  Chart  No.  3,  the  heavy  expenditures  for  grading  in  1928  and  1929  and  for 

ballast  in  1929  and  1930  were  on  account  of  the  grade  and  line  revision  heretofore  men- 
tioned. The  apparently  heavy  expense  for  grading  in  1934  is  misleading,  as  it  represents 

an  adjustment  in  accounts  resulting  from  the  purchase  and  rehabilitation  of  branch  lines 
in  1930. 

Chart  No.  4  shows  the  expenditures  for  rail  and  other  track  materials,  which  were 

heavy  in  1928,  1929  and  1930,  largely  on  account  of  extensive  line  and  grade  revision. 

The  apparently  heavy  expense  in  1934  was  not  incurred  in  that  year,  but  represents  the 

adjustment  in  accounts  mentioned  in  connection  with  Chart  No.  3. 
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Chart  No.  5  shows  the  total  added  investment  in  roadway  accounts;  the  heavy 

expenditures  of  1928,  1929  and  1930  being  largely  on  account  of  grade  and  line  revision. 
Chart  No.  6  shows  that  section  labor  had  begun  to  decrease  in  1927  and  that  it  has 

continued  at  about  one-half  its  former  level  since  1930.  Extra  gang  labor  shows  the 

same  trend,  except  that  it  increased  in  1929  on  account  of  grade  and  line  revision. 
The  decrease  in  man-hours  of  section  foremen  shown  on  Chart  No.  7,  reflects  a 

lengthening  of  sections  which  began  in  1926,  became  general  in  1932  and  1933,  and  will 
be  permanent. 

On  Chart  No.  8  it  will  be  seen  that  the  cost  of  track  laying  and  surfacing  and  of 

roadway  maintenance  declined  from  1925-1926  to  1932,  with  the  exception  of  1929  when 
the  cost  of  track  laying  and  surfacing  went  up  on  account  of  grade  and  line  revision. 

Some  increase  has  occurred  since  1932,  but  in  1936  it  was  still  at  about  one-half  its 
former  level. 

Chart  No.  9  shows  the  cost  of  all  track  maintenance  items. 

On  Chart  No.  10  it  will  be  seen  that  the  M.W.&S.  expense  incidental  to  the  program 

of  improvement  coincided  with  decreasing  revenues.  This  resulted  in  an  increase  of 
M.W.&S.  ratio  from  14.39  in  1923  to  a  peak  of  19.18  in  1927.  After  1927  the  general 
trend  of  this  ratio  was  downward  to  a  low  of  10.67  in  1934,  since  which  time  it  has 

been  increased  to  12.71  in  1936,  due  to  bringing  up  deferred  maintenance. 

From  1923  to  1936  the  speed  of  freight  trains  operating  between  Illmo,  Missouri 
and  Corsicana,  Texas,  the  most  unportant  part  of  the  line,  was  substantially  increased. 
Chart  No.  11  shows  the  average  scheduled  speed  of  freight  trains  each  year  between 
these  points. 

The  rehabilitation  program  described  by  Mr.  Hanley  really  got  under  way  in  1923. 
While  much  of  the  work  was  additional,  a  large  part  of  it  was  chargeable  to  maintenance 

and  the  M.W.&S.  accounts  were  affected  accordingly,  reaching  a  peak  in  1926  until 

extensive  grade  and  line  changes  in  1929  brought  them  to  a  still  higher  figure.  The  effect 

of  these  improvements  in  reducing  labor  began  to  show  in  1927,  as  mentioned  in  describ- 
ing Chart  No.  6.  The  revision  work  brought  about  an  increase  in  extra  gang  labor  in 

1929,  but  the  decline  in  section  labor  was  continuous  to  1931. 

The  outstanding  result  of  this  study  is  to  emphasize  the  effect  on  labor  costs  of  an 

extensive  program  of  rehabilitation  and  betterment  on  a  railroad  where  maintenance  has 
been  deferred.  In  the  course  of  this  program,  better  drainage  was  secured,  the  roadbed 

was  widened,  a  new  and  better  source  of  ballast  was  provided,  the  exclusive  use  of 

creosoted  ties  was  begun,  tie  plates  were  extensively  used,  heavier  rail  was  installed,  and 

extensive  grade  and  line  revisions  were  made,  on  which  high  standards  of  construction 
were  used. 

While  a  large  part  of  the  reduction  in  labor  of  recent  years  was  due,  as  in  the  case 
of  all  other  railroads,  to  lighter  traffic,  and  while  some  of  it  was  doubtless  the  result  of 

other  causes,  the  evidence  is  conclusive  that  a  large  share  of  it  was  made  possible  by  the 
rehabilitation  and  betterment  program,  for  the  latter  had  begun  to  show  its  effect  before 
1929.  While  some  maintenance  expense,  particularly  on  branch  lines  and  sidings,  was 

deferred  during  the  depression,  the  property  as  a  whole  was  reasonably  well  maintained, 
considering  the  dechne  in  traffic;  and  is  being  brought  back  to  normal  without  undue 

expense.  The  improvement  program  will  continue  to  yield  an  excellent  return  on  its 
cost  in  the  form  of  reduced  maintenance  expense,  and  a  very  large  share  of  this  saving 
will  be  in  labor. 

Recommendation 

That  this  report  be  received  as  information  and  the  subject  re-assigned  for  further 
study. 
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3t.  Loots  Southwestern  Railway  Lines 
Cross  Tie.  Renewals  Per  Mile  of  Track 

St. Louis  Southwestern  Railway  Lines 
Miles  MainTrack-SBLb.^  i12Lb.Ra»l 

Average  Weight  of  Rail 
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5t.  Louis  Southwestern  Ra\lwav  Lines 
Added  Capital  Investments, 6y  Years, For 

Ballast   and      I    Grading 

St.  Louis  Southwestern  Railway  Lines 
Added  Capital  Investment, Br  Ye^rs 

Rail  And  OTHtR  Track  Material 
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5t.  Louis  Sootmwe  stern  Railway  Lmcs 
AOOeD   I  NVtSTMENTS- ROADWAY  ACCOOKTS 

St.  Louis  Soothwesterm  Railway  Lines 
ToTAc  Mah  Hours  Sectiox  LAeoRERS  aho  Extra  Crews 

Man  Hours  Per  Mile  of  "njAcK  Sectiom  Laborers  amd  Extra  Crews 
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5t. Louis  Soothwestern  Railway  Lincs 

Total  Man  Hooi^s  5e.ction  and  YARD  Foremen 
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St.  Louis  Southwestern  Railway  L>ne.s 
Track  Laying  and  Surfacing,  and  Roadway  Maintenahce 

Maintenance.  Expense  By  Years 
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St.  Louis  SouTHWESTtRM  Railway  Lines 
Cost  Per  Track  Mile  FqrTrack  Items 

5t.  Louis  Southwestern  Ra»uway  Lines 
M.oF W.% 5. Expense, OpEWATiMS  Revenue, And  M.ofW.%S.  Ratio 
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St.  Loois  SooTHwcsTtRH  Railway  Limes 
AvtRAdE.  Speed  Per  Hour  For  Scheduled  Freight  Trains 

Illmo, MissouRv    lb    CoRSic ANA, Texas 
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Appendix  B 

(4)     ORGANIZATION   OF   FORCES  AND   METHODS   OF   PER- 
FORMING MAINTENANCE  OF  WAY  WORK 

H.  E.  Kirby,  Chairman,  Sub-Committee;  Lem  Adams,  A.  L.  Bartlctt,  F.  J.  Bishop, 
H.  H.  Harsh,  H.  T.  Livingston,  J.  B.  Martin,  J.  S.  McBride,  William  Shea,  R.  L. 
Sims. 

In  the  past  this  Committee  has  presented  several  recommended  organizations  for 

performing  various  railroad  maintenance  operations.  The  latest  in  this  series  was  in 

1936  when  the  subject  of  welding  rail  ends  in  track  by  the  oxy-acetylene  method  was 
discussed.  The  current  report  gives  organization  for  performing  this  work,  by  the  arc 
welding  process. 

The  practice  of  welding,  as  related  to  railroad  track  maintenance  appears  to  be  grow- 
ing in  economic  importance.  It  now  represents  one  of  the  principle  agencies  for  the 

conservation  of  rail.  Although  the  economy  of  such  work  was  demonstrated  previously, 

economic  conditions  during  the  past  few  years  have  accelerated  its  growth.  Increased 

speed  of  traffic  and  heavier  axle  loads,  having  the  effect  of  producing  more  rapid  defor- 
mation of  rail  ends,  have  been  important  factors  in  this  development. 

Any  means  of  restoring  the  ends  of  used  rails  in  track  concerns  this  Sub-Committee 
only  in  relation  to  organization  of  forces  performing  the  work.  It  is  not  within  it? 

province  to  discuss  the  economics  of  the  practice,  nor  to  compare  the  methods  used. 

A  definite  plan  and  program  of  work  is  prerequisite  to  economy.  This  is  true  of 

welding  as  it  is  with  expenditure  for  any  purpose.  That  the  proper  general  perspective 
may  not  be  lacking,  it  is  desirable  that  the  preparation  of  such  a  program  for  a  given 

territory  follow  a  periodic  rail  and  welding  inspection  by  the  Division  Engineer  or  other 

Chief  Maintenance  Officer  on  that  territory.  If  left  entirely  to  local  subordinates  there 
is  a  natural  tendency  to  exaggerate  the  importance  of  localized  conditions. 

This  inspection  will  also  permit  the  maintenance  officer  to  observe  and  consider  the 

importance  of  other  factors  related  to  welding.    Some  of  these  are: 

1.  Track  superstructure;  its  condition  with  respect  to  underhead  wear  of  rail  and 
joint  bars,  low  joints  and  surface-bent  rail,  and 

2.  General  condition  of  roadway;  drainage,  ballast  and  topography. 

The  relation  of  welding  to  other  major  track  work  proposed  should  be  given  thor- 
ough consideration  before  a  definite  program  is  established.  It  is  especially  important 

that  the  welding  be  coordinated  with  plans  for  new  rail  and  track  surfacing.  If  the 

volume  of  these,  particularly  the  new  rail,  can  be  predetermined  with  reasonable  accuracy 

for  more  than  a  year  or  two  in  advance,  it  should  add  further  economy  through  con- 
servation of  work  and  materials. 

Before  welding  is  begun,  the  track  should  be  in  good  line  and  surface.  Work  that 
should  be  performed  in  advance  includes, 

1.  All  necessary  tamping  of  joint  ties. 
2.  Correction  of  all  worn  joint  bar  conditions. 
3.  Track  bolts  tightened  to  uniform  tension,  and 
4.  Ballast  at  joints  cleaned  to  provide  good  drainage. 

For  general  rail  end  welding  by  the  electric  arc  process,  under  average  conditions, 
the  following  organization  is  presented: 
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1  Foreman 
2  Arc  Welders 
1  Preheater  Operator 
2  Surface  Grinder  Operators 
1  Cross  Grinder  Operator  and  Utility  Man 
1  Laborer 

Tills  organization  is  predicated  on  the  use  of  one  double  arc,  constant  potential, 

welding  machine,  two  surface  grinding  machines,  and  one  joint  slotter  or  cross  grinding 
machine.  The  welders  work  on  opposite  rails.  The  preheater  operator  preheats  the 

joints  for  both  welders  and  assists  in  the  removal  of  equipment  from  the  track  upon  the 

approach  of  trains,  thus  permitting  the  welders  to  work  until  necessary  to  clear  for 

traffic.  The  operator  of  the  cross  grinding  machine  slots  the  joints  immediately  after 

welding,  and  also  moves  the  welding  machines  along  progressively  as  necessary.  The 
two  surface  grinders  then  finish  the  joints,  working  one  grinder  on  each  rail. 

An  alternate  method  of  performing  the  final  operation,  which  is  found  desirable  on 

some  roads,  is  to  use  three  surface  grinders,  adding  one  grinder  operator  to  the  personnel 

of  the  gang.  The  surface  grinding  is  then  performed  in  two  operations.  First,  the'  two 
larger  grinders  (about  3  H.P.),  working  on  opposite  rails,  follow  immediately  after  the 

welders  and  grind  the  rough  weld  down  to  a  reasonably  fair  surface.  The  smaller  grind- 
ing machine  is  then  used  on  both  rails  to  shape  the  rail  ends  to  the  desired  surfaces. 

This  method  apparently  has  the  advantages  of  possibly  producing  a  better  job,  and  at 

noon  or  at  the  end  of  the  day's  work,  no  rough  or  high  welds  are  left  for  traffic  to 
pass  over. 

The  laborer  performs  several  miscellaneous  duties.  He  assists  in  flagging  when 

necessary-,  tightens  any  loose  bolts  that  may  be  encountered,  helps  in  handling  the  equip- 
ment, and,  usually  in  connection  with  flagging,  he  paints  the  finished  joints  with  a  metal 

preservative. 

Based  on  the  use  of  the  organization  presented,  it  is  estimated  that  28,000  rail  joints 
can  be  welded  annually. 

It  should  be  emphasized  that  quality  of  workmanship  is  the  most  important  factor 
of  welding.  Adequate  supervision,  then,  is  indispensable  to  this  end.  The  performance 
figure  given  here  is  believed  to  be  reasonably  representative  of  average  conditions,  but 

is  not  to  be  considered  as  absolute,  particularly  as  concerns  the  relative  economy  of 
different  methods  or  agencies  used  in  the  conservation  of  rail. 

Conclusions 

1.  That  welding  rail-ends  should  be  coordinated  with  other  maintenance  operations, 
particularly  with  the  program  for  new  rail  and  surfacing. 

2.  Welding  program  for  a  given  territory  should  be  based  on  knowledge  secured 

from  a  personal  inspection  of  rail  by  the  chief  maintenance  officer  of  that  territory. 

3.  The  work  should  be  well  supervised. 

Your  Committee  has  also  prepared  a  report  on  mechanized  rail  laying  organizations 

as  a  part  of  this  year's  work.  This  report  is  printed  in  Bulletin  398,  October,  1937, 
Volume  39,  page  95. 

Recommendation 

That  this  report  be  received  as  information,  and  the  subject  re-assigned  for  further 
study. 
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Appendix  C 

(5)  OUT-OF-FACE  RENEWALS  OF  TRACK  IN  VIEW  OF  THE 
INCREASING  LIFE  OF  BASIC  UNITS  OF  TRACK  CONSTRUC- 
TION 

G.  M.  Magee,  Chairman,  Sub-Committee;  C.  W.  Baldridge,  W.  H.  Brameld,  K.  H. 
Hanger,  H.  H.  Harsh,  Elmer  T.  Howson,  P.  T.  Robinson,  F.  S.  Schwinn,  Wm.  Shea, 
C.  R.  Wright. 

In  the  report  on  this  assignment  last  year,  a  review  on  foreign  practice  of  renewing 

track  out-of-face  was  presented.  Attention  was  directed  that  the  principal  difference 

between  foreign  and  American  practice  lies  in  out-of-face  renewal  of  ties  abroad  com- 
pared with  spot  renewal  of  ties  in  this  country.  One  principal  advantage  claimed  for  the 

out-of-face  tie  renewal  was  the  benefit  of  having  new  ties  inserted  only  in  main  line 
tracks  thereby  maintaining  a  superior  tie  condition  in  this  important  trackage,  subject 

to  high  speed  movement. 

This  year,  the  Committee  has  collected  information  on  out-of-face  renewal  of  track 
in  this  country.  Available  data  were  very  meager  because  this  method  of  renewal  has 

been  very  little  used.  In  the  construction  of  new  line,  new  track  construction  has  been 

placed  out-of-face,  but  the  newly  graded  roadbed  on  which  it  has  been  supported  does 
not  permit  of  performance  comparison  with  other  stabilized  track. 

On  two  railways,  however,  data  was  available  on  test  installations  of  ordinary  track 

construction  which  had  been  made  by  the  out-of-face  method  of  renewal  for  comparison 

with  GEO  out-of-face  installations  made  at  the  same  time.  The  Engineeis  Main- 
tenance of  Way  on  both  these  roads  have  very  kindly  furnished  information  on  these 

installations  and  given  the  Committee  the  benefit  of  their  opinions  on  this  method  of 

renewal  as  compared  with  the  customary  spot-renewal  method. 

The  Engineer  Maintenance  of  Way  of  Railroad  "A"  advises  as  follows: 

"To  construct  a  mile  of  standard  track  out-of-face  instead  of  by  our  ordinary 
method  of  laying  and  following  up  new  rail  will  require  3,200  instead  of  1,200  ties, 
and  1,600  instead  of  900  cubic  yards  of  ballast.  The  labor  cost  will  be  increased 
by  approximately  $800. 

"To  maintain  the  mile  constructed  out-of-face  will  save  little,  if  anything,  the 
first  two  years.  From  the  third  to  the  twelfth  years,  however,  there  is  a  very  con- 

siderable saving,  amounting,  in  the  ten-year  period,  to  cost  of  at  least  1,600  of  the 
2,000  ties  left  in  track  under  our  ordinary  method;  to  1,000  cubic  yards  of  patch 
ballast,  and  to  not  less  than  $1,000  for  labor. 

"My  own  conviction  is  that  our  usual  method  of  laying  and  following  up  new 
rail  is,  over  a  period  of  years,  probably  more  economical  than  out-of-face  construc- 

tion.   To  illustrate: 

"Increase  in  first  cost: 
2,000  creosoted  ties  at  $1.20    $2,400 
700  cubic  yards  rock  ballast  at  $1.00    700 
Increased  labor  cost    800 

$3,900 

"Saving  in  maintenance,  3rd  to  12th  years: 
1,600  creosoted  ties  at  $1.20     $1,920 
1,000  cubic  yards  ballast  at  $1.00        1,000 
Less  labor  cost        1,000 

$3,920" 
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The  Engineer  Maintenance  of  Way  of  Railroad  "B"  advises  as  follows: 

"The  test  mile  of  standard  track  in  our  northward  main  between  MP  310  and 
MP  311  was  laid  with  all  new  materials  out-of-face.    A  description  of  it  follows: 

Road  Bed 
Two  tracks 

Embankment  3080  feet — Maximum  28  feet — Crown — Slope  1^-1 
Cut  2200  feet— Maximum  22  feet — Bottom  44  feet— Slope  2-1 

Material 
Sandy  Clay 

Drainage 
Good 
Cuts  tiled  6392  feet— 6  inch  tile 

Irregularities 
Cut  north  end  north  300  feet  inclined  to  slide  both  sides 
Fill — south  end  has  80  feet  soft  track 
Neither  places  caused  but  little  trouble  past  5  years 
Alinement  _ 

Tangent 

Grade — Northward 
1900  feet — Descending  grade,  max.  0.271  percent 
480  feet— Level 

2900  feet — Ascending  grade,  max.  0.767  percent 
Road  Crossings 

2  farm  crossings 
Culverts 

1-50  feet— 30  inch  CLP. 
2 — 96  feet —  8  foot  Arches 

Track  Construction 

Rail 
110-lb.  RE  rail  section 

Joints 

Oil  treated  rail  joint,  24  inches  long  4  holes,  weight  69  pounds 
Bolts 

ItV  X  5^  oil  treated,  weight  2.17  pounds 
Nutlocks 

Verona  rail  springs  2J4  X  ̂   X  9J^,  weight  1.75  pounds 
Tie  Plates 

Sellers — canted  1-40 
Intermediate  ly^  X  10>^  X  §f,  weight  11.46  pounds 
Joint  7^  X  11J4  X  §i,  weight  12.40  pounds 

Spikes 
^A  X  H  X  Sl4  inch,  weight  .75  pound 

Rail  Anchors 

Fair,  12  to  39-foot  rail   1625  per  mile 
In  1930  number  increased     636 

Total  per  Mile     2261 
Ties 

7  X  9  X  8J^  bored  and  adzed  hardwood,  creosote  treated 
23  ties  per  39-foot  rail — 3114  per  mile 

Ballast 

Crushed  rock       34  cars  applied  1400  yards 
In  1930  additional        8    "  "         320      " 
In  1935  additional        5    "  "         200      " 

Total       1920      " 
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"The  manner  in  which  the  work  was  done  is  described  below  in  the  order  of 
performance. 

Construction 

Work  done:     March  and  April,  1929. 
1.  New  rail  laid. 

2.  Track  stripped  to  bottom  of  tie,  old  ballast  used  on  shoulder. 

3.  Ties  renewed  out-of-face. 
4.  Track  surfaced  and  dressed  new  ballast  3  inch  raise. 

"The  man-hours  required  for  this  out-of-face  renewal  of  one  test  mile  were: 
Distributwg  RaU           142  hours 

Removing  Old  Rail 

Pulling  spikes     127  hours 
Removing  plates,  spikes,  etc    160 
Unbolting  old  rail    85 
Loading  old  rail  and  material      216  568  hours 

Laying  New  Rail     . 
Adzing       31  hours 
Laying  rail       71 
Applying  joints       148 
Spiking       203 
Oiling  joints      75 
Bonding  rail      65                   593  hours     1303  hours 

Surfacing,  etc. 

Distributing   ties       146  hours 
Stripping  track     1617 
Applying  ties      735 
Loading  old  ties       200 
Unloading   ballast       88 
Surfacing,  dressing,  etc    3585                 6371                6371 

Flagging  Trains           118 

Total          7792  hours 

"The  man-hours  required  for  the  renewal  of  rail  out-of-face  with  spot  renewal 
of  ties  during  surfacing,  as  is  the  general  American  practice,  is  presented  below.  These 

values  are  the  result  of  several  years'  record  of  man-hour  requirements  for  each  step 
or  activity  in  the  relaying  and  resurfacing  of  many  miles  of  track. 

Rail 

Distributing  rail    188  hours 
Laying  rail       1025 
Uncoupling  old  rails     272 
Loading  old  rail       164 
Applying  anchors    6 
Applying  tie  plates    37                 1692  hours 

Surfacing,  etc. 

Ties,  320,  installing          180  hours 
Ties,  distributing           14 
Ballast,  distributing  12  cars           24 
Surfacing  track       1096 
Dressing  track         367  1681  hours     3373  hours 

"Our  records  indicate  that  during  several  years  past,  in  making  the  average  tie 
application  during  out-of-face  surfacing,  an  average  of  320  ties  per  mile  were  renewed. 
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"An  outline  or  description  of  the  maintenance  work  done  on  the  test  mile  by 
years  since  it  was  laid  is  presented  below: 

1929— None 
1930 — Resurfaced — 320  yards  new  ballast  applied 

ties  spaced 
636  additional  anchors  applied 

1931 — Ordinary  repairs — 96  joints  built  up  by  welding 
1932 — Ordinary  repairs 

1933— 
1934 —       "  " 
1930 — Resurfaced — 320  yards  new  ballast  applied 

"Maintenance  hours  on  mile  310  to  311 — track  renewal  out-of-face: 
1929 — Maintenance    None 

1930— 
1931— 
1932— 
1933— 
1934— 
1935— 

Total,  7  Years       3835 
Average  per  Year        549 

"Estimating  life  of  out-of-face  track  to  be  25  years,  there  will  be  an  annual 
charge  of  construction  hours  7792  divided  by  25  years  or  312  Annual  Man-Hours 
Maintaining  Out-of-Face  Track. 

Maintenance          549  hours 
4  percent  construction         312 

Total          861 

"The  following  statement  shows  the  man-hours  used  in  maintaining  track  not 
laid  in  its  entirety  out-of-face,  with  no  deductions  made  for  surfacing  or  other  major 
operations,  including  rail  laying: 

MAINTENANCE  MAN-HOURS  ON  SIMILAR  TRACK  MAINTENANCE 
SPOT  RENEWALS 

Equated  Total  Man-Hours 
Year                                                   Mileage  Man-Hours  per  Mile 
1929       136.29  269,259  1975.63 
1930        171.76  154,212  897.83 
1931       171.76  97,905  570.01 
1932       171.76  54,132  315.16 
1933       171.76  64,383  374.84 
1934       225.75  78,102  345.97 
1935      225.75  82,802  366.78 

Total      1274.83  800,795  4846.22 
Average     182.12  114,399  692.32 

"This  indicates  that  so  far  the  test  mile  laid  out-of-face  with  new  materials 
throughout  has  cost  168.68  man-hours  more  than  the  maintenance  of  track  laid  by 
the  American  method. 

"It  is  our  opinion  we  may  find  it  necessary  to  commence  renewing  ties  in  the 
test  mile  .after  15  years  have  passed,  and  that  all  will  have  been  renewed  at  the  end 
of  25  years,  when  new  rail  will  very  probably  be  required. 

"With  closer  inspection,  improved  treatment  and  better  distribution  of  cross  ties, 
we  are  justified  in  feehng  that  we  may  expect  25  to  30  years  life  out  of  those  we 
use  in  ordinary  renewals.    Improved  drainage,  ballast  and  heavier  rail  will  tend  to 
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retard  any  material  increase  in  man-hours  required  even  though  there  is  a  marked 
increase  in  traffic. 

"Therefore,  it  is  our  opinion  that  a  differential  in  favor  of  the  American  method 
will  continue  throughout  the  life  expectancy  of  the  test  mile." 

It  will  be  noted  that  in  the  method  of  out-of-face  renewal  used  by  Railroad  "B", 
the  rail  was  first  laid  on  the  old  ties  and  then  the  old  ties  were  replaced  with  new  ties. 

This  duplication  of  work  obviously  results  in  increased  cost  which  could  be  avoided  if 
the  track  could  be  taken  out  of  service  to  make  the  renewal  of  material.  Elimination  of 

this  cost  would  reduce  the  average  man-hour  performance  cost  from  861  man-hours  per 
year  to  approximately  821  man-hours. 

Analysis  of  accompanying  data  furnished  by  Railroad  "B"  with  reference  to  the 
average  man-hour  requirement  of  692.32  man-hours  per  mile  indicates  that  for  the 

7-year  period  shown  the  spot  renewal  of  materials  would  not  replace  the  mileage 
throughout  in  a  2S-year  period.  An  average  of  4.07  miles  of  rail  per  year  was  replaced 
on  the  182.12  mile  district,  and  83  ties  per  mile  per  year  were  replaced.  The  track  was 

resurfaced  out-of-face  an  average  of  every  6.4  years.  If  correction  were  made  for  com- 
plete rail  and  tie  replacement  within  the  25  year  period  in  the  spot  renewal  costs,  the 

following  man-hours  per  mile  would  be  added: 

Relaying  rail     237  man-hours 
Renewing  ties        25     "        " 

262      " 

Man-hours  actually  spent   
 

692 

Total      954     " 
For  out-of-face  renewal  on  test  mile     861      "        " 

No  correction  is  made  in  the  above  for  out-of-face  surfacing  which  was  performed 
on  the  test  mile  an  average  of  every  2.33  years  as  compared  with  every  6.4  years  in  the 

spot-renewal  cost. 

On  another  railway,  which  will  be  referred  to  as  Railroad  "C",  experimental  installa- 
tions of  out-of-face  tie  renewals  were  started  in  1908  and  a  few  miles  were  installed 

annually  up  to  1913,  at  which  time  a  total  of  40  miles  of  track  had  been  placed  with 
out-of-face  tie  renewals.  For  a  few  years  ending  with  1923  such  limited  number  of 

treated  ties  as  were  applied  were  usually  installed  out-of-face.  Excepting  these  installa- 

tions, the  remaining  tie  renewals  were  made  by  the  customary  spot-renewal  method. 

Railroad  "C"  was  unable  to  furnish  any  definite  cost  comparisons.  The  out-of-face 
renewal  method  evidently  did  not  offer  sufficient  apparent  merit  to  justify  more  extensive 
use.    The  Chief  Engineer  of  this  railway  advises  as  follows: 

"As  to  my  personal  views,  will  say  that  I  have  at  no  time  been  heartily  in  favor  of 
the  out-of-face  tie  renewals.  Now  that  the  ties  in  our  tracks  are  nearing  100  percent 

treated,  I  am  of  the  firm  opinion  that  the  method  would  be  inadvisable." 
It  is  difficult  to  obtain  a  comparison  of  the  relative  advantages  of  renewing  ties 

out-of-face  with  the  spot-renewal  method  from  actual  service  performance.  It  is  espe- 
cially difficult  to  obtain  such  a  comparison  which  has  not  been  influenced  by  other 

factors  than  those  it  is  desired  to  compare.  A  theoretical  analysis  of  the  relative  econ- 
omies of  the  two  methods  of  tie  renewals  is  of  some  advantage  in  determining  their 

respective  merits. 

There  are  three  apparent  advantages  in  the  out-of-face  renewal  method.  The  first 
is  that  new  ties  can  be  placed  in  conjunction  with  rail  laying,  particularly  on  multiple 

track  lines,  much  more  cheaply  than  they  can  be  "dug  in".  In  this  process,  the  old  rail 
is  removed,  the  old  ties  pulled  out,  ballast  levelled  off,  rolled  if  desired,  new  ties  laid, 
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new  rail  laid  and  spiked,  ballast  applied,  and  track  surfaced  and  dressed.  The  cost  of 
pulling  spikes,  digging  out  the  old  tie,  spiking  the  new  tie,  tamping,  and  dressing,  is 

therefore  eliminated  as  this  work  is  done  in  the  rail  relay  and  surfacing  with  no  added 

cost  for  the  renewals.  The  cost  of  renewing  ties  by  this  method  may  therefore  be 
estimated  as  follows: 

Labor       $0.10 
Material          1.50 

Total— per  tie      $1.60 

For  the  spot  renewal  method,  in  which  the  ties  are  dug  in,  the  estimated  cost  of 
renewal  is: 

Labor       $0.40 
Material         1.50 

Total— per  tie      $1.90 

For  renewal  in  secondary  tracks  with  lighter  ballast,  spot  renewal  of  ties  may  be 
estimated  at  $1.80. 

The  second  advantage  in  out-of-face  renewal  of  ties  is  that  a  longer  serviceable  life 
of  ties  may  be  obtained.  Mechanical  wear  is  the  principal  destructive  agent  of  ties  in 
main  line.  In  secondary  tracks,  traffic  is  usually  so  light  that  mechanical  wear  is  of  little 

consequence.  Therefore,  ties  have  a  longer  service  life  in  secondary  than  in  main  tracks, 

and  by  using  ties  in  main  track  until  they  are  mechanically  worn  to  a  lesser  extent, 

removing  them  out-of-face  and  placing  them  in  secondary  trackage,  the  service  life  of 
the  tie  may  be  considerably  extended. 

The  third  advantage  is  that  the  main  line  tie  condition  will  be  superior  to  that 
obtained  in  the  spot  renewal  system. 

Apparent  disadvantages  in  the  out-of-face  renewal  system  are  the  labor  cost  of 
placing  the  tie  in  secondary  track  after  releasing  it  from  the  main  line,  and  some  loss  in 

service  life  of  ties  removed  from  main  track  which  do  not  have  sufficient  additional  years 
of  life  to  justify  their  reuse. 

To  illustrate  the  relative  economies  of  the  two  methods  of  tie  renewals,  assume  that 

a  railroad  has  80  percent  as  much  secondary  track  as  main  track  mileage;  that  rail  lasts 

20  years  in  main  track;  ties,  20  years  in  main  track  and  30  years  in  secondary  tracks. 

There  will  be  no  difference  in  the  cost  of  rail  renewals  and  surfacing  which  will  be 

handled  the  same  by  both  methods  and  need  not  therefore  be  included  in  the  comparative 
costs. 

In  the  spot  renewal  method  it  is  contemplated  that  ties  will  be  "dug  in"  only  as 
required  in  main  and  secondary  tracks. 

In  the  out-of-face  renewal  method,  it  is  assumed  that  each  20  years  the  main  track 
will  be  renewed  out-of-face  including  rail  and  ties,  and  resurfaced.  Spot  renewals  in 
main  track  will  be  made  during  the  20-year  period  as  required.  The  tie  renewal  curves 
prepared  by  W.  F.  Goltra  (Railway  Age,  Aug.  15,  1925)  are  used  to  determine  the  spot 

renewals  required,  and  the  serviceable  tie  years  remaining  in  the  salvaged  ties.  It  is 
further  assumed  that  no  ties  will  be  salvaged  which  will  not  give  a  service  life  of  six 

years  in  secondary  tracks.  It  is  also  assumed  that  the  serviceable  tie  years  salvaged 

(based  on  20-year  life  in  main  track)  will  be  increased  SO  percent  due  to  placing  them 
in  secondary  track. 

On  this  basis  the  comparisons  may  be  prepared  as  follows: 
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SPOT  RENEWAL  METHOD 

Average  life  of  ties  in  main  track          20  years 
Average  number  of  renewals  in  main  track  per  mile  per  year  (3200  ties 

per  mile)          160 
Average  cost  of  main  track  renewals  per  mile  per  year  @  $1.90  each 

(digging  in)      .'     $304. 
Average  life  of  ties  in  secondary  tracks          30  years 
Average  number  of  renewals  in  secondary  track  per  mile  per  year  (3000 

ties  per  mile)          100 
Average  number  of  secondary  track  renewals  per  mile  of  main  track  per 

year           80 
Average  cost  of  secondary  track  renewals  per  mile  of  main  track  per  year 

@  $1.80  each  (digging  in)        $144. 
Total   cost  of  main  and  secondary  track  tie  renewals  per  mile   of  main 

track  per  year     $448. 

OUT-OF-FACE  RENEWAL  METHOD 

Si  percent  of  ties  renewed  in  main  line  in  19  years  = 
1632  ^   ,, 

-jTT-  X  $1-90  each  (digging  in)      $155.  per  mile 

per  year 100  percent  of  ties  renewed  in  main  line  at  20th  year  =z 
3200 

-^  X  $1-60  each  (out-of-face  renewal)        $256.     "      " 
Serviceable  tie  years  of  original  installation  of  new  ties  =: 

800  ties  (7680  tie-years)  per  mile  of  main  track 

Serviceable  tie  years  of  ties  spotted  in  during  20-year  period  = 
1525  ties  (23,760  tie-years) 

Total  ties  salvaged  =  232S. 

Serviceable  life  (increased  50  percent  in  secondary  tracks)  =  47,160  tie-years 
Average  life  =  20.3  years 

Tie  years  required  for  secondary  track  renewals  per  mile  of  main  line  in 
the  20-year  period  = 

3000  X  80  percent  X  20  =  48,000  tie-years 
Cost  of  secondary  track  renewals  per  mile  of  main  track  per  year: 

Reused  ties: 
2325 

—^  X  $0.30  each  (diggmg  m)       $  35. 
New  ties: 

48,000  —  47,160 

  J5-X15   =  1-6  X  $1.80-  _^ 
Total  tie  renewal  cost   for  main  line  and  secondary   tracks  per  mile   of 

main  track  per  year  =:  $449. 

The  above  comparison  indicates  that  no  saving  can  be  effected  in  tie  renewal  cost 

by  the  out-of-face  method.  The  principal  advantage,  then  of  this  method  is  that  it 
affords  a  better  tie  condition  in  main  line  track  for  high  speed  movement,  but  with 

attendant  sacrifice  in  the  tie  condition  of  secondary  trackage. 

Attention  is  directed  to  the  fact  that  in  the  foregoing  analysis,  assumptions  were  of 

necessity  made  which  are  subject  to  question.  Had  other  assumptions  been  made  in  their 
stead  they  would  likewise  be  subject  to  question.  The  analysis  is  offered  as  a  matter 

of  interest,  information,  and  guide  to  judgment  rather  than  as  a  mathematical  proof 
for  solution  of  the  problem. 
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With  respect  to  interest  charges  involved,  it  will  be  noted  in  the  above  comparisons 

that  substantially  the  same  number  of  new  ties  will  be  purchased  each  year.  The  in- 
creased life  of  salvaged  ties  placed  in  secondary  tracks  is  offset  by  service  life  lost  in 

those  main  line  ties  which  when  removed  have  less  than  six  years  remaining  life  and 

therefore  are  not  salvaged.  It  will  also  be  noted  that  the  annual  labor  costs  for  renewals 
for  each  method  are  substantially  the  same.  The  savings  in  original  placement  at  the 

time  of  rail  renewal  is  offset  by  the  additional  cost  of  replacing  the  salvaged  tie  in 
secondary  track.  The  total  investment  for  either  method  is  the  same  and  assuming  that 

either  method  has  been  in  use  for  some  time,  no  interest  charge  would  properly  be 
involved. 

In  the  transition  period  from  the  spot  renewal  to  the  out-of-face  renewal  method, 
and  for  the  tie  life  as  assumed,  5  percent  of  the  main  line  mileage  would  be  replaced 

each  year  and  the  salvaged  ties  reused  for  secondary  and  remaining  main  line  spot  re- 
newals. This  would  require  a  small  increase  in  the  tie  allotment  and  expenditure  and  an 

additional  labor  cost  for  placing  the  ties  in  that  portion  of  the  trackage  which  would  be 

laid  out-of-face.  Interest  should  properly  be  charged  on  this  increased  investment. 
However,  the  above  comparison  indicates  no  saving  for  the  out-of-face  method,  even 
neglecting  the  interest  cost  during  this  transition  period. 

Should  the  rail  life  be  only  IS  years  or  10  years,  as  on  he  ivy  traffic  lines,  it  is  prob- 
able that  more  ties  would  be  released  from  main  track  than  would  be  required  for 

secondary  track  renewals  and  the  comparison  would  be  even  more  favorable  to  the  spot- 
renewal  method. 

For  most  efficient  use  of  the  out-of-face  tie  renewal,  a  systematic  program  is  neces- 
sary from  year  to  year.  From  a  practical  standpoint,  this  would  not  well  fit  in  with 

variations  in  rail  renewal  requirements,  which  vary  almost  directly  with  traffic  volume. 

This  applies  not  only  to  the  variation  in  traffic  over  different  portions  of  any  individual 

railway,  but  also  to  variation  in  traffic  volume  from  year  to  year. 

Consideration  must  also  be  given  to  the  present  practice  of  usinj;  the  smaller  ties 

which  are  produced,  in  secondary  trackage.  Should  all  new  ties  purchased  be  limited 
to  those  suitable  for  main  line  use,  the  cost  of  tie  production  would  be  r.dversely  affected. 

Conclusions 

1.  Under  conditions  now  existing  on  American  railroads,  both  practical  experience 

and  theoretical  analysis  indicate  that  no  economy  will  be  effected  by  out-of-face  renewal 
of  ties. 

Recommendation 

The  Committee  submits  this  report  as  information  and  recommends  the  subject  be 
discontinued. 
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Appendix  D 

(6)     ECONOMIES   IN  LABOR  TO   BE   EFFECTED   THROUGH 
INCREASED  CAPITAL  EXPENDITURES 

G.  M.  O'Rourke,  Chairman,  Sub-Committee;  L.  L.  Adams,  H.  A.  Cassil,  W.  S.  Hanley, 
H.  T.  Livingston,  J.  S.  McBride,  J.  A.  Parant,  A.  E.  Perlman,  F.  H.  Rothe,  H.  M. 
Stout. 

In  the  report  submitted  last  year,  your  Committee  informed  the  Association  of  the 
difficulty  experienced  in  securing  facts  and  requested  that  a  check  be  made  of  the  savings 

of  typical  projects  after  they  had  been  completed  for  a  sufficient  length  of  time,  or  sav- 
ings realized  from  expenditures  for  labor  saving  machinery,  and  the  facts  be  given  the 

Committee. 

Early  this  year,  using  last  year's  report  as  a  reference,  a  questionnaire  was  prepared 
and  submitted  to  the  respective  carriers  of  the  country  in  an  effort  to  secure  specific 
data  for  a  continuation.    The  results  have  been  very  unsatisfactory. 

Your  Committee  made  an  effort  to  study  first  the  effect  of  increased  capital  ex- 
penditures on  track  labor  because  approximately  one-quarter  of  our  labor  expense  goes 

for  track  laying  and  surfacing,  and  later  consider  bridge,  building,  water  service,  signal 
and  other  maintenance  of  way  and  structures  labor. 

Typical  of  replies  to  the  questionnaire  on  the  subject  is  the  one  quoted  below  from 
the  Engineer  Maintenance  of  Way  of  one  of  the  largest  railroads  in  the  country. 

"While  undoubtedly  great  economy  in  labor  has  been  effected  through  capital 
expenditures  for  improvements  in  roadbed,  such  as  you  mention,  that  is,  more  and 
better  ballast,  treated  ties,  heavier  rail,  labor-saving  machinery,  etc.,  and  while  we 
all  know  this  quite  definitely  in  our  own  mind,  we  do  not  have  any  data  or  figures 
of  any  kind  that  could  be  used  so  far  as  I  can  see  to  back  up  this  opinion.  If  com- 

parison of  man-hours  worked,  for  instance  at  the  present  time  were  made  with  man- 
hours  worked  a  number  of  years  ago,  a  great  decrease  would  be  found  and  during 
this  period  many  of  the  factors  mentioned  above  have  become  effective  in  making 
it  possible  to  maintain  tracks  to  the  desired  standard  with  greatly  reduced  labor. 
The  same  thing,  of  course,  would  be  found  if  comparison  were  made  with  say  the 
force  being  worked  in  1929,  yet  I  think  we  would  not  argue  that  there  has  been 
very  much  of  an  advance  along  the  lines  suggested  in  the  way  of  capital  investment 
that  would  account  for  this  decrease." 

Therefore,  to  be  able  to  report  anything  of  interest  to  the  Association  thus  year 
other  capital  expenditures  that  have  resulted  in  economies  because  of  labor  laid  off  had 
to  be  considered. 

One  road  in  Texas  reports  on  economies  resulting  from  driving  poles  to  support  a 
settling  embankment  V/2  miles  long. 

This  cut-off  was  constructed  about  17  years  ago  to  eliminate  sharp  curvature  on  the 
old  line.  The  embankment  is  about  S  feet  high  and  the  country  around  it  was  swampy 

at  the  time  of  construction  but  was  afterwards  drained  by  large  ditches  constructed  by 
the  County. 

Prior  to  the  construction  of  drainage,  and  afterwards,  it  was  necessary  to  keep  three 
men  and  an  assistant  foreman  on  this  1^  mile  the  year  through  and  even  with  this  force 

the  track  was  rough  and  was  protected  with  a  25  mile  slow  order.  It  was  necessary  to 

use  three  cars  of  ballast  per  month,  or  36  cars  per  year,  on  this  1^  mile.  The  annual 
cost  was: 

Labor    $2,740.00 
Ballast        1,800.00 

Total      $4,540.00 
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To  cure  this  they  drove  11,000  iS-foot  poles  at  a  cost  of  $5,500.00.    Since  this  work 
was  done  18  months  ago  they  have  spent: 

Labor     $270.00 
Ballast       000.00 

Total     $270.00 

They  estimate  that  the  savings  on  the  investment  will  average  not  less  than  75 

percent  annually  for  many  years.  In  their  opinion,  it  would  have  taken  at  least  15  years 
to  have  secured  a  reasonably  solidified  embankment  had  the  corrective  measures  above 
described  not  been  carried  out. 

Considered  from  a  labor  standpoint  alone  and  ignoring  the  economies  in  ballast  as 
well  as  other  economies  resulting  from  eliminating  damage  to  ties  and  rails,  the  annual 

saving  will  be  not  less  than  $2400  as  a  result  of  an  expenditure  of  $5500. 

This  same  road  submits  the  following  report  of  labor  economies  resulting  from  the 

use  of  bolt  tightening  machines: 
Four  machines  were  purchased  y/z  years  ago.  These  have  been  placed  in  service 

for  the  purpose  of  maintaining  proper  bolt  condition  on  primary  main  lines.  The  four 
machines  cost  about  $5,600.00  at  the  time  of  purchase. 

The  machines  were  operated  in  tandem,  using  an  operator  and  helper  on  each 

machine.  Section  gangs  were  relieved  of  the  duty  of  out-of-face  bolt  tightening.  Each 
pair  of  machines  average  3^  miles  per  day  when  tightening  bolts,  the  cost  approximating 
2.4  cents  per  joint  of  four  bolts.  The  average  cost  of  hand  tightening  was  about  8  cents 

per  joint,  machines  thereby  resulting  in  a  saving  of  5.6  cents  per  joint,  or  approximately 

$30.00  per  mile. 

They  confine  bolt  tightening  to  the  warm  summer  months  and  assuming  approx- 
imately 150  working  days,  one  pair  of  machines  can  cover  500  miles  in  a  season.  The 

practice  has  been  to  cover  all  primary  main  lines  at  least  once  annually  for  a  thorough 
retightening  of  bolts.  The  labor  saving,  therefore,  has  amounted  to  in  excess  of 

$15,000.00  per  year  on  an  investment  of  $2,800.00,  or  $30,000.00  per  year  on  the  total 
investment  of  $5,600.00. 

Another  railroad  in  the  central  west  submitted  reports  on  similar  capital  expendi- 
tures.   Scrap  steel  rail  piling  was  driven  in  soft  spots  with  results  shown  below: 

Feet  Maintenance        Percent    Maintenance 

Year 

1933   
1934   
1936   

Track 
Before 

of 

Since Driven Cost Installation Cost Installation 

556 
$4,066.37 $1,200.00  per  year 29 None 

1100 
4,500.00 1,000.00    "      " 

22 
None 

594 1,949.72 
2,393.28     "       " 

122 
Smoothing  in  May. 
1937,  $1.32 

135 755.79 
240.00     "       " 

32 None 

That  railroad's  experience  with  power  track  wrenches  is  described  as  follows: 
They  now  have  10  in  service,  having  purchased  6  last  year  and  4  this  year.    Two 

machines  operating  together  were  tested  during  a  4-month  period  with  results  as  follows: 

Joints  tightened     107581 
Cost,  labor,  supervision,  supplies     $2496.65 
Cost  per  joint     .0232 
Estimate  cost  per  joint,  hand     .0300 
Saving  per  joint     .0068 
Saving  per  year,  1  machine     1097.67 
Less  depreciation,  interest  and  repairs    175.00 

Net  saving  per  year  per  wrench   "    $  922.67 
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The  same  railroad  reports  the  following  on  power  mowinp:  machines: 

Labor,  supervision      ?  700.51 
Supplies             57.63 

Total  cost       $  758.14 
Miles  cut           745 
Cost  per  mile      $      1 .02 
Interest,  repairs,  depreciation,  per  mile      .42 
Actual  cost  per  mile      1 .50 
Estimated  cost  by  hand  per  mile     8.56 
Saving  per  mile  per  machine     7.06 
Saving  per  machine  per  year  (745  miles)       $5259.70 

Power  Drills — Gas  Driven: 
Test: 

1839  holes  drilled  cost     $  212.76 
Cost  per  hole       .115 
Cost  per  hole  by  hand,  estimated      .320 
Saving  per  hole       .205 
Saving  per  year   (2500)            512.50 
Less  interest,  depreciation,  repairs             90.00 

Net  saving  per  year     $  422.50 

Another  carrier  reports  savings  due  to  elimination  of  labor  by  installing  automatic 

pumping  plants  in  place  of  manually-operated  plants.  Three  such  cost  a  total  of  $3481, 
with  a  net  credit  to  Addition  and  Betterment  of  $2764,  and  a  saving  of  $3172  per  annum. 

Nineteen  installations  of  flashing  light  signals  replacing  flagmen  at  street  crossings  in 
five  large  towns  on  the  same  road  cost  a  total  of  $19,520,  with  a  charge  to  Addition  and 

Betterment  of  $16,865  and  an  annual  saving  of  $13,831. 

Four  automatic  interlockers  supplanting  manually-operated  interlocking  plants  cost 
a  total  of  $28:060.  The  net  charge  to  Addition  and  Betterment  was  $3,585,  and  the  net 
annual  saving  is  $18,992. 

One  cinder  hoist  cost  $1928,  with  a  credit  to  Addition  and  Betterment  of  $24,277, 

when  the  old  facility  was  retired.     The  net  annual  saving  is  $864. 

The  Assistant  Chief  Engineer  of  a  Southwestern  Railroad  has  the  following  to  say 

regarding  rail  anchors: 

"In  an  endeavor  to  develop  the  economies  in  labor  to  be  effected  by  application 
of  rail  anchors,  it  was  necessary  'to  canvass  Roadmasters  and  Division  Engineers 
for  their  best  opinions.  Of  course,  they  have  had  little  or  no  experience  without 
anchors  under  present  traffic  requirements,  speeds,  weights  of  rail  and  other  influ- 

ences and,  therefore,  could  only  state  what  they  thought  would  be  required  in  the 
way  of  additional  labor  in  case  their  respective  main  track  territories  were  not  fully 
equipped  with  rail  anchors  or  anti-creepers. 

"The  replies  from  16  different  supervisory  officers  indicated  as  their  opinions 
that  additional  section  labor  varying  from  25  to  100  percent  would  be  necessary  in 
order  to  maintain  conditions  equal  to  those  now  existing.  The  majority  of  the 
statements  indicated  the  percentage  of  increase  required  at  from  30  to  50  percent. 
Upon  discussing  the  details  of  replies  with  our  Division  Engineers,  we  feel  that  a 
conservative  estimate  of  additional  section  labor  required  to  maintain  present  con- 

ditions without  the  use  of  rail  anchors  would  be  33  percent.  Such  an  increase  would 
represent  an  annual  labor  expenditure  of  $75.00  per  mile,  which  capitalized  at  5  per- 

cent would  in  itself  justify  an  investment  of  $1200.00  to  $1500.00  per  mile.  The 
labor  economy,  of  course,  does  not  reflect  the  ultimate  economies  which  are  to  be 
found  in  the  resulting  lessened  damage  to  rail,  angle  bars,  joint  ties  and  other  material 

items  which  are  affected  by  rail  creepage." 
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A  middle-western  railroad  reports  the  following  on  the  question  concerning  the 
economic  value  of  different  sizes  of  rail  and  especially  the  relation  between  90-lb.  and 

112.4-Ib.  rail  where  increased  capital  expenditures  are  required  for  the  latter: 

"One  thousand  tons  of  112.4-lb.  rail  will  lay  5.662  track  miles  while  the  same 
number  of  tons  of  9020  rail  will  lay  7.07  miles. 

"Our  investigation  discloses  this  as  a  highly  controversial  subject  but  we  are  of 
the  opinion  we  can  present  sufficient  argument  to  convince  anyone  interested  that, 
regardless  of  any  opinion  that  9020  rail  is  of  sufficient  strength,  the  greater  stiffness 
of  the  112-lb.  rail  is  useful  in  reducing  the  twisting  movement  of  the  rail  and  in 
distributing  the  variable  effects  of  this  twisting  over  the  ties.  The  stability  of  track 
given  by  the  heavier  rail  is  an  element  of  value  that  should  receive  full  consideration 
when  we  feel  prone  to  look  only  at  the  1.4  more  miles  of  track  which  may  be  laid 
with  9020  rail.  The  greater  reserve  capacity  against  unexpected  and  excessive  vari- 

ability is  the  loads  applied  and  the  improvement  in  the  support  afforded  by  the 
stronger  girder  section,  heavier  joint  bars,  larger  tie  plates  and  spikes  are  of  real 
value. 

"One  hundred  and  twelve  pound  rail  is  approximately  three  quarters  stiffer  than 
90-lb.  rail.  Track  resistance  to  depression  from  a  single  wheel  load  is  increased 
15  percent  by  changing  from  90-lb.  to  112-lb.  rail. 

"Relative  values  of  weights  of  rail  on  the  basis  of  the  ratio  of  one  to  the  other 
shows  that  112-lb.  rail  is  24  percent  more  valuable  than  90-lb.  rail.  In  other  words: 
for  one  dollar's  worth  of  90-lb.  rail  we  get  one  dollar's  worth  of  track  resistance 
while  in  purchasing  the  heavier  rail  we  get  correspondingly  more  track  resistance. 

"Recognizing  that  we  are  in  the  beginning  of  an  era  of  markedly  increased  speeds 
for  both  passenger  and  freight  trains  the  heavier  rail  should  be  laid  because  of  the 
greater  stability  it  gives  the  track  to  resist  unusual  or  unexpected  forces  or  loads. 
The  greater  stiffness  of  a  heavier  section  aids  in  carrying  loads  over  imperfectly 
tamped  track  and  irregular  supports;  it  resists  lateral  thrusts  and  lurches  without 
undue  distortion  of  alinement;  it  aids  in  maintaining  proper  surface.  All  of  which 
should  be  considered  in  reducing  cost  of  maintenance  labor. 

"It  may  be  added  that  the  value  of  increased  size  of  rail  will  depend  upon  many 
circumstances,  among  them  the  amount  and  nature  of  traffic,  nature  of  the  substruc- 

ture, wheel  loads  and  speeds.  It  is  not  to  be  expected  that  this  value  can  be  ex- 
pressed quantitively  in  formulas  or  equations,  but  we  feel  that  we  are  making  no 

mistake  in  laying  new  112-lb.  rail. 

"While  it  is  true  we  can  lay  25  percent  more  track  miles  per  unit  of  rail  pur- 
chased if  we  lay  9020  section,  we  must  bear  in  mind  that  25  percent  more  joints, 

tie  plates,  rail  anchors,  bolts  and  spikes  will  be  required  and  an  equal  amount  of 
track  labor  laying  and  surfacing. 

"After  the  9020  rail  is  laid  and  surfaced  more  labor  will  be  required  to  keep  it 
smooth  because  the  value  of  the  heavier  112-lb.  rail,  with  particular  respect  to  main- 

tenance costs,  depends  on  its  ability  by  reason  of  its  girder  stiffness,  not  only  to 
resist  the  variations  already  mentioned,  but  also  to  retard  their  formation  after  the 
general  surfacing.  It  will  better  take  the  unsprung  load  due  to  imperfect  counter- 

balancing or  to  operating  locomotives  at  speeds  in  excess  of  that  for  which  they  were 
designed  and  will  not  permit  the  locomotive  to  move  downward  an  appreciable  dis- 

tance during  the  application  of  this  changing  pressure;  it  will  lessen  the  vertical  and 
lateral  oscillations  of  the  cars.  Probably,  too,  it  will  better  resist  the  forces  applied 
by  the  imperfection  of  rolling  stock. 

"This  cannot  be  expected  of  the  lighter  9020  section.  The  variability  of  the 
distribution  of  the  forces  just  mentioned  will,  with  9020  rail,  put  undue  and  irreg- 

ular demands  upon  the  substructure  and  adversely  effect  its  durability  and  the  cost 
of  its  maintenance.     It  is  a  prolific  source  of  deterioration  in  the  track  condition. 

"Where  9020  section  rail  is  used  under  heavy  loads,  the  pressure  on  the  ballast 
and  roadbed  is  not  distributed  as  it  is  where  112-lb.  rail  is  used,  and  this  concentra- 

tion of  load  causes  a  churning  of  the  track,  and  pumping  joints  are  much  more 
likely  to  develop  than  where  the  rail  is  of  sufficient  weight  to  properly  carry  the 
load.  Reference  is  made  to  report  of  Sub-Committee  4,  Committee  II,  Ballast, 
AREA,  on  cause  and  effect  of  pumping  joints  in  railway  track  and  excess  of  main- 

tenance resulting  therefrom,  on  page  254,  Volume  30  of  the  Proceedings  of  the  Asso- 
ciation, wherein   we  are  informed  that  the  excess  cost  in  maintaining  track  with 
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pumping  joints  is  from  2J^  times  to  4  times  the  cost  of  maintaining  track  which 
does  not  have  pumping  joints.  One  of  the  causes  given  is  light  rail  under  heavy 
traffic  and  the  remedy  recommended  is  to  provide  heavier  rail. 

"The  improved  design  of  the  112-lb.  rail  undoubtedly  will  result  in  a  reduction 
in  rail  batter  and  measured  on  million  gross  ton  basis  should  last  longer  and  on  the 
same  basis  the  cost  should  be  less.  Using  figures  set  forth  in  a  monograph,  page 
1495,  Volume  31,  AREA  Proceedings,  describing  an  investigation  directed  by  A.  N. 

Reece,  Chief  Engineer,  Kansas  City  Southern  Railway,  entitled  'Economical  Selec- 
tion of  Rail',  the  cost  to  maintain  should  be  $30.00  per  million  gross  ton  miles  per mile  less. 

"Mr.  Reece  reaches  the  conclusion  that; 

"  'From  these  studies,  which  extended  over  a  period  of  two  years,  accu- 
rate information  was  collected,  which  quite  conclusively  proved  that  the 

Kansas  City  Southern  would  be  justified  in  using  a  rail  as  heavy  as  137-lb. 
in  section.  It  further  indicated  that  the  use  of  this  size  rail  was  not  only 
very  desirable  from  a  traffic  handling  standpoint,  but  also  was  a  very 

attractive  investment.' 

"In  further  support  of  our  opinion  that  we  will  be  stepping  backward  if  we 
abandon  the  use  of  112-Ib.  rail  and  again  lay  90-lb.  rail,  we  refer  to  report  of  Sub- 
Committee  2,  Committee  XXII,  AREA  Proceedings,  on  the  analysis  of  operations  of 
the  Lehigh  Valley  which  made  marked  progress  in  reduction  of  labor  required  in 
maintenance  of  way  work  through  the  use  of  heavier  rail.    Page  375,  Volume  33. 

"More  in  support  thereof  will  be  found  in  Dr.  Hermann  von  Schrenk's  mono- 
graph, 'Mechanical  Wear  of  Ties,  1928.' 

"Sub-Committee  5,  Committee  IV,  Rail,  AREA,  reported  on  a  study  of  the 
economical  value  of  different  sizes  of  rail,  appearing  on  page  1291,  Volume  30,  and 
Mr.  Farrin  presented  a  method  by  which  various  track  makeups  may  be  evaluated 
in  terms  of  track  labor  hours  on  page  1193,  Volume  28,  AREA  Proceedings  under 

the  heading  of  'Economics  of  Railway  Track.' " 

Over  a  period  of  several  years  this  railroad  installed  233,000  linear  feet  of  drain  tile 
in  wet  cuts  at  a  cost  of  $98,000.  Because  of  this  expenditure  it  was  possible  to  divert 
labor  to  more  constructive  maintenance  work  to  the  value  of  $14,570,  or  14.8  percent 

saving  in  labor. 

There  are  benefits  and  savings  that  cannot  be  accurately  expressed  in  dollars  and 

cents.  Dry  subgrade  means  fewer  and  shorter  slow  orders,  longer  periods  between  gen- 
eral out-of-face  work  disturbance  to  traffic,  fewer  frost  shims  and  better  line  and  sur- 

face. Longer  tie  life  because  of  less  gaging  and  line  disturbance.  Longer  rail  end  and 

joint  life  because  of  reduction  in  churning  joints  due  to  improved  drainage.  Longer 
ballast  life  for  the  same  reason.  All  of  which  effects  the  economies  in  labor  to  be 

effected  through  increased  capital  expenditures  for  subsoil  drainage. 

The  Committee  would  repeat  that  this  is  a  subject  of  great  importance  to  all  rail- 
road engineers  and  again  requests  the  sincere  cooperation  of  the  railroads  in  providing 

data  for  future  reports. 

Recommendation 

That  this  report  be  received  as  information  and  that  the  subject  be  continued. 
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Appendix  E 

(7)  ECONOMIES  IN  TRACK  LABOR  TO  BE  EFFECTED  IN  THE 

MAINTENANCE  OF  JOINTS  BY  WELDING  AND  THE  USE  OF 
REFORMED  BARS 

W.  H.  Vance,  Chairman,  Sub-Committee;  Lem  Adams,  C.  W.  Baldridge,  W.  C.  Brown, 
J.  I.  Catherman,  K.  H.  Hanger,  H.  H.  Harsh,  J.  B.  Martin,  F.  H.  Rothe,  Wm.  Shea. 

This  subject  has  been  given  diligent  study  by  your  Committee  over  a  period  of 
four  years. 

An  attempt  was  made  to  secure  data  from  time  distribution  reports  or  other  records 
from  which  authentic  figures  could  be  developed  to  show  the  difference  in  the  cost  of 

maintaining  joints  prior  to  and  subsequent  to  building  up  rail  ends  or  using  reformed 

bars.  After  ascertaining  actual  time  studies  were  unavailable,  it  was  concluded  a  good 
figure  of  the  saving  to  be  made  could  be  obtained  from  maintenance  officers,  particularly 

Division  Engineers,  Roadmasters,  Track  Supervisors  and  others  intimately  acquainted 

with  the  problem  of  maintaining  good  surface  and  a  first-class  riding  condition. 

Request  to  maintenance  officers  to  give  the  Committee  the  benefit  of  their  experi- 
ence in  track  labor  saved  in  maintaining  joints  as  a  result  of  welding,  and  use  of  reformed 

bars  and  shims  met  with  a  very  gratifying  response. 

Officers  having  experience  as  far  back  as  1919  were  unanimous  in  reporting  decided 

economies  resulting  from  this  class  of  work,  the  extended  life  of  rail  alone  usually  justi- 
fying the  expense.  In  addition  to  furnishing  estimates  requested,  many  replies  included 

such  pertinent  and  valuable  comments  on  economies  and  advantages  being  obtained  on 

their  roads,  that  it  was  considered  well  worthwhile  to  present  the  following  brief  summary 
of  these  comments. 

Extended  life  of  rail,  angle  bars,  and  joint  and  shoulder  ties. 
An  almost  new  condition  of  rail  is  approximated. 
A  better  track  condition  is  obtained. 

A  great  saving  in  track  maintenance  generally. 
It  is  almost  impossible  to  maintain  proper  surface  when  rail  ends  are  battered;  the 

joints  will  not  stay  up  no  matter  how  often  they  are  put  up. 
Results  in  a  decided  economy  in  joint  maintenance. 
Makes  it  possible  to  maintain  track  to  a  high  standard  of  riding  condition  at  a  very 

materially  reduced  expense. 
Improves  the  surface  across  the  joints  which  leads  to  greater  stability  of  the  ballast. 
Results  in  improved  riding  quality  of  track  and  reduced  surfacing. 
Only  nominal  amount  of  spotting  necessary,  the  same  as  there  is  on  new  rail. 
It  is  more  economical  to  reform  joints  at  shorter  intervals  than  to  permit  them  to 

become  in  a  very  bad  condition  before  taking  corrective  steps. 

Estimates  of  labor  saving  effected  in  maintaining  joints  to  surface  were  received  from 
73  responsible  maintenance  officers  of  28  railroads  that  have 

Built  up  rail  ends  at  approximately  6^  million  joints. 
Applied  reformed  angle  bars  to  approximately  2^4  million  joints. 
Built  up  bars  by  welding  in  field  at  approximately  %  million  joints. 
Applied  shims  to  approximately  J^  million  joints. 

Estimates  of  saving  in  track  labor  effected  in  the  maintenance  of  joints  to  surface 

by  welding  and  the  use  of  reformed  bars,  expressed  in  percentages,  follow: 
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Estimated  Saving 

Weighted From  To         Average 
Percent     Percent     Percent 

6  Chief  Engineers        25  75  47 
6  Engineers  Maintenance  of  Way          10  75  45 
4  Other  General  Maintenance  Officers        20  30  29 
4  District  Engineers           2  84  43 

18  Division   Engineers            5  75  36 
35  Roadmasters  and  Track  Supervisors         12  90  43 
73  Maintenance   Officers            2  90  41 

Individual  estimates  of  savings  range  from  a  low  of  2  percent  to  a  high  of  90  percent. 
When  weighted  they  range  from  29  percent  to  47  percent.  The  weighted  mean  of  the 
73  estimates  is  41  percent. 

The  percentage  of  saving  in  joint  maintenance  that  can  be  effected  by  building  up 

rail  ends,  applying  reformed  bars,  building  bars  up  in  the  field,  or  applying  shims,  varies 
widely  according  to: 

(a)  The  condition  of  the  joint  before  corrective  method  is  applied.  That  is, 
if  the  rail  is  only  slightly  battered  and  the  bar  worn  little,  if  any,  the  saving  will  be 
small  as  compared  with  the  saving  made  in  case  the  joint  is  very  bad. 

(b)  The  character  of  work  done  in  correcting  the  adverse  condition.  That  is, 
if  the  rail  ends  are  built  up,  but  the  worn  bar  condition  not  corrected  the  saving 
will  be  small. 

(c)  Lapse  of  time  after  joint  condition  has  been  corrected.  That  is,  if  for 
principal  main  lines  carrying  heavy  traffic  the  time  cycle  between  correcting  battered 
joint  conditions  is  four  or  five  years,  it  is  obvious  the  saving  will  be  greatest  in  the 
first  year,  and  less  in  each  of  the  succeeding  years  and  little  if  not  actually  nil  in 
the  last  year. 

(d)  Speeds  and  traffic  density.  That  is,  there  will  be  a  difference  in  the  per- 
centage of  labor  to  be  saved  on  high  speed  heavy  traffic  lines  and  on  lines  carrying 

only  a  moderate  or  light  traffic  at  moderate  speeds. 

Doubtless  these  and  many  other  factors  account  for  the  wide  variation  in  the 

estimates  given,  which  are  briefly  summarized  as  follows: 

(1)  Where  rail  is  badly  battered  and  bars  badly  worn,  this  saving  will  amount 
to  SO  percent  to  60  percent  the  first  year  after  the  condition  has  been  properly 
corrected. 

(2)  In  cases  where  batter  is  comparatively  slight  and  bars  not  badly  worn,  the 
saving  will  amount  to  20  percent  to  25  percent. 

(3)  Covering  cycle  between  correction  of  battered  joint  condition,  the  saving 
will  amount  to  35  percent  to  40  percent. 

Conclusions 

In  addition  to  all  other  advantages  gained,  a  decided  economy  in  track  labor  is 

effected  by  welding  and  correcting  loose  fitting  joint  bars  by  the  various  accepted  methods. 

Recommendation 

It  is  recommended  that  this  report  be  received  as  information  and  the  subject 
discontinued.  • 
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Appendix  F 

(8)  EFFECT  OF  RECENT  DEVELOPMENTS  IN  MAINTENANCE 
OF  WAY  PRACTICES  ON  GANG  ORGANIZATION  (SUCH  AS  USE 

OF  HEAVIER  RAIL,  TREATED  TIES  AND  LABOR-SAVING 
DEVICES  WHICH  MAKE  PRACTICABLE  SMALL  SECTION 

FORCES,  AND  CONDUCTING  THE  MAJOR  PART  OF  MAIN- 
TENANCE WORK  WITH  EXTRA  GANGS) 

F.  J.  Bishop,  Chairman,  Sub-Committee;  C.  W.  Baldridge,  W.  H.  Brameld,  J.  I.  Cather- 
man,  W.  S.  Hanley,  A.  C.  Harvey,  J.  S.  McBride,  G.  M.  O'Rourke,  R.  L.  Simms, 
C.  R.  Wright. 

Reports  on  this  subject  have  been  made  to  the  Association  for  several  years  starting 

with  1931.     These  reports  may  be  found  in  the  Proceedings — 

Vol.  32  (page  194-197)  ; 
Vol.  33  (page  385-390)  ; 
Vol.  34  (page  102-104)  ; 
Vol.  37  (page  261-264). 

Increasing  labor  and  material  costs  have  added  considerable  interest  to  this  subject. 

A  number  of  roads  not  heretofore  using  specialized  gangs  for  their  regular  maintenance 

work,  are  giving  the  matter  serious  consideration.  Extra  gangs  for  rail  laying  and  bal- 
lasting have  been  used  for  years  by  practically  all  railroads.  The  attempt  to  perform  a 

larger  part  of  the  regular  maintenance  work  with  gangs  especially  equipped  and  trained 
to  do  the  work,  is  relatively  new.  Performance  of  work  by  such  specialized  gangs  has, 

in  practically  all  cases,  reduced  materially  the  amount  of  work  performed  by  regular 

section  crews,  with  a  consequent  reduction  of  the  number  of  such  crews  and  in  some 
cases  a  reduction  of  the  number  of  men  in  each  section  crew.  The  use  of  specialized 

gangs  fully  equipped  with  labor-saving  machinery,  is  an  attempt  on  the  part  of  the 

railroads  to  make  use  of  the  principle  of  mass  production,  such  as  has  been  used  in  indus- 
tries outside  the  railroads  for  many  years.  Any  one  man  or  any  group  of  men  in  the 

gang  performing  a  single  operation  repeatedly,  performs  that  operation  with  greater  ease 
and  speed,  thus  resulting  in  a  reduction  of  the  cost  of  performing  such  operation.  The 
use  of  the  specialized  gang  to  perform  maintenance  work  has  necessitated  a  careful 

analysis,  by  the  roads  using  such  gangs,  of  the  work  to  be  performed.  In  many  cases  it 
has  radically  changed  track  patrolling  and  inspection  by  section  crews.  The  specialized 

gang  has,  of  necessity,  required  the  careful  programming  of  maintenance  of  way  work — 
such  programming  in  itself  being  recognized  as  producing  economy. 

Labor-saving  equipment,  in  order  to  produce  substantial  economies,  must  be  used  for 

a  maximum  number  of  days  each  year.  Small  units  of  labor-saving  equipment  furnished 
many  section  crews,  would  be  costly,  and  a  maximum  use  of  the  equipment  could  not 

possibly  be  obtained  because  of  the  many  tasks  required  of  the  ordinary  section  gang 

for  which  the  labor-saving  equipment  provided  them  could  not  be  used.  The  specialized 
gang,  therefore,  supplied  with  such  mechanical  devices,  will  keep  the  investment  in  labor- 
saving  equipment  to  a  minimum  and  insure  the  maximum  use  of  such  equipment. 

With  the  advent  of  higher  train  speeds,  slow  orders  on  track  upon  which  work  is 
being  done  have  effected  train  operation  to  a  greater  extent  than  heretofore.  With  the 

specialized  gang,  few  locations  would  be  effected  by  track  work  at  any  one  time  and 

consequently  less  interference  with  operation  is  experienced. 

Your  Committee  this  year,  has  attempted  to  determine  whether,  or  not,  the  roads 

previously  reporting  on  the  use  of  the  specialized  gang  are  continuing  or  expanding  the 
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amount  of  work  performed  by  such  gangs.  Also  whether,  or  not,  the  use  of  such  gangs 
will  be  increased  with  increased  maintenance  expenditures.  A  brief  summary  of  the 

experience  of  16  railroads  is  given  below.  References  are  shown  to  prior  reports  of  this 
Committee  and  railway  periodicals  for  each  road.  Further  detailed  information  may  be 
obtained  from  these  references. 

Chicago,  Milwaukee,  St.  Paul  &  Pacific  Railroad 

(Vol.  33,  page  386) 
(Vol,  37,  page  261) 

The  first  specialized  gang  was  organized  on  this  road  in  1929.  Continued  use  of 

such  gangs  has  been  carried  on  and  for  the  season  of  1937  this  road  is  using  23  system 

tie  and  maintenance  gangs  of  from  SO  to  125  men,  one  rail  laying  gang  of  165  men  and 
1  ballasting  gang  of  350  men.  The  rail  and  ballasting  gangs  will  cover  160  miles  of  track 
and  the  tie  gangs  2000  mUes  during  the  season.  In  addition  to  the  above,  this  road  uses 

3  structural  steel  erecting  crews,  3  pile  driving  crews,  8  system  welding  crews  and  one 

system  bolt  tightening  gang.  All  gangs  are  reported  fully  equipped  with  labor-saving 
machinery. 

Any  increase  in  the  volume  of  work  would  be  handled  by  the  specialized  gangs  for 
the  reason  that  they  have  proven  the  most  economical  method  for  this  road. 

A  more  detailed  description  of  the  organization  together  with  valuable  cost  data, 
may  be  had  by  referring  to  the  Railway  Engineering  and  Maintenance  of  April,  1936. 

Pennsylvania  Railroad 

(Vol.  33,  page  388) 
(Vol.  34,  page  103) 

The  maintenance  organization  and  methods  used  by  the  Pennsylvania,  upon  which 

reports  may  be  found  in  the  Proceedings  as  noted  above,  have  been  extended  over  the 

entire  system  and  the  program  has  been  intensified  in  order  to  secure  the  greatest  output 
per  machine  unit  as  well  as  per  manual  unit.  A  notable  gain  in  economy  has  been  secured 
through  the  new  maintenance  organization  and  since  the  last  report,  additional  economies 

have  been  effected  by  the  addition  of  the  following  labor-saving  mechanical  equipment. 

Portable  arc  welding  units  mounted  on  automobile  trucks  with  living  quarters  for 
operators  to  handle  repair  of  frogs  in  track. 
Self-contained  gasoline  driven  tie  tampers.     This  road  reports  that  such  tampers 
eliminate  the  cost  of  owning  and  maintaining  heavy  power  plant  and  air  line  or 
electric   cable  and  the  elimination   of  the   cost  of  moving  such   heavy  units,  has 
resulted  in  substantial  saving. 
Arc  welding  units  have  been  provided  bridge  gangs  for  the  fabrication  of  structural 
steel — this  method  being  used  in  lieu  of  the  customary  fabrication  by  riveting. 
Multiple  flame  torches  are  being  furnished  the  welding  gangs — such  torches  resulting 
in  an  increase  of  the  speed  at  which  the  work  is  performed. 
Grinding  car  propelled  by  locomotive  replacing  small  flexible  shaft  grinder  units  for 
removing  corrugations  on  rail  and  grinding  rail  ends.    This  unit  is  reported  as  giving 
greater  production  at  less  unit  cost  and  releases  the  smaller  flexible  shaft  units  for 
other  work. 
Auto  highway  truck  cranes  have  effected  a  substantial  saving  in  both  bridge  and 
track  maintenance  work. 
Rail  highway  auto  trucks. 
Crawler  compressors.    Eliminates  pipe  line  and  a  substantial  labor  saving  in  the 
handling  of  this  equipment. 
Crawler  arc  welding  units  are  reported  as  having  effected  labor  savings  in  the  cost 
of  moving  such  equipment. 
Self-contained  gas  driven  power  wrenches  replacing  pneumatic  wrenches  have  effected 
substantial  saving  over  cost  of  the  heavier  equipment. 
Self-contained  stock  rail  grinders. 
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Tractors  with  bulldozers  eliminating  the  use  of  work  trains  and  spreaders.  These 
tractors  are  equipped  with  air  compressors  and  rotary  sweepers  and  have  effected 
substantial  saving  in  maintenance  of  way  work. 

Any  increase  in  maintenance  of  way  expense  will  be  handled  through  the  specialized 
gangs  rather  than  increase  section  forces. 

Great  Northern  Railway  Company 

(Vol.  33,  page  388) 
(Vol.  34,  page  103) 
(Vol.  37,  page  262) 

Floating  maintenance  gangs  were  organized  on  the  Great  Northern  in  1927,  with 

the  result  that  the  number  of  sections  was  reduced  26  percent  and  costs  reduced  23  per- 
cent. The  plan  of  organization  has  since  been  extended  over  the  whole  system  and  in 

1935  a  further  reduction  of  195  sections  was  made. 

This  road  reports  introduction  of  a  new  method  of  track  inspection  effective  July  1, 
1936 — an  inspector  bemg  assigned  to  districts  having  100  miles  of  main  track.  The 

Inspector  is  required  to  cover  this  track  once  every  24  hours  for  six  days  a  week.  Sec- 
tion foremen  are  relieved  of  daily  inspection  but  are  required  to  make  inspection  on  the 

day  that  track  is  not  covered  by  the  Inspector.  Section  foremen  continue  to  make  daily 
inspections  on  branch  lines. 

Additional  maintenance  money  that  might  be  spent,  would  generally  result  in  increas- 
ing the  size  of  the  district  gangs,  with  a  possibility  of  some  slight  increase  in  the  number 

of  section  men  assigned  to  each  foreman.  The  Great  Northern  reports  that  their  plan 

is  very  satisfactory  and  has  resulted  in  a  lower  unit  cost  for  carrying  on  their  main- 
tenance work. 

Boston  &  Main  Railroad 

(Vol.  33,  page  388) 
(Vol.  34,  page  103) 
(Vol.  37,  page  262) 

This  road  is  continuing  to  use  the  same  methods  as  outlined  in  previous  reports, 
with  satisfactory  economies. 

Missouri  Pacific  Lines 

(Vol.  33,  page  389) 
(Vol.  34,  page  103) 
(Vol.  37,  page  262) 

The  gang  organizations  adopted  several  years  ago  on  the  Missouri  Pacific  in  Texas 

and  Louisiana  are  still  in  effect.  Increased  traffic  has  made  it  necessary  to  increase  sec- 
tion forces  somewhat.  From  1928  to  1935  the  number  of  sections  has  been  reduced  from 

345  to  203  and  since  1935  the  number  of  sections  has  been  increased  to  213.  The  num- 

ber of  floating  maintenance  gangs  has  been  reduced  from  12  in  1928  to  5  in  1932 — then 
increased  to  17  in  1935  and  19  at  the  present  time. 

The  Missouri  Pacific  Railroad  reports  substantial  savings  by  the  use  of  25  men  rail 

laying  gangs  on  heavy  traffic  single  track  lines,  such  gangs  being  equipped  with  light 
labor-saving  machinery  that  may  be  removed  from  track  quickly.  In  general,  the  power 

equipment  is  limited  to  2  bolt  tighteners  and  one  power  operated  rail  layer.  A  detailed 
description  of  the  methods  of  doing  the  work  with  this  gang  organization  may  be  found 
in  Railway  Engineering  and  Maintenance  of  June,  1937. 
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Chicago,  Burlington  &  Quincy  Railroad 

(Vol.  34,  page  103) 
(Vol.  37,  page  262) 

The  methods  of  performing  maintenance  work  as  previously  reported  are  being  con- 
tinued and  extended.  The  track  supervisor  system  of  patrol  has  been  put  into  effect 

on  all  the  principle  Burhngton  lines.  Section  foremen  are  relieved  of  the  duty  of  daUy 

patrol.  Some  slight  changes  have  been  made  in  the  length  of  sections  since  the  system 

was  inaugurated — these  changes  were  made  where  experience  demonstrated  their  necessity. 
This  road  reports  that  their  organization  is  becoming  more  efficient  from  year  to 

year  as  their  maintenance  officers  have  become  more  familiar  with  the  plan. 

On  a  few  of  the  Burlington  branch  lines  there  has  been  more  of  a  modification  in 

the  organization  since  the  last  report.  These  modifications  are  along  the  lines  of  the 

Wichita  Valley  method  previously  reported  on  by  this  Committee.  On  these  lines  sec- 
tions have  been  established  from  30  to  40  miles  in  length  and  section  forces  supplemented 

by  floating  gangs. 

As  maintenance  of  way  expenditures  are  increased,  such  increase  will  be  largely  with 
the  specialized  gangs.  This  road  considers  the  section  force  more  or  less  a  skeleton 

organization  of  a  foreman  and  3  men  that  would  do  all  of  the  many  miscellaneous  jobs 
required  of  such  forces,  the  doing  of  which  greatly  interfers  with  the  systematic  carrying 

on  of  regular  maintenance  work.  Gangs  of  various  sizes  and  equipped  to  do  various 

kinds  of  work,  are  organized  as  required.  Practically  all  of  the  maintenance  officers  on 
the  Burlington  are  heartily  in  favor  of  their  present  organisation  and  methods  and  would 
not  want  to  return  to  the  old  system. 

The  Burlington  does  not  consider  the  section  gang  an  inefficient  organization,  but  on 

the  contrary,  these  gangs  usually  consist  of  locally  recruited  labor  of  the  best  possible 

character.  The  section  gang,  however,  is  called  upon  to  do  so  many  different  tasks  out- 
side of  regular  maintenance,  that  the  use  of  larger  section  crews  incurs  a  greater  loss  of 

time — reducing  the  gang  to  the  minimum  necessary  to  do  the  work  expected  of  them, 
greatly  reduces  the  loss  of  time.  Relieving  the  section  gang  of  the  responsibility  of  track 

patrol,  very  definitely  makes  available  for  productive  work,  at  least  an  hour  a  day  on 
most  sections.  Specialized  gangs  to  handle  heavy  maintenance  work,  makes  possible 

better  supervision  because  the  number  of  gangs  to  be  supervised  on  the  Roadmaster's 
territory  is  reduced. 

Delaware,  Lackawranna  &  Western  Railroad 

(Vol.  34,  page  103) 
(Vol.  37,  page  262) 

This  road  is  continuing  to  use  the  same  methods  and  organization  as  reported  here- 
tofore. At  the  present  time  main  line  sections  are  8  to  12  miles  in  length  and  repair 

work,  such  as  renewing  ties  and  surfacing  track,  is  all  done  by  large  extra  gangs.  The 

tie  and  raising  gangs  consist  of  from  30  to  60  men.  Such  extra  gangs  do  all  the  heavy 
work  and  section  gangs  being  used  for  police  duties.  Results  with  this  organization  have 

been  satisfactory  and  economical.  The  number  of  slow  orders  and  flagmen  have  been 
reduced  by  the  use  of  the  larger  gangs. 

Erie  Railroad 

(Vol.  34,  page  103) 
(Vol.  37,  page  262) 

This  road  reports  a  continuance  of  the  use  of  the  specialized  gang,  with  each  season's 
work  showing  increased  efficiency.  Any  increase  in  maintenance  allowance  will  be  used 

by  the  specialised  gangs. 
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Lehigh  Valley  Railroad 

(Vol.  34,  page  104) 
(Vol.  37,  page  262) 

There  has  been  no  change  in  the  practices  as  previously  reported  with  this  railroad. 

In  addition  to  the  Committee's  reports  on  the  methods  used  by  the  Lehigh  Valley,  a 
detailed  description  of  such  methods  may  be  found  in  Railway  Age  of  June  4,  1932. 

Increased  maintenance  expenditures  will  be  made  with  the  ordinary  section  forces. 

Chicago,  Rock  Island  &  Pacific  Railway 

(Vol.  37,  page  263) 
The  use  of  Track  Supervisors  on  the  Rock  Island  for  patrol,  has  been  extended  to 

branch  lines,  relieving  section  foremen  of  such  duties.  Fully  equipped  system  rail  laying 
gangs  are  used  for  all  rail  work  and  surfacing  gangs  of  35  to  SO  men  with  mechanical 

tools,  perform  all  out-of-face  ballasting.  Caterpillar  crawler,  drag  lines  and  elevator 

graders  are  used  for  bank  widening  and  ditchers  in  tandem  for  cleaning  cuts.  A  cen- 
tralized rail  yard  has  been  established  to  permit  the  economical  handling  of  rail.  All 

rail  is  shipped  to  this  yard  where  it  is  straightened,  classified  and  distributed  as  required. 

Southern  Pacific  Company 

(Vol.  37,  page  263) 

No  change  in  the  organization  from  that  previously  reported  has  been  made.  Spe- 
cialized gangs  will  be  used  more  extensively  as  maintenance  expenditures  are  increased. 

New  York,  New  Haven  &  Hartford  Railroad 

(Vol.  37,  page  263) 

For  the  two  years  the  New  Haven  has  used  its  reorganized  maintenance  forces,  this 

road  reports  that  with  their  new  organization  more  work  is  being  performed  with  fewer 
men  and  better  and  more  constructive  work  is  being  accomplished.  For  the  same  amount 

of  money,  track  can  be  maintained  to  a  higher  standard.  Increased  maintenance  expendi- 
tures will  be  made  primarily  for  rail  and  stone  ballast,  all  of  which  will  be  handled  by 

gangs  organized  for  the  particular  purpose  and  generally  will  not  effect  the  standard 

organization  as  far  as  track  maintenance  is  concerned.  In  addition  to  the  report  of  this 
Committee,  a  detailed  description  of  the  New  Haven  organization  may  be  found  in  the 

RaQway  Age  of  December  7,  1935. 

Wichita  Valley  Railway  Company,  Fort  Worth  &  Denver  City  Railway 

No  material  change  has  been  made  in  the  organizations  in  maintenance  of  way  forces 

on  these  roads  since  the  Committee's  last  report.  The  results  obtained  are  reported  to 
be  manifestly  satisfactory.  On  the  long  37 y^  mile  branch  line  sections,  excessive  time  in 

running  over  the  track  is  eliminated  by  providing  outfit  cars  for  the  gang.  This  equip- 
ment is  moved  from  point  to  point  as  the  section  foreman  or  patrolman  requests,  in 

order  that  the  mileage  covered  by  motor  car  in  any  one  day,  is  limited  to  approximately 

one-half  of  the  distance  between  stations.  The  organization  is  reported  as  giving  decidedly 
satisfactorx'  results. 

Union  Pacific  Railroad 

In  1932  this  road  started  to  a  limited  extent  the  application  of  ties  with  special  tie 

gangs.  This  method  was  extended  from  year  to  year  and  finally  in  1934  over  the  whole 

system.  Ties  are  distributed  by  an  unloading  gang  prior  to  the  application  with  the  tie 

gang.  These  specialized  tie  gangs  consist  of  24  men  and  a  foreman.  The  work  is  pro- 
grammed on  the  basis  of  7000  ties  per  gang,  per  month  and  a  sk  months  work  period. 
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The  gangs  insert  all  ties  except  yard  and  siding,  which  ties  are  applied  by  the  regular 
section  crews.  The  use  of  such  gangs  have  improved  the  quality  of  the  work  and  have 
increased  production  from  an  average  of  8  ties  per  man  with  section  crews  to  11  to  12 

ties  per  man  with  specialized  gang.  These  specialized  gangs  renew  ties  only  and  are  not 
interrupted  with  other  section  work.  Renewing  of  the  ties  is  divided  into  a  series  of 

specific  tasks  and  various  members  of  the  gang  are  assigned  to  these  tasks,  with  the 

result,  that  the  men  become  more  skillful  at  their  particular  job  and  reduce  the  labor 

cost  of  tie  application.  Section  gangs  being  relieved  from  renewal  of  ties  on  their  sec- 
tions, can  more  readily  perform  other  maintenance  duties.  The  use  of  these  specialized 

tie  gangs  has  also  resulted  in  the  completion  of  the  tie  renewal  program  within  the 
working  season. 

Central  of  Georgia  Railroad 

During  the  depression  this  railroad  was  forced  to  materially  reduce  its  maintenance 

expenses  and  for  this  reason  to  devise  more  economical  methods  of  performing  main- 
tenance of  way  work.  Many  unusual  and  different  methods  were  tried  until  the  present 

organization  was  decided  upon.  The  1,926  miles  of  road  is  divided  into  three  operating 

divisions,  the  maintenance  work  being  in  direct  charge  of  Division  Engineer,  having  under 

him  a  Bridge  &  Building  Supervisor  and  Track  Supervisors — the  Track  Supervisor's  ter- 
ritory varying  from  110  miles  on  heavy  traffic  lines  to  200  miles  on  secondary  and  branch 

lines.  The  primary  maintenance  unit,  is  the  section  crew  of  six  men  having  an  assigned 

mileage  of  IS  miles  on  primary  lines  and  20  to  25  miles  on  secondary  and  branch  lines. 

Daily  track  patrol  is  not  practiced  on  this  road — section  foreman  and  2  men  inspect 
their  section  on  Saturday  only.  Section  foremen  are  required  to  do  all  of  the  work  on 

their  sections  except  rail  laying,  ballasting  and  out-of-face  surfacing  and  it  is  the  practice 
for  each  section  crew  to  work  over  his  entire  section  each  year.  The  section  work  con- 

sists of  renewing  ties,  restoring  the  cross  level  of  the  track,  gaging,  correcting  irregu- 
larities in  line,  straightening  ties,  tightening  bolts  and  resetting  rail  anchors.  No  general 

surfacing  is  performed  by  the  section  crews.  Sections  have  been  reduced  from  226  in 

1929  to  95  in  1932.    Since  1932  the  sections  have  been  gradually  increased  to  110  in  1937. 

Labor-saving  machinery  is  employed  in  the  performance  of  maintenance  work  as 
follows:  discing  machines,  ditcher  spreaders,  locomotive  ditchers,  weed  burners,  weed 

mowers  and  tamping  machines. 

11  welding  outfits  are  employed  to  build  up  battered  rail  ends,  repair  frogs,  switches, 
etc. 

Specialized  gangs  only  are  used  for  rail  laying.  This  road  reports  that  their  new 
methods  have  proven  very  satisfactory  and  that  it  is  extremely  doubtful  that  they  will 

ever  return  to  their  former  way  of  performing  maintenance  of  way  work. 
Previous  conclusions  of  this  Committee  are  confirmed  by  the  present  report. 

Conclusions 

1.  The  specialized  gang  is  an  economical  maintenance  of  way  unit. 

2.  Continued  use  of  such  gangs  by  any  railroad,  results  in  increased  efficiency  of 

the  gangs. 

3.  Specialized  gangs  permit  maximum  of  power  tools  and  best  justify  the  investment 
in  such  tools. 

Recommendations 

Committee  recommends  that  this  report  be  received  as  information  and  the  subject 
be  discontinued. 
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Appendix  G 

(9)     COMPARATIVE  COSTS  OF  MAINTAINING  TRACK  ON 
VARIOUS  KINDS  OF  BALLAST 

Armstrong  Chinn,  Chairman,  Sub-Committee;  A.  L.  Bartlett,  K.  H.  Hanger,  C.  A. 
Johnston,  H.  E.  Kirby,  H.  T.  Livingston,  A.  E.  Perlman,  P.  T.  Robinson,  F.  S. 
Schwinn,  H.  M.  Stout. 

The  Sub-Committee,  being  unable  to  find  any  railroads  that  keep  cost  records  of 
maintaining  track  in  various  kinds  of  ballast,  decided  that  the  only  way  to  get  any 
information  that  would  be  of  value  would  be  by  means  of  a  questionnaire  sent  to  a 

sufficiently  large  number  of  maintenance  of  way  officers  so  that  the  replies  could  be 

condensed  into  a  summary  that  would  give  a  very  fair  comparison  of  these  costs. 

A  questionnaire  was  prepared  and  approved  by  the  Committee,  and  was  sent  out 
to  146  maintenance  of  way  officers  of  various  ranks,  including: 

25 — Chief  Engineers 
17 — Engineers  Maintenance  of  Way  , 
38 — Roadmasters 
22 — Supervisors 

A  copy  of  the  questionnaire  and  letter  of  transmittal  has  previously  been  submitted. 

Fifty-one  replies  to  the  questionnaire  have  been  received.  They  came  about  equally 
from  men  of  all  ranks  addressed,  and  from  all  parts  of  the  country  and  for  that  reason 

give  a  very  good  cross-section  of  the  general  opinion  relating  to  the  questions  contained 
in  the  questionnaire.    The  following  report  is  based  upon  these  answers: 

I.  What  kinds  of  ballast  do  you  use? 

The  replies  named  17  kinds  of  ballast,  and  the  following  table  shows  them  in  their 
order  and  percentage  of  use: 

Used  by  Following 
'Percentage  of  Roads 

Kind  of  Ballast  Reporting 
1.  Cinders       18 
2.  Crushed  and  washed  gravel         18 
3.  Crushed  rock     IS 
4.  Blast  furnace  slag      11 
5.  Pit  run  gravel     11 
6.  Crushed  limestone       9 
7.  Chat      7 
8.  Smelters  slag      2 
9.  Volcanic  cinders      2 

10.    Sand       15^ 
I I .  Precious  metal  slag     1 
12.  Burned  shale     1 
13.  Disintegrated  granite     1 
14.  Oyster  shells      1 
15.  Spauls       ^ 
16.  Granite  screenings       yi 
17.  Limestone  screenings    /4 

Cinders  and  gravel  are  the  most  universally  used,  because  cinders  are  produced  on 

practically  all  raDroads,  and  a  majority  of  the  railroads  have  gravel  ballast  pits  available 
on  their  lines.  It  will  be  noted  that  the  ballasts  used  in  small  percentages  are  available 

only  in  certain  sections  of  the  country  and  their  use  is  therefore  limited  to  the  roads 
operating  in  the  vicinity  where  they  can  be  secured. 
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2.  If  you  use  crushed  stone  or  crushed  gravel  ballast  what  do  you  think  is  the 
most  desirable  size? 

The  replies  to  this  question  showed  very  little  uniformity  in  regard  to  sizes  for 
crushed  stone.  While  there  are  fewer  sizes  listed  for  washed  and  crushed  gravel  this  is 

probably  due  to  the  fact  that  gravel  is  of  a  fairly  uniform  size  to  start  with  and  it  must 
be  crushed  to  the  sizes  listed  to  get  the  required  percentage  of  angular  pieces.  The 
following  table  shows  the  various  sizes  and  the  percentage  of  the  railroads  reporting  that 
use  the  different  sizes: 

Crushed  Stone 

Sizes 

34  inch  X  2K 
1  inch  X  2^ 

34  inch  X  2 
^  inch  X  2y2 

IK'  inch  X  2^ 
34  inch  X  23/4 
VA  inch  X  2^ 
V/z  inch  X  2 
y2  inch  X  2 
1  inch  X  15^ 
Vs  inch  X  IH 
Vz  inch  X  14 
%  inch  X  1J4 
y4  inch  X     V4 

nch. 
nch. 
nch. 

nch. 
nch. 
nch. 
nch. 
nch. 
nch. 
nch. 
nch. 
nch. 
nch. 
nch. 

Percentage  of  Roads 

Reporting  That  Use 
These  Sizes 

31 
14 
10 
7 
7 

3/2 

3;/2 

3:^ 

3:^2 
sy2 

3 

100 

Washed  and  Crushed  Gravel 

Sizes 

Yz  inch  X  154  inch. 
J4  inch  X  IH  inch. 
%  inch  X  14  inch. 

Percentage  of  Roads 

Reporting  That  Use 
These  Sizes 

59 
29 
12 

100 

One  interesting  feature  of  the  above  table  is  the  tendency  shown  to  go  to  the  smaller 

sizes.  A  good  many  of  the  roads  are  finding  that  they  can  maintain  track  more  cheaply 
on  the  smaller  sizes,  as  it  can  be  lined  and  surfaced  with  less  labor.  Also  some  of  the 

roads  feel  that  it  is  more  desirable  to  ballast  track  more  frequently  with  small  raises  on 

the  smaller  sizes  of  ballast  than  less  frequently  with  heavier  raises  on  the  larger  sizes,  as 
the  lighter  raises  on  the  smaller  ballast  can  be  done  with  less  material  and  less  labor. 

Also,  between  re-ballastings,  it  is  felt  that  the  track  can  be  kept  to  better  line  and  surface 
with  less  labor  on  the  smaller  sizes  than  on  the  larger  sizes.  The  desirable  size  for  gravel 
ballast  depends  a  good  deal  on  the  size  of  the  ballast  in  its  natural  state.  The  smaller 
the  gravel  in  its  natural  state  the  smaller  it  will  have  to  be  crushed  to  get  the  desired 

percentage  of  angular  pieces. 

3.  What  are  your  reasons  for  using  the  particular  kind  of  ballast  you  do  on  each 

of  your  territories? 

The  replies  to  this  question  are  condensed  in  the  following  table: 
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Percent  of  Influence 
of  Each  Factor 

Entering  Into  the 
Factors  to  Consider  Selection  of  Ballast 

1.  Availability       52 
2.  First  cost       21 
3.  Durability    H 
4.  Traffic   density       9 
5.  Labor  costs       7 

From  the  above  it  will  be  noted  that  availability  carries  more  than  twice  the  weight 

of  any  of  the  other  factors  in  selecting  a  ballast.  In  other  words,  most  railroads  use 

what  they  have  available  on  their  own  lines.  It  is  also  interesting  to  note  that  "Labor 
Costs"  receives  last  cosideration. 

4.  Labor  of  reballasting. 

If  a  certain  amount  of  labor  is  required  to  reballast  one  mile  of  track  on  pit  run 

gravel,  how  many  miles  of  track  will  this  same  amount  of  labor  reballast  on  other  bal- 
la.-ts?     The  replies  to  this  question  are  condensed  in  the  following  table: 

Given  Amount  of  Labor  Corn- 
Labor  Will  Re-  parison  for 

ballast  Following  Reballasting 
Type  of  Ballast                                                                             Mileage  Percent 

Pit  run  gravel               1.00  100 
Cinders                1.31  76 
Washed  and  crushed  gravel             1.01  99 
Blast  furnace  slag                 .75  133 
Chat                1.38  72 
Crushed  limestone                 -78  128 
Crushed  rock                 .75  133 

5.  Frequency  of  reballasting. 

If  any  particular  piece  of  track  will  stay  up  4  years  between  reballastings  on  pit 
run  gravel,  how  long  will  this  same  tract  stay  up  between  reballastings  on  other  types 
of  ballast?  The  following  table  shows  the  results  condensed  from  the  replies  received. 

The  years  between  reballastings  shown  in  this  table  are  based  on  the  assumption  that 
the  ballast  will  not  be  cleaned.  If  crushed  rock,  especially  trap  rock  is  cleaned  it  will 

last  almost  indefinitely,  but  this  was  not  considered  by  the  committee  because  there  was 

no  way  of  summarizing  the  cost  of  cleaning  ballast  against  the  cost  of  reballasting. 

Frequency  of 

Reballasting  Labor  Corn- 
Compared  to  Pit  parison  Based 

Run  Gravel  on  Frequency 
Type  of  Ballast                                                                              Years  Percent 

Pit  run  gravel                4.00  100 
Cinders               3.15  127 
Washed  and  crushed  gravel               5.97  67 
Blast  furnace  slag              7.27  55 
Chat               5.41  74 
Crushed  limestone              7.55  S3 
Crushed  rock              8.70  46 

6.  Labor  of  renewing  ties. 

If  one  man  can  renew  8  ties  per  day  in  track  ballasted  with  pit  run  gravel,  how  many 

ties  will  he  renew  per  day  in  other  ballasts?  The  following  table  shows  this  relation  as 
condensed  from  the  replies: 
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Labor  Corn- Ties  per  parison 
Man  Day  Percent 

Pit  run  gravel           8.  100 
Cinders          10.70  75 
Washed  and  crushed  gravel           8.44  95 
Blast  furnace  slag          7.07  113 
Chat          10.50  76 
Crushed  limestone          7.1  113 
Crushed  rock           6.8  118 

It  will  be  noted  that  as  the  number  of  ties  per  day  increases  the  percentage  goes 

down,  for  the  reason  that  the  more  ties  a  man  can  put  in  per  day  the  less  will  be  the 
unit  cost  per  tie. 

7.  Labor  of  smoothing  and  lining  track. 

If  a  certain  amount  of  labor  is  required  to  maintain  one  mile  of  track  in  line  and 

surface  when  ballasted  with  pit  run  gravel,  what  mileage  will  this  same  amount  of  labor 
maintain  if  this  same  track  is  ballasted  with  other  ballasts?  The  answers  to  this  question 
are  condensed  in  the  following  table: 

Given  Amount  of 

Labor  Will  Smooth  Labor  Com- 
and  Line  Following  parison 

Type  of  Ballast                                                                        Mileage  Percent 
Pit  run  gravel                 1.00  100 
Cinders                  1.10  91 
Crushed  and  washed  gravel                1.30  77 
Blast  furnace  slag                1.08  92 
Chat                 1.44  70 
Crushed  limestone                1.24  81 
Crushed  rock                1.32  76 

Again  it  will  be  noted  that  as  the  mileage  increases  the  percentage  under  labor  com- 

parison decreases.  This  is  for  the  reason  that  the  more  miles  a  given  amount  of  labor 
can  smooth  and  line  the  lower  the  unit  cost  will  be  per  mile. 

8.  Labor  of  keeping  down  weeds. 

If  a  certain  amount  of  labor  is  required  to  keep  the  weeds  out  of  the  ballast  section 

of  one  mile  of  track  ballasted  with  pit  run  gravel,  what  mileage  will  this  same  amount 

of  labor  keep  free  of  weeds  if  the  track  is  ballasted  with  other  ballasts?  The  replies  to 
this  question  are  condensed  in  the  following  table: 

Given  Amount  of  Labor  Corn- 
Labor  Will  Weed  parison 

Type  of  Ballast                                                                  Miles  as  Follows  Percent 

Pit  run  gravel              1.00  100 
Cinders      ■         1.80  56 
Crushed  and  washed  gravel              1.70  59 
Blast  furnace  slag             1.83  55 
Chat               2.33  43 
Crushed  limestone                1.60  63 
Crushed  rock               1.86  54 

The  labor  operations  shown  under  headings  No.  4,  5,  6,  7,  and  8  are  summarized  in 

the  attached  table.  It  will  be  noted  that  the  comparative  rating  for  each  ballast  is  the 

sum  of  the  labor  percentage  in  each  of  the  tables  under  headings  No.  4,  5,  6,  7  and  8. 
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From  the  above  table  it  will  be  noted  that  so  far  as  minimum  labor  costs  are  con- 

cerned, chat  ballast  stands  well  out  in  front  as  the  No.  1  ballast.  It  is  followed  by 

washed  and  crushed  gravel,  cinders,  crushed  rock,  crushed  limestone,  blast  furnace  slag 
and  pit  run  gravel  in  the  order  named.  Pit  run  gravel  stands  in  last  place  because  it 

is  hard  to  work  on  account  of  the  uneven  sizes  of  the*  stones  in  it,  because  it  is  dirty  to 
begin  with  and  therefore  will  become  foul  and  puddled  sooner  than  cleaner  ballasts. 
Also,  because  of  the  dirt  that  is  in  it,  a  good  deal  of  labor  is  required  to  keep  down  weeds. 

The  rating  in  this  summary  also  shows  what  has  been  previously  stated,  that  is,  the 
finer  a  ballast  is  crushed  the  easier  it  is  to  handle  and  work  insofar  as  labor  costs  are 
concerned. 

9.     General. 

From  your  experience,  and  considering  all  labor  operations  in  connection  with  ballast, 

how  do  you  compare  the  labor  costs  of  maintaining  track  on  pit  run  gravel  with  other 
ballasts  ? 

The  replies  to  this  question  are  condensed  in  the  following  table: 

Percentage  Rating 
For  All  Labor 

Type  of  Ballast  Operations 
1.  Chat      81 
2.  Crushed  and  washed  gravel     88 
3.  Pit  run  gravel     100 
4.  Crushed  rock    101 
5.  Blast  furnace  slag    109 
6.  Crushed  limestone       110 
7.  Cinders       113 

It  will  be  noted  from  the  above  table  that  chat,  washed  and  crushed  gravel,  and 

crushed  rock  hold  the  same  relative  position  as  in  the  summary  table;  however,  the 

Committee  does  not  believe  that  the  rating  under  Question  No.  9  is  as  accurate  as  the 

rating  shown  in  the  summary  table  for  the  reason  that  in  Question  No.  9  the  replies 

were  from  a  general  observation  whereas  the  rating  in  the  summary  table  is  taken  from 

each  individual  operation. 

Recommendation 

The  Committee  recommends  that  this  report  be  received  as  information  and  the 

subject  be  discontinued. 

Appendix  H 

(10)  MEETING  TOMORROW'S  DEMANDS  FOR  LABOR  AND 
SUPERVISORY  FORCE  IN  COMPETITION  WITH  OTHER 

INDUSTRY 

L.  L.  Adams,  Chairman,  Sub-Committee;  F.  J.  Bishop,  W.  C.  Brown,  Armstrong  Chinn, 
A.  C.  Harvey,  Elmer  T.  Howson,  C.  A.  Johnston,  J.  A.  Parant,  A.  E.  Perlman, 
R.  L.  Sims. 

On  account  of  reduced  earnings  for  the  past  six  years,  the  railroads  have  been  faced 

with  the  necessity  of  making  drastic  reductions  in  their  operating  costs.  To  make  this 

reduction,  it  was  necessary  to  dispense  with  the  service  of  a  large  number  of  employees. 

In  most  instances,  the  junior  men  were  cut  off,  with  the  result  that  at  the  present  time 

the  supervisory  positions  are  filled  with  men  of  more  than  average  age  and  there  are 

few  young  men  in  training  to  fill  these  positions  in  the  future. 
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In  the  past  it  has  been  the  general  practice  to  fill  these  positions  with  men  who  have 

received  their  training  while  working  up  through  the  ranks,  which  was  a  satisfactory 

means  of  recognizing  employees  who  showed  exceptional  ability.  To  meet  the  changed 
conditions  that  now  confront  the  roads,  it  is  necessary  that  some  plan  be  formulated  for 
selecting  promising  candidates  and  that  such  candidates  be  offered  a  definite  plan  of 

training  and  promotion  comparable  with  that  offered  in  other  industries,  particularly  in 

the  electrical,  manufacturing,  oil  and  public  utility  fields.  To  make  such  a  plan  effective 

some  organization  must  be  set  up  and  charged  with  the  responsibility  for  the  proper 

selection  of  these  employees  and  the  development  of  a  program  for  training  them. 

Such  a  plan  should  not  be  confined  to  one  department,  or  have  as  its  objective  the 

betterment  of  a  single  department;  but  should  be  based  on  the  needs  of  the  railroad  as 

a  whole.  The  demands  upon  railroad  personnel  are  becoming  more  exacting  every  year 
and  these  demands  must  be  met. 

There  are  two  main  sources  from  which  future  supervisory  officers  may  be  obtained: 

(A)  Ambitious  and  capable  men  in  the  ranks  and  (B)  graduates  from  colleges  and 
universities. 

To  develop  these  sources  most  efficiently,  the  department  or  board  charged  with  the 

administration  of  this  plan  should  study  the  needs  of  the  railway  closely  to  determine 
the  number  of  men  to  be  recruited,  looking  to  the  ability  to  promote  them  with  sufficient 

rapidity  to  retain  them  in  the  service.  Obviously  the  employment  of  a  larger  number 

than  can  be  absorbed  into  the  supervisory  organization,  leads  only  to  discouragement  and 
resignations,  with  corresponding  loss  in  investment  for  training. 

"A"— SELECTION  AND  TRAINING  OF  AMBITIOUS  AND  CAPABLE 
MEN  IN  THE  RANKS 

Since  the  needs  are  far  greater  for  supervisory  officers  of  foreman  and  local  super- 
visor or  roadmaster  rank  than  for  executive  officers,  attention  should  first  be  directed  to 

this  need.  With  the  increasing  wages  of  foremen,  the  permanency  of  their  employment 

and  the  transportation,  pension  and  other  privileges  that  attach  to  this  position,  it  has 

become  one  of  attraction,  especially  in  the  smaller  communities  where  comparable  oppor- 
tunities in  other  industries  are  few.  Other  industries  are  recognizing  the  possibilities  of 

enrolling  in  their  organizations  the  more  promising  graduates  in  the  public  schools  of 
these  communities.    The  railways  should  follow  this  example. 

It  should  be  the  duty  of  the  personnel  board  to  so  organize  that  local  division 

officers  (Division  Engineers  and  Supervisors,  etc.)  bring  the  opportunities  of  railway 

employment  to  select  groups  of  these  graduates,  looking  to  their  enrollment  in  main- 
tenance gangs,  where  they  would  acquire  the  practical  training  necessary  to  fit  them  for 

positions  at  an  early  date.  To  this  end,  Division  Engineers  and  Supervisors  should  give 

personal  supervision  to  the  selection  of  all  laborers  entering  their  gangs  on  other  than  a 

distinctly  temporary  basis,  taking  this  prerogative  from  the  foremen,  who  commonly 

give  little  regard  to  a  candidate's  potential  ability  for  promotion.  This  latter  condition 
is  particularly  serious  in  these  days  because  of  the  seniority  that  soon  attaches  to  a 
position. 

Once  a  personnel  bureau  is  organized,  a  system  should  be  set  up  whereby  officers 

will  report  to  this  bureau  the  names  and  special  quahfications  of  promising  men  under 

their  supervision.  Such  men  should  be  interviewed  and  records  kept  of  their  work  and 
of  their  efforts  to  improve  themselves  so  that  they  may  be  qualified  for  promotion. 
Opportunity  should  be  afforded  and  encouragement  offered  such  men  to  attend  night 
schools  or  enroll  in  correspondence  schools  to  perfect  themselves  in  the  broader  phases 
of  their  work. 
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The  men  selected  as  the  most  promising  should  be  placed  under  foremen  and  officers 

who  are  best  qualified  to  give  them  the  proper  training.  If  possible,  such  men  should  be 
placed  on  that  work  for  which  they  show  the  best  qualifications,  being  certain  that  no 

one  is  placed  where  the  responsibilities  are  more  than  his  qualifications  and  training 

justify. 

"B"— SELECTION  AND  TRAINING  OF  COLLEGE  AND 
UNIVERSITY  GRADUATES 

For  the  more  limited  number  of  positions  of  executive  responsibility,  consideration 
should  be  given  to  the  employment  of  a  limited  number  of  graduates  of  colleges  and 

universities,  care  being  taken  to  insure  that  the  doors  for  advancement  to  these  positions 

be  not  closed  to  those  from  the  ranks  who,  through  ability,  industry  and  experience, 

qualify  for  such  responsibilities.  It  is  believed,  however,  that  the  railways  should  profit 
from  the  experience  of  other  industries  in  seeking  to  enroll  in  their  service  promising 

graduates  of  schools  of  higher  learning,  recognizing  that  in  so  doing  they  must  be  pre- 
pared to  offer  them  promotion  comparable  with  these  other  industries  and  must  limit 

the  number  so  employed  to  the  opportunities  available  for  promotion. 

To  make  this  plan  effective,  an  arrangement  should  be  set  up  whereby  employing 

officers  will  contact  the  deans  and  professors  of  the  colleges  and  universities  to  secure 

their  recommendations  as  to  the  students  who  are  best  qualified  to  meet  the  requirements 

of  railroad  service.  The  young  men  so  recommended  should  be  carefully  interviewed 
and  the  most  promising  selected  for  employment. 

To  induce  the  graduates  to  enter  any  organization,  they  must  be  given  assurance  of 

opportunities  for  advancement.  To  meet  this  demand  a  definite  schedule  of  training, 
with  rates  of  pay,  for  a  fixed  period,  should  be  given  the  candidate  for  employment; 

this  schedule  to  be  followed  throughout  this  training  period,  so  long  as  the  individual 

shows  the  proper  merit. 

A  close  record  should  be  kept  of  the  men  so  employed  through  periodic  reports 

from  the  officers  under  whom  they  are  working  and  by  regular  personal  contact.  Each 
man  should  be  placed  in  the  line  of  work  for  which  he  is  best  suited  and  the  service  of 

all  that  do  not  show  the  proper  ability  should  be  terminated. 

There  should  be  a  systematic  rotation  of  service  for  these  men  so  that  they  will 

secure  experience  in  both  office  and  outside  work.  Especially  should  they  be  given 

training  in  the  field  and  in  the  proper  handling  of  men.  Only  a  sufficient  number  of 

men  should  be  selected  each  year  to  insure  a  supply  of  trained  men  to  meet  future 
demands. 

In  view  of  the  probability  that  a  large  number  of  supervisory  officers  will  be  needed 

on  all  railroads  during  the  next  fifteen  years,  we  feel  that  the  present  is  an  opportune 

time  to  inaugurate  a  well  defined  policy  for  the  selection  and  training  of  young  men  to 
fill  these  vacancies. 

Conclusions 

(1)  Trained  employees  capable  of  accepting  greater  responsibilities  are  essential 
to  an  efficient  organization. 

(2)  Selection  of  young  men  entering  railroad  service  should  be  supervised  by  a 

competent  board. 

(.5)  The  training  of  men  selected  as  possible  supervisory  officers  should  be  closely 

supervised. 

(4)     Work  during  the  training  period  should  be  as  diversified  as  possible. 
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(5)  Care  should  be  exercised  to  place  employees  in  the  branch  of  service  for  which 
they  show  the  best  qualifications. 

(6)  There  should  be  practical  co-operation  between  the  railroads  and  colleges  or 
universities  offering  technical  courses  for  the  better  preparation  of  young  men  entering 
railroad  service. 

Recommendations 

(1)  The  Committee  reaffirms  the  conclusions  already  appearing  in  the  Manual  deal- 

ing with  this  subject  under  the  headings  A — Personnel  and  B — Supervisory,  but  recom- 
mends that  the  latter  be  revised  as  follows: 

That  after  the  fifth  paragraph  there  be  added  the  following: 

Capable  and  efficient  foremen  and  junior  supervisory  officers  are  also  essential  to 
an  efficient  organization.  To  this  end,  it  is  desirable  that  capable  young  men  be  attracted 

into  the  gangs.  Employing  officers  should  seek  diligently  to  recruit  such  men  from 
graduates  of  high  schools,  especially  in  the  smaller  communities. 

Also  that  the  sixth  paragraph  be  revised  to  read: 

After  entering  railway  employ,  these  young  men  (instead  of  engineers),  etc. 

(2)  The  Committee  recommends  that  the  subject  be  discontinued. 
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Robert  Paries, 
C.  L.  Fero, 
Paul  Hamilton, 
J.  G.  Hartley, 

*  Died  September   10,   1937. 

R.  C.  Haynes, 
L.  B.  Holt, 

J.  S.  Huntoon, 
N.  W.  Hutchison, 
E.  C.  Jackson, 
E.  A.  Johnson, 
S.  A.  Jordan, 
C.  R.  Knowles, 
Jack  Largent, 
E.  H.  Mills, 
C.  E.  Morgan, 
R.  A.  Morrison, 
C.  H.  Morse, 
E.  H.  Ness, 

C.  H.  R.  Howe,  Vice- Chairman; 

C.  H.  Ordas, 
E.  Pharand, 
T.  M.  Pittman, 
E.  L.  POTARF, 
F.  H.  Rothe, 

J.  C.  Ryan, 
J.  G.  Sheldrick, 
H.  E.  Stansbury, 

J.  M.  Trissal, 
R.  P.  Winton, 
Fred  Zavatkay, 

Commillee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subjects: 

(1)  Revision  of  Manual.    No  report  under  this  assignment.     Certain  changes  in 
Manual  are  recommended  under  subject  (2)  below. 

(2)  Standardization  of  parts  and  accessories  for  railway  maintenance  motor  cars 

(Appendix  A).    Partially  complete,  and  contains  recommendations  for  revision  of  Manual. 

(3)  Depreciation    of    work    equipment    (Appendix    B).    Complete.     Presented    as 
information. 

(4)  Self-continued    direct    blow    gasoline    tampers    (Appendix    C).    Presented    as 
information. 

(5)'    Use  and  adaptability  of  crawler  type  tractors  in  maintenance  of  way  work 
(Appendix  D).     Complete.    Presented  as  information. 

(6)  Methods    of    keeping    data    on    work    equipment    and    labor-saving    devices. 
Progress  in  study — no  report. 

(7)  Scheduling  the  use  of  work  equipment.    Progress  in  study — no  report. 

(8)  Sand  blasting  equipment.    Progress  in  study — no  report. 

(9)  Track  welding  equipment. 

(a)     Oxyacetylene.    Progress  in  study — no  report, 
(b)'    Electric  arc  (Appendix  E).    Partially  complete. 

Presented  as  information.    Under  this  assignment  your  Committee  also  presents  a 

monograph  (Appendix  F)  on  "Instructions  for  Repairing  Rail-bound  Manganese  Frogs." 
(10)  Gasoline  and  electric  driven  portable  pumps  (Appendix  G).    Complete.    Pre- 

sented as  information. 

(11)  Power  saws.    Progress  in  study — no  report. 

Your  Committee  also  presents  a  monograph  (Appendix  H)   on  "The  Selection  and 

Use  of  Light  Gas  Engine  Oils". 
The  CoMiirrTEE  on  Maintenance  of  Way  Work  Equipment, 

G.  R.  Westcott,  Chairman. 

Bulletin  402,  February,  1938. 
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Malter  Constance 

It  is  with  sorrow  and  a  sense  of  loss  to  this  Committee  that  we  record  the  passing 

of  Walter  Constance  at  his  home  in  Barboursville,  W.  Va.,  September  10th,  1937. 

Mr.  Constance  was  Supervisor  of  Reclamation,  Chesapeake  and  Ohio  Railway,  and 

a  member  of  this  Committee  since  its  beginning.  Mr.  Constance  was  one  of  the  Com- 

mittee's most  active  members.  His  was  a  splendid  personality  and  in  his  passing  every 
member  of  the  Committee  has  lost  a  friend. 

Appendix  A 

(2)     STANDARDIZATION   OF  PARTS  AND  ACCESSORIES  FOR 
RAILWAY  MAINTENANCE  MOTOR  CARS 

*Walter  Constance,  Chairman,  Sub-Committee;  J.  R.  Derrick,  J.  T.  Derrig,  G.  J. 
Ermentrout,  C.  L.  Fero,  R.  C.  Haynes,  E.  A.  Johnson,  Jack  Largent,  E.  H.  Ness, 
C.  H.  Ordas,  E.  Pharand,  F.  H.  Rothe,  R.  P.  Winton,  Fred  Zavatkay. 

Several  years  ago  the  Association  accepted  as  recommended  practice  plans  showing — 

(a)  V/4  inch  diameter  axle  assembly  with  tight  and  insulated  wheels  for  maintenance 
motor  cars. 

(b)  Wheel  tread  and  flange  for  16  inch  and  20  inch  motor  car  wheels. » 

These  drawings  which  now  appear  as  Figs.  2704  and  2  70S  respectively  in  the  current 

Manual  were  incomplete  in  many  particulars,  and  should  be  revised. 

To  replace  Fig.  2704  there  is  now  proposed  a  drawing  showing  design  of  axle  with- 

out reference  to  wheel  hubs,  and  having  in  addition  design  of  ring  gage  for  checking 

axle  length  and  accuracy  of  taper  on  axle  ends.  Wheel  hub  dimensions  and  plug  gages 
for  checking  wheel  hubs  are  to  receive  further  consideration. 

Fig.  2705  has  also  been  revised  to  show  more  complete  details  of  wheel  tread  and 
flange. 

The  interested  manufacturers  have  given  fine  co-operation  in  the  development  of 
these  plans  and  they  and  your  Committee  are  in  substantial  agreement  on  the  details 
shown. 

The  following  are  therefore  offered  as  recommended  practice: 

Fig.  2704-Rev.    (Superseding  Fig.   2704)    AREA   1^   inch   axle  and  ring  gage   for 
checking  axle  dimensions  on  maintenance  motor  cars. 

Fig.  270S-Rev.  (Superseding  Fig.  2705)  AREA  wheel  tread  and  flange  for  16  inch 
and  20  inch  wheels  on  maintenance  motor  cars. 

The  following  accessories  are  also  offered  as  recommended  practice: 

Fig.  2706  AREA  Typical  designs  for  grease  cups  for  use  on  maintenance  motor  cars. 
Fig.  2707  AREA  Preferred  type  of  shut-off  cock  for  gasoline  lines  on  maintenance 

motor  cars. 

In  1933,  the  Association  adopted  the  following  as  recommended  practice  (Current 
Manual  page  27-1): — 

"4.    Brake  Facings 
Where  brake  blocks  of  wood  are  used,  they  shall  have  facings  of  cast  or  malle- 

able iron  not  less  than  %  inch  thick,  bolted  to  the  blocks  with  %  inch  bolts. 
These  facings  shall  be  properly  insulated  where  necessary". 

•  Died  September  10,   1937. 
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Fig.  2704.     Rev. 
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Knurled 

TYPICAL  PLMN  RATCHET  TYPE 
GREASE  CUP 

fit     <l>     V 

If)  ■'^   > 

to''  * 'i.  i 

^-fSNPT 

NQUshown) 

Approximate  diameter   v-''^- 
Shank  thread   H-18NPT.   I4-I8NPT 
Capacity,   ounces   ?/3   1 

All  dimensions  approximate 

Knurled 

TYPICAL 
SPRING  COMPRESSION  TYPE 

GREASE  CUP 

V-'8NPT 

N90  N9i  (shown) 

Approximate  diameter.   14   ...t4* 
Shank  thread   '4-I8NPT.   V-<8NPT 
Capacity  .ounces   l!   _   I4 

Fig.  2706. 
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«   ;/  // 
Letter  F(0.257dia)Drill 

iC^rill :|'-20NF-2-K 

KANT  LEAK  TYPE  SHUT-OFF  COCK 
Fig.  2707. 
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It  has  since  been  developed  that: — 

(a)  Ordinary  commercial  bar  steel  is  quite  as  effective  as  a  brake  material  as  cast 
or  malleable  iron. 

(b)  The  life  of  commercial  bar  steel  is  several  times  that  of  cast  or  malleable  iron. 

(c)  Facings  of  commercial  bar  steel  are  cheaper  to  make  than  cast  or  malleable  iron 
facings. 

(d)  While  the  wear  on  the  tread  of  the  wheel  is  somewhat  greater  with  commer- 
cial bar  steel  facings  than  with  cast  or  malleable  iron,  this  fact  is  of  no  great 

importance  as  wheel  renewal  is  ordinarily  required  on  account  of  wear  in  the 
throat  of  the  flange  rather  than  wear  on  the  tread. 

Your  Committee  therefore  recommends  the  revision  of  this  paragraph  to  read  as 
follows: 

"4.     Brake  Facings 
Where  brake  blocks  of  wood  are  used,  they  shall  have  facings  of  cast  or  malle- 

able iron,  or  commercial  bar  steel  not  less  than  ̂   inch  thick,  bolted  to  the 
blocks  with  ̂   inch  bolts.  The  facings  shall  be  properly  insulated  where 

necessary." 

Action  Recommended 

(a)  That  Fig.  2704-Rev.,  Fig.  2705-Rev.,  Fig.  2706  and  Fig.  2707  be  adopted  as 
recommended  practice  and  printed  in  the  Manual. 

(b)  That  paragraph  "4.  Brake  Facings"  now  appearing  on  page  27-1  of  the  Manual 
be  revised  to  include  commercial  bar  steel  as  a  material  for  brake  facings. 

(c)  That  the  assignment  be  continued. 
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Appendix  B 

(3)     DEPRECIATION  OF  WORK  EQUIPMENT 

C.  H.  R.  Howe,  Chairman,  Sub-Committee;  G.  A.  W.  Bell,  Jr.,  J.  J.  Davis,  Paul 
Hamilton,  J.  S.  Huntoon,  R.  A.  Morrison,  C.  H.  Ordas,  J.  G.  Sheldrick,  R.  P. 
Winton. 

Depreciation  of  work  equipment  is  considered  by  your  Committee  to  mean  that  loss 
of  original  usefulness  that  eventually  necessitates  replacement  of  the  machine.  This 

impairment  may  be  the  result  of — 

Wear  and  tear  in  service  which  repairs  will  not  correct,  or 

Gradual  obsolescence  brought  about  by  improvements  made  in  the  construction  of 

machines  of  the  same  class,  that  increase  productive  output,  or  lessen  cost  of  operation. 

It  is  impractical  to  forecast  sudden  obsolescence  of  equipment;  therefore  no  consid- 
eration is  given  to  such  factors  in  this  study. 

Irrespective  of  the  factors  that  cause  depreciation,  it  is  essential  to  have  reasonably 
correct  knowledge  as  to  the  life  expectancy  of  various  pieces  of  equipment,  not  only  for 

the  purpose  of  establishing  proper  rates  of  depreciation,  but  as  a  basis  for  the  justification 
of  retirals  or  replacements. 

In  order  to  establish  schedules  indicating  the  spread  of  depreciation  periods  for  vari- 
ous pieces  of  work  equipment,  the  Committee  has,  through  the  medium  of  a  questionnaire, 

sought  to  obtain  from  those  members  of  the  Association  familiar  with  such  matters, 

information  as  to  the  probable  life  expectancy  for  many  of  the  units  in  railway  service. 

The  schedules  appended  to  this  report  represent  the  consensus  of  opinions  contained  in 

replies  to  the  questionnaire. 
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ITEM 

AUTOMOBILE 
Light   
Medium   
Heavy   

BACKFILLER,  Boom,  Crawler. 

BALLASTER,  Power   

BOILER 
Locomotive- 
Upright   

BORERS,  Earth. 

BUCKET 
Clamshell   
Dragline   
Orange-peel-. 

BULLDOZER,  for  tractor 
30  H.  P   
60  H.  P   

CAR 

Dump,  Narrow  Gage — Air,  Vv^ood   ""     —Air,  Steel   
— Hand,  Wood. 
— Hand,  Steel- . 
—Air,  Steel   
— Air,  Wood   

Spreader,  Standard  Gage   
Motor  Generator   
Motor   
Snow  Cleaner   

Std. 

CLEANER 
Ballast— Mole   

"     — On  Track   
Building — Vapor  Spray - 

COMPRESSOR 
Motor  Truck  Unit   
Portable— On  Track--- 
"  —Crawler   
"        — Paint  Spray. 

CONCRETE  SPOUTING  ACCESSORIES 
Bucket   
Hopper   
Spout  or  Chute   

CONVEYOR,  Portable. 

CRANES 
Motor  truck,  5  tons   
Crawler,  oil  or  gas,  5  to  30  tons   

"        steam,  5  to  10  tons   
"         steam,  15  to  30  tons   

Locomotive,   oil  or  gas,  10  to  30  tons. 
"  steam,  10  to  30  tons   
"  oil  or  gas-electric   

Rail  unloading — -steam, -air. 

"  laying -hand   

-gasoline. 

DERRICK  CARS 
Bridge  builder  complete  . 

Estimated  Railroad  Service 
Life 

Expectancy 
Years 

6 
6 
7 

15 

15 

23 
20 

15 

20 

Annual 

Depreciation Percentage 

20 
17 
14 

7 

7 

10 

10 

10 

10 
10 10 

6 17 
6 17 

15 7 
15 7 
15 

1  7 

15 7 
20 

15 

20 

i5 

20 S 

20 

'5 

10 10 
20 5 

10 10 
15 7 
15 7 

10 10 
10 

10 
10 10 
10 

10 

8 

12 

6 

17 

4 25 

20 

7 14 
15 

7 
15 

7 
20 6 
15 7 

20 

5 
15 

7 20 

6 

20 

5 
20 

5 
15 

7 
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DERRICK  CAR 
Electric,    5  H.  P.  motor. 

10  H.  P.  motor- 
Hand,  1  drum   

2  "       

DERRICK  AND  BULL  WHEEL 
Guy,  steel   
Hand   
Stiffleg   

DRAGLINE,  CRAWLER 
Gas  or  oil,     yi  cubic  yard,  35-foot  boom  , 

        35-    "        " 

Steam 

1 
IK 

40- 
40- 
45- 
35- 
40- 

DRILL,  RAIL 
Bond  wires. 
Track  bolts. 

DRILL  SHARPENER. 

ELECTRIC  TOOLS 
Drill,  steel   
Drill,  wood   
Hammer,  jack   
Lifting  magnets   
Grinder,  tool   
Grinder,  rail   
Saw   
Spike  driver,  cut   
Spike  driver,  screw   
Tie  tamper.  Hammer  Blow-Vibrator. 
Paving  Breaker   
Form  Vibrator   
Wrenches   

ENGINES,  gas  or  oil   

GENERATORS,  Portable. 

GRADER,  ELEVATING 
Hoisting  Unit,  no  boom  slew 

1  drum,   gas  or  oil   
1  "         steam   
2  "         gas  or  oil   
2  "         steam   
3  "         gas  or  oil   
3     "         steam   

GRINDERS,  portable^ 

GROUT  PUMPS   

GUNITE  MACHINE. 

-self-contained  power. 

HOISTS 
Gas  or  electric. 
Steam   

JACKS 
Hydraulic   
Lever,  plain.. 
Screw,  plain.. 
Power  Track. 

Estimated  Railroad  Service 

10 

5 
5 

10 

25 
5 
5 

10 
10 
5 

10 
10 
10 
6 

LIGHTING  PLANT,  Portable. 

Life 
Annual 

Expectancy 
Depreciation 

Years 
Percentage 

15 7 
15 7 
20 5 
20 5 

20 

5 
20 5 

20 

5 
15 

7 
15 7 
15 7 
15 

7 
15 7 
20 5 
20 5 

10 10 
10 10 

10 

20 
20 
10 
4 

20 
20 
10 
10 

20 

10 
10 
10 
20 

10 10 

10 10 

15 

7 
15 7 
15 7 
15 

7 
15 7 
15 7 10 

10 

10 10 

10 

10 

10 

10 
20 5 

20 5 
15 7 
15 7 
10 10 

10 

10 



Maintenance   of   Way   Work   Equipment 615 

ITEM 

LOADER,  bucket,  crawler. 

MIXER,  concrete   

MOTOR,  electric   

MOWER,  weed   

PILE  DRIVER 
Complete  Unit   
Hammer — Steam   
Pulling  Attachment. 

PNEUMATIC  TOOLS 
Back  fill  tamper   
Hammer,  jack   
Hammer,  calking  and  chip... 
Clay  digger   
Rivet  hammer  and  holder-on. 
Paving  breaker   
Saw   
Drill,  wood   
Drill,  steel   
Grinder,  tool   
Grinder,  rail   
Spike  driver,  cut   
Tie  tamper   
Form  vibrator   
Wrench   

POST  HOLE  DIGGER,  power  driven. 

PUMPING  UNIT,  portable,  power 
Centrifugal     
Diaph  ragm   
Piston   

PUMP,  only,  no  power   

SCARIFIER,  BALLAST. 

SHOVEL 
Air  tunnel   
Electric  mucker   
Crawler,  gas,    Yi  cubic  yard  non-revolving. "     1 

"     IK "    Hi "     2 

Crawler,  
steam, 

revolving 

>2  cubic  yard  revolving 

Railroad, 

1 
I'A 
IH 

2 
3 
4 
3 

SPIKE  PULLER,  Gasoline. 

TIE  ADZER,  Gasoline   

TRACTOR 
Crawler,  10  H.  P   

15  H.  P   
20  n.  p   
30  H.  P   
60  H.  P   

Wheel,  smallest  type- 
Wheel,  20  H  .P   

Estimated  Railroad  Service 

Life Annual 

Expectancy Depreciation 

Years 

Percentage 

8 

12 

10 10 

20 

rs 

10 

10 
20 

5 

15 

7 
10 

10 
10 

10 
10 10 

10 

10 
10 10 
10 10 
10 

10 

10 

10 
10 10 

10 

10 

7 14 
10 

10 
10 10 
10 10 
10 

10 
10 10 

10 10 

10 

10 

20 5 
20 5 

15 7 

15 7 

20 5 
20 5 
15 7 
15 7 
15 7 
15 7 
15 7 
15 7 
15 7 
20 5 
20 5 
20 

5 
20 5 
20 5 
20 5 
20 5 
20 5 
20 5 

9 

11 

10 

10 
15 

7 
15 

7 
15 7 
15 7 
15 

7 
15 7 
15 
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Estimated  Railroad  Service 

ITEM 

Life 

Expectancy 
Years 

Annual 

Depreciation Percentage 

TRACK  CRIBBER         10 10 

7 
15 

15 

10 

6 

10 

TRACK  SHIFTER         .   . 

10 

TRUCK,  Auto   14 

WEED  KILLER 
Sprayer           _    _ 7 
Burner             , 7 

WELDING  OUTFIT,  Portable,  Gasoline     

WRENCH,  TRACK  BOLT— Gasoline   1   

10 

16 

Conclusion 

The  Committee  appreciates  the  fact  that  the  above  schedules  are  of  necessity  based 
on  general  averages,  and  that  in  dealing  with  questions  of  purchase,  retirement  or  replace- 

ment, each  individual  case  should  be  judged  on  its  own  merits. 

Recommendation 

That  this  report  be  received  as  information. 
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Appendix  C 

(4)     SELF-CONTAINED  DIRECT  BLOW  GASOLINE  TIE  TAMPERS 

C.  R.  Edwards,  Chairman,  Sub-Committee;  J.  F.  Donovan,  G.  J.  Ermentrout,  C.  L.  Faro, 
J.  G.  Hartley,  L.  B.  Holt,  N.  W.  Hutchinson,  E.  C.  Jackson,  Jack  Largent,  E.  H. 
Mills,  R.  A.  Morrison,  F.  H.  Rolhe,  R.  P.  Winton,  Fred  Zavatkay. 

INTRODUCTION 

Unlike  the  various  tamping  tools  in  use  which  require  an  external  source  of  energy, 

either  compressed  air  or  electricity,  the  Direct  Blow  GasoHne  Tie  Tamping  tool  is  self- 
contained  and  can  be  used  singly  or  in  any  number  of  units  desired. 

The  tool  was  developed  in  1934  and  placed  in  service  during  the  latter  part  of  that 
year,  although  no  tool  was  actually  sold  or  placed  on  the  market  until  1935. 

At  the  present  date,  the  tool  is  in  use  on  23  railroads,  one  road  having  166  units  in  use. 

DESCRIPTION 

The  tool  is  shown  in  the  illustration  (Fig.  1)  and  the  numerals  refer  to  the  names 

of  the  separate  parts. 

1.  Battery  and  ignition  coil  box. 
2.  Cylinder  studs. 
3.  Piston  spring  and  anvil. 
4.  Tool  guide  housing. 
5.  Bottom  cylinder  stud  nuts. 
6.  Anvil  housing. 
7.  Gasoline  tank. 
8.  Top  cylinder  stud  nuts. 
9.  Cylinder. 

10.  Piston  and  rings. 
11.  Ignition  contactor  or  timer. 
12.  Starting  rod  and  spring. 
13.  Tamping  bar. 
14.  Adjustable  handle. 
15.  Ignition  switch. 

16.  Mixer  adjusting  screw. 
17.  Mixer  air  intake  spring 
18.  Gasoline  tank  filler  plug. 
19.  Mixer  guard. 
20.  Spark  plug. 

21.  Flexible  conduit  for  primary  and  sec- 
ondary ignition  conductors. 

22.  Location  of  intake  manifo'd. 
23.  Intake  port. 
24.  Roller  for  ignition  contactor  or  timer. 
25.  E.xhaust  port. 
26.  Anvil  follower  with  cushion  spring  (lat- 

ter not  shown). 
27.  Lower  compression  chamber. 

The  weight  of  the  tool  with  tank  filled  and  standard  tamping  bar  is  79  pounds. 

The  weight  of  the  piston  (10)  is  5  pounds  lYz  ounces.    Its  diameter  is  2J^  inches. 

The  working  stroke  of  the  piston  is  2s^  inches  although  it  is  somewhat  longer 
when  idling. 

The  gasoline  tank  (7)  has  a  capacity  of  2  quarts  but  only  3  pints  are  used  to 

provide  a  2-inch  overhead  for  splashing. 
The  spark  plug  (20)  is  of  special  design  with  mica  insulator.  The  plug  is  ̂   inch 

in  diameter  with  18  threads  per  inch. 

The  battery  box  (1)  contains  the  vibrating  induction  or  spark  coil  and  a  9  volt 

battery.    There  is  ample  room  for  6  No.  6  dry  cells  to  replace  the  special  battery  unit. 

The  primary  wires  to  the  contactor  and  the  secondary  wire  between  the  coil  and 

spark  plug  are  contained  in  the  flexible  conduit  (21)  which  is  anchored  to  the  battery 
box  and  to  the  tool  in  such  manner  that  no  strain  is  placed  on  the  conductors  or  their 

connections  even  when  the  box  is  dragged  along  by  the  conduit. 

The  battery  has  a  life  from  40  to  60  working  hours  and  costs  $2.75  at  current  price. 

One  railroad  that  uses  a  battery  of  these  tools  for  out-of-face  tamping  has  elim- 
inated the  battery  box  and  supplies  electric  energy  for  ignition  from  a  small  low  voltage 
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engine  driven  generator  and  storage  battery  plant.  The  coils  are  carried  on  the  backs  of 
the  tool  operators  with  suitable  insulation  to  protect  them  from  electric  shocks. 

The  low  voltage  plant  is  remotely  controlled  by  a  flagman  who  opens  the  circuit  to 

the  coils  stopping  all  guns  on  the  approach  of  a  train.  The  flagman  then  receives  a 
signal  by  means  of  a  lamp  indication  at  his  flag  station,  from  the  tool  operators  that 
his  warning  has  been  received. 

The  lubrication  of  the  tool  is  accomplished  by  mixing  J4  pint  of  SAE  No.  70  lubri- 
cating paraffin  base  oil  with  each  gallon  of  gasoline.  For  steady  operation  under  extreme 

heat  conditions,  the  quantity  of  the  oil  is  increased  to  Yi  pint  to  each  gallon  of  gasoline. 

The  tool  has  been  found  to  use  average  of  V/z  gallons  of  gasoline  during  a  7J4 
hour  working  period. 

The  standard  tamping  bar  has  a  J^  inch  by  3  inch  face  but  any  bar  used  with 

pneumatic  tamping  tools  will  interchange  with  the  standard  bar. 

OPERATION 

Referring  to  the  illustration,  the  mixer  valve  (16)  is  opened  about  1J4  turns  (more 

in  cold  weather)  and  fuel  valve  (under  guard  19)  is  raised  until  gasoline  begins  to  drip. 

Starting  rod  (12)  is  given  a  quick,  hard  "poke"  with  the  palm  of  the  hand  which 
pushes  piston  (10)  downward  and  compresses  spring  (3).  This  spring  then  returns 

pistoi»  (10)  to  its  top  position  which  causes  a  vacuum  in  the  primary  compression 

chamber  (27)  and  a  rich  mixture  of  gasoline  and  air  is  admitted  to  the  chamber  through 
manifold  (22). 

Rod  (12)'  is  again  "poked"  driving  piston  (10)  downward  compressing  the  rich 
mixture  in  the  primary  combustion  chamber  (27)  and  forcing  it  into  the  main  combus- 

tion chamber  through  intake  port  (23).  The  piston  spring  (3)  now  returns  piston  (10) 
to  its  top  position  compressing  the  mixture  in  the  combustion  chamber. 

When  piston  (10)  is  about  Y^  inch  from  its  top  position,  the  bottom  part  of  the 

piston  (10)  pushes  in  roller  (24)  closing  contact  (11)  operating  vibrating  spark  coil  in 

battery  box  (1)  and  causing  an  arc  or  spark  between  the  electrodes  of  spark  plug  (20). 

This  arc  ignites  the  compressed  gasoline-air  mixture  and  its  rapid  expansion  pushes  the 
piston  (10)  downward  at  high  velocity  compressing  spring  (3)  and  striking  anvil  which 
in  turn  imparts  a  blow  to  the  top  of  the  tamping  bar  (13).  The  cycle  of  operation 
is  repeated  approximately  ISOO  times  per  minute. 

A  cold  gun  will,  usually  start  after  from  4  to  6  "pokes"  of  starting  rod  (12)  but  with 
the  rich  starting  mixture  will  usually  "choke  up"  and  stop. 

The  mixer  adjusting  screw  (16)  is  now  adjusted  to  about  J^  turn  open  and  the 

starting  rod  (12)  again  "poked"  when  the  gun  will  start  and  continue  to  operate. 
After  a  tool  has  attained  proper  operating  temperature,  the  mixer  valve  (16)  is 

adjusted  for  the  best  operation. 

The  tool  is  stopped  by  opening  the  ignition  switch  (IS). 

When  a  gun  has  been  stopped  for  a  short  period  of  time  and  while  yet  warm,  it 

can  be  started  by  "poking"  rod  (12)  with  the  ignition  switch  open.  Closing  the  ignition 
switch  will  start  the  gun. 

Piston  spring  (3)  becomes  shortened  and  weak  in  service  and  must  be  replaced 
occasionally. 

This  condition  is  easily  detected  by  the  slowing  of  the  tool,  lack  of  compression  and 
bard  starting. 
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The  weak  spring  is  quickly  replaced  by  removing  nuts  (5)  which  allows  the  tool 

guide  housing  (4)  with  bar  (13),  cushion  spring  (in  housing — not  shown)  follower  guide 
and  anvil  to  be  removed.    A  new  spring  is  now  inserted  and  the  parts  replaced. 

The  current  cost  of  a  piston  spring  is  $1.00  and  the  cost  of  the  cushion  spring  is  $1.25. 

USES 

The  tool  has  been  used  in  a  battery  of  2  units  for  spot  tamping  to  as  high  as  30 

units  in  one  gang  for  out-of-face  tamping. 

FIELD  MAINTENANCE 

Because  the  principle  of  operation  of  this  tool  is  somewhat  similar  to  the  operation 
of  a  2  cycle  motor  car  engine  with  which  most  all  section  foremen  are  familiar,  no 
trouble  has  been  experienced  in  keeping  the  tools  in  operation. 

COST  OF  TAMPING 

One  railroad  which  had  trap  rock  ballast  using  unit  tamping  tools,  reported  a  total 

of  92,053  feet  of  track  tamped  at  a  maintenance  and  operating  cost  of  5.9  cents  per  foot. 

NEW  DEVELOPMENTS 

At  this  date  a  unit  tamping  tool  of  another  make  is  under-going  trials  but  is  not  yet 
placed  on  the  market,  and  two  manufacturers  of  various  types  of  tamping  tools  are  now 

engaged  in  the  development  of  a  self-contained  direct  blow  tie  tamping  tool. 

Conclusions 

Because  of  the  relatively  short  period  of  time  that  the  unit  tie  tamping  tools  have 

been  on  the  market,  it  is  too  early  to  form  competent  judgment  of  the  merits  of  this 
class  of  tools.  It  is,  therefore,  recommended  that  this  report  be  accepted  as  information 

and  that  the  subject  be  continued. 
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Appendix  D 

(5)     USE  AND  ADAPTABILITY  OF  CRAWLER  TYPE  TRACTORS 
IN  MAINTENANCE  OF  WAY  WORK 

T.  M.  Pittman,  Chairman,  Sub-Committee;  G.  A.  W.  Bell,  Jr.,  W.  O.  Cudworth.  J.  R. 
Derrick,  J.  T.  Derrig,  R.  A.  Morrison,  C.  H.  Morse,  C.  H.  Ordas,  E.  L.  Potarf,, 
H.  E.  Stansbury. 

In  the  several  preceding  reports,  your  Committee  has  described  in  detail  the  crawler 

type  tractors  and  auxiliary  equipment  used  with  them  and  has  outlined  various  kinds 
of  maintenance  of  way  work  to  which  these  machines  are  adapted. 

This  year,  an  effort  was  made  to  ascertain  the  extent  to  which  the  railroads  are 

making  use  of  crawler  type  equipment.  No  attempt  was  made  to  determine  the  total 

number  of  units  owned  by  all  the  railroads,  but  as  a  representative  cross-section,  a  ques- 
tionnaire was  sent  to  all  of  the  railroads  represented  on  Committee  XXVII  and  the  replies 

from  12  of  the  railroads  are  tabulated  below. 

Number 
of  Units  Horsepower  Power 

Draglines,  cranes      140  30  to  ISO  Gasoline 
and  shovels    ,         2  60  to  175  Diesel 

2  ?  Steam 
Welders            8  30-85  Gasoline 

3  35-40  Diesel 
Compressors          27  40-80  Gasoline 
Bulldozers          14  20-55  Gasoline 

7  35-60  Diesel 
Front  end  loaders        11  20-45  Gasoline 

2  35  Diesel 
Snow  plows         2  20  Gasoline 

2  34  Diesel 
Tractors  only           3  35  Gasoline 

One  road  reported  owning  no  equipment  of  this  type  but  having  work  done  by 
contractors  who  use  crawler  mounted  equipment. 

A  striking  feature  of  the  reports  is  the  number  of  different  purposes  for  which  the 
machines  are  being  used  and  the  variety  of  auxiliary  equipment  used.  Some  of  the 

equipment  is  permanently  attached  to  the  tractors,  while  other  is  detachable  and  used  for 

seasonal  work.  The  auxiliary  equipment  reported  includes  the  following:  road  graders, 
trail  builders,  mowers,  shp  scrapers,  ditchers,  snow  brooms,  snow  plows,  dipper  sticks 
and  shovel,  dragline  buckets,  clamshell  buckets,  magnets,  hooks,  rail  dogs,  timber  hooks, 
skimmer  scoop,  bulldozers,  pile  driver  leads. 

The  work  performed  is  as  varied  as  the  equipment  used.  Practically  all  of  the 
cranes  can  be  converted  into  shovels,  draglines  or  pile  drivers  with  little  work.  These 

machines  are  widely  used  and  perform  all  classes  of  lifting  and  excavating.  Among  the 
most  general  uses  are  constructing  new  canals  and  ditches,  cleaning  out  old  ditches, 

clearing  under  bridges,  removing  drift,  cleaning  out  and  widening  cuts,  widening  banks, 

loading  cinders,  handling  storage  coal,  coaling  locomotives,  loading  and  unloading  rail, 
laying  rail,  taking  up  track,  loading  and  unloading  miscellaneous  store  department 
material,  loading  ballast,  unloading  refuse,  and  handling  light  scrap  by  means  of  a  magnet. 

While  the  welding  machines  are  used  primarily  for  generating  electric  current  for  arc 

welding,  some  roads  equip  them  with  snow  plows  and  brooms  in  winter  and  use  them 

for  clearing  roadways,  platforms  and  tracks  of  snow.    Their  ability  to  move  and  operate 
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in  the  clear  of  traffic  is  a  great  advantage  and  special  machines  have  been  designed  to 
operate  in  narrow  cuts  and  other  places  of  restricted  clearance. 

Air  compressors  seem  to  be  used  primarily  for  operating  pneumatic  tie  tampers,  but 

other  uses  suggest  themselves,  such  as  furnishing  air  for  pneumatic  tools  for  bridge  gangs, 

operating  sand  blasts  and  paint  sprays,  or  any  other  purpose  for  which  compressed  air  is 
desired. 

Bulldozers  are  very  versatile,  they  are  constantly  being  put  to  new  uses.  Originally 

designed  for  leveling  earth  work,  tliey  have  now  become  almost  standard  equipment  for 

fighting  snow,  being  used  to  clean  off  driveways  and  platforms  and  pile  snow  in  rows 
where  it  will  be  out  of  the  way  or  can  be  loaded  into  dump  wagons  or  cars.  In  other 

seasons  it  is  used  for  cleaning  yards  and  leveling  dirt  that  has  been  placed  by  a  dragline  to 

widen  banks  or  thrown  out  of  a  cut  by  a  ditcher.  Some  roads  report  good  results  from 

using  them  to  widen  banks  by  pushing  dirt  up  the  bank  from  the  right  of  way,  thereby 
forming  a  ditch  as  well  as  widening  the  bank. 

Front  end  loaders  are  used  for  loading  miscellaneous  material  into  cars  and  to  a  large 

extent  for  ditching  cuts.  Sometimes  several  scrapers  are  coupled  in  tandem  behind  the 
tractor  and  the  speed  of  the  work  greatly  increased.  These  machines  are  used  extensively 

for  handling  snow,  being  operated  as  a  combination  bulldozer  to  pile  the  snow  and  loader 

to  load  it  into  wagons  or  cars.  Snow  plows  are  used  almost  entirely  for  moving  snow 

and  may  be  detached  in  summer  and  the  tractor  used  for  other  purposes.  The  broom 
is  similarly  used  but  can  be  used  at  other  seasons  for  cleaning  yards  and  large  floor  spaces. 

A  great  deal  of  ingenuity  has  been  displayed  in  using  these  machines  and  new  uses 

for  them  are  constantly  being  found.  Their  ability  to  move  over  rough  ground  to  places 

inaccessible  to  on-track  equipment  is  important  but  perhaps  the  greatest  saving  will  result 
from  their  ability  to  operate  in  the  clear  of  trains  and  thereby  not  interfere  with  the 

movement  of  traffic,  as  well  as  avoid  the  delays  necessary  to  clear  traffic. 

Conclusions 

Crawler  mounted  tractors  have  passed  the  experimental  stage  and  have  proven  them- 
selves adapted  for  use  in  many  phases  of  maintenance  of  way  work.  In  various  forms, 

these  machines  can  be  classed  as  standard  equipment  on  some  railroads  and  an  even  wider 
use  is  indicated. 

Your  Committee  recommends  that  this  report  be  accepted  as  information  and  the 

subject  be  discontinued. 

Appendix  E 

(9-b)     TRACK  WELDING  EQUIPMENT— ELECTRIC  ARC 

J.  M.  Trissal,  Chairman,  Sub-Committee;  W.  O.  Cudworth,  J.  T.  Derrig,  L.  B.  Holt, 
E.  C.  Jackson,  C.  E.  Morgan,  E.  H.  Ness,  J.  C.  Ryan,  R.  P.  Winton. 

WELDING  MANGANESE  FROGS  AND  CROSSINGS 

As  the  theory  of  welding  manganese  was  described  in  detail  in  report  of  Committee  V 

of  the  Electrical  Section,  AAR,  in  1936,  only  a  brief  outline  of  some  of  the  salient  points 
will  be  given  here. 

Hadfield  12  percent  manganese  steel  cannot  be  satisfactorily  welded  by  the  oxy~ 
acetylene  process  on  account  of  the  injury  to  the  parent  metal,  due  to  the  excessive  heat. 

Welds  made  by  the  oxy-acetylene  process  usually  fail  in  the  parent  metal  some  distance 
from  the  weld  line. 
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It  is  claimed  tliat  nickel  manganese  steel  castings  can  be  successfully  welded  by  the 

oxy-acetylene  process  using  nickel  manganese  steel  filler  rod.  However,  a  very  small 
tip  must  be  used  to  prevent  warping,  and  the  cost  would  be  higher  than  by  the  electric 
arc  process. 

Plain  12  percent  manganese  steel  electrodes  have  not  been  very  satisfactory  for 

welding  manganese  steel.     Nickel  manganese  steel  electrodes  have  proven  satisfactory. 

Bare  nickel  manganese  steel  electrodes  cannot  be  used  with  alternating  current.  It  is 
claimed  that  certain  coated  electrodes  will  produce  satisfactory  results  with  alternating 

current,  but  direct  current  seems  to  be  preferred  by  most  railroads.  There  is  some  ques- 
tion as  to  the  advantages  claimed  for  coated  nickel  manganese  steel  electrodes. 

There  is  some  question  as  to  whether  manganese  frogs  and  crossings  should  be  welded 
in  track  or  at  the  central  shop.  In  many  cases  spare  crossings  are  not  available,  or  the 

cost  of  installing  a  spare  crossing  would  be  excessive.  In  most  cases  it  is  more  economical 

to  weld  crossings  in  track.  If  a  spare  crossing  is  available,  and  if  the  crossing  is  in  such 

bad  shape  that  it  cannot  be  welded  in  track  without  serious  delay  to  traffic,  it  is  some- 
times more  satisfactory  to  install  the  spare  crossing.  The  old  crossing  can  then  be  welded 

out  of  track  near  the  site  and  held  for  emergency. 

The  cost  of  welding  turnout  frogs  in  track  is  usually  higher  than  in  a  central  shop, 

on  account  of  train  delays  and  the  use  of  lighter  portable  grinding  equipment.  How- 
ever, the  cost  of  removing  a  frog,  shipping  it  to  a  central  shop  and  replacing  it,  may  be 

more  than  the  additional  cost  £i  welding  it  in  track.  Furthermore,  the  peening  action 
of  trains  on  each  layer  will  increase  the  hardness  of  the  weld  so  that  it  will  not  batter 
down  as  fast.  Train  delays  may  not  slow  down  the  work  very  much,  since  in  many 

cases  it  is  necessary  to  wait  for  the  casting  to  cool  down  before  further  welding  can  be 

done.  In  general,  where  there  are  a  considerable  number  of  frogs  at  an  interlocking 
plant,  terminal,  or  yard,  the  welding  can  be  done  more  economically  in  the  track. 

Isolated  frogs,  or  frogs  removed  in  connection  with  rail  renewals,  can  usually  be 
welded  more  economically  at  a  central  shop. 

Your  Committee  recommends  that  this  report  be  received  as  information  and 

subject  continued. 



624   Maintenance   of   Way   Work   Equipment   

Appendix  F 

INSTRUCTIONS  FOR  REPAIRING  RAIL-BOUND 
MANGANESE  FROGS 

By  R.  P.  Winton 

I.  Preparation  of  Frog  for  Welding 

1.  Clean  all  grease  and  dirt  out  of  flangeways. 

2.  Examine  flangeways  for  cracks.  Cracks  near  bottom  of  flangeways  are  almost 

always  due  to  interior  defects  in  the  casting,  particularly  over  bolt  shrouds.  Depres- 
sions in  the  running  surface  are  almost  positive  evidence  of  interior  defects  in  the  casting, 

which  will  eventually  crack  through  into  the  flangeway.  All  such  defective  metal  must 
be  completely  removed  before  a  permanent  weld  can  be  made. 

3.  Never  weld  a  frog  containing  large  interior  defects,  except  in  an  emergency  or 
where  the  additional  life  of  the  frog  will  justify  the  higher  cost  of  welding. 

4.  Tighten  all  bolts.  If  the  nuts  do  not  turn  freely,  remove  nuts  and  re-thread 
bolt  with  a  die,  or  replace  bolt.    Oil  bolt  and  nut  before  replacing  nut. 

5.  Grind  off  all  overflow  in  flangeways  on  point  and  manganese  wing. 
6.  Examine  edge  carefully  for  cracks. 
7.  Grind  out  qll  cracks  or  laminations  to  sound  metal.  Thin  laminations  can  be 

located  by  the  fact  that  they  turn  blue  while  grinding,  due  to  the  poorer  heat 
conductivity. 

8.  Never  weld  over  a  crack,  as  eventually  it  will  progress  through  the  weld. 

9.  Always  grind  at  least  %  inch  off  the  top  of  the  point.  The  point  is  very  apt 
to  be  laminated,  due  to  the  great  impact  at  this  point. 

10.  Never  remove  defective  metal  with  an  oxy-acetylene  cutting  torch  unless 
absolutely  necessary,  as  the  heat  has  a  very  bad  effect  on  the  casting. 

11.  In  case  it  is  decided  that  it  is  necessary  or  desirable  to  weld  a  frog  having  deep 

cracks  which  cannot  be  removed  by  grinding,  the  defective  metal  can  be  cut  out  with 

an  oxy-acetylene  cutting  torch  as  described  in  Paragraph  II. 
12.  Always  place  a  slow  order  on  the  track  if  large  amounts  of  metal  must  be 

removed  which  would  endanger  movement  of  trains  at  full  speed. 

II.  Cutting  Manganese  Steel  with  Oxy-Acetylene  Torch 

Manganese  steel  does  not  burn  and  throw  sparks  like  plain  carbon  steel.  The 

process  is  more  of  a  matter  of  melting  the  metal. 

1.  Use  a  small  cutting  tip  equivalent  to  Oxweld  No.  2  with  No.  S3  drill  cutting 
orifice. 

2.  Never  use  more  than  25  to  30  pounds  oxygen  pressure. 

3.  Never  use  any  more  heat  than  absolutely  necessary,  as  it  causes  carbide  precipi- 
tation in  the  adjacent  metal. 

4.  Preheat  the  metal  to  the  melting  point. 

5.  Press  the  cutting  oxygen  lever  slightly. 

6.  Keep  kerf  free  from  slag. 
7.  If  slag  turns  black,  cut  off  oxygen. 

8.  If  slag  accumulates  in  kerf,  stop  cutting  immediately  and  break  out  slag  with 
a  cold  chisel. 

9.  Grind  at  least  ̂   inch  off  all  burned  surfaces  to  remove  the  metal  in  which  the 
carbide  has  been  precipitated  by  the  heat. 
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III.  Welding  Open-Hearth  Steel  Wing  Rails 

(A)  General. 

1.  Use  %  inch  lightly  coated  high-carbon  steel  electrode. 
2.  Never  use  manganese  steel  electrode  on  open-hearth  wing  rails. 
3.  Use  direct  current. 

4.  Use  reversed  polarity;  i.e.,  electrode  positive. 
5.  Use  about  160  to  180  Amps. 

6.  Deposit  melt  in  beads  about  1  inch  wide  with  a  weaving  motion  as  shown  in 
Fig.  1. 

(B)  Procedure. 
1.  Always  weld  wing  rails  first,  if  necessary. 

2.  Preheat  head  of  wing  rail  with  a  fuel  oil  torch  to  a  temperature  of  at  least 
300  degrees  F. 

3.  Never  overheat  manganese  wing. 

4.  Weld  the  first  bead  at  an  angle  of  45  degrees  at  the  throat  as  shown  in  Fig.  2. 
5.  Never  weld  beyond  toe  block. 

6.  Weld  beads  about  1  inch  wide  along  the  edge  of  the  wing  rail  in  the  order 
shown  in  Fig.  2. 

7.  Never  allow  any  metal  to  flow  over  the  edge  on  the  manganese  wing. 
8.  Weld  additional  beads  parallel  to  the  first  as  shown  in  Fig.  2. 

9.  Grind  top  surface  of  wing  rails  level. 

10.  Grind  off  edge  of  weld  next  to  manganese  wing  if  necessary. 

IV.  Welding  Manganese  Steel  Castings 

(A)     General. 

1.  Use  3/16  inch  bare  nickel  manganese  steel  electrodes  of  the  following  analysis: 

Manganese — 11  to  15  percent 
Carbon — 0.70  to  1.00  percent 
Nickel — 3  to  5  percent 
Silicon— 0.50  to  1.20  percent 

2.  Use  direct  current  with  reversed  polarity;  i.e.,  electrode  positive. 

3.  Use  the  lowest  possible  current  which  will  give  good  penetration.  The  current 

for  3/16  inch  electrode  should  be  about  125-175  Amps.  If  the  electrode  becomes  red 
hot  back  to  the  electrode  holder,  the  current  is  too  high.  If  the  slag  on  the  head  is  black 

and  blistered,  the  current  is  too  high.  If  the  current  is  correct,  the  slag  will  be  chocolate 
brown. 

4.  Use  a  short  arc.  The  arc  voltage  varies  considerably,  due  to  the  fact  that  the 

pool  boils.  The  average  arc  voltage  should  not  exceed  30  volts.  If  large  drops  drip  off 
the  electrode,  the  arc  is  too  long. 

5.  Never  deposit  manganese  steel  in  narrow  straight  beads  without  weaving. 
6.  Deposit  the  metal  in  beads  about  1  inch  wide  with  a  crescent  shaped  weaving 

motion  as  shown  in  Fig.  1.  The  pool  must  be  "puddled"  until  the  gases  escape  to  prevent 
porosity. 

7.  Do  not  deposit  more  than  one  full  electrode  before  peening. 

8.  Peen  each  bead  immediately  after  depositing,  with  a  two  to  three  pound  ball 
peen  machinist  hammer.  Peen  the  crater  first  and  then  the  whole  bead  with  the  ball  end. 
Smooth  up  with  flat  face  of  hammer. 

9.  Do  not  fill  intermediate  craters. 

10.  Start  arc  for  next  bead  on  front  edge  of  crater  and  weave  slowly  over  back 
edge  of  crater  until  it  is  thoroughly  fused. 
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11.  Fill  last  crater  level  without  porosity.  This  can  be  done  by  moving  the  elec- 
trode around  the  edge  of  the  pool  in  decreasingly  smaller  circles  with  an  extremely 

short  arc.  The  electrode  should  be  touched  to  the  pool  at  intervals  and  then  drawn  out 
before  it  can  stick. 

12.  Never  quench  the  bead  with  water. 

13.  Stop  welding  at  one  location  when  the  casting  becomes  so  hot  that  it  turns 
blue  more  than  1  inch  away  from  the  last  bead. 

14.  Never  deposit  a  bead  parallel  to  a  previous  bead  until  it  has  had  time  to  cool  off. 

15.  Never  make  a  crater  on  the  point  of  a  frog. 

16.  The  contraction  of  the  weld  on  the  top  surface  as  it  cools  has  a  tendency  to 
warp  the  casting.  If  each  bead  is  peened  to  stretch  it  as  it  cools,  it  will  reduce  warpage 
and  residual  stresses. 

E\Qc\rod<z    inclined    3o* 
ahead   of  vcrficol 

Fbth  of  Elccfrode 

PIG.  I 

(B)     Welding  Point. 

The  point  should  be  welded  first  as  it  usually  requires  the  greatest  amount  of  weld- 
ing and  has  a  greater  tendency  to  overheat  on  account  of  the  thinness  of  the  point. 

1.  Weld  any  cavaties  level. 

2.  Sit  on  frog  facing  point. 

3.  Strike  arc  about  ̂   inch  from  end  of  point. 

4.  Start  welding  at  the  end  of  point.  Be  sure  to  get  good  penetration  on  end  of 

point  where  the  greatest  impact  occurs.  Make  bead  overlap  end  and  sides  of  point 
about  ys  inch, 

5.  Peen  bead  immediately  after  the  first  electrode  has  been  deposited.  Dress  up 
edges  with  flat  face  of  hammer. 

6.  After  first  bead  has  cooled,  grind  edges  and  examine  for  cracks.  Many  times 
interior  laminations,  which  previously  could  not  be  seen,  crack  through  to  the  edge  due 
to  the  heat  and  peening. 

7.  If  any  cracks  are  found,  grind  them  out  before  any  more  metal  is  deposited. 
8.  Never  weld  over  a  crack. 

9.  Weld  first  layer  in  beads  from  }i  inch  to  1  inch  wide  in  the  order  shown  in 

Fig.  2. 
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10.  Stop  off  each  layer  so  that  the  last  layer  required  to  give  the  desired  height 
is  continuous. 

11.  Let  each  layer  cool  off  before  welding  the  next  layer. 

12.  If  the  manganese  wing  has  a  wheel  riser,  the  point  should  be  welded  sufficiently 

high  -so  it  will  be  level  with  the  wing;  i.e.,  3/16  inch  below  the  manganese  wing  after 
grinding. 

13.  Sometimes  horizontal  cracks  are  found  in  the  wide  part  of  the  point  near  the 

bottom  of  the  flangeway  which  run  into  the  hollow  portion  under  the  running  surface. 

Such  frogs  cannot  be  repaired  successfully  unless  all  the  defective  metal  is  removed.  This 
may  leave  a  hole  in  the  bottom  of  the  cavity.  The  cost  of  repairing  these  frogs  would 
be  very  high.  Such  frogs  should  not  be  repaired  unless  no  other  frog  is  available,  or  the 
additional  Ufe  of  the  frog  will  justify  the  cost  of  welding.  If  desired,  such  frogs  can  be 
successfully  welded  as  follows: 

1.  Place  a  slow  order  on  the  track  or  weld  the  frog  out  of  track. 

2.  Remove  all  defective  metal  by  grinding,  if  possible. 

3.  If  the  defect  is  very  deep,  it  may  be  cut  out  with  an  oxy-acetylene  cutting  torch. 
4.  Grind  at  least  ̂   inch  off  all  burned  surfaces. 

5.  If  the  hole  in  the  bottom  of  the  cavity  is  small,  it  can  be  welded  by  making  each 

successive  layer  overlap  the  edge  of  the  hole  %  inch  until  the  hole  is  closed.  Do  not 
allow  a  crater  to  come  on  the  edge  of  the  hole  which  might  cause  a  crack. 

6.  If  the  hole  in  the  bottom  of  the  cavity  is  large,  short  pieces  of  nickel  manganese 

steel  electrode,  or  cast  nickel  manganese  steel  applicator  bars  may  be  placed  over  the  hole. 

Do  not  use  any  other  kind  of  steel.  Weld  over  the  bars  so  as  to  thoroughly  fuse  them 
together  and  into  the  casting. 

7.  If  the  frog  is  out  of  track,  it  should  be  turned  over  and  ground  off  and  a 
reinforcement  welded. 

(C)     Welding  Manganese  Wings. 

1.  Weld  any  low  places  or  cavaties  level. 
2.  Start  welding  last  layer  at  the  throat  where  it  is  not  less  than  ̂   inch  wide  as 

shown  in  Fig.  2. 

3.  Weld  beads  not  more  than  1  inch  wide  along  the  edge  of  the  manganese  wing 

next  to  the  flangeway  in  the  order  shown  in  Fig.  2. 
4.  Start  second  row  as  shown  at  14  in  Fig.  2. 

5.  Do  not  allow  the  deposit  to  flow  over  wing  rail. 

6.  Do  not  "arm  nick"  wing  rail. 
7.  If  the  manganese  wing  was  originally  manufactured  with  a  3/16  inch  wheel 

riser,  it  should  be  welded  sufficiently  high  so  that  it  will  be  3/16  inch  high  after  grinding. 
8.  If  the  manganese  wing  was  not  manufactured  with  the  wheel  riser,  it  should 

be  welded  suffic.'ently  high  so  that  it  will  be  at  least  ̂   inch  high  after  grinding.  An 
additional  layer  need  not  be  welded  if  it  would  exceed  3/16  inch  high  and  have  to  be 

ground  off. 
9.  If  it  is  necessary  to  cut  down  deep  in  the  manganese  wing  to  remove  a  defect, 

it  is  desirable  to  remove  the  wing  rail.  After  the  cavity  has  been  welded,  the  edge  next 

to  the  wing  rail  should  be  ground  before  the  wing  rail  is  replaced. 

V.     Grinding  Manganese  Body  with  Wing  Wheel  Riser 

1.  If  frog  is  welded  in  track,  it  should  be  rough  ground  and  traffic  allowed  to  cold 
roll  the  surface  for  at  least  one  day  before  it  is  finished  ground. 

2.  Set  up  grinding  machine  with  grinding  wheel  parallel  to  one  flangeway. 
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3.  Grind  the  top  surface  of  the   manganese  wing   opposite  point  level   3/16  inch 
higher  than  the  wing  rail. 

4.  Mark  ends  of  level   portion   of  manganese  wing  as  shown   for  the  given   frog 
number  on  AREA  Plan  600-A. 

5.  Grind  the  slope  on  manganese  wing  from  the  mark  to  the  end  of  the  throat. 

6.  Grind  the  slope  on  manganese  wing  from  the  mark  to   the  heel  end  of  the 
manganese  body, 

7.  Grind  off  all  overflow  on  edge  of  manganese  wing  so  as  to  give  the  standard 
flangeway  for  a  new  frog. 

8.  Round  corner  of  manganese  wing  to  not  less  than  5/16  inch  radius. 

9.  Grind  top  surface  of  point  level  with  wing  rail  or  3/16  inch  below  manganese 
wing  if  there  is  not  a  full  3/16  inch  wheel  riser. 

10.  Grind  off  all  overflow  on  edge  of  point. 

11.  Round  corner  of  point  to  not  less  than  5/16  inch  radius. 

12.  Set  up  grinding  machine  parallel  to  other  flangeway. 

13.  Grind  other  manganese  wing  same  as  paragraphs  2  to  8. 
14.  Grind  other  side  of  point  same  as  paragraphs  9  to  10. 

15.  Grind  off  the  end  of  the  manganese  wing  at  the  throat  from  a  point  where  it  is 

1  inch  wide  to  Yz  inch  below  the  wing  rail  at  the  end  as  shown  on  Fig.  2. 
16.  Round  front  of  point  with  portable  grinder. 

17.  Dress  up  top  surface  and  flangeways  with  portable  grinder. 

18.  Grind  off  edges  of  manganese  wings  next  to  wing  rail  with  an  J^  inch  thick 

grinding  wheel  so  as  to  leave  a  clearance  space  for  overflow. 
19.  Grind  an  y%  inch  space  between  the  heel  rails  and  the  heel  extension. 
20.  Grind  off  overflow  on  gage  side  of  heel  rails. 

21.  Grind  off  overflow  on  gage  side  of  wing  rails  from  throat  to  toe  end. 

22.  Bevel  ends  of  wing  rails  and  heel  rails. 
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Appendix  G 

(10)     PORTABLE  POWER  PUMPS 

C.  R.  Knowles,  Chairman,  Sub-Committee;  R.  C.  Haynes,  E.  H.  Mills,  C.  H.  Morse, 
J.  G.  Sheldrick,  H.  E,  Siansbury,  Fred  Zavatkay. 

Portable  power  pumps  arc  important  items  of  work  equipment  and  are  used  exten- 
sively in  railroad  maintenance  work.  While  their  principal  use  is  in  dewatering  excava- 
tions, cofferdams,  etc.,  they  are  also  sometimes  utilized  as  emergency  units  at  regular 

water  stations  and  other  points  during  interruption  to  regular  water  service. 

For  example,  during  the  1Q37  flood  in  the  Ohio  River  gasoline  driven  centrifugal 

pumps  mounted  on  wheels  were  used  extensively  in  delivering  water  direct  to  engine 

tenders  where  regular  facilities  had  been  put  out  of  commission  by  the  flood. 

Portable  power  pumps  include  diaphragm  pumps,  piSton  pumps  and  centrifugal 
pumps.    They  are  mounted  on  skids,  wheels  and  trucks  of  various  design. 

DIAPHRAGM  PUMPS 

Diaphragm  pumps  were  perhaps  the  earliest  type  of  portable  power  pumps.  Prior 

to  the  adaption  of  power  units  in  their  operation  they  were  and  are  still  used  extensively 

as  hand  pumps.  The  ordinary  power  driven  single  diaphragm  pump  with  open  top  and 

3-inch  suction  has  a  capacity  of  from  4,000  to  8,000  gallons  per  hour  depending  upon  the 
suction  lift  and  the  speed  at  which  the  pump  is  operated.  The  same  type  of  pump  with 

a  double  diaphragm  will  handle  almost  twice  as  much  water  as  a  single  pump  and  can 

be  coupled  to  a  single  hose  or  with  a  separate  hose  connection  for  each  pump  if  desired. 

Thus,  one  outfit  can  be  used  to  pump  out  two  excavations  at  the  same  time. 

The  open  type  of  diaphragm  pump  will  not  discharge  water  above  the  level  of  the 

pump  itself.  The  closed  top  or  force  type  of  diaphragm  pump  operates  in  the  same 

manner  as  the  open  top  type  of  pump  but  is  capable  of  discharging  the  water  against 
heads  of  from  30  to  50  feet. 

Pumps  of  the  diaphragm  type  are  operated  by  a  gasoline  engine  mounted  on  the 

same  frame  with  the  pump,  the  power  being  transmitted  to  pump  through  speed  reduc- 
tion gears.  Electric  motors  may  also  be  used  in  the  operation  of  diaphragm  pumps 

where  electric  current  is  available.  The  horsepower  required  for  diaphragm  pumps 

ranges  from  2  h.p.  for  a  single  4-inch  diaphragm  pump  with  3-inch  suction  to  6  h.p.  for 

a  double  4-inch  diaphragm  pump  discharging  against  a  head  of  40  feet. 
These  outfits  are  mounted  on  skids  or  trucks.  For  ordinary  railroad  work  they  are 

mounted  on  steel  wheels  placed  directly  under  the  skid  frame  which  is  usually  of  steel. 
Where  it  is  necessary  to  transport  them  on  highways  or  streets  they  are  mounted  on  a 
chassis  with  rubber  tires  for  operation  as  a  trailer  behind  an  automobile  or  truck. 

CENTRIFUGAL  PUMPS 

Centrifugal  pumps  are  used  extensively  as  portable  power  pumps  in  pumping  water 

from  trenches,  other  excavations  and  cofferdams.  This  type  of  pump  is  particularly 

adapted  to  conditions  where  it  is  desired  to  pump  large  amounts  of  water.  A  centri- 
fugal pump  combines  large  capacities,  compactness  and  ability  to  discharge  against 

moderate  heads.  This  combination  makes  it  an  excellent  general  utility  pump  as  it  can 

be  used  for  emergency  pumping  station  work  as  well  as  for  dewatering  excavations,  etc. 

The  head  against  which  these  pumps  will  operate  when  used  as  portable  power  pumps 

. 
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ordinarily  varies  from  20  foot  to  SO  foot  and  the  capacities  usually  range  from  4S0O 

gallons  per  hour  to  180,000  gallons  per  hour.  They  are  driven  by  gasoline  engines 

ranging  from  4  h.p.  to  45  h.p.  and  are  particularly  adapted  to  operation  also  with  electric 
motors  because  of  their  high  speed. 

While  the  ordinary  centrifugal  pump  is  supplied  with  priming  pipe  and  standard 
equipment  many  of  the  pumps  are  of  the  self  priming  type. 

Centrifugal  pumps  of  the  portable  type  are  usually  direct  connected  to  the  engine  or 
motor  and  mounted  on  the  same  base.  While  many  of  the  pumps  are  used  on  skids  the 
larger  pumps  are  mounted  on  wheels,  either  steel  or  rubber  tired. 

The  smaller  pumps  are  sometimes  light  enough  to  permit  of  their  being  carried  by 

one  or  two  men.  For  example,  one  pump  on  the  market  weighing  only  90  pounds  will 
pump  8,000  gallons  of  water  per  hour. 

Especially  designed  pumps  for  handling  trash  and  debris  have  large  impeller  open- 
ings. One  pump  of  this  type  is  designed  to  pass  a  sphere  one-inch  smaller  in  diameter 

than  the  pump  suction.  However,  the  suction  hose  is  usually  provided  with  a  crossbar 
to  prevent  entrance  of  any  irregular  shaped  object  which  might  become  lodged  in  the  hose. 

Most  of  the  portable  centrifugal  pumps  are  of  the  horizontal  type,  however,  vertical 
centrifugal  pumps  are  used  to  some  extent,  particularly  in  the  smaller  types  where  they 

are  powered  by  a  motor  similar  to  an  outboard  motor.  This  motor  is  directly  connected 

to  the  pump  shaft  and  the  pump  is  immersed  in  the  water.  This  type  of  pump  is  very 
useful  in  dewatering  sewer  basins  through  manholes,  basements  and  small  excavations. 
The  portable  type  is  confined  to  the  smaller  pumps  because  of  the  fact  that  it  cannot 
be  readily  mounted  on  wheels. 

The  vertical  type  of  centrifugal  pump  is  particularly  adapted  to  deep  cofferdams 
and  caissons.  In  most  cases  this  will  necessitate  rather  large  pumps,  therefore,  they  may 

be  properly  classed  as  semi-portable.  Where  current  is  available  the  electric  motor  is 
the  best  form  of  power.  By  using  a  vertical  motor  it  may  be  located  directly  on  the 
shaft  or  so  arranged  that  the  entire  unit,  including  the  motor,  may  be  lowered  as  the 

excavation  proceeds.  They  may  be  belt-driven  and  so  arranged  that  the  shaft  can  be 
readily  extended  and  the  pulley  shifted  as  the  pump  is  lowered. 

There  is  on  the  market  an  air  operated  sump  pump  which  consists  of  a  centrifugal 

pump  driven  by  a  rotary  air  motor.  It  weighs  44  pounds  and  has  a  capacity  of  100 
gallons  per  minute  against  20  foot  head.  Priming  of  the  pump  is  unnecessary  as  the 

pump  is  submerged.  This  pump  is  particularly  adapted  to  draining  manholes  and  pits. 

It  is  equipped  with  ̂   inch  air  line  and  2J/2  inch  water  hose. 

RECIPROCATING  PUMPS 

Portable  reciprocating  pumps  are  either  of  the  horizontal  or  vertical  piston  type.  A 
typical  horizontal  piston  type  pump  has  a  4  h.p.  motor,  1^  inch  suction  and  discharge 
and  is  capable  of  discharging  900  gallons  of  water  per  hour  against  a  200  foot  head  with 
20  foot  suction  lift.  A  typical  portable  triplex  pump  powered  with  a  8  horsepower 

2  cycle  gasoline  engine  will  discharge  2400  gallons  of  water  per  hour  against  a  3S0  foot 

head  with  20  foot  suction  lift.  The  piston  type  of  pump  is  not  as  effective  in  handling 
dirty  water  as  either  the  diaphragm  or  centrifugal  pump.  Their  principal  advantage  is 

that  they  are  more  readily  adapted  to  pumping  against  high  heads.  As  with  the  other 
types  of  portable  pumps  they  are  powered  with  gasoline  engine  direct  connected  through 
a  reduction  gear  and  may  be  mounted  either  on  skids  or  on  trucks  with  steel  or  rubber 
tires. 
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The  largest  pumping  plant  ever  placed  on  wheels  was  u?ed  by  the  Illinois  Central 
during  the  Mississippi  River  flood  of  1937,  this  portable  pumping  plant  consisted  of  one 

18-inch  one  12-inch  and  one  10-inch  centrifugal  pump,  all  electrically  driven.  The  com- 
plete pumping  station  was  mounted  in  three  cars  exclusive  of  a  fourth  car  which  was  used 

for  transporting  the  necessary  pipe  and  pipe  connections.  The  18-inch  pump  was 
installed  in  a  40  foot  automobile  type  box  car  with  steel  underframe,  this  type  of 

construction  being  necessary  in  order  to  make  the  installation  as  rigid  as  possible  and  to 

prevent  motor  and  pump  from  getting  out  of  line.  The  two  smaller  pumps  were  placed 
in  another  box  car  of  similar  design  while  a  transformer  for  stepping  down  2300  primary 
current  to  440  volt  current  for  use  on  the  motors  was  located  in  the  third  car.  The 

combined  pumping  capacity  of  the  three  pumps  was  from  17,000  to  20,000  gallons  per 
minute,  the  pumping  capacity  varying  with  the  heads  under  which  the  pumps  were 

operated. 

Your  Committee  recommends  that  this  report  be  received  as  information  and  the 

subject  discontinued. 

Appendix  H 

THE  SELECTION  AND  USE  OF  LIGHT  GAS  ENGINE  OILS 

By  C.  H.  R.  Howe 

One  of  the  most  imporLant  factors  in  the  economic  maintenance  and  operation  of 

roadway  equipment  is  the  selection  and  use  of  proper  lubricating  materials;  for  regard- 
less of  all  the  attention  that  a  careful  maintainer  may  give  a  machine,  the  use  of  an 

inferior  grease,  or  oil,  may  necessitate  costly  overhauling  and  repairs  to  say  nothing  about 
the  inconvenience  and  delay  as  a  result  of  having  a  machine  out  of  service. 

When  we  consider  the  variety  of  equipment  now  in  use,  together  with  the  wide  range 

in  type  and  size,  even  of  machines  of  the  same  character,  it  would  seem  that  the  selec- 
tion of  a  satisfactory  lubricant  for  each  purpose  would  introduce  numerous  complications, 

particularly  in  the  stock  list,  and  so  it  would  unless  the  problem  is  approached  from  a 
standpoint  of  common  sense. 

Perhaps  the  lubricant  most  widely  used  in  our  roadway  machines  is  the  light  gas 

engine  oil.  Let  us  examine  the  uses  to  which  this  oil  is  applied  and  the  conditions 

attendant  on  its  use.    From  this  study  we  may  determine  what  is  desired  in  such  an  oil. 

Primarily  this  oil  is  used  in  the  crank-case  of  all  gasoline  engines  and  also  in  the 

Diesels.  These  engines  vary  in  size  from  54  h.p.  to  200  h.p.  They  may  be  2-cycle  or 
4-cycle,  air  or  water  cooled.  They  are  operated  in  all  seasons  with  temperatures  ranging 

from  sub-zero  to  over  100  degrees  F.  Somewhat  similar  oils  are  used  in  compressors  and 
for  various  other  purposes. 

It  would  seem  that  ideal  simplification  would  be  achieved  if  a  single  grade  of  oil 
could  be  obtained  that  could  be  used  in  every  one  of  these  machines  the  year  round. 

It  is  evident  that  for  such  a  variety  of  purposes  some  slight  compromises  are  inevitable, 

yet  the  oil  must  give  satisfactory  service.  Such  oils  are  procurable.  The  question  arises 
how  to  distinguish  them. 

Oleo-chemistry  is  extremely  technical  in  character  and  has  reached  a  highly  developed 
state  of  advancement,  but  unfortunately  neither  chemical  analysis  nor  laboratory  physical 

tests  can  determine  whether  or  no  any  particular  oil  will  stand  up  in  service. 
In  this  connection  note  the  conclusions  reached  after  a  series  of  tests  made  by  the 

Engineering  Station  of  the  State  College  of  Washington,  and  published  in  their  Engineer- 

ing Bulletin  No.  41,  entitled  "The  Relative  Values  of  Automotive  Oils"  by  Howard  H. 
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Langdon,  and  in  Bulletin  No.  42,  "Laboratory  Methods  of  Comparing  Lubricating  Val- 
ues of  Automotive  Oils",  also  by  Mr.  Langdon: 

Conclusions 

"It  should  be  remembered  that  the  foregoing  study  is  in  the  field  of  automotive 
lubrication  only,  and  that  it  covers  what  are  considered  to  be  a  few  typical  oils  repre- 

senting the  asphalt  and  paraffin  bases.  The  oils  chosen  are  those  that  are  in  direct 

competition  throughout  most  of  the  United  States  and  are  representative  of  many  other 
oils  sold. 

"This  series  of  tests,  while  not  as  extensive  as  other  tests  upon  the  change  in  physical 
properties  of  lubricating  oil  during  use,  has  gone  deeper  into  the  heart  of  the  problem 
than  any  reports  so  far  published  have  indicated.  Wear  of  important  parts  of  the 

automotive  engine  determines  the  maintenance  cost  which  is,  as  a  rule,  greater  than  the 
difference  in  cost  between  high  and  low  grade  lubricating  oils. 

"As  a  result  of  this  study  the  following  conclusions  can  be  drawn; 

1.  To  the  consumer  the  so-called  physical  property  tests  of  lubricating  oils  are  of 
value  chiefly  for  the  purpose  of  identification,  and  for  making  certain  that  the 

oils  purchased  are  up  to  the  manufacturer's  specifications. 
2.  Viscosity  tests  are  of  value  in  adapting  a  lubricating  oil  to  the  needs  of  an 

engine,  and  for  the  identification  of  oils,  but  do  not  necessarily  indicate  the 
lubricating  value  of  an  oil.  A  paraffin  base  oil,  as  a  rule,  maintains  a  more 
uniform  viscosity  with  use  than  does  an  asphalt  base  oil. 

3.  Distillation  tests  and  flash  and  fire  tests  are  useful  for  identification  and  refinery 
control,  but  it  is  doubtful  if  there  is  any  direct  relation  between  these  tests  and 
lubricating  value.  Cloud  and  pour  tests  may  be  important  for  selecting  oils  to 
be  used  in  extremely  cold  weather,  but  are  not  a  guide  in  determining  lubricating 
value  for  normal  operation. 

4.  An  oil  testing  high  in  carbon  residue  does  not  necessarily  possess  inferior  lubri- 
cating properties.  The  foregoing  tests  indicate  that  oils  with  high  initial  carbon 

residue  have  shown  superior  lubricating  ability,  although  this  study  would  seem 
to  indicate  that  there  is  no  direct  relation  between  the  two.  The  carbon  residue 
test  should  be  used  only  as  a  means  of  refinery  control  and  identification.  Where 
other  investigators  have  shown  that  the  carbon  residue  values  influence  the  rate 
of  carbon  deposition  in  the  combustion  chamber,  the  foregoing  tests  would  seem 
to  indicate  that  other  influences,  such  as  leakage  past  the  rings,  were  much  more 
important  in  forming  carbon  deposits. 

5.  Operation  under  dusty  conditions,  such  as  farm  work,  reveals  the  desirability  of 
dust-proofing  such  engines.  In  these  tests  excess  wear  due  to  dust  reached  as 
high  as  2000  percent,  and  consequently  the  comparative  value  of  any  lubricant 
was  accordingly  diminished.  However,  even  in  this  case  somewhat  less  wear  was 
shown  for  the  paraffin  oil. 

6.  In  the  comparative  tests,  leakage  and  pumping  losses  were  greater  by  as  much  as 
6  percent  with  the  asphalt  than  with  the  paraffin  base  oils. 

7.  In  automobile,  laboratory,  and  field  operation  of  the  automobile  engines  used 
in  these  tests,  an  average  of  54  percent  greater  wear  of  the  working  parts  took 

place  with  typical  asphalt  base  oils  than  with  typical  paraffin  base  oils." 

Summarizing  the  foregoing  conclusions  it  is  evident  that  no  specification  relying 
solely  on  laboratory  confirmation  will  give  any  assurance  of  results  to  be  expected.  If 

the  specifications  are  to  be  worthwhile  they  should  contain  provisions  for  definite 
performance  tests. 

The  following  specifications  and  practical  test  procedure  have  been  found  useful  on 
one  railroad: 
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GAS  ENGINE  OIL— SAE  30  TYPE 

Secure  a  one  gallon  sample  of  the  oil  in  question.  One  quart  of  this  sample  is  to  be 

sent  to  the  ENGINEER  OF  TESTS  for  laboratory  checking.  (When  this  is  impractical 
the  required  characteristics  can  be  obtained  from  the  manufacturer.)  The  characteristics 

of  this  grade  of  oil  should  be  approximately: 

Flashpoint,  Cleveland  Open  Cup     Minimum  360  degrees  F. 
Firepoint        Minimum  450  degrees  F. 
Viscosity,  Saybolt  Universal  @  100  degrees  F     Minimum  540  Seconds 

Maximum  560  Seconds 
Viscosity,  Saybolt  Universal  @  210  degrees  F      Minimum     SO  Seconds 

Maximum    60  Seconds 
Pour  Point        Not  above   0  degrees  F. 
Carbon  Residue— Conradson        Maximum  0.30  percent 
Demulsibihty        Minimum  300 

There  are,  however,  certain  exceptions  in  the  case  of  carbon  residue,  some  oils  as 

high  as  0.35  percent  have  given  very  good  results  in  field  service. 

The  remaining  three  quarts  of  the  sample  are  to  be  used  in  a  running  test  as  follows: 

For  this  test  a  small  motor  such  as  a  ̂   h.p.  bonding  drill  with  2^  inch  cylinder 
bore  should  be  used.  After  thoroughly  cleaning  the  motor,  place  the  customary  quantity 

of  oil  in  the  crank-case  and  start  the  motor.  The  three  quarts  of  oil  should  be  good  for 

at  least  30  hours  actual  running  time,  which  may  be  intermittent  if  the  operator's  duties 
require  him  to  be  absent.  A  good  oil  will  make  the  thirty  hour  run  without  causing 

motor  trouble.  At  the  end  of  the  run  the  oil  remaining  in  the  motor  should  be  drained 

out  and  its  condition  noted.  The  carbon  adhering  to  the  valves  should  be  scraped  off 

and  quantity  recorded. 

If  trouble  develops  during  the  run,  such  as  motor  stopping  due  to  intake  valve 

sticking,  fouling  of  spark  plug,  or  rings  sticking,  a  log  should  be  kept  showing  the  inter- 
vals between  forced  stops.  The  amount  of  carbon  accumulated  during  the  run  should 

be  recorded  as  well  as  the  final  condition  of  the  oil  remaining. 

In  general  it  will  be  noted  that  an  oil  which  causes  stoppage  of  the  small  motor, 

during  this  30  hour  run,  has  little  likelihood  of  successful  operation  in  a  larger  unit  in  a 

field  test.  However,  the  completion  of  a  non-stop  30-hour  run  is  not  always  conclusive 
evidence  that  the  oil  will  prove  satisfactory  for  field  service.  It  will,  however,  indicate 

that  a  more  extensive  try-out  is  justified. 
This  procedure  should  be  as  follows: 

Select  a  larger  machine  for  the  test,  say  the  compressor  end  of  a  120  cubic  foot 

capacity  machine.  After  cleaning,  place  the  usual  amount  of  oil  in  the  crank-case — 
approximately  four  quarts — and  start  regular  operation.  It  should  require  about  54  hours 
operation  before  it  is  necessary  to  change  oil.  During  this  period  record  should  be  kept 
of  the  additional  oil  that  it  was  necessary  to  add  to  keep  the  oil  at  proper  level.  This 

will  give  a  very  good  idea  of  the  consumption  rate. 

At  the  end  of  the  first  thirty-two  hours  it  is  well  to  examine  and  record  the  condition 
of  the  valves. 

If  during  the  54  hour  run  no  difficulty  with  the  oil  is  experienced,  the  chances  of  its 
successful  use  in  other  machines  are  excellent. 
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Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subjects: 

(1)  Revision  of  Manual — no  report. 

(2)  Waterproofing  and  dampproofing  of  railway  structures — Specifications  for 
bituminous  emulsions  for  dampproofing  (Appendix  A)  are  submitted  for  adoption  and 
publication   in   the   Manual. 

The  Special  Committee  on  Waterproofing  of  Railway  Structures, 

J.  A.  Lahmer,  Chairman. 

Appendix  A 

(2)     SPECIFICATIONS  FOR  BITUMINOUS  EMULSIONS 
FOR  DAMPPROOFING 

These  specifications  are  submitted  for  adoption  and  publication  in  the  Manual. 

They  were  first  presented  as  information  in  this  Committee's  report  for  1936.  Since 
then  they  have  been  revised  as  a  result  of  conferences  with  representatives  from  the 
technical  staffs  of  leading  producers  of  such  materials. 

I    SCOPE 

1.  These  specifications  are  intended  to  apply  to  materials  and  methods  for  damp- 
proofing steel  and  concrete  surfaces  by  use  of  asphalt  emulsion  (clay  type)  and  concrete 

surfaces  by  use  of  coal  tar  emulsion  (soap  type). 

II    MATERIAL 

2.  Asphalt  Emulsion  (Clay  Type) 

Asphalt  emulsion  (clay  type)  shall  be  a  steam  refined  type  of  asphalt  similar  to 
that  specified  in  Section  6  of  Specifications  for  Membrane  Waterproofing  as  printed  in 

the  Manual  (except  that  the  softening  point  shall  be  between  90  degrees  F.  and  120  de- 
grees F.  and  penetration  at  77  degrees  F.  shall  be  not  less  than  100)  thoroughly  dis- 

persed in  water  by  means  of  a  suitable  dispersing  agent.  Analysis  of  emulsion  as 

received  shall  conform  to  the  following  by  weight: 

Bitumen       Minimum  45  percent 
Non-volatilizing   matter       Maximum    5  percent 
Water    Remamder 

3.  Coal  Tar  Emulsion  (Soap  Type) 

Coal  tar  emulsion  (soap  type)  shall  contain  a  coal  tar  base  thoroughly  dispersed  in 
water  by  means  of  a  suitable  dispersing  agent. 

Bulletin  402,  February,  1938. 
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The  emulsion  shall  contain  not  less  than  30  percent  or  more  than  40  percent  of 

water  by  weight  as  determined  by  ASTM  Standard  Method  D  95-30. 

The  specific  gravity  at  77  degrees  F.  of  the  emulsion  shall  be  not  less  than  l.OS. 

The  bituminous  base  of  the  emulsion,  when  recovered  by  an  adaptation  of  ASTM 

Standard  Method  D  95-30  (see  note)  shall  have  the  following  characteristics: 

Specific  gravity  at  77  degrees  F    1.10  minimum 
Float  test  at  122  degrees  F    50  to  150  seconds 
Ash      2  percent  maximum 
Insoluble  in  carbon  disulphide    5  to  IS  percent 

Note:  100  ml.  of  the  emulsion  shall  be  dehydrated  in  the  glass  flask,  mixing  with  it, 
prior  to  distillation,  100  ml.  of  industrial  xylol,  and  10  ml.  of  a  5  percent 
aluminum  sulphate  solution.  The  glass  flask  shall  have  a  stop  cock  (A.  H. 
Thomas  Co.  No.  7618-C)  to  draw  off  the  water  as  necessary.  After  dehydra- 

tion and  cooling,  the  flask  shall  be  connected  to  condensing  apparatus  to  distill 
the  xylol  into  a  receiver,  using  a  connecting  tube  equipped  with  an  ASTM  high 
distillation  thermometer.  After  the  xylol  is  removed,  the  vapor  temperature 
shall  be  increased  to  200  degrees  C.  and  heating  immediately  discontinued.  When 
the  residue  in  the  flask  has  cooled  to  below  100  degrees  C.  it  shall  be  removed 
for  testing. 

4.  General  Requirements  for  Bituminous  Emulsions 

A.  The  reaction  of  emulsion  to  litmus  paper  shall  not  be  acid. 

B.  The  emulsifying  process  shall  not  materially  affect  the  elasticity,  pliability,  duc- 
tility, viscosity  or  other  essential  properties  inherent  in  the  original  bitumen. 

C.  Only  ̂ Icohol  may  be  introduced  into  asphalt  emulsion  (but  not  into  coal-tar 
emulsion)   to  lower  the  freezing  point. 

D.  The  emulsion  shall  not  clot  after  dilution  by  adding  ̂   gallon  of  water  to 
1  gallon  of  emulsion. 

E.  The  bituminous  particles  shall  remain  in  suspension  until  the  water  vehicle 
has  evaporated. 

F.  When  stored  in  a  filled-steel  or  iron-closed  container  for  a  period  of  at  least 
60  days  after  delivery,  the  emulsion  shall  not  form  a  packed  layer  of  concentrated 
bitumen  in  the  bottom  of  the  container. 

G.  When  subjected  to  a  temperature  of  176  degrees  F.  plus  or  minus  5  degrees  F., 

according  to  ASTM  test  D  466-37  T,  the  specimen  shall  not  flow. 

H.  When  subjected  for  24  hours  to  the  action  of  water  or  a  10  percent  sulphuric- 

acid  solution,  according  to  ASTM  test  D  466-34  T,  the  specimen  shall  not  reemulsify  or 
strip  from  the  tile  and  shall  remain  ductile. 

I.  The  consistency  and  body  of  the  emulsion  shall  be  such  that  it  can  be  applied 

readily  with  a  brush  to  a  clean  sheet-metal  surface,  in  a  single  coat  of  uniform  thickness, 
at  the  rate  of  1  gallon  to  125  square  feet  of  surface. 

J.  When  a  stronger  film  is  specified,  from  4  to  7  percent  by  weight  of  long 
asbestos  fiber  shall  be  incorporated  mechanically  by  the  manufacturer  into  asphalt 

emulsion  (but  not  into  coal-tar  emulsion),  together  with  the  minimum  amount  of 
additional  water  necessary  to  produce  a  working  consistency. 

5.  Inspection  and  Tests 

Except  as  otherwise  provided,  materials  shall  be  sampled  and  tested  for  the  specified 

properties  by  the  current  methods  recommended  by  the  ASTM. 
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The  acceptance  of  materials  by  the  Inspector  shall  not  be  a  bar  to  their  subsequent 

rejection  if  found  defective.  Rejected  materials  shall  be  replaced  promptly  by  the 
manufacturer. 

Emulsions  shall  be  delivered  at  the  site  of  the  work  not  less  than  three  weeks 

before  they  are  to  be  applied,  in  order  that  they  may  be  tested  and  analyzed.  They 
shall  be  delivered  in  the  original  containers  bearing  the  brand  of  the  manufacturer. 

They  shall  be  so  stored  as  to  prevent  deterioration  or  damage  by  weather;  and  shall 
be  handled  in  such  manner  as  to  prevent  inclusion  of  foreign  matter.  Damaged  or 
deteriorated  material  shall  be  removed  immediately  from  the  site  of  the  work. 

Ill    APPLICATION 

6.  Preparation  of  Surfaces 

The  surfaces  upon  which  bituminous  emulsion  is  to  be  applied  shall  be  cleaned  of 

dirt,  dust  or  other  loose  particles.  Oils  or  grease  shall  first  be  removed  by  proper 
solvents,  after  which  the  surfaces  shall  be  washed  with  clean  water.  Old  walls  shall  be 
cleaned  with  a  wire  brush  or  if  necessary,  a  chisel  or  scraper  shall  be  used  to  produce  a 
clean  surface.  Rust  or  mill  scale  shall  be  removed  from  metal  surfaces  with  a  wire 

brush  or  by  sand  blast. 

Cracks  in  walls  or  walls  that  have  disintegrated  or  are  honeycombed,  shall  be 

repaired  in  accordance  with  AREA  specifications  for  Repairing  Deteriorated  Concrete. 

7.  Method  of  Application 

Asphalt  emulsion  shall  be  applied  preferably  by  spraying.  If  authorized  by  the 

Engineer,  it  may  be  applied  with  a  substantial  four-inch  bristle-brush,  or  mopped  on 

with  a  3-knot  mop.  Asphalt  emulsion  containing  asbestos  fiber  shall  be  applied  with  a 
brush  or  a  trowel. 

Coal-tar  emulsion  shall  be  applied  by  spraying. 

Each  coat  shall  be  allowed  to  become  dry  before  the  next  one  is  applied.  When  a 

coat  is  dry,  the  dry  finger  tip  pressed  firmly  against  the  film  and  withdrawn  will  not 
cause  a  separation  of  the  bituminous  emulsion  from  the  surface  upon  which  it  has  been 

applied. 

When  used  on  concrete,  the  emulsion  preferably  shall  be  applied  immediately  after 

the  forms  have  been  removed.  In  no  case  shall  emulsion  be  applied  to  a  dry  masonry 
surface. 

A  priming  coat,  consisting  of  emulsion  of  shipping  consistency  to  which  approxi- 
mately 20  percent  water  has  been  added,  shall  be  applied  to  all  metal  surfaces  that  are 

not  new  and  to  all  surfaces  upon  which  emulsion  is  to  be  applied  by  trowel. 

8.  Amount  of  Emulsion  to  be  Used 

Five  gallons  of  emulsion  of  shipping  consistency  shall  be  applied  to  100  square  feet. 

When  a  spray  or  a  trowel  is  used,  the  emulsion  shall  be  applied  in  not  less  than 
two  coats  of  approximately  the  same  thickness,  in  addition  to  the  priming  coat  if  one 
is  applied. 

When  a  brush  is  used,  the  emulsion  shall  be  applied  in  not  less  than  3  coats  of 

approximately  the  same  thickness,  in  addition  to  the  priming  coat  if  one  is  applied. 
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When  emulsion  containing  fiber  is  used,  the  first  coat  after  the  priming  coat  shall 
be  non-fibrated  emulsion  applied  at  the  rate  of  not  more  than  1J4  gallons  of  shipping 
consistency  to  100  square  feet. 

There  shall  be  complete  coverage  of  the  area  dampproofed;  the  film  of  emulsified 
bitumen  shall  be  intact,  without  blisters  or  pin  holes. 

9.     Temperature 

Emulsion  shall  not  be  allowed  to  freeze  in  the  containers;  if  broken  by  freezing,  it 
shall  not  be  used. 

Emulsion  shall  not  be  applied  to  frozen  surfaces  or  at  temperatures  below  45  de- 
grees F.  A  sufiicient  time  shall  be  allowed  for  it  to  cure  before  the  temperature  falls 

below  45  degrees  F. 
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Died  June  8,   1937. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  respectfully  reports  on  the  following  subjects: 

(1)  Revision  of  Manual.    Progress  in  study— no  report. 

(2)  Levees,  dikes  and  mattresses  (Appendix  A).  Final  report  on  dikes  and  mat- 
tresses complete  and  presented  as  information  with  recommendation  that  subject  be 

discontinued. 

(3)  Breakwaters,  bulkheads  and  jetties.    Progress  in  study — no  report. 

(4)  Warehouse  piers,  coal  piers,  car  float  piers  and  others  on  the  Great  Lakes  and 

seacoast,  collaborating  with  Committees  VI — Buildings  and  XIV — ^Yards  and  Terminals. 
Progress  in  study — no  report. 

(5)  Develop  the  ruling  heights  and  widths  in  the  design  of  inland  waterway  craft 
which  control  vertical  and  horizontal  clearances  of  bridges  over  waterways  (Appendix  B). 

Complete  and  presented  as  information  with  recommendation  that  subject  be  discontinued. 

(6)  Economic  principles  involved  in  clearances  over  navigable  waterways.  Progress 

in  study — -no  report. 

(7)  Seawalls  and  ocean  shore  protection,  including  effect  of  wave  action  and  ice. 

Progress  in  study — no  report. 

(8)  Reasonable  life  of  steel  casings  immersed  in  sea  water.  Progress  in  study — 
no  report. 

(9)  Selection  of  type  of  construction  of  piers  in  various  kinds  of  water,  including 

materials  used  therein.    Progress  in  study — no  report. 

(10)  Waterway  projects  of  the  United  States.  Respectfully  referred  to  Committee 
on  Outline  of  Work  for  more  specific  instructions  as  to  what  is  desired. 

(11)  Lands  subject  to  servitude  of  navigation  as  affecting  protection  of  roadbeds 

built  or  to  be  built  on  proposed  dam  pool  areas.    Progress  in  study — no  report. 
The  Committee  on  Waterways  and  Harbors, 

G.  P.  Palmer,  Chairman. 

Bulletin  402,  February,  1938. 

I 
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Appendix  A 

(2)     LEVEES,  DIKES  AND  MATTRESSES 

S.  L.  Wonson,  Chairman,  Sub-Committee;  H.  T.  Bradley,  A.  F.  Crowder.  A.  N.  Reece, 
G.  R.  Smiley,  Shu-T'ien  Li. 

In  1936*  the  Committee  submitted  a  final  informatory  report  on  levees;  it  now 
submits  a  similar  report  on  dikes  and  mattresses  as  commonly  used  in  river  control  and 

improvement. 

GENERAL  FUNCTIONS 

Both  dikes  and  mattresses  are  used  both  for  bank  protection  and  for  regulation. 

"Bank  protection"  is  the  protection  of  the  river  bank  against  erosion  by  the  current. 

"Regulation"  is  river  improvement  for  navigation  by  works  designed  to  provide 
suitable  width,  depth  and  alinement  of  the  low  water  channel. 

Regulation  is  usually  carried  out  by  contractive  works,  which  decrease  the  width 

and  increase  the  depth  of  the  low  water  channel,  and  rectify  its  alinement  where  neces- 
sary; regulating  works  may  include  bank  protection  in  cases  where  this  method  of 

stabilizing  the  low  water  bank  is  indicated. 

ERODING  BANKS 

The  eroding  bank  is  a  major  aspect  of  alluvial  rivers  in  the  natural  state.  Such 

banks  are  commonly  classified  as — 

(a)  Caving  banks,  including  what  are  sometimes  called  sloughing  or  sliding 
banks,  and 

(b)  Sinking  banks. 

The  caving  bank  results  from  subaqueous  erosion;  it  is  undercut  by  the  scouring 

action  of  the  current  until  the  upper  section  of  bank  falls  in.  The  action  may  occur  at 

any  stage  where  the  current  strikes  an  erodible  bank  at  an  angle.  Cases  have  been  known 

in  which  a  caving  bank  has  receded  500  feet  in  three  months. 

The  sinking  bank  occurs  where  a  layer  of  soft  material  exists  at  or  near  the  toe  of 

the  bank  slope;  when  this  layer  is  squeezed  out  by  the  weight  above  it  or  is  washed  out 

by  seepage  or  by  current  erosion,  the  sinking  banks  occurs;  in  some  cases  bank  sinkage 
to  a  depth  of  20  feet  has  extended  for  a  distance  of  several  thousand  feet  back  from  the 
bank  and  nearly  a  mile  along  the  bank  line. 

In  addition  to  the  erosion  due  to  direct  action  of  the  current,  erosive  action  may  be 

set  up  by  eddies,  due  to  projecting  points  or  hard  spots  in  the  bank  line,  or  created  by 

bridge  ends,  dikes  and  the  lower  end  of  revetment  work. 

In  non-alluvial  rivers  the  eroding  bank  is  usually  a  less  prominent  feature,  but  may 
occur  as  a  result  of  several  factors,  such  as  character  of  bank  material,  bank  alinement, 

depth  of  water  and  direction  and  velocity  of  current. 

There  are  two  general  classes  of  works  for  the  protection  of  banks  against  attack 

by  the  current — 

(a)  Non-continuous  works,  which  are  designed  to  deflect  the  current  away 
from  the  bank  to  be  protected,  or  to  so  reduce  its  velocity  that  bank 
erosion  will  not  occur,  and 

(b)  Revetment,  which  is  a  continuous  protective  covering  of  the  bank, 

•  Proceedings,  Vol.  37,  page  222. 
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The  major  requirements  for  such  works  are — 

(a)  Protection  against  subaqueous  scour,  and 
(b)  A  reasonable  degree  ot  permanence. 

Since  the  attack  of  the  current  is  at  and  below  the  water  surface,  adequate  pro- 
tection of  the  underwater  bank  is  essential.  With  the  bank  protected,  that  part  of  the 

energy  of  the  current  which  has  been  expended  in  eroding  the  bank,  is  now  expended  in 

eroding  the  river  bed  and  deepening  the  channel.  The  works  should  be  so  designed  that 
this  deepening  will  not  destroy  their  usefulness. 

DIKES 

When  used  for  bank  protection,  dikes  are  of  the  class  non-continuous  works  and 
are  known  as  transverse  or  spur  dike?,  built  at  a  considerable  angle  with  the  current. 

When  acting  as  regulating  or  contractive  works,  they  are  classed  as — 

(a)  Transverse  or  spur  dikes,  and 
(b)  Longitudinal  dikes  or  training  works. 

An  example  of  the  longitudinal  dike  is  the  Eads  jetties  in  the  South  Pass  of  the 

Mississippi,  completed  in  1879.  These  jetties  were  built  up  of  successive  layers  of 
willow  mats,  heavily  loaded  with  stone,  and  sunk  along  each  side  of  the  channel;  the 

objective  being  an  increase  in  current  velocity  due  to  confinement  and  a  consequent 
permanent  deepening  of  the  channel  by  scour. 

The  project  was  highly  successful,  a  result  which  was  of  vital  importance  to  the 

City  of  New  Orleans,  in  that  access  to  the  port  was  preserved,  following  the  change  in 

type  of  ocean  carrier  from  the  light  draft,  sharply  moulded  clipper  ship  to  the  deep  draft, 
full  moulded  steam  vessel. 

Similar  jetties  in  Southwest  Pass,  now  the  primary  entrance  to  the  river,  were 
completed  in  1923. 

On  the  rivers  of  the  United  States  the  transverse  type  of  dike  is  used  to  a  con- 
siderably greater  extent  than  the  longitudinal  type. 

Transverse  dikes  are  also  classed  as  permeable  and  impermeable,  depending  upon  the 
material  and  method  of  construction. 

The  impermeable  dike  does  not  permit  the  current  to  flow  through  it.  It  may  be 

built  of  masonry,  loose  stone,  sand,  gravel  or  earth,  rock  filled  timber  or  log  cribs,  or 

alternate  layers  of  brush  and  stone  or  mattress  and  stone.  Except  the  brush  and  mat- 
tress types,  it  is  a  structure  of  considerable  weight  and  adapted  only  to  streams  having 

a  fairly  firm  bed. 

The  permeable  dike,  which  permits  passage  of  the  current,  but  with  retarded  velocity, 

is  well  adapted  to  silt  bearing  streams,  in  that  it  is  less  expensive,  for  comparable  results, 
than  the  impermeable  type.  The  retardation  of  the  current  results  in  deposition  of  water 

borne  material  and  builds  up  the  stream  bed  at  and  near  the  dike.  When  suitably  de- 
signed and  spaced,  a  series  of  transverse  dikes,  in  effect,  produces  a  building  out  of  the 

bank  to  or  near  the  outer  ends  of  the  dikes. 

The  building  up  and  building  out  effect  is  frequently  accelerated  by  floating  drift 
which  is  lodged  against  the  structure. 

TYPES  OF  DIKES 

The  nomenclature  of  the  various  types  of  dikes  is  not  entirely  definite  and  different 
writers  use  different  terms  to  denote  the  various  types.  Some  of  these  types  are  as 
follows: 
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The  screen  dike  is  a  permeable  screen  of  lumber,  poles,  brush  or  wire,  fastened  to  a 

row  of  piles  or  hung  from  buoys  or  a  floating  boom.  The  float  or  the  lower  edge  of 
the  screen  is  anchored  to  the  bottom  by  cribs,  piles  or  otherwise,  and  this  anchorage 

usually  is  provided  with  some  mattress  protection  to  prevent  washout  by  scour. 

It  is  rather  a  frail  type  of  structure,  most  suitable  for  shallow  depths  and  slow 
currents. 

The  abatis  dike  consists  of  a  row  of  triangular  wooden  frames,  of  which  one  leg 
rests  upon  the  bottom  and  another  stands  at  an  angle  of  from  30  to  45  degrees.  Poles 

and  brush  are  placed  along  the  horizontal  legs  and  upon  these  is  placed  sufficient  rock 

to  weight  the  structure  down.  The  frames  are  braced  together  in  the  plane  of  the  up- 
standing legs,  and  along  these  legs  is  fastened  a  screen  of  poles  or  brush  so  as  to  present 

a  receding  inclined  surface  to  the  current.  The  upstream  apex  is  usually  anchored  to 
piles  or  rock  filled  cribs. 

The  abatis  dike  is  adapted  to  streams  of  only  moderate  depth  and  velocity. 

The  crib  dike  is  formed  of  one  or  more  tiers  of  approximately  square  cribs  built  up 

on  a  foundation  mat.  On  the  mat  is  placed  a  layer  of  heavy  poles  parallel  with  the  axis 
of  the  dike  and  next  a  similar  layer  transverse  to  the  first.  On  this  foundation  the  cribs 

are  built  up  of  timber,  poles  or  tightly  compacted  bundles  of  brush.  If  additional  tiers 
of  cribs  are  used  they  are  built  up  on  a  crossed  pole  foundation  similar  to  that  under 

the  bottom  tier;  a  transverse  layer  of  poles  is  commonly  placed  over  the  top  of  the 
top  tier  of  cribs. 

The  entire  structure  is  fastened  together  with  cable,  wire  spikes  and  wooden  pins  at 

all  intersections  of  the  poles  and  framework.  The  cribs  are  filled  with  sufficient  stone 

to  properly  weight  the  dike  and  in  silt  bearing  streams  all  interstices  are  soon  filled  with 

deposited  material.  The  structure  is  anchored  by  cables  attached  at  intervals  along  its 

length  and  leading  to  anchorages  in  the  upstream  bank. 

The  hurdle  dike  is  more  or  less  a  development  of  one  form  of  the  screen  dike.  It 

commonly  consists  of  3  rows  of  piles  braced  longitudinally  and  transversely  in  a  plane 
at  or  near  the  top  and  also  braced  transversely  by  diagonal  struts  from  the  bottom  of 

one  pile  to  the  top  of  the  pile  next  upstream.  On  the  center  row  of  piles,  small  poles  are 
fastened  or  woven  horizontally  so  to  form  a  permeable  screen. 

In  a  few  cases,  as  along  the  Missouri  River,  hurdle  dikes  have  been  built  with  re- 
inforced concrete  piles  and  braces,  but  the  cost  is  too  high  for  general  use. 

For  light  service  the  upstream  row  of  piles  may  be  omitted;  for  depths  up  to  about 

3  feet  and  slow  current,  only  one  row  of  piles  with  the  screen  is  used,  reverting  to  one 
form  of  the  screen  dike. 

The  permeable  pile  dike  is  a  development  of  the  hurdle  dike  and  is  the  type  now 

generally  used  in  the  large  silt  carrying  rivers  of  the  United  States.  If  adequate  pile 

penetration  is  practicable,  it  is  the  type  best  adapted  to  streams  of  considerable  depth 
and  velocity. 

It  consists  of  several  parallel  rows  of  staggered  pile  clusters  connected  near  the  top 
with  heavy  round  timber  stringers.  The  tops  of  the  3  piles  in  each  cluster  are  drawn 

together  and  wired.  The  stringers  are  laid  and  fastened  between  each  two  rows  of 
clusters.  From  2  to  6  rows  of  clusters  are  used,  depending  upon  the  depth  of  water  and 

the  exposure  to  current  attack. 

The  top  of  each  row  of  clusters  is  a  few  feet  lower  than  the  top  of  the  adjacent 

row  upstream  and  the  lines  of  stringers,  where  more  than  one  line  is  used,  have  similar 
successively  lower  elevations. 
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The  retard  is  one  or  more  rows  of  entire  trees  with  buttends  upstream,  fastened 

together  with  stringer  poles  and  anchored  to  dead  men  or  anchor  piles.  The  structure  is 
sunk  by  the  force  of  the  current  and  in  some  locations  is  very  effective  in  building  up 
the  river  bed  and  building  out  the  bank. 

Jetties  is  a  name  given  to  units  of  wood  or,  more  commonly,  metal,  consisting  of 
several  straight  members  fastened  together  at  or  near  the  center  of  their  lengths  so  as 
to  form  an  X  in  two  planes.  The  units  are  laced  with  wire,  tied  together  with  cables 

and  anchored  to  dead  men  on  the  bank.  To  accelerate  the  desired  silting  action,  wire 

mesh  is  commonly  laid  along  the  upstream  face  of  the  string  of  units. 

Groin  is  a  general  term  for  the  transverse  dike,  either  permeable  or  impermeable. 

By  some  writers  it  is  used  to  denote  the  impermeable  transverse  dike,  built  of  rock,  earth 

with  a  rock  surface,  and,  in  some  cases,  of  interlocking  wood  or  steel  sheet  piles. 

In  streams  of  erodible  beds,  all  types  of  dikes  are  built  upon,  or  driven  through,  a 
mattress  of  sufficient  width  to  protect  the  dike  from  underscour. 

On  the  lower  Mississippi,  dikes  of  considerable  size  have  been  used  for  the  protec- 
tion of  narrow  necks  within  deep  bends  of  the  river,  the  object  being  to  prevent  the 

high  water  current  from  flowing  across  the  neck  of  the  bend  and  eroding  a  cut  off  channel. 
Usually  an  earth  embankment  of  levee  section  has  been  used,  with  heavy  revetment  at 

the  outer  end.  Four  of  the  larger  dikes  of  this  type  between  Cairo  and  Natches  were 

each  from  ly^  to  6  miles  long. 

At  Leland  Neck,  in  the  Greenville  Bends,  this  type  of  dike  presented  unusual  main- 
tenance difficulties  on  account  of  heavy  scour  near  its  outer  end.  First  built  in  1903,  it 

was  successively  extended  to  a  length  of  2J/2  miles  in  1929.  The  flood  of  that  year 
scoured  out  a  total  of  2^  million  cubic  yards  at  and  near  the  end  of  the  dike.  After 

that  flood  the  outer  5000  feet  was  replaced  with  a  permeable  pile  dike  consisting  of  3-pile 
bents  10  feet  apart,  substantially  cross-braced,  and  with  screens  of  timber  and  poles  on 

the  upstream  and  downstream  rows  of  piles.  The  ground  under  the  structure  was  pro- 
tected against  scour  by  a  concrete  mat  80  feet  wide.  With  the  recent  construction  of 

channel  cutoffs  in  the  Greenville  bends,  the  Leland  Neck  and  Ashbrook  Neck  dikes  have 

been  superseded. 

MATTRESSES 

The  mattress  is  the  primary  element  in  the  continuous  type  of  bank  protection  work 
or  revetment. 

It  consists  of  a  continuous,  flexible  covering  or  pavement  laid  along  the  bank  below 
the  normal  water  level. 

The  construction  of  revetment  includes  three  operations — 

1.  Clearing  and  grading  the  bank. 
2.  Placing  the  mattress. 
3.  Placing  the  top  bank  paving. 

The  slope  of  an  eroding  bank  is  usually  much  too  steep  for  stability,  particularly 
at  and  above  water  level.  The  bank  above  water,  and  for  such  distance  below  water 

as  may  be  practicable,  is  graded  down  to  a  sufficiently  flat  slope  to  ensure  stability  of 

the  protection  work.  The  upper  bank  is  previously  cleared,  to  permit  proper  placing  of 
the  top  bank  paving  above  the  upper  edge  of  the  mattress. 

It  is  essential  that  the  mattress  cover  the  entire  underwater  bank  and  extend  for 

some  distance  beyond  the  toe  of  bank  slope  in  order  to  prevent  undercutting  by  the 
current. 



644   Waterways   and    Harbors   

Mattresses  are  of  two  general  classes,  lumber  or  natural  wood,  which  must  be  sunk 

by  ballasting,  and  concrete.  A  third  class,  the  reinforced  asphalt  mat,  has  recently  been 
used  to  some  extent. 

TYPES  OF  MATTRESSES 

As  in  the  case  of  dikes  the  nomenclature  of  types  of  mattresses  is  somewhat  variable. 

Types  that  have  been  more  commonly  used  are  as  follows — 

The  woven  mattress,  sometimes  called  "basket  mattress",  is  made  of  cane  or  brush 
woven  in  basket  fashion  and  fastened  with  wire.  In  an  improved  type,  the  brush  is 

woven  over  and  under  rows  of  poles  spaced  from  6  to  8  feet  apart,  and  fastened  with 
wire.     Cribs  of  poles  are  fastened  on  the  top  surface  to  retain  the  ballast. 

The  wire  mattress  in  its  simplest  form  consists  of  brush  laid  on  a  wire  net  and  cov- 
ered with  lines  of  poles,  wired  to  the  net  and  forming  the  ballast  cribs.  In  an  improved 

form,  the  layer  of  brush  is  covered  with  rock,  another  layer  of  brush  laid  transverse  to 
the  first,  and  covered  with  a  top  wire  net.  Wire  fasteners  run  from  the  bottom  net, 

part  to  the  top  net,  and  part  to  poles  laid  on  the  top  net,  these  poles  serving  both  to 

protect  the  top  net  and  to  retain  additional  ballast  placed  on  top. 

The  board  mattress  is  used  where  suitable  brush  is  so  scarce  as  to  be  unduly  expen- 
sive. 1X4  or  1X6  boards  are  used,  nail  spliced  to  the  necessary  length.  Upon  a 

bottom  layer  of  boards  extending  up  and  down  stream,  about  4  feet  apart,  boards  are 
woven  under  and  over  in  basket  fashion,  spaced  about  one  inch  apart. 

Another  layer  of  boards,  spaced  4  feet  apart,  is  placed  on  raising  blocks  of  the  same 

thickness  directly  over  the  bottom  layer,  and,  with  additional  boards  laid  across  it,  at 

the  same  spacing,  forms  the  ballast  cribs.    All  intersections  are  spiked  and  usually  wired. 

The  framed  mattress  is  usually  a  3-ply  willow  mat  built  in  frames  of  sawed  timber. 
Each  frame  consists  of  horizontal  top  and  bottom  chords  extending  the  entire  width  of 

the  mat,  with  vertical  members  2^  to  3  feet  long,  spaced  about  5  feet  apart.  The 

frames  are  spaced  about  10  feet  apart.  Each  chord  is  made  up  of  a  pair  of  timbers, 
between  which  the  verticals  fit. 

After  the  bottom  chords  and  verticals  are  placed,  a  layer  of  poles  is  laid  close  across 

the  bottom  chords  and  spiked  to  them.  Across  the  layer  of  the  poles  is  placed  a  layer 

of  brush,  and  across  this  another  layer  of  brush  or  poles,  parallel  to  the  bottom  layer. 
The  layers  are  compressed  by  tightening  cables  passed  around  the  top  and  bottom  poles 

at  intervals  and  the  top  chords  are  placed;  poles  are  then  fastened  across  their  tops 
from  6  to  10  feet  apart. 

The  frame  members  are  fastened  together  with  wooden  pins  supplemented  by  spikes 
and  wire. 

In  a  heavier  type  of  framed  mattress  the  frames  run  in  both  directions  and  addi- 

tional layers  of  brush  or  poles  may  be  used.  Heavy  poles  may  also  be  used  for  frame 
members. 

The  framed  mattress  is  usually  built  in  sections  about  100  feet  X  150  feet  on  sloping 

ways  near  a  source  of  brush  supply.  The  sections  are  launched  and  towed  to  the  point 
where  they  are  to  be  fastened  together  and  sunk. 

The  fascine  mattress  is  a  development  of  the  woven  type,  designed  to  secure  greater 
strength  and  compactness,  while  maintaining  a  considerable  degree  of  flexibility.  It  is 

made  up  of  a  single  layer  of  fascines,  which  are  bundles  of  brush  tightly  bound  in  cylin- 
drical form  to  a  diameter  of  from  12  to  18  inches,  and  of  a  length  equal  to  the  width  of 

the  mat  (transverse  to  the  current),  sometimes  from  250  to  300  feet.     Formerly,  each 
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fascine  was  bound  together  with  wire  before  being  placed;  now,  each  is  formed,  com- 
pressed and  fastened  in  place  in  the  operation  of  building  the  mat. 

The  upstream  edge  of  the  mat  consists  of  a  special  fascine  or  "header",  from  2J^  to 
3  feet  in  diameter,  made  of  poles  tightly  bound  together. 

Fastened  to  the  header  about  8  feet  apart  are  the  bottom  cables,  A  inch  to  5^  inch 
diameter,  and  extending  down  stream  the  entire  length  of  the  mat.  Sewing  strands  of 
J4  inch  cable  are  also  fastened  to  the  header  at  the  locations  of  the  bottom  cables  and 

also  lead  down  stream  for  the  length  of  the  mat. 
Material  for  each  fascine  is  assembled  on  the  fascine  barge,  slides  down  sloping  ways 

against  the  header,  or  against  the  previously  formed  fascine,  and  is  there  compressed  into 
shape  and  fastened  in  position  by  passing  each  sewing  strand  around  it  and  tightening 

all  the  strands.  The  sewing  strand  is  passed  under  the  bottom  cable  in  looping  it  around 
each  fascine  and  is  clamped  to  the  cable  at  intervals. 

There  are  several  different  methods  of  looping  the  sewirg  strands  around  the  fascines, 

involving  either  a  single  or  a  double  strand  at  each  bottom  cable.  Heavy  poles,  well 
spliced  together,  are  sometimes  used  in  place  of  bottom  cables. 

A  2-high  or  3-high  grillage  of  poles  is  fastened  to  the  top  of  the  mat,  forming  the 
ballast  cribs. 

GENERAL  FEATURES  OF  WOOD  MATTRESSES 

Because  of  its  straight  and  slender  growth  and  its  lasting  qualities  in  water,  willow, 

if  available,  is  the  material  generally  favored  for  natural  wood  mattresses.  The  term 

''brush'',  as  used  in  mat  construction,  covers  the  run  of  clearing  up  to  5  inch  or  6  inch 
butt  diameter;  material  4  inches  and  more  in  tip  diameter  is  classified  as  "poles". 

The  cable  used  is  galvanized  strand  of  strength  adap  ed  to  the  partfcular  type  or 
design  of  mat. 

Mattresses  are  usually  built  on  barges  with  sloping  ways  at  one  side;  the  barge  is 
withdrawn  as  the  fabrication  of  the  mat  progresses,  permitting  the  finished  portion  to 

drop  into  the  water.  The  woven  and  board  types  may  also  be  built  floating  in  the  water. 

The  framed  mattress  is  more  commonly  built  on  land  ways  at  a  convenient  source  of 
material,  but  may  also  be  built  on  barge  ways.  The  fascine  mat  is  necessarily  built  with 
a  barge  plant,  directly  over  the  location  at  which  it  is  to  be  sunk. 

In  order  to  protect  against  stresses  or  wear  which  affect  the  edges  of  the  mat  during 

construction  or  service,  the  edges  are  reinforced  by  enlarging  or  strengthening  the  fea- 
tures of  the  general  type  of  construction  used;  after  construction  of  the  heavier  types, 

top  cables  are  laid  and  fastened  in  each  direction  at  appropriate  spacing,  in  order  to 
better  hold  the  entire  structure  together. 

The  sinking  of  mats  is  accomplished  by  placing  sufficient  rock  on  top  of  the  mat 
in  the  ballast  cribs  provided  to  prevent  it  from  sliding  off.  On  the  heavier  types,  such 

as  the  framed  and  fascine,  part  of  the  ballast  is  spread  while  the  mat  is  floating;  the 
remainder  is  placed  as  the  mat  is  sunk  progressively  from  the  upstream  edge. 

The  ballast  is  usually  not  sufficient  to  hold  the  mat  in  place;  it  is  anchored  by  head 
cables  extending  diagonally  from  the  upstream  edge  to  dead  men  in  the  bank,  and  also 

by  side  cables  extending  straight  up  the  bank  from  the  near  edge  of  the  mat.  If  suffi- 
cient silt  is  deposited  to  hold  the  mat  in  place,  the  anchor  cables  may  later  be  salvaged. 

CONCRETE  MATTRESSES 

Increasing  scarcity  of  willow  and  a  lack  of  the  derree  of  permanence  formerly 

ascribed  to  it  have  resulted  in  the  development  of  the  concrete  mattress  by  the  Mississippi 
River  Commission  and  the  Corps  of  Engineers,  U.S.  Army,  for  use  in  revetment  work 
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done  by  the  United  States.  On  the  main  stem  of  the  Mississippi,  which  is  the  site  of 

the  major  volume  of  revetment  work  in  this  country,  concrete  mats  have,  within  recent 
years,  tended  to  supersede  the  willow  mattress. 

Monolithic  concrete  revetment  was  experimentally  used  on  the  Lower  Mississippi  in 
1914.  It  consisted  of  4  inch  reinforced  slabs  of  dimensions  up  to  50  feet  wide  and  125 

feet  long,  built  and  sunk  with  floating  plant.  The  size  of  slabs  was  later  modified  to  a 
width  of  12  feet  and  a  length  of  240  feet. 

Owing  to  high  cost  of  construction  and  impracticabiHty  of  satisfactory  placement, 
the  monolithic  type  was  found  unsuitable  for  general  use. 

The  articulated  concrete  mat  was  originated  in  1915.  It  is  composed  of  units  25  feet 

long  and  4  feet  wide.  Each  unit  is  poured  as  such  and  is  made  up  of  20  reinforced 

concrete  blocks,  3  feet-10^  inches  long,  14  inches  wide  and  3  inches  thick,  poured  side 
by  side,  1  inch  apart. 

The  reinforcement  is  heavy,  wide  spaced,  corrosion-resistant  mesh.  One  element 
passes  longitudinally  through  the  center  of  each  block  (or  transversely  through  the  unit) ; 

3  elements  pass  transversely  through  each  block  (or  longitudinally  through  the  unit). 
The  reinforcement  projects  sufficiently  beyond  the  sides  and  ends  of  the  unit  to  permit 

fastening  it  to  similar  projections  of  the  reinforcement  of  adjoining  units. 

Cables  of  a  length  equal  to  the  entire  width  of  the  mat,  and  to  be  used  in  sinking 

it,  are  placed  in  each  narrow  space  between  the  sides  of  adjoining  units  and  the  re- 
inforcement projecting  from  the  sides  of  the  units  is  fastened  to  these  cables,  as  well  as 

to  the  projecting  reinforcement  of  the  adjacent  unit. 

Units  are  poured  in  tiers  on  barges  and,  when  sufficiently  seasoned,  are  transferred 
to  the  sinking  barge,  which  lays  the  mat. 

The  ma?  is  laid  with  the  long  dimension  of  the  units  transverse  to  the  current,  and 

from  the  bank  outward  into  the  river.  The  sinking  barge  is  large  enough  to  hold  a 

section  of  mat  25  feet  wide  (transverse  to  the  current),  the  length  of  a  unit,  and  100  feet 

to  150  feet  long  (parallel  to  the  current),  the  width  of  25  or  more  units.  On  the  sinking 

barge  is  a  false  deck  sloped  downward  to  the  shore  side,  the  slope  continuing  in  a  curve 
over  the  side  to  the  water  surface.  Across  this  false  deck  are  fastened  rows  of  rollers, 

so  that  a  section  of  mat  may  be  rolled  across  the  false  deck  and  down  into  the  water. 

The  down-stream  portion  of  the  mat  is  sunk  first.  The  first  section  is  assembled  on 
the  sinking  barge,  the  projecting  reinforcements  along  the  bank  ends  of  the  units  are 

fastened  to  anchor  cables  leading  to  dead  men  in  the  bank,  and  the  reinforcement  pro- 
jecting from  the  sides  of  the  units  is  tied  together.  The  section  is  rolled  off  by  pulling 

the  barge  away  from  the  bank,  but  the  outer  edge  of  the  section  must  be  held  above 

water  on  the  curve  at  the  edge  of  the  false  deck,  so  that  the  inner  edge  of  the  next 

section  may  be  fastened  to  it.  This  function  is  performed  by  the  launching  cables, 
which  also  control  the  movement  of  the  mat  section  off  the  sinking  barge. 

Successive  sections  are  assembled  and  launched  in  the  same  way,  until  a  full  width 

strip  of  mat  of  length  up  and  down  stream  equal  to  the  length  of  the  sinking  barge  has 
been  laid.  Then  the  barge  moves  up  stream  and  lays  the  next  strip  of  mat.  Each  strip 

overlaps  the  adjacent  downstream  strip  about  5  feet. 

Concrete  slab  revetment  was  first  used  on  the  Lower  Mississippi  in  1924.  The  slabs 

are  of  reinforced  concrete  about  10  feet  long,  6  feet  wide,  and  3  inches  thick. 

In  the  first,  or  lap  slab  type,  the  slabs  overlapped  both  downstream  and  down  the 

bank,  and  the  corners  were  cut  off  to  clear  the  fastenings  of  the  slab  to  the  guide  cables. 

The  lap  slab  type  has  been  superseded  by  the  butt  slab  type  in  which  the  slabs  are  laid 
close  together,  but  not  overlapping.  The  slabs  are  9  feet  11  inches  X  6  feet  X  3  inches 
yith  the  corners  slightly  cut  off  to  clear  the  guide  cable  fastenings.    The  reinforcing  does 
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not  project  beyond  the  4  sides  of  the  slab  except  at  each  corner,  where  two  elements  of 

the  reinforcing  project  sufficiently  to  be  fastened  to  the  guide  cables.  Handling  loops 

are  provided  on  one  long  side  of  each  slab.  The  handling  loops  and  projecting  reinforce- 
ment at  the  corners  are  of  corrosion  resisting  material. 

The  slabs  are  cast  in  tiers  on  barges  and  the  mat  is  laid  from  a  sinking  barge,  placed 

with  its  length  up  and  downstream,  and  having  along  the  side  facing  the  bank,  a  frame 
work  with  a  vertical  face  flush  with  the  gunwale. 

While  the  articulated  mat  is  laid  from  the  bank  outward  into  the  river,  the  slab 

mat  is  laid  from  the  outward,  or  river  edge,  inward  toward  the  bank.  The  slabs  are 
laid  with  the  long  dimension  up  and  down  stream. 

The  outer  edge  of  the  mat  is  formed  by  a  line  of  heavy  concrete  header  blocks  or 

sills  to  which  are  attached  guide  cables  in  pairs,  the  spacing  between  pairs  being  equal 
to  the  length  of  the  slabs.  The  guide  cables  are  brought  up  on  the  bank  side  of  the 

sinking  barge,  over  sheaves  on  top  of  the  frame  work,  and  thence  to  cable  drums  on 
the  deck. 

With  the  line  of  header  blocks  placed,  and  the  sinking  barge,  or  several  sinking  barges 
in  tandem,  moored  with  their  inner  sides  a  little  toward  the  bank  from  the  line  of  header 

blocks,  the  building  of  a  strip  of  mat  proceeds.  A  slab  is  picked  up  by  a  crane  on  the 

sinking  barge  by  means  of  the  handling  loops  and  swung  into  position  against  the  out- 
side vertical  face  of  the  frame  work  with  the  long  dimension  horizontal.  The  projecting 

reinforcement  at  each  comer  is  looped  over  the  two  guide  cables  matching  the  ends  of 
the  slab  and  clamped,  leaving  these  4  comer  loops  loose  enough  to  permit  the  slab  to 
slide  down  the  cables.  A  sinking  cable  is  attached  to  the  handling  loops  and  the  slab 

lowered  to  final  position,  in  which  its  outside  long  edge  rests  against  the  header  block 

or  against  the  inside  edge  of  a  slab  previously  placed.  The  couplings  of  the  sinking 

cables  into  the  handling  loops  are  so  designed  that  they  disengage  when  the  slab  reaches 
its  position. 

The  position  of  the  sinking  barges  with  relation  to  the  header  blocks,  or  the  slabs 

previously  laid,  is  adjusted  as  necessary  to  maintain  an  inclination  of  the  guide  cables 
sufficient  to  ensure  that  the  slabs  will  sUde  to  a  position  of  close  contact  with  each  other. 

In  this  manner  the  slab  mat  is  laid  in  a  strip  of  width  equal  to  the  length  of  the 

sinking  barge,  or  of  several  barges  in  tandem,  from  the  outer  edge  of  the  mat  to  its 
inner  edge  upon  the  bank.  As  each  strip  is  completed,  the  plant  is  moved  upstream  to 

lay  the  next  strip,  which  is  placed  with  a  S-foot  overlap  on  the  adjacent  downstream 
strip. 

BANK  PAVING 

Along  erodible  banks  the  clearing,  grading  and  paving  of  the  upper  bank  above 

mean  low  water  should  proceed  along  with,  or  closely  follow,  sinking  of  the  mattress, 
to  preclude  damage  to  the  latter  along  its  upper  edge  by  high  water. 

Various  materials  have  been  used,  including  brick,  baked  clay,  concrete  blocks, 
riprap  and  monolithic  concrete;  the  latter  two  are  generally  most  satisfactory. 

Where  concrete  mats  are  used,  the  concrete  plant  is  avaDable  for  building  concrete 
bank  paving. 

STANDARD  TYPES  AND  COSTS 

On  the  Lower  Mississippi  the  following  types  of  mattresses  are  now  standard — 
Framed 
Fascine 
Articulated  concrete 
Concrete  slab,  butt  type 



M^   Waterways   and    Harbors   

The  design  and  placement  of  the  concrete  mat  have  been  developed  to  the  point 
where  concrete  is  cheaper  than  willow,  both  in  first  cost  and  in  maintenance.  Concrete 

is  superior  in  stability  and  in  flexibility,  permitting  a  closer  conformation  to  irregularities 
of  bank  and  bottom.    It  is  expected  to  have  a  longer  life  than  the  willow. 

The  total  cost  of  95  miles  of  bank  revetment  built  on  the  lower  river  from  1918  to 

1931  was  at  the  average  rate  of  $342,000  per  mile,  including  bank  grading  and  top  bank 

paving.  The  average  cost  per  100  square  feet  of  revetment  built  during  the  two  working 
seasons  1929-1931  was — 

Concrete  slab  mat     22.38 
Articulated  concrete  mat    13.36 
Willow  fascine  mat      18.47 
Framed  willow  mat     15.42 
Monolithic  concrete  paving     11.75 
Riprap   paving       16.18 

The  higher  costs  are  understood  to  have  been  somewhat  reduced  in  later  years  as 
a  result  of  intensive  and  continuous  study  of  the  technique  of  design  and  construction. 

TETRAHEDRAL  BLOCKS 

A  novel  form  of  revetment  used  by  the  Mississippi  River  Commission  and  the  Corps 

of  Engineers  in  recent  years  is  a  layer  of  gravel  from  6  inches  to  12  inches  thick,  covered 
and  protected  by  tetrahedral  blocks  of  concrete. 

The  tetrahedral  form  was  selected  as  that  presenting  the  maximum  resistance  to 
displacement  by  the  current.  The  blocks  are  from  12  inches  to  14  inches  high,  weighing 

30  to  40  pounds  and  can  readily  be  placed  or  unloaded  by  hand. 

This  type  of  revetment  may  be  used  both  above  and  below  water  level ;  below  water 
it  is  unloaded  from  barges  in  a  manner  designed  to  secure  the  desired  thickness  and 

continuity  of  both  the  gravel  layer  and  the  block  covering. 

REINFORCED  ASPHALT  MATTRESS 

In  the  search  for  a  type  of  mattress  having,  to  the  highest  practicable  degree,  the 

characteristics  of  strength,  flexibility,  impermeability,  permanence  and  low  cost,  the 
Mississippi  River  Commission  and  the  Corps  of  Engineers  did  not  rest  content  with  the 
concrete  mattress.  Their  development  of  the  asphalt  mat  is  an  outstanding  example  of 

practical  engineering  research.  The  following  information  is  taken  from  a  paper  deliv- 
ered by  Walter  C.  Carey,  Senior  Engineer  in  the  Second  New  Orleans  Engineer  District, 

before  the  annual  meeting  of  the  Mid-South  Section,  ASCE  at  Little  Rock,  in  May  1935.* 

Experiments  looking  to  the  development  of  a  practicable  type  of  asphalt  mat  were 

initiated  by  Colonel  (then  Lieut.  Col.)  Geo.  McC.  Derby,  District  Engineer  at  New 

Orleans,  in  1917.  Study  of  and  experiments  with  the  complex  problems  involved  con- 
tinued at  intervals  over  a  period  of  years  and  were  vigorously  pushed  in  1932  by  Colonel 

(then  Lieut.  Col.)  John  N.  Hodges,  District  Engineer  at  that  time. 

An  experimental  plant  was  operated  in  1933  and  during  the  next  year  a  working 

plant  was  put  in  service.  During  the  working  season  1934-35  asphalt  mats  up  to  630 
feet  in  width  were  successfully  fabricated  and  sunk  in  water  up  to  160  feet  deep,  the 
total  output  during  that  season  being  8,300,000  square  feet  of  mat  and  180,000  square  feet 
of  bank  paving. 

Copy  furnished  by  courtesy  of  Major  John  H.  Carruth,  of  the  District  Engineer's  staff. 
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The  essential  constituents  of  the  asphalt  mat  are — 

Aggregate — a  3  to  1  mixture  of  sand  bar  and  loose 
Binder — steam  refined  asphalt 
Reinforcement — galvanized  welded  wire  mesh 

The  completed  mat  is  2  inches  thick,  with  a  l^i  inch  weep  hole  in  each  90  square 

feet.  It  is  produced  by  an  elaborate  floating  mechanical  plant,  which  performs  the  suc- 

cessive steps  from  storage  of  the  raw  materials,  through  the  fabrication,  spreading,  tamp- 
ing and  cooling  of  the  mat  to  its  launching  and  sinking  in  position. 

The  asphalt  mat  is  laid  from  the  inner  or  bank  edge  outward  into  the  river  in  a 
manner  similar  to  the  laying  of  the  articulated  concrete  mat.  The  inner  edge  of  the  mat 

is  reinforced  with  a  header  consisting  of  two  galvanized  pressed  steel  angles,  between 
which  are  clamped  the  reinforcing  mesh  and  the  launching  cables.  ̂   inch  galvanized 

launching  cables,  running  in  the  direction  normal  to  the  bank,  are  placed  in  the  mat 
3  feet  apart  to  take  the  launching  stresses. 

Ti'-j  inch  galvanized  toggle  cables  are  placed  about  IS  feet  apart  in  the  direction 
parallel  with  the  bank  and  serve  to  further  strengthen  the  mat,  as  well  as  to  provide 

for  holding  its  upstream  edge  in  line  during  sinking. 

The  mat  is  anchored  to  the  bank  by  anchor  cables  about  18  feet  apart. 

The  same  plant  which  constructs  the  mattress  furnishes  material  for  placing  top 

bank  asphalt  paving,  which  is  laid  as  a  3-inch  sheet  without  reinforcement. 
Up  to  date  information  furnished  by  Lieut.  Colonel  William  F.  Tompkins,  present 

District  Engineer  at  New  Orleans,  indicates  that  the  asphalt  mat  is  fulfilling  its  promise. 

Costs  for  the  2  inch  subaqueous  mat,  including  adequate  charges  for  plant  and 

overhead,  were,  during  the  working  season  1936-37,  15.4  cents  per  square  foot  and 
for  the  3  inch  bank  paving,  14.4  cents  per  square  foot. 

Colonel  Tompkins  states  the  mat  is  now  being  built  in  units  218  feet  by  400  feet 

or  more.  The  weight  is  about  20  pounds  per  square  foot.  He  points  out  that,  while 
the  asphalt  mat  on  the  Lower  Mississippi  is  a  matter  of  large  scale  production,  the  type 

is  susceptible  of  use  on  a  small  stream,  for  which  small  mat  sections  could  be  transported 
on  flat  cars. 
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Conclusions 

The  situation  existing  at  the  location  under  consideration  governs  the  design  and 

construction  of  dikes  and  mattresses  in  the  selection  of  the  particular  type  and  form  of 
construction  to  be  used. 

Recommendation 

The  Committee  recommends  that  this  report  be  received  as  information  and  that 
the  subject  be  discontinued. 

Appendix  B 

(5)  DEVELOP  THE  RULING  HEIGHTS  AND  WIDTHS  IN  THE 
DESIGN  OF  INLAND  WATERWAY  CRAFT  WHICH  CONTROL 

VERTICAL  AND  HORIZONTAL  CLEARANCES  OF  BRIDGES 
OVER  WATERWAYS 

N.  D.  Hyde,  Chairman,  Sub-Committee;  R.  A.  Feldes,  R.  P.  Forsberg,  G.  A.  Knapp, 
H,  S.  Loeffler,  F.  E.  Morrow,  S.  L.  Wonson. 

The  construction  of  inland  waterways  in  the  vicinity  of  Chicago  as  part  of  the 

Lakes-to-Gulf  Waterway  System  has  presented  many  problems  to  the  railroads  entering 

Chicago.  A  Committee  formed  by  these  railroads  to  deal  with  this  special  subject  em- 
ployed experts  in  the  design  of  inland  waterway  craft  to  present  evidence  before  Boards 

acting  under  the  authority  of  the  War  Department  or  of  Congress.  The  question  of  the 
economic  vertical  clearances  of  bridges  over  this  waterway  system  has  been  one  of  the 

subjects  on  which  these  experts  have  presented  testimony.  A  summary  of  the  opinions 

of  these  experts  constitutes  the  major  portion  of  this  report.  In  applying  the  informa- 
tion contained  in  this  report  to  any  location  outside  of  the  Chicago  District  allowance 

should  be  made  for  the  special  conditions  which  the  expert  opinions  cover.  However, 
the  general  requirements  governing  the  design  of  waterway  craft  are  not  confined  to  the 

waterways  in  the  vicinity  of  Chicago  and  it  is  the  opinion  of  this  Committee  that  the 

data  given  in  the  report  may  be  applied  throughout  the  Inland  Waterway  System  unless 
the  circumstances  are  exceptional.  There  is  also  included  in  the  report  extracts  from  a 

report  on  review  of  reports  on  Calumet-Sag  Channel,  Illinois,  and  Indiana  Harbor  Canal, 
Indiana,  dated  July  2,  1936,  submitted  to  the  Chief  of  Engineers,  U.S.  Army,  by  a 

Special  Board  of  the  War  Department  in  compliance  with  a  resolution  of  the  Committee 
of  Rivers  and  Harbors,  House  of  Representatives,  adopted  May  10,  1934.  The  examples 

of  actual  operation  which  are  extracted  from  this  report  may  also  be  taken  as  typical 

examples  of  operation  on  inland  waterways. 

This  report  covers  inland  waterway  craft  used  for  the  transportation  of  freight  on 
canalized  rivers  and  canals.  It  covers  cargo  barges,  tow  boats  used  for  propelling  such 

barges,  and  self-propelled  barges. 

In  investigating  the  design  of  river  equipment  used  for  the  transportation  of  freight 

to  operate  economically  and  safely  under  overhead  structures,  it  is  necessary  to  consider 
that  the  vertical  clearance  height  beneath  such  structures  is  made  up  of  two  factors,  the 

clearance  between  the  top  of  the  river  craft  and  the  bottom  of  the  overhead  structure 

and  the  out-of-water  height  of  the  river  craft.  On  inland  streams  and  artificial  water- 
ways a  clearance  of  1  foot  between  the  top  of  the  river  craft  and  the  bottom  of  the 

overhead  structure  is  ample.  In  considering  the  maximum  vertical  clearance  for  which 
it  is  necessary  to  make  provision  in  order  to  permit  of  the  economic  and  safe  operation 
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of  river  craft  there  are  three  types  of  river  equipment  to  be  provided  for.  These  types 

are  tow  boats,  self-propelled  barges  and  cargo  box  barges. 
Cargo  box  barges  can  be  designed  and  constructed  for  economical  operation,  safe 

navigation  and  transportation  of  freight  on  the  inland  waterway  system  with  an  out-of- 
water  height  not  exceeding  19  feet.  In  the  design  of  such  barges  uniformity  of  beam  is 
more  essential  than  uniformity  of  length  for  the  reason  that  a  more  compact  and  less 

resistant  tow  can  be  formed  when  the  barges  nest  compactly  along  their  longest  dimen- 
sion, thereby  eliminating  jogs  in  the  tow,  damage  jeopardy  at  locks  and  open  spaces  oJ 

dead  water  within  the  hmits  of  the  tow  in  which  the  dead  water  is  virtually  towed  as 

a  part  of  the  tow,  resulting  in  increased  burden  to  the  tow  boat. 

The  theory  that  barges  should  be  of  greater  draft  than  the  propelled  tow  boat  in 

order  that  the  barges  may  run  aground  first,  leaving  the  tow  boat  free  to  act,  is  falla- 
cious. The  draft  of  empty  barges  is  considerably  less  than  the  draft  of  most  tow  boats, 

which  eliminates  protection  from  grounding  of  the  tow  boat  in  the  movement  of  empty 

barges.  There  are  also  many  tow  boats  in  service  with  greater  drafts  than  the  drafts  of 

the  barges  which  they  tow.  With  present  channel  maintenance,  means  of  communica- 
tion, advance  information  as  to  channel  conditions,  this  matter  has  become  one  of  minor 

importance. 

There  are  no  Federal  laws  or  regulations  regarding  the  dimensions,  capacity  or  type 
of  barges  used  as  Inland  Waterway  cargo  carriers.  In  the  absence  of  legal  restraint  and 

aside  from  the  limitations  of  engineering  works  on  the  navigable  streams  and  channels 

under  the  jurisdiction  of  the  War  Department,  custom  and  experience  in  association  with 

the  physical  laws  governing  the  strength,  stiffness  and  life  expectancy  of  floating  equip- 
ment have  fixed  limiting  dimensional  ratios  beyond  which  additional  capital  expenditure 

acts  to  restrain  excess  through  the  effects  of  diminishing  returns. 

In  determining  the  general  arrangement  and  hull  dimensions  of  a  cargo  barge  the 

matter  of  loaded  draft  is  important  for  decision.  Predicated  upon  the  condition  of  safe 

and  expeditious  navigation  and  the  use  of  improved  channels  and  their  supporting  works 
a  barge  uniformly  loaded  to  a  draft  of  7  feet  may  be  accounted  as  best  fulfilling  the 
dictates  of  naval  engineering.  A  free  board  of  3  feet,  regardless  of  capacity  or  draft 
conditions,  is  adequate  on  the  inland  waterway  system  and  does  not  produce  insurance 

or  other  penalties  against  the  cargo  or  the  structure  of  the  barge.  A  uniform  cargo 
stowage  height  of  8  feet  best  fulfills  the  requirements  for  the  passage  of  shoulder  borne 

loads,  tractor  or  lorry  trucking,  reasonable  limits  of  self-imposed  weight  on  undermost 
package  to  avoid  crushing,  satisfactory  stability  of  pile  or  stack,  height  at  which  mer- 

chandise may  be  conveniently  stowed  by  manual  labor  and  commercially  sound  ratio  of 

cargo  to  stowage  space. 

In  consideration  of  longitudinal  and  lateral  hull  strength  without  violation  of  sound 

engineering  principles,  girder  depths  not  less  than  1/30  of  the  length  and  beams  not 

greater  than  Ye  of  the  length  impose  no  engineering  penalty  as  regards  commercial 
standards  of  material  or  special  local  treatment.  With  these  ratios  as  factors  for  the 

previously  mentioned  desirable  hull  depth  of  10  feet  maximum  barge  lengths  are  fixed  at 
300  feet  and  maximum  barge  widths  to  correspond  are  fixed  at  50  feet. 

Further,  the  ability  to  construct  suitable  structures  or  deck  houses  of  the  accepted 

type  for  the  receipt  and  protection  of  diverse  classifications  of  cargo  is  not  impaired. 

Construction  costs  per  ton  of  carrying  capacity  for  barges  suitable  for  the  available 
lock  chamber  areas  have  a  definite  relation  to  the  invested  capital.  The  smaller  capacity 

barges  by  reason  of  their  more  effective  use  of  lock  chamber  areas  are  more  economical 
containers  for  the  movement  of  cargoes.  A  comparative  analysis  of  dissimilar  tows  with 

a  view  of  establishing  the  relative  economy  of  a  definite  freight  movement,  whether 
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based  upon  variable  towing  speeds  with  a  constant  expenditure  of  power  or  upon  con- 
stant towing  speed  with  a  variable  expenditure  of  power  and  accounting  for  long  haul 

movements  involving  upstream  towingf  one  way  freight  hauls  and  passage  through  locks, 
reveals  an  advantage  due  to  the  use  of  smaller  barges. 

The  smaller  barges  are  more  desirable  in  that  they  require  less  cargo  to  provide 

capacity  loading;  they  are  capable  of  greater  earning  capacity  for  partial  loadings;  they 
entail  less  cost  for  loading  and  unloading;  when  out  of  commission  a  smaller  amount 

of  capital  is  non-productive  and  the  total  tonnage  capacity  in  operation  is  less  impaired; 
they  permit  of  allocation  over  a  greater  area;  they  may  be  operated  in  any  of  the 

improved  streams  regardless  of  the  size  of  lock  chambers  or  open  stream  conditions; 
they  are  more  easily  handled  at  terminals  and  more  easily  assembled  into  or  swung  out 

of  tows  and  thereby  their  use  conserves  the  time  of  the  propelling  tow  boat  and  reduces 

the  standby  time  of  employed  labor;  they  may  be  assembled  to  better  advantage  in  tows 

by  providing  better  speed-length  ratios  and  better  established  centers  of  rotation  for  helm 
reactions;  they  may  be  advantageously  loaded  without  regard  to  endangering  the  loca- 

tion of  their  metacentric  height  and  they  have  greater  values  in  financial  markets  as 

they  form  greater  multiples  of  the  whole,  involve  less  loss  as  units  and  do  not  violate 
desires  for  standardization  and  duplication. 

Conforming  to  the  foregoing  principles  the  design  for  cargo  barges  should  make 
possible  a  reasonable  investment  return  and  insure  suitability  for  contemplated  service 

and  safe  navigation.  The  design  should  conform  to  defined  limitations  of  local  navi- 
gation, permitting  operation  throughout  the  Inland  Waterway  System. 

The  specifications  for  such  a  barge  of  maximum  capacity  would  provide  a  draft  of 
7  feet  when  loaded,  a  free  board  of  3  feet  when  loaded  and  a  hull  depth  of  10  feet,  a 

maximum  length  of  300  feet,  a  maximum  width  of  SO  feet,  a  uniform  out-of-water  height 
when  light  of  19  feet,  regardless  of  length  and  width. 

The  foregoing  presumes  cargo  barges  for  the  transportation  of  general  merchandise 

requiring  protection  from  the  elements.  Specifically  such  barges  constructed  to  the  fore- 
going specifications  have  total  overall  heights  of  21  feet,  total  out-of-water  heights  of 

19  feet  when  light  and  total  out-of-water  heights  of  14  feet  when  loaded,  regardless  of 
their  lengths,  beams  or  capacities.    Should  it  be  desirable  to  provide  a  loaded  draft  of 

8  feet,  the  out-of-water  height  when  light  would  be  20  feet. 
Tow  boats  of  either  the  stern  wheel  or  propeller  type  with  the  necessary  power  for 

propelling  these  barges  can  be  constructed  to  conform  to  the  out-of-water  height  of 
19  feet.  This  is  equally  true  with  respect  to  cargo  barges  of  the  propelled  type.  Tow 

boats  of  adequate  capacity  are  being  operated  with  an  out-of-water  height  of  13.S  feet; 

self-propelled  barges  are  operated  on  the  New  York  State  Barge-  Canal  where  the  vertical 
clearance  is  IS.S  feet. 

By  way  of  illustration  attention  is  directed  to  barges  now  being  operated  between 

St.  Louis  and  New  Orleans  by  the  Inland  Waterways  Corporation  and  designated  as 

series  No.  500.  The  out-of-water  height  of  these  barges  at  the  highest  point  of  fixed 
structures  when  light  is  20  feet,  1.5  inch.  The  Inland  Waterways  Corporation  also 
operates  between  St.  Louis  and  the  Twin  Cities  barges  designated  as  series  No.  300, 

having  an  out-of-water  height  when  light  of  15  feet,  9  inches.  The  self-propelled  and 

non-propelled  cargo  barges  in  service  on  the  New  York  State  Barge  Canal  are  designed 
to  operate  under  overhead  fixed  structures  having  a  clearance  height  of  15.5  feet  at 
highest  ordinarily  navigable  stage. 

It  therefore  appears  obvious  that  river  equipment  used  for  the  transportation  of 

freight  can  be  designed  to  operate  economically  and  safely  under  overhead  structures 
having  a  vertical  clearance  of  21  feet. 
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In  addition  to  the  restrictions  of  economic  length-width  ratios  the  width  of  barges 
must  comply  with  limits  fLxed  by  locks  and  other  engineering  works  on  the  waterways 

in  which  the  barge  will  operate.  The  usual  lock  widths  are  55  feet  and  110  feet.  Con- 
venient barge  widths  for  passage  through  such  locks  are  25  feet  for  small  locks  and 

33  feet  for  large  locks,  with  perhaps  some  adjustment  of  beam  widths  where  passage 
through  locks  of  both  sizes  is  a  possibility.  Horizontal  clearances  for  bridge  structures 
over  waterways  are  however  ordinarily  determined  by  the  width  of  the  navigable  channel 

of  the  waterway  and  consequently  are  not  subject  to  the  same  horizontal  clearance  re- 
quirements in  relation  to  the  width  of  the  river  craft  as  applies  in  the  matter  of  vertical 

clearance  with  relation  to  the  out-of-water  height  of  the  river  craft. 

The  following  examples  of  actual  operations  on  the  inland  waterways  in  the  vicinity 
of  Chicago  are  taken  from  the  report  of  the  Special  Board  of  the  War  Department, 
referred  to  above. 

The  tow  boat  William  T.  Warner  having  a  draft  of  7.5  feet  with  an  out-of-water 
height  with  pilot  house  up  of  20.5  feet  and  an  out-of-water  height  with  pilot  house  down 

of  13.5  feet  and  a  rated  horsepower  of  600,  regularly  handles  4,000-ton  tows  and  has 
handled  a  total  load  of  about  6,000  tons.  The  tow  boat  Montgomery  having  a  loaded 

draft  of  6  feet,  4  inches,  a  pilot  house  which  telescopes  from  a  height  of  19.5  feet  to 

13.5  feet,  with  a  rated  horse-power  of  900  also  operates  upon  the  Illinois  Waterway.  The 
Texas  Oil  Company  operates  gasoline  barges  having  a  loaded  draft  of  10  feet,  a  vertical 
height  of  15  feet  when  light  and  a  rated  capacity  of  1,200  tons.  One  of  the  tug  boats 

used  to  pull  these  barges  is  of  200  HP,  has  a  draft  of  9  feet  and  the  vertical  height  above 

water  is  13.2  feet  with  the  stack  down.  Experimental  service  has  been  operated  between 
the  Atlantic  Seaboard  and  Peoria,  Illinois,  via  the  New  York  State  Barge  Canal,  the 

Oswego  Canal,  the  Great  Lakes,  the  Chicago  River,  the  Chicago  Sanitary  and  Ship  Canal 

and  the  Illinois  Waterway  by  the  "I.  L.  1. 101"  a  self-propelled  barge  242  feet  X  56  feet 
with  a  depth  of  12.9  feet.  This  barge  regularly  operates  on  the  New  York  State  Barge 

Canal  where  the  overhead  clearance  is  15.5  feet.  Recently  the  Federal  government  appro- 
priated a  large  sum  for  the  purpose  of  increasing  the  underclearances  on  this  canal  from 

IS.S  to  only  20  feet. 

These  examples  of  actual  operation  further  confirm  the  conclusion  that  an  overhead 

clearance  of  21  feet  on  inland  waterways  is  adequate  for  the  safe  and  economical  oper- 

ation of  cargo  barges,  tow  boats  and  self-propelled  barges. 

Conclusions 

1.  The  report  is  submitted  as  information. 

2.  It  is  recommended  that  the  subject  be  discontinued. 

iHdbillc  Jfisfe  €ltmtnti 

M.  F.  Clements,  Bridge  Engineer,  Northern  Pacific  Railway,  St.  Paul,  Minn.,  died 
on  June  8,  1937,  at  St.  Paul,  Minn.,  after  an  extended  illness. 

Mr.  Clements  became  affiUated  with  the  American  Railway  Engineering  Association 
in  January,  1918. 

He  was  a  member  of  the  Committee  on  Iron  and  Steel  Structures  from  1921  to  1927 

inclusive;  Masonry  1929  to  the  time  of  his  death,  and  of  the  Committee  on  Waterways 
and  Harbors  in  1936  and  1937. 

His  advice  and  kindly  personality  will  be  missed  by  all  who  had  the  privilege  of 
his  acquaintance. 
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*  Died  September  4,  1937. 
**  Died  January  11,  1938. 

To  the  American  Railway  Engineering  Association: 

Your    Committee    respectfully    presents    herewith    reports    covering    the    following 
subjects: 

Group  A — Miscellaneous 

(1)  Revision  of  Manual  (Appendix  A). 

(2)  Bibliography   on   subjects  pertaining  to   records  and  accounts    (Appendix   B). 
Progress  report.  A 

Group  B — General  Railway  Engineering  Reports  and  Records 

(1)     Office  and  drafting  room  practices  (Appendix  C).     Progress  report. 

Group  C — Maintenance  of  Way  Reports  and  Records 

(1)     Recommended  practice  to  be  followed  with   respect  to  maintenance  of  way 

accounts  and  statistical  requirements  (Appendix  D) .     Progress  report. 

Group  D — Construction  Reports  and  Records 

(1)     Reports  and  records  (Appendix  E) .     Progress  report. 

Group  E — Property  Records  and  Reports 

Methods  and  forms  for  gathering  data  for  keeping  up-to-date  the  property  records  of 
railways  with  respect  to  valuation,  accounting,  depreciation  and  other  requirements. 

(1)     Valuation  (Appendix  F).     Progress  report. 

Group  F — Accounting  Practices  Affecting  Railway  Engineering 

(1)  Changes  or  revisions  in  I.C.C.  Classification  of  Accounts  (Appendix  G). 

(2)  Methods  for  avoiding  duplication  of  effort  and  for  simplifying  and  coordinating 
work  under  the  requirements  of  the  I.C.C.  (Appendix  H).     Progress  report. 

,  The  Committee  on  Records  and  Accounts, 

C.  C.  Haire,  Chairman. 

Bulletin  402,  February,  1938. 
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Appendix  A 

(A-1)     REVISION  OF  MANUAL 

H.  J.  Stroebel,  Chairman,  Sub-Committee;  D.  L.  Avery,  F.  B.  Baldwin,  E.  S.  Butler, 
W.  F.  Cummings,  D.  E.  Field,  J.  H.  Hande,  F.  C.  Kane,  W.  R.  Kettenring,  E.  M. 
Killough,  P.  R.  Leete,  Henry  Lehn,  E.  W.  Metcalf,  A.  T.  Powell,  F.  X.  Soete. 

The  Committee  has  continued  its  studies  of  the  section  of  the  new  loose-leaf  Manual 

that  is  devoted  to  Records  and  Accounts  with  a  view  of  bringing  the  forms  and  records 
up  to  date  to  meet  modern  conditions. 

On  page  11-30,  there  is  shown  Form  1120  "Current  Bridge  Inspection  Report".  The 
Committee  revised  this  report  in  1933  by  recommending  the  following  bridge  inspection 
report  forms: 

Form  1110  Revised — Bridge  Inspection  Report — For  Masonry,  Steel  Bridges  and 
Trestles. 

Form  11 10- A — Bridge  Inspection  Report— For  Wood  Boxes  and  Pipe  Culverts. 
Form  1110-B — Bridge  Inspection  Summary  Report. 

The  above  described  forms  were  approved  by  the  Association  for  inclusion  in  the 

Manual  in  1934  but  were  inadvertently  omitted  from  the  revised  1936  loose-leaf  Manual. 
The  Committee  recommends  this  revision  of  the  Manual  to  be  made. 

^  Appendix  B 

(A-2)     BIBLIOGRAPHY  ON  SUBJECTS  PERTAINING  TO  RECORDS 
AND  ACCOUNTS 

A.  P.  Weymouth,  Chairman,  Sub-Committee;  E.  V.  Braden,  F.  J.  Nevins,  C.  K.  Smith, 
H.  J.  Stroebel,  D.  C.  Teal. 

The  method  followed  in  compiling  this  bibliography  for  the  current  year  is  similar 

to  that  of  previous  years.  Each  member  of  the  Sub-Committee  was  assigned  certain 
periodicals  to  review  and  report  on  important  articles,  and  any  new  books  and  documents 
of  outstanding  interest  to  the  Association. 

The  following  is  submitted  as  a  bibliographical  review  covering  the  period  from 
November,  1936,  to  October,  1937,  inclusive. 

BIBLIOGRAPHY 
1.    Books 

"Elements  of  Railroad  Engineering"  by  the  late  Wm.  G.  Raymond,  revised  by  H.  E. 
Riggs  and  W.  C.  Sadler.  Fifth  Edition,  March,  1937,  published  by  John  Wiley  &  Sons, 
N.Y.  406  pages.  An  up-to-date  edition  of  a  study  of  the  railroad  industry,  including 
treatment  of  valuation. 

"The  American  Transportation  Problem"  by  H.  G.  Moulton  and  associates.  Pub- 
lished by  Simmons-Boardman  Pubhshing  Co.,  N.Y.,  1933.  915  pages.  Contains  the  find- 

ings and  supporting  data  assembled  by  the  Brookings  Institute  relating  to  the  problems 
of  the  railroads  and  other  transportation  agencies. 

"Railway  Nationalization  in  Canada"  by  Leslie  I.  Fournier,  Assistant  Professor  of 
Economics,  Princeton  University.  Published  by  Simmons-Boardman  Publishing  Com- 

pany, N.Y.,  1935.  358  pages.  Outstanding  problems  which  have  arisen  during  the  past 
15  years  on  Canadian  railways  are  outlined  with  proposed  remedies. 
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2.  Periodical  Articles,  Pamphlets,  and  Reports  of  General  Interest 

"Cost  Findings" — As  essential  in  determining  transportation  rates. 
Article  in  Railway  Age,  April  17,  1937,  page  677.  An  abstract  of  paper  by  A.  F. 

White,  Assistant  Director  I.C.C.  Bureau  of  Statistics.  Discusses  need  for  analyses  of 
carrier  expenses  where  keen  competition  exists  between  railway  and  highway  carriers, 
with  rates  forced  down  to  a  low  level  for  a  particular  traffic. 

'System  Consolidated  Accounts  for  Railroads".  Discussion  of  proposed  general  prin- 
ciples in  monograph  prepared  by  Dr.  W.  H.  S.  Stevens,  Assistant  Director  I.C.C.  Bureau 

of  Statistics  and  released  for  criticism  and  suggestion  only.  Reported  in  Railway  Age, 

August  7,  1937,  page  162,  with  a  summary  of  the  author's  conclusions.  This  treatise  is 
documented  with  references  to  accounting  authorities  from  whose  opinions  conclusions 
have  been  drawn  by  the  author,  and  he  does  not  favor  the  substitution  of  consolidated 
reports  for  those  of  constituent  companies,  but  believes  they  should  be  supplementary 
thereto. 

"National  Association  of  Railroad  and  Utilities  Commissioners".  Proceedings  of  the 
November,  1936,  Convention;  published  by  State  Law  Reporting  Company,  30  Vesey 
Street,  New  York  City,  536  pages. 

"Interstate  Commerce  Commission  Reports"  published  by  Superintendent  of  Docu- 
ments, Washington,  D.C.  These  cover  decisions  or  opinions  on  Valuation,  Traffic,  or 

Finance,  and  are  issued  at  various  times  during  the  year.  A  "Digest  of  Decisions", 
abridged  reports  of  I.C.C,  edited  by  H.  C.  Lust,  has  been  published  by  Simmons- 
Boardman  Publishing  Company,  N.Y.,  annually,  with  14  volumes  completed  to  date. 

3.  Valuation  and  Accounting 

"Basic  Standards  of  Appraisal  Practice  and  Procedure",  a  pamphlet  issued  by  the 
Association  of  Appraisal  Executives,  Washington,  D.C,  December,  1936. 

A  study  on  depreciation  now  being  engaged  in  by  the  New  Hampshire  Commission 
in  conjunction  with  the  Federal  Power  Commission  and  the  Securities  and  Exchange 
Commission. 

"Depreciation  and  the  American  Railroads"  by  Robert  Schultz,  Ph.D.,  published  by 
Simmons-Boardman  Publishing  Company,  N.Y.,  1934,  149  pages.  This  is  a  doctoral 
dissertation  on  the  problem  of  depreciation  in  its  relation  to  valuation,  and  a  bibliography 
is  included. 

"Railroad  Construction  Cost  Indices".  Revised  compilation  for  the  calendar  year 
1936,  compared  with  previous  years.  Prepared  and  issued  by  the  Bureau  of  Valuation 
of  the  Interstate  Commerce  Commission.  The  indices  are  of  value  as  indicating  trends, 
but  are  not  necessarily  applicable  in  determining  reproduction  costs  upon  individual 
railroads. 

"The  Association  of  American  Railroads",  a  pamphlet  issued  by  the  Accounting 
Division,  Association  of  American  Railroads,  Washington,  D.C,  containing  an  address  by 
Vice-President  E.  H.  Bunnell  which  was  delivered  at  the  annual  meeting  of  Railway 
Accounting  Officers  in  June,  1937.  This  paper  outlines  the  organization  and  purposes  of 
the  Association  of  American  Railroads  and  what  it  has  accomplished  so  far.  On  page  10, 
reference  is  made  to  studies  being  undertaken  by  Sub-Committee  E  of  Committee  XI — 
Records  and  Accounts,  with  regard  to  the  Interstate  Commerce  Commission's  "Ballast" order. 

4.  Court  Decisions,  Affecting  Valuation  and  Accounting  Practice 

Cross-reference  is  made  to  current  report  of  Sub-Committee  E,  Committee  XT, 
wherein  recent  court  decisions  affecting  valuation  principles  are  set  forth. 
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Appendix  C  • 

(B-1)     OFFICE  AND  DRAFTING  ROOM  PRACTICES 

D.  L.  Avery,  Chairman,  Sub-Committee;  B.  A.  Bertenshaw,  A.  M.  Blanchard,  P.  O. 
Ferris,  D.  E.  Field,  A.  T.  Hopkins,  C.  A.  Knowles,  W.  M.  Ludolph,  E.  W.  Metcalf, 
F.  X.  Soete,  D.  C.  Teal,  A.  P.  Weymouth. 

Along  with  a  historical  sketch  of  the  subject,  last  year,  the  Committee  presented  for 

approval  and  publication  eighteen  plates  of  material.  It  presented  eight  plates  of  material 
as  information. 

The  Committee  has  spent  the  year  reviewing  the  eight  plates  presented  last  year 

as  information  and  has  prepared  12  plates  of  new  material.  Therefore  the  report  now 
consists  of  35  plates. 

The  following  plates  are  presented  as  information: 

Plate  24 — Standard  Steel  Filing  Cabinets  (Drawer  Style) 
Plate  25—       "  "  " 
Plate  26 — Style  to  be  used  in  the  preparation  of  reports  and  specifications 
Plate  27—    "      "     "      "      "     "  "  "        "         "  " 
Plate  28 —     "       "     "      "       "     "  "  "         "  "  " 
Plate  29—    "      "     "      "      "     "  "  "        "         "  " 
Plate  30 — Nomenclature  for  Specifications 
Plate  31—  "  " 
Plate  32 — Typical  Specification 
Plate  33 — Typical  Examples  of  good  style  for  specifications 
Plate  3A —      "  "  "       "         "       "  " 
Plate  35—      "  "  "      "        "      "  " 

Action  Recommended 

The  Committee  offers  for  approval  and  publication  in  the  Manual  the  following 

plates: 

Plate  13 — Drawing  Nomenclature 

Plate  14—       "  " 

Plate  IS—       "  " 
Plate  19 — Materials — Abbreviations  (continued) 
Plate  20 — Method  of  Designating:     Taper — Batter — Cant — Slope — Incline  and  Grade 
Plate  21— Welding  Symbols 
Plate  22 — Conventional  Welding  Symbols  for  Butt  Welds 
Plate  23—  "  "  "  "    Fillet  Welds 
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STANDARD  STEEL  FILING  CABNETS  DRAWER  STYLE, 
ARRANGEMENT  OF  SPACE  TO  SUIT  APPROVED  SIZES  OF   DRAWINGS 

THE  FOLLOWING  SIZES  MAY   BE    FILED  IN  A  25'X37  DRAWER (iNSIDE  DIM. 

9ixl2i 
FILING  SPACES 

12^x18^ 

FILING  SPACES 

SIZEI-SHAPEA     SIZE  3-SHAPE  B         SIZE  2-SHAPE  C    SIZE  17-SHAPE  D 

SIZE  4-SHAPE  A  SIZE  15  -  SHAPE    D 

18^X25 
FILING  SPACES 

25  X  37 
FILING  SPACE 

SIZE  5-SHAPE  A    SIZE  6-SHAPE  D        SIZE  7-SHAPE  D    SIZE  16-SHAPE  D 

13^X25 
FILING  SPACES 

SIZE  12-SHAPE  A 
T 

6^x10 FILING 
SPACES 

9ixl5' 

FILING  SPACES 

95Xl5i 

SIZE  lO-SHAPE  A- 

SIZEll  -SHAPE  A 

SIZE  lO-SHAPE  A 

34x  44 
DRAWINGS 

TO  BE  FILED  IN  A  38X50 

DRAWER  (INSIDE  DIM.) 

SIZE  8 -SHAPE  D 
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STANDARD  STEEL  FILING  CABNETS  (DRAWER  STYLE; 
ARRANGEMENT  OF  SPACE   TO  SUIT  APPROVED  SIZES  OF  DRAWINGS 

THE  FOLLOWING  SIZES  MAY  BE    FILED    IN   A  32"x43"DRAWER(|NSIDE  DIM.) 

Fl 
10.6  X  14.3" 
_ING  SPACE > 

SIZE  13-SHAPE   D 

21^X32 
FILING  SPACES 

SIZE  14 -SHAPE  D 

SPECIAL  FILE  CASE   MADE    FOR   I.C.C. 

VALUATION   RECORDS.  DRAWERS  ARE 

27|x59||x|. 

SIZE  9  -SHAPE     C 

THE  ARRANGEMENT  OF  SPACE  IN  DRAWER  STYLE  OR  HORI- 

ZONTAL FILES  ILLUSTRATED  ABOVE  ARE  INTENDED  AS  TYPICAL 

LAYOUTS  ONLY.  THE  SAME  LAYOUTS  MAY  BE  USED  WITH  VERTI- 
CAL   FILES. 

PIGEON-HOLE  CABNETS  MAY  BE  USED  FOR  LONG  DRAWINGS, 
MAPS,  PROFILES,  ETC.  WHICH    MUST  BE    ROLLED    TO   FILE. 
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STYLE  TO  BE  USED  IN  THE  PREPARATION  OF  REPORTS 

AND  SPECIFICATIONS 

INTRODUCTION 

Style  in  writing  changes  frequently.  There  are  no  hard  and  fast,  inflexible  rules. 
However,  there  are  preferences;  that  is  accepted  ways  of  doing  things  to  meet  the 

approval  of  the  greatest  number  of  people.  It  is  with  this  in  mind  that  the  following 
general  rules  are  suggested  as  preferred  style  (they  are  the  forms  used  by  the  majority 

of  Engineering  Societies  and  publishing  houses)  with  the  hope  that  committees  will  try 
and  conform,  eventually  establishing  them  as  Standard. 

In  case  of  doubt  about  any  point  not  mentioned  in  this  style  sheet,  consult  a  standard 
dictionary. 

The  nomenclature  and  general  form  illustrated  represent  preferred  style  and  allows 

definite  reference  to  any  portion  of  the  Specificati  ,n. 

ABBREVIATIONS 

1.  In  general,  avoid  abbreviations  in  text,  except  as  specified  on  this  sheet.  Use  no 

symbols  in  the  text,  except  the  symbols  for  degree  (°),  minute  ('),  and  second  (") 
in  the  case  of  detailed  angular  measurement;  as,  15°-10'-22".  In  tables,  long  lists, 
or  footnotes  use  abbreviations  to  conserve  space. 

2.  Spell  out  all  titles  of  ofi&cers,  whether  used  before  or  after  the  name;  as  President 
John  Doe,  or  John  Doe,  President  of  the  North  and  South  Railroad. 

3.  Spell  out  Christian  names,  names  of  countries,  periods  of  time,  names  of  the  month, 
and  days  of  the  week. 

4.  Spell  out  the  names  of  States  except  when  preceded  by  the  names  of  towns  or  cities. 
5.  Use  percent,  not  %;  cents,  not  cts.  or  c;  and,  not  &  (except  in  firm  names,  etc.) ; 

F.,  not  Fahr.;  C,  not  Cent.;  a.m.,  p.m.,  a-c,  d-c,  (No  capitals)  deg.  for  degree; 
eng.  for  engine;  engr.  for  engineer;  engg.  for  engineering.  (It  is  preferable  not  to 
abbreviate  the  above.) 

6.  Abbreviate  units  of  measurement  when  used  with  numerals,  otherwise  spell  out; 

as,  12  in.,  but  measured  in  inches.     Spell  out  ton,  watt,  mile,  pound,  per,  volt. 

7.  Use  abbreviations  in  the  singular  only;  as  lb.,  not  lbs.,  exception.  Figs.  1  and  2, 
Vols.  1  and  2,  Nos.  1  and  2,  pp.  1  and  2. 

8.  Short  abbreviations  should  be  repeated  with  second  reference;  as  4  in.  by  S  in., 

(4x5  in.  permissive) ,  but  30  to  40  percent. 

9.  Capitalize  an  abbreviation  only  if  the  word  is  normally  capitalized;  exception,  F.  for 
Fahrenheit,  C.  for  Centigrade,  No.  for  number. 

10.  Do  not  begin  a  sentence  with  an  abbreviation;  exception.  Fig.,  No.,  titles,  such  as 
Dr.,  Mr. 

11.  Do  not  use  the  dollar  sign  (S)  for  sums  less  than  one  dollar. 

12.  Avoid  abbreviations  for  that  is,  and  so  forth,  for  example,  namely,  versus,  note 

carefully ;  avoid  the  use  of  these  expressions  in  the  text  and  thereby  eliminate  the 
possibility  of  an  abbreviation. 

13.  Spell  out  the  title  of  an  organization  the  first  time  it  occurs  and  abbreviate  it  the 
subsequent  times. 

14.  Use  decimals  as  far  as  possible  in  place  of  vulgar  fractions;  Example,  "1.2S  ft."  not 
"1^  ft." 

15.  In  all  decimal  numbers  having  no  units,  a  cipher  should  be  placed  before  the  decimal 

point;  "0.32  lb."  not  ".32  lb.". 
16.  The  name  of  the  Association  should  be  abbreviated  thus  "AREA". 
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CAPITALIZATION 

17.  In  general,  avoid  capitals  wherever  possible. 
18.  Follow  regular  rules  of  capitalization  which  appear  in  writing  handbooks,  with  these 

additions  or  cautions: 

a.  Capitalize  colleges,  associations,  manufacturers. 
b.  Capitalize  titles  used  before  names  but  do  not  capitalize  titles  used  after  names 

(as,  John  Doe,  president  of  the  North  and  South  Railroad). 
c.  Capitalize  trade  names;  as  Portland  cement,  Bessemer  steel,  Diesel  engine. 
d.  Do  not  capitalize;  plaster  of  paris,  India  rubber,  babbitt  metal,  bunsen  burner, 

fahrenheit,  centigrade,  etc.;  however,  use:  V-notch,  T-square,  Open-hearth,  etc. 

e.  The  word  "Committee"  should  be  capitalized  where  it  refers  to  a  specific  Com- 
mittee, as  "Roadway  Committee",  or  "Committee  on  Roadway". 

FIGURES 

19.  Use  numerals  for  time,  age,  street  numbers,  measurements,  sums  of  money,  percent, 
and  dates;  as,  3  p.m.,  4  years  old,  10  Euclid  Ave.,  $200,  16  percent,  January  10, 
but  three  (3)  inches,  45  degrees,  one  half  (i^)  inch,  three  thirty-seconds  (3/32) 
inch,  six  by  six  (6  X  6)  inches. 

20.  Spell  out  all  other  numbers  up  through  ten,  all  ordinary  numbers  except  streets, 
aU  estimates  in  round  numbers,  all  numbers  at  beginning  of  sentence;  as,  seven 
men,  nineteenth  day  (but  16th.  Ave.),  about  a  hundred  rails,  thirty-five  members 
attended. 

21.  In  a  series  of  numbers  use  similar  forms;  as  five  men,  twenty-five  women,  and  ten 
children,  or  5  men,  25  women,  and  10  children;  not  five  men,  25  women,  and  ten 
children. 

22.  Do  not  use  st,  d,  or  th,  with  dates;  use  January  3,  not  3rd;  the  use  is  proper  in 
addresses,  however,  as  17th  Ave. 

23.  In  decimal  numbers  having  no  units,  place  a  cipher  before  the  decimal  point;  as, 
0.125,  not  .125;  omit  the  decimal  point  and  following  ciphers  in  even  sums  of 
money;  as,  $10,  not  $10.00. 

24.  Use  9:15  a.m.,  but  for  the  exact  hour  use  9  a.m.,  not  9:00  a.m.  Spell  out  the  hour 

if  o'clock  is  used;  as  six  o'clock. 
25.  When  one  number  follows  another,  spell  out  the  first  one;  as  thirty-three  3-inch 

bars;  addresses  are  correct,  however,  as  204  21st  Ave. 

HYPHENS 

26.  In  general,  avoid  too  much  hyphenation.  It  is  better  to  write  the  expression  as 
two  words  or  a  single  word  than  to  hyphenate.     See  the  dictionary  for  usage. 

27.  Use  the  hyphen  to  connect  the  more  closely  related  numerals  in  a  complex  number 
or  fraction;  as  one  hundred  and  twenty-six;  twenty-nine  sLxty-fourths. 

28.  Use  the  hyphen  for  measures  when  used  as  adjectives;  as  6-in.  pipe,  but  5  in.  deep. 
29.  The  hyphen  is  generally  used  in  compound  adjectives  preceding  a  noun ;  as  the  well- 

advertised  article,  but,  the  article  was  well  advertised. 

PARENTHESIS  * 
30.  The  parenthesis  is  used  to  enclose  words  which  break  the  connection  between  parts 

of  a  sentence,  and  which  might  be  omitted  without  affecting  its  meaning;  as,  seven 
(7)  inches,  Flat  (slash)  grain,  Six  by  six  (6  X  6)  inches. 
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ITALICS  AND  QUOTATIONS 

31.  Use  italics  for:  names  of  books,  plays,  magazines,  newspapers,  ships,  etc.,  but  use 

quotation  marks  for  parts  of  a  play  or  book,  etc.  The  name  of  a  city  used  with  a 
newspaper  is  not  italicized.  Italics  are  indicated  by  underlining  the  words  to  be 

italicized.    Thus,  the  Cincinnati  Enquirer;  "Shanty  Boy",  a  chapter  from  John  Doe, 

"F"   equals  fiber  stress  in  tension;   "C"   equals   compression  parallel   with   grain; 

Spruce  "B  and  Better"  Flat  Grain. 

32.  Follow  the  regular  rules  of  punctuation  with  these  cautions: 

a.  There  is  a  comma  before  the  and  in  a  series;  as,  red,  white,  and  blue. 

b.  There  are  commas  around  parenthetical  expressions,  names  of  states  used  with 

the  city,  titles  after  a  name,  the  year  in  the  date,  etc.;  as,  "They  were,  more- 
over, from  Dayton,  Ohio,  where  Mr.  Jones,  Chairman,  was  born  on  April  1, 

1901,  and  has  lived  ever  since. 

c.  Two  adjacent  sets  of  figures  or  identical  words  are  separated  by  commas;  as, 
in  1936,  127  members  joined. 

d.  Use  the  comma  to  set  off  groups  of  threes  in  long  numbers,  but  not  for  only 

four  numerals;  as,  1728,  but  18,635,268;  in  tables,  if  the  numbers  are  both  long 
and  short,  use  the  comma  for  all. 

e.  There  is  no  period  after:  percent,  the  abbreviation  of  chemical  elements  (Al, 

Co,  Ba,  etc.),  log  (for  logarithm),  roman  numerals,  trigonometric  functions 
(sin,  cos,  tan,  etc.). 
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SPELLING  FORMS 

33.  In  the  dictionary  the  preferred  form  is  given  first  and  is  the  one  to  be  used.  In 
several  cases,  a  word  is  considered  a  variant  of  another  word,  the  latter  word  is  the 

accepted  form.  Following  are  the  accepted  forms,  to  be  used  of  certain  troublesome 

words;  aging,  all-around,  apparatus  (singular  and  plural),  bypass,  catalog,  disc, 

draft,  formulas,  gage  (not  gauge),  I-beam,  machinability,  photomicrograph  (not 

micro  photograph),  templete,  T-square,  U-bolt,  ultra-violet,  wire-drawing.  X-ray. 

TITLES 

34.  Always  give  first  name,  initial,  and  last  name  of  person  the  first  time  it  appears  in 
the  article,  if  at  all  possible. 

35.  Give  the  person's  title  at  the  first  mention;  subsequent  mention  should  be  simply 
Mr.,  Professor,  Dr.,  Past-President. 

36.  Avoid  long  titles  before  a  name. 

GENERAL 

37.  The  word  "shall"  should  be  used  in  specifications  where  they  are  binding  on  parties 
of  the  first  and  second  part. 

38.  The  word  "will"  should  be  used  whenever  the  specifications  are  intended  merely  to 
express  a  declaration  of  purpose. 

39.  Whenever  the  specifications  provide  definitely  for  alternative  courses,  the  word 

"may"  should  be  used. 

40.  Be  consistent.  Use  the  same  forms  all  the  way  through  an  article  or  specification. 

Do  not  try  to  remember  difficult  words;  look  them  up  in  a  dictionary.  Refer  to 

the  dictionary  if  the  point  in  question  is  not  mentioned  in  this  style  sheet. 
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NOMENCLATURE  FOR  SPECIFICATIONS 

(Illustrated  by  Plates  32,  33,  34,  and  35) 

1. Name  of  Railway 18. Sub-Heading 
2. Specification  Number  (A — First  Revi- 

19. 
Column  Heading 

sion,  B — Second  Revision,  etc.) 20. Heading  Space 
3. Name  or  Title  of  Specification 

21. 
Body  of  Table 

4. Source  of  Information 
22. 

Reference  Note 
5. Article  or  Heading 23. Lines   shall    be    numbered    for   ready 
6. Section identification.    (Long  Tables  Only) 
7. Marginal  Sub-Heading  or  Side 24. Columns  shall  be  numbered  for  ready 

Heading identification.    (Long  Tables  Only) 
In  referring  to  any 25. Formulas 

8. Paragraph portion  of  a  specifi- 
26. 

Explanation  of  Terms  of  Formulas 
9. Sub-Paragraph cation  below  a  sec- 

27. 

Approvals 10. 
Clause                 f  tion  use  the  foUow- 

28. Date  of  Approvals  and  Originating 
11. Phrase                     ing  method:  Article Office 

J    II,  Section  9-B-2-a. 
29. 

Page  Number 12. Heading  for  Tubular  Data 
30. 

Table  pf  Contents 
13. Tabular  Data 31. Index  for  Long  Specifications 
14. Tabular  Letter 

32. 
Articles  or  Headings  (Proposed  Order) 

IS. Table  Number 33. Figure  or  Cut 
16. General  Headings  for  Tables 34. Sub-Title 
17. Main  Heading 
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Sksloton  diagram  illustrating  preferred  style  to  be  used  in  preparing  Specifica- 
tions. Numbers  refer  to  nomenclature  desigsations.  (See  sheet  numbers    3o    and 31   

ay 
THE  NORTH  AND  SOUTH  RAIL'.XAY  COiiPAHY 

TYPICAL  SPECIFICATIONS   R-15-A 

SWITCHES,   FROGS,    CROSSINGS,  AND  GUARD  RAILS 

/'Ty.^l.Based  on  X.   Y.    2.   Specifications,  Appendix  "B"   in  Portfolla  of \3/  Traclcwork  Plans  dated  Harch,   1930.) 

V_y      in 

(5> I  -  GEIJERAL 

hese  specifications  are  to  be  used  in  conjunction  v/ith  approved  draw-   Drawings 
gs  of  Switches,  Frogs,  Crossings,  Guard  Rails,  etc.  which  are  hereby     ^^ 

made  a  part  of  these  specifications. 

10 

©- 

0 
2.   For  track   structures,   for  which  no  plans  have  been  approved,   the 

■  Tnanufacturer  shall   submit   for  approval  detailed  drawings. 

II   -  .i'lTERLU. 

{  gj.^  3.   The  rail   sliall  be  Ho.   1,   of  Open-hearth  steel  of  the   section  called  Rail 
\   y  for,   manufactured  in  accordance  with  the  latest  revision  of  Standard 

Specifications   etc. 
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33 

TYPICAL  EXAMPLES  OF  GOOD  STYLE  FOR  SPECIFICATIONS 

CUTS  FOR  SPECIFICATIONS 

Bo/i3 

1              1 

i-   L   . 

*i — '-'   • 
# 

h^--r-_--d 
1 

SIDE  VIEW 

(33)   ►FIG.  2 

SAND  BEARINGS-H-A^ 

SIDE  VIEW 

i-otrer  Besting^ 

END  VIEW 

(S^FIG.3 
THREE  EDGE  BEARINGS 

13 

TABULAR   DATA 

(c)  The  steel   shall  conform  to  the  followinc  requirenents  as  to  chemical 
composition:  /To\ 

CHEMICAL  C0MP0SITI0N*MJ2; 
Carbon,   per  cent    1.00  to  1.40 
liinganese,   min. ,   per  cent           10.00 

I     *  Phosphorus,  max.,  per  cent           0.10 
Sulphur,  max.,  per  cent           0.05 

Coarse 

Aggregate 

15.  Coarse  aggregate  shall  meet  the  requirements  of  the  latest  revision  of 
Standard  Specifications  R-5-B.  The  maximun  size  of  stone  to  be  as  follows: 

®- 

Pipe  shell  thickness  3"  or  less   l/2"  stone 
Pipe  shell  thickness  over  3"  and  not  exceeding  5-l/2"   .   3/4"  stone 
Pipe  shell  thickness  over  5-l/2"      1"  stone 

FORMULAS 
6.  The  distance  from  the  center  of  the  tension  reinforcement  to  the  compression 

surface  of  the  concrete  and  the  area  of  the  reinforcement  shall  be  not  lass 

than  that  required  by  the  formula: 

25) 11^     V 

16  ̂  

12 
JAtf, 

rhich  w=:  unifcnn  vertical  load  in  pounds  per  square  foot,  top  and 
bottom  of  pipe 

d==  internal  diameter  of  pipe  in  inches. 
t=  distance  from  center  of  tension  reinf orcenont  to  the  compression 

surface  of  the  concrete  in  inches. 

A  =  sectional  area  of  tension  reinforcement  in  square  inches  per 
lineal  foot  of  the  pipe. 

fs=  tensile  stress  fj\   the  reinforcement  in  pounds  per  square  inch, 

j^  ratio  of  the  lever  arm  of  the  reinforcement  to  "t"  as  determined 
by  the  usual  formulas. 

Numbers  refer  to  nomenclature  designation. 

See  sheet  numbers  30  and  31. 
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LONG  TABLES 

REINFORCED  CONCRETE  CULVERT    PIPE--(3) 

@   .-TABLE  I 
18)       \MINIMUM    TEST  LOAD   REQUIREMENTS   FOR  REINFORCED  CONCRETE  ^lyA    (  |9 

CULVERT  PIPE, POUNDS   PER    FOOT   OF    LAYING    LENGTH. 

3E<iijeBMring  Sand  Bearing    SEdqeBearinq  Sand  Bearing   3EdgcBearinq  Sand  Bearing 

LIGHT 

REINFORCED  CONCRETE 
CULVERT  PIPE 

INTERMEDIATE 

REINFORCED    CONCRETE 
CULVERT  PIPE 

^ 
HEAVY REINFORCED    CONCRETE 

CULVERT    PIPE 

Crack U1+. 

Crack- Ult. 
UI+. Crack 

U1+. 
Crack 

U1+: 

N 

20 

2,400 •7,100 

3,000 
3.300 
3.750 

4,500 
5,250 

6,000 
6,750 

7,600 

9,000 
10,500 

3,000 

3,760 4.500 
6,000 
7,500 

9,000 10,500 

11,000 
13,500 

15.000 
18,000 21,000 

2.400 

2,700 
3,000 

3,300 3,750 
4,500 
5,250 

6,000 
6,750 

7,600 
9,000 

10,500 

3,000 
3.7S0 4.500 

6,000 7,500 

9.000 
10,500 

12,000 

13,500 
15,000 

18,000 21,000 

3,600 

4,050 
4,500 

4.950 5,625 

6,750 
7,875 

9,000 

10,125 

11,260 13,500 
15.150 

4,500 
5,625 6,750 

9,000 
11,250 

13,500 

15,750 

18,000 

20,150 

22,500 

2.7,000 

31,500 

3,200 3,600 

4.000 

4,4flO 

5,000 

6,000 
7,000 

8,000 
9,000 10,000 

12,000 14,000 

4,000 

5,000 
6,000 

8,000 

10,000 

12,000 
14,000 

16,000 18,000 20,000 

24,000 

18,000 

4,800 

5,400 
6,000 

6,600 7,500 

9,000 

10,500 

11,000 

13,500 15,000 

18,000 

21,000 

6,000 

7,500 9,000 
12,000 15,000 

18,000 11.500 

24,000 17,000 

30,000 

36,000 41.000 

21 

/—"^AT    THE    CRACKING   LOAD    THERE    SHALL    BE,  IN    THE    BARREL    OF    THE    PIPE, NO  CRACK   HAVING 
22)  A    SURFACE   WIDTH  OF    .01  INCH  OR  MORE   FOR  A  LENGTH   OF  (l)  FOOT  OB  MORE. (22). 

MOMENTS,  SHEARS,  FLOOR   BEAM   REACTIONS 

MOMENT 

5533.8 
668.4 
603.1 

639.6 
679.0 

718.3 
757.7 
797.0 
836.4 
875.7 

915.2 
960.2 

1005.1 
1060.0 
1096.7 

MOMENT 

IMPACT 

522.9 
655.9 
588.8 
623.4 
660.6 

697.5 
734.2 
770.8 
807.1 

843.2 

879.3 

920.4 
961.3 

1001.8 

1043.8 

99.4 

101.6 
103.7 
105.8 

107.7 

110.4 
112.7 
115.0 
117.1 
119.1 

121.1 
123.6 
125.8 
128.0 
130.0 

END  SHEAR 

IMPACT 

FL.BEAM 

REACTION 

97.4 
99.4 

101.3 
103.0 
104.7 

107.2 
109.2 
111.2 

113.0 
114.7 

116.3 
118.4 
120.3 122.1 

123.7 

132.4 
136.0 
140.1 
144.0 
147.6 

151.0 
154.8 
159.3 
163.3 
167.1 

170.8 

174.2 

177.6 181.5 

185.3 

146.8 148.5 

150.2 152.2 

154.0 

LONG  SPECIFICATIONS  REQUIRE  AN  INDEX 

INDEX  TO   STEEL  BRIDGE  SPECIFICATIONS 

@r Abutting  joints  .  .  . 
Acceptance  of  eyebars 
Access  to  mill  or  shop 
Accessibility  of  parts 

Ambiguity  of  stress  . 
Analyses  -  check,  cast  steel 

"     -   "   ,  forged  steel 
"     -   "   ,  structural  and 

rivet  steel  .  .  • 

"     -  ladle,  cast  steel 
"     -   "   ,  forged  steel 
"     -   "   ,  structural  and 

rivet  steel   .  .  . 
Anchor  bolt  holes     12 

"    "     "   -  drilling 

265 

231 
281 

200 
187 

160 
199 186 

159 
313 

313 

.  .  .85,  119,  130 

89,  120,  130,  135 

Bearings  -  bed  plates    324 
"     -  bolsters    324 

"     -  bronze   6,  87 
"     -  cast  steel    8 
"     -  expansion 
"     -  hinged   8 

"     -  inclined      89 

"     -  rocker   85, .119,  130 
-  roller   85,  119,  130 

"     -  shoes    324 

-  sliding    85 
"     -  special  sliding  85,87,119,  130 

Bed  plates  -  bearing    324 
Bend  test  specimens  -  cast  steel   .  207 

"   ■"       "     -  eyebar  flats  173 

Numbers  refer  to  nomcncta+ure  designation-  See  sheet  numbers  30and  31 . 
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I.  GENEKAL 

II.  IJIATERIALS 

III.  CHEMICAL  REQUIREtlEilTS 

IV.  PHYSICAL  REiUlHEMENTS 

V.  DESIGN 

VI .  MUroFACTUEE 

VII.  mSPECTIOH 

VIII.  SHIPMENT  OR  DELIVERY 

27) 

Approved: 
Advisory  Mechanical  Committee 
Equipment  Engineering  Department 

Chief  Mechanical  Engineer 

Advisory  Committee  on  Way  and 
Structures 

Chief  Engineer 

APPROVED  FOR  nSE 

The  North  &  South  Railway  Company 

Vice  President 

The  East  k  West  Hailireiy  Company 

Vice  President 

The  A.  B.  &  C.  Railroad  Company 

Vice  President 

The  X.  Y.  &  Z.  Railway  Company 

Vice  President 

Advisory  Mechanical  Committee, 

ATvirr;;\oSe"':n^  waTa^nHt^uctures,  Numbers  refer  to  nomenclature  designa+.^n . January  21,  1936.  See  Sheet  Ptimbers  30  andv3l. 

35 

(gy—f
 

f32V— PROPOSED  ORDER  AND  FORM  OF  HEADINGS 
FOR  SPECIFICATIONS 

LONG  SPECIFICATIONS  REQUIRE 
TABLE  OF  CONTENTS 

STEEL  RAIL'.VAY  BRIDGES 
FOR  FIXED  SPANS  LESS  THAN  400  FEET  IN  LEIIGTH 

TSO)   ^  CONTENTS  v!^ 
SUBJECT  SECTIONS 

Proposals  and  Drawings     1-  7 

General  Features  of  Design     8-16 
Loads  and  Stresses    17-  37 

0uit  Stresses  and  Proportioning  of  Parts    38-  45 
Details  of  Design    46-  90 
Floors    91-99 
Plate  Girders  and  Rolled  Beams   ,  100-122 

Trusses   '.    123-132 
Viaducts      133-145 

Bracing     146-156 
Materials 

(a)  Structural  and  Rivet  Steel     157-183 
(b)  Forged  Steel     184-196 
(c)  Cast  Steel    197-211 
(d)  Cast  Iron    212-217 
(e)  Bronze     218-225 

Full  Size  Tests  of  Eyebars   ■    226-234 
iVortenanship    235-278 
Inspection      •    279-286 
Shop  Painting      287-294 
Weighing  and  Shipping      295-308 
Erection        309-331 

f 

VII 

VIII 
u 

XII 
XIII 
XIV 

XV 
XVI 

XVII 

TYPICAL  ARRANGEMENT  OF  APPROVALS 
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DRAWING  NOMENCLATURE 

1. Trimming  Edge 
40, 

Views 
2. Border  Line 

(a)    Top  or  Plan 3. Title  Block 
(b)     Front 4. 

Approval  Block  (a)  Approvals (c)      Bottom 5. Drafting  Room  Record  Block (d)     Right  Side See  Sheet 5 
6. Drawing  No.,  File  No.,  and  Sheet  No. (e)     Left  Side 7. Date  of  Issue 

(f)      Rear 8. Title,  Description,  or  Name  of  Object (g)     Perspective 9. Railroad  or  System (h)     Assembly 
10. Revisions  (a)  Description  of  Revisions (j)     Details  of  Part    J 11. Heading  of  Tables 41. Sectional  Views 
12. Special  Reference  Notes  or  Sub  Notes (a)     Full  Section 13. Reference  No.  or  Letter (b)     Half  Section 14. Sub  Title (c)     Partial  or  Broken  Out  Section 
15. Dimension  Line (d)     Revolved  Section 
16. Center  Line (e)     Thin  Section 17. Over-all  Dimension (f)     Phantom  Section 
18. Sub-Dimension   or  Intermediate 

Dimension 
42. Graphic  Indication  of  Various 

Materials 
19. Body  of  Part  or  Object  (Heavy (a)     Use  Conventional  Symbols 

Outline) 43. Specifications 20. Outline  of  Associate  Parts  (Light 44. Finish  Mark 
Line) 45. Finished  Dimension  or  Rough 

21. Pointer,  Reference  or  Leader  Line Dimension 
22. Shade  Line 46. Fit  (Dimensions  and  Tolerances 
23. Ditto  or  Repeat  Lines A.S.A.  B.4) 
24. Section  Lines 47. Tapped  Hole,  Threaded  Part  A.S.A. 25. Invisible  Outline 

B.l 

26. Construction  Line 48. Curves  and  Angles — Dimensioning 27. Projection  or  Extension  Line 
49. 

Tapers — Dimensioning 
28. Table 50. Bolt  Thread  Symbols 
29. Slope  Lines (a)     Regular 30. Invisible  Part 

(b)     Simplified 31. Bill  of  Material  or  Material  List 
51. Pipe  Thread  Symbol 

32. Radius  Line 
52. Lettering 

33. Cutting  Plane  Line (a)    Vertical — Inclined — Commerc ial 34. Broken  Outline Gothic 
35. Conventional  Sjonbol (b)     Upper  Case  or  Caps  and  Lo^ tver 36. General  Notes 

Case 37. Border  Margin 
38. Binding  Margin  or  Edge 
39. Scales 

(a)  Graphic 
(b)  Architects 
(c)     Engineers 

Note:     Nomenclature  numbers  refer  to  drawings  on  Sheets  14  and  15. 





NOTE'        -^ 

MATERIAL  FOR  RAIL  JOINTS  SHALL  CONFORM  TO 

LATEST  REVISION  OF  STANDARD  SPECIFICATIONS  R-4 
QUENCHED  CARBON  STEEL  JOINT  BARS  AND  FOR  BOLTS 
TO  LATEST  REVISION  OF  STANDARD  SPECIFICATIONS 

R- 14,  QUENCHED  CARBON  STEEL  AND  ALLOY  STEEL 
TRACK  BOLTS 

SPRING  WASHER*{J4) 
(of  APPROVED  DESIGN) 

W.S.E.  J.R.S. 

THE  NORTH  AND  SOUTH  RAILROAD-   (J) 

TYPICAL  ^^ 

12-LB.R.E.  FROG 

AND  SWITCH  JOINT 9 

IFEB.20.I934"
 

dy-  R-673  - 

^  p  ̂  

THE  ONLY  PURPOSE  OF  THIS  DRAWING  IS  TO  ILLUSTRATE 

NOMENCLATURE  APPEARING  ON  PLATE  1 3.  APPLIANCES  AS 

SHOWN  HERE  ARE  NOT  AREA.    STANDARDS. 





i 

@H 

I  X  2r  HOLES  IN  PLATE  , 

^ 
^ 

-CENTER   OF   GUARD  RAIL 

-3-3"- 

-|1    DIA.  HOLE  IN  GUARD  RAIL 

FOR   SPIKING 

SHARP  EDGE  ' BE  REMOVED 

I'RIVETS-'-^gtatf l|'1^2^3^ 

.,!_ 

»7"_ 
S: 

^isM::n'^^W!^'^ 
(5)    ̂ S    Sii^    m 

9-3J-'  STRAIGHT  GUARDING   FACE 

U i   ns 
-^5±i-Kvl5    MINIMUM (Ti) — ELATES    I     THICK    (mIN 

-FOOT  GUARD 

f—g  UNDER  FLANGE 

—® 

PLAN— (14) 

DETAIL  OF  BEVELED  END 

ADJUSTABLE  FLANGEWAY  !«  -2s 

-STEEL  WASHER 

TT^^ 

-INE  OF   RAIL  BASE   FOR   1^    FLANGEWAY' 

LINE   OF  SPIKE    SLOTS- 

DIMENSIONS  OF  FOOT  GUARDS  | 

RAIL  SECTION A B 
131  RE. 

s'/e" 

5^/16" 

112  RE. 

5%"
 

49/16" 

130  R.E. 

5%"
 

4^/,6" 

110  R.E. 

4V 

4'/l6" 

f 

NOTE-.- 

MATERIAL   SHALL    CONFORM  TO 

LATEST  REVISION  OF  STANDARD  SPEC- 
IFICATIONS   R-13,    SWITCHES,  FROGS, 

CROSSINGS, AND   GUARD    RAILS. 
110  LB.  AND  112  LB.  RE.  GUARD  RAIL 

TO  BE   STANDARD  EXCEPT  ONE  SIDE  OF  BASE 

SCALE    IN    INCHES 

^^S) 

DETAIL  OF   SPIKE   SLOTS 

(7g\  SCALE    (3) 

(g^ 

_^^*^ 

CANT    I    IN   40 

-7^ 

HIGH  MANG.  STEEL  HEAT  TREATED  BOLTS   I  X3 

THREADED    I  i""  WITH   NUT  LOCK  . 

i'>Al5^ 

SECTION  A- NO   SCALE 

A   (^ 

DETAIL  OF  FOOT  GUARD 
I  R  H  AND  I  LH.REQ'D.                   (J^S 

RIGHT    SHOWN  ^-^                 ̂ --^ 
SCALE     Q*-\3)   

'p  ̂  

APPROVED  FOR  USE 

■<i> 

1 

THE  NORTH  AND  SOUTH  RAILROAD— /g) 

TYPICAL     15-9^^ 
OPEN-HEARTH  STEEL 
ONE  PIECE  GUARD  RAIL 

.........    _9 

MARCH  12    19371 

(6>  R-548-B 
THE  ONLY  PURPOSE  OF  THIS  DRAWING   IS  TO  ILLUSTRATE 

NOMENCLATURE  APPEARING  ON  PLATE  13  APPLIANCES  AS 
SHOWN  HERE  ARE  NOT  A.R.E.A     STANDARDS 
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® 
BOLTS -NUTS-RIVETS                                          | 

TERM ABBR. 
TERM ABBR. 

COMPOSITION    AND 

Alloy  Steel 
(Owe  Composition  Whe 

Carbon  Sieel 
Heat  Treated 
High  Carborz 

TREATMENT 
A.5 

n  Reouired^ 
CS 

HT HC 

Low  Carbon 
Quznched  Carbon 
Soft  Steel 
Wrought  Iron 
Note:  Do  Not  Abbrevi 
NarpesOf  Steel  Co 

LC 

QC. 

ST 

WI 

ate  Trade 

mposttions 

STATES OF  U.S.A. 

STATE ABBR. 
STATE 

ABBR. 
ALABAMA ALA. NEBRASKA NEB, 
ARIZONA ARIZ. NEVADA NEV, 
ARKANSAS ARK. NEW  HAMPSHIRE 

N,H. 

CALIFORNIA CALIF. NEW  JERSEY 
N.J, COLORADO COLO. NEW  MEXICO 
N.MEX, 

CONNECTICUT CONN. NEW  YORK 
N.Y 

DELAWARE DEL. NORTH  CAROLINA 
N.C. 

DISTRICTOFCOLUMBIA         D.C. NORTH   DAKOTA 
N.D. 

FLORIDA FLA, OHIO OHIO 
GEORGIA GA. OKLAHOMA OKLA. 

IDAHO IDA. OREGON ORE. 

ILLINOIS ILL. PENNSYLVANIA PA. 

INDIANA IND. RHODE  ISLAND R.I. 
IOWA IOWA SOUTH  CAROLINA S.C. 

KANSAS 
KAN. 

SOUTH  DAKOTA 

S.D 

KENTUCKY 

KY 

TENNESSEE TENN. 
LOUISIANA LA. TEXAS TEX 

MAINE ME UTAH UTAH 

MARYLAND 
MD. 

VERMONT vf. 
MASSACHUSETTS MASS. 

VIRGINIA VA. 

MICHIGAN MICH WASHINGTON WASH. 

MINNESOTA MINN. WEST   VIRGINIA W.VA. 

MISSISSIPPI MISS. WISCONSIN WIS. 

MISSOURI 
MO. 

WYOMING 
WYO. 

MONTANA MONT. 

PROVINCES   C )F  CANADA 

PROVINCE ABBR. PROVINCE 
ABBR, 

ALBERTA ALB. •NEWFOUNDLAND 

NF BRITISH   COLUMBIA B.C ONTARIO 
ONT. MANITOBA MAN. QUEBEC 

QUE 
NEW  BRUNSWICK N.B. SASKATCHEWAN SASK. 
NOVA   SCOTIA N.S. PRINCE  EDWARD  ISLAND 

P  I 

Not  a  Province. 



672 Records   and  Accounts 

@ 

METHOD  OF  DESIGNATING -TAPER -BATTER- CANT- SLOPE- 
INCLINE  AND  GRADE 

TAPER -TAPER    IS   THE    DIFFERENCE    IN    DIAMETER  OR   WIDTH  FOR 
A  GIVEN    LENGTH  AND  IS   USUALLY  EXPRESSED    IN  INCHES  PER 

FOOT   STANDARD  TAPERS,  BROWN  &  SHARPE -MORSE  ETC.,  ARE  DE- 
SIGNATED   BY  A    NUMBER  WHICH   FIXES  THE   THREE  DIMENSIONS 

-4" 

TAPER  3  PER  FT 

CIRCULAR 
FIG  10 

SQUARE 
FIG.II 

RECTANGULAR 
FIG.I2 

BATTER- WHERE   REFERENCE'  IS  TO  A   VERTICAL    DATUM,  SLOPES 

SHOULD  BE    EXPRESSED    AS  A   RATIO  OF   THE    HORIZONTAL  DIS- 
PLACEMENT   TO    VERTICAL   DISTANCE    IN    WHICH  ONE  OF  THE 

VALUES   IS   UNITY    IT  MAY   BE   EXPRESSED    IN    INCHES    TO  THE 

FOOT  THE  preposition"  T0"SH0ULD  BE  USED  IN  THIS  CASE  AS" 

IT0  4  ,  l'/2T0  I 

FIG.I5 

SLOPE-INCLINE-CANT- WHERE  REFERENCE  IS  TO  A  HORIZON- 

TAL PLANE  .SLOPE  SHOULD  BE  EXPRESSED  AS  THE  UNIT  VERTI- 
CAL DISPLACEMENT  IN  CORRESPONDING  HORIZONTAL  DISTANCE 

THE   PREPOSITION''  JN'^SHOULD    BE  USED   IN   THIS  CASE 

'   INI8  .   ̂ _  -   ■   3  1 
1N27  OR   r-27 

0- ••«■■>■  «     »■  ' 
120 

FIG. 16 wyy//////////////////yy^^ 
^  FIG. 17 

*  GRADE  OR  GRADIENT-USED  IN  connection  with,  railways, 
HIGHWAYS,  SEWERS, CANALS,  ETC.,  TO    REPRESENT    THE   DIFFERENCE 
IN   ELEVATION   BETWEEN    TWO    POINTS   DIVIDED  BY   THE  DISTANCE 
BETWEEN    THE   POINTS    THIS   GRADE   IS  GENERALLY  GIVEN  IN   PER 

CENT,  AS   3%,. 12%  ETC 

Note :-Gr<3de  ascending  in  the 
direction  of  chainage5hownas+    p|Q  (q 

and  decendinq  as  — .   ' 

*  Page  428.     "Tracy's  Plane  Surveying." 
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® 
WELDING  SYMBOLS 

FILLET  WELD  REINFORCEMENT OF  BUTT  WELD 

INEARSIDE.   XXX   X       X     X 

2.FAR  SIDE   -J—^   7   _^   /      / 

3.B0TH    SIDES         \^y^    ^y^y^^^ 

4.FLUSH  BOTH   SIDES   rTTTiP 

5.FIELD  WELD   

6. WELD  ALL  AROUND T 
TALL  WELDS   CONTINUOUS  UNLESS   OTHERWISE  SPECIFIED. 

8. SIZE  OF  A  FILLET    WELD    IS    THE    DESIGN    LENGTH  OF    ITS    LEGS. 

9.SIZE,LENGTH,AND  C.  TO  C.   SPACING  OF   INCREMENTS  OF  INTER- 

MITTENT FILLET   WELDS  INDICATED  THUS:3/8-E-6riF  STAGGERED 

THUS:  3/e-2'-6-S. 

lO.REINFORCED   FILLET  WELDS  INDICATED    THUS  :  1/6  R. 

II.  DEPTH   OF   REINFORCEMENT  OF    BUTT  WELDS   INDICATED  THUS: 

I/a'' DEPTH  AND  WIDTH    INDICATED   THUS  :  I/s'x  3/4'' 

12. (SEE   NOTE)    WELDING   USED  UNLESS  OTHERWISE  SPECIFIED- 

NOTE:- SPECIFY  ON  stamp   THE   WELDING  PROCESS   MOST   EX- 
TENSIVELY USED, VIZ  .METAL  ARC, GAS, ETC. 

SUGGESTED    FORM  OF  STAMP   TO  BE  USED  FOR  SHOWING 
WELDED   DETAILS  ON  DRAWINGS. 
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CONVENTIONAL  WELDING  SYMBOLS  FOR  BUTT  WELDS 

SYMBOL 

SYMBOLS   AS  USED    IN 
PLAN  AND  ELEVATION 

METHOD  NO.  I 
Preferable    For 

All  Scales 

METHOD  NO. 2    , 

MayBeUsed  ForScalesI^ 
And  Above 

METHOD 
USED  FOR 
SECTIONS 

-^ — X— ̂ - 
REINFORCEMENT  ON 
NEAR  SIDE  OF  JT 

NOTE-l 4(-^M*-N0TE-3 

H  K  X  y 

n  NOTE-l 

NOTE-l 

NOTE-3 
-7^   r^ 

REINFORCEMENT  ON 

FAR  SIDE  OF  JT. TNOTE  -I 1/  /    /   NOTE-3 

vH->^ 

/  /  /'  /'  i' 
NOTE-l 

NOTE-l 
NOTE-3 

em 
REINFORCEMENT  ON 
BOTH  SIDES  OF  JT 
NOTE-This  IS  theStd 
method  of  rzinforotmenf, 

>->v'^v^v^v 

OTE-I 
AiVS       NOTE-3 
NOTE-2 

NOTE-l 

NOTE-2 NOTE-3 

NOTE-l  OR-2 mm 

WELD  FLUSH  ON  BOTH 

SIDES  OF  JOINT. 

NOTE  -  Or?ly  +0  beused 
by  sp&cial  permission 

^y(nrN0TE-3 
L-^NOTE^ B 

BUTT  WELD    ALL 

AROUND. 
NOTE-l 
i^^'^l  NOTE-3 

BUTT  WELD  TO  BE 

MADE  IN  THE  FIELD. fe^ 

,11,  y,  n   n  »  » 

NOTE-3 INOTE- NOTE-3 EXAMPLE DESCRIPTION 

\  '/a"  OR 
'XXX 

^OHHH^ BUTT  WELD  HAVING  A  REINFORCEMENT  ON  NEAR 

SIDE  l/a'DEEP.IF  WIDTH   IS  CONSIDERED  ESSENTIAL 

SPECIFY  THUS  :  l/e'x^/^'   

[  ye      OR 

-^ 

Vi^Vz 

BUTT  WELD  HAVING  A  REINFORCEMENT  ON    NEAR 

SIDE   l/e^DEEP  AND  A  '/e'x '/gREINFORCEMENT  ON 
FAR  SIDE. 

Vie"     IhlH  3/16 T      J/16       I  t\f  t  t    -"/lb 60  SINGLE  V  BUTT  WELD,  BEVELED  FROM  FAR  SIDE^; 

A^/ie^OPENING  BETWEEN  ROOT  EDGES  AND  A  '/SX 

3/4'reINFORCEMENT  ON   FAR  SIDE.   

I       I  [j^jt±l 
BUTT  WELD  COMPLETELY  AROUND   THE  JOINT  HAV- 

ING A  REINFORCEMENT  ON   NEAR  SIDE,I/8"DEEP. 

ZSTorTS 
BUTT  WELD   TO  BE   MADE    IN   THE   FIELD  WITH   A 

REINFORCEMENT  ON    NEAR   SIDE  ,  l/S^DEEP. 

^ 

'/a 

SINGLE  V  BUTT   WELD    WITH  A  l/e  REINFORCEMENT 
ON  BOTTOM  OF  V.    

NOTE--I.GIVE  SIZE   OF  REINFORCEMENT  HERE  IN  TERMS  OF  DEPTH  OR  DEP 

TH  AND  WIDTH.  2. GIVE  SIZE  OF  REINFORCEMENT  ON  FAR  SIDE  HERE, IF  DIF- 

FERENT FROM  SIZE  OF  REINFORCEMENT  ON   NEAR   SIDE.    3.MAKE  FREE- 
HAND   SKETCH   OF  JOINT  HERE  IF  SHAPE  OF  JOINT  EDGES,  SPACING  OF  ROOT 

EDGES,  AND  SIDE  FROM  WHICH  BEVELED,  IS  NOT  OBVIOUS. THE  UPPER  SIDE  OF 
THE  SKETCH  WILL  BE  UNDERSTOOD  AS  THE  NEAR  SIDE. 
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CONVENTIONAL  WELDING  SYMBOLS  FOR   FILLET  WELDS 

SYMBOL 

SYMBOLS  AS  USED   IN 

PLAN  AND  ELEVATION 

METHOD  NO.  I 
Preferable  For 

All  Scales 

METHOD  N0.2    ,. 

May  BeUsed  For  Scales!? 
And  Above 

METHOD 
USED  FOR 

SECTIONS 

XXX 

FILLET  WELD  ON 

NEAR  SIDE  OF  JT 

\NOTE-l 

h 
r^ 

h xxxxxxxx 

ANOTE-I 

NOTE-I 

~7   7   7- 
FILLETWELDONFAR 

SIDE  OF  JOINT 
r^F^ 

NOTE- 1 /     /     / 
c 

L/Ul-LJUMi. 

n 
NOTE-I 

ft 

NOTE-I 

FILLET  WELD  ON 

BOTH  SIDES  OF  JT. 
^ 

NOTE-I 

\  NOTE-I 

NOTE-I 

FILLET  WELD  ALL 

AROUND NOTE-I 

NOTE-2 

r^ 
^►^NOTE-I 

NOTE-I 

FILLET  WELD  TO  BE 

MADE  IN  THE  FIELD NOTE-I XX  X 

EXAMPLE DESCRIPTION 

>   !-ii           V    V 
^/jgSTANDARD  CONTINUOUS  FILLET   WELD  ON   NEAR 

SIDE  OF  JOINT. 

"^0,^^ 

^"STANDARD  CONTINUOUS  FILLET  WELD  I2"lONG ON  FAR  SIDE  OF  JOINT. 

\/Ir.  0R\/2R- ^-=     1 1  1 1 
Ug" STANDARD   REINFORCED  CONTINUOUS  FILLET WELD  ON  FAR  SIDE  OF  JOINT  . 

^  .^  N/       V      \/ 

^/''STANDARD  INTERMITTENT  FILLET  WELD  ON  NEAR 

SIDE  OF  JOINT   HAVING  INCREMENTS  2"  LONG 

SPACED  6"c.T0  C. 

OR 

■^q" STANDARD  INTERMITTENT  FILLET   WELD  ON  BOTH 
SIDES  OF  JOINT  HAVING  INCREMENTS  2\oNG,SPA- 

CED  6C.T0   C.  ON  EACH  SIDE  AND  INCREMENTS  STAG- 
GERED WITH  RESPECT    TO  EACH  OTHER. 

^4 

•^g  STANDARD  FILLET  WELD  COMPLETELY  AROUND 
THE  NEAR  SIDE  OF  JOINT. 

V^'  STANDARD  FILLET  WELD  TO   BE   MADE  IN  THE 
FIELD  ON   NEAR   SIDE  OF  JOINT. 

-?^g  STANDARD  CONTINUOUS  FILLET    WELD. 

NOTE:-  I  GIVE  SI 
2. SHOW 

ZE  AND  CONTINUITY  OF   WELD  HERE  SEE  EXAMPLES. 

SYMBOL    FOR   LOCATION   HERE  .  SEE  EXAMPLE. 
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Appendix  D 

(C-1)  RECOMMENDED  PRACTICE  TO  BE  FOLLOWED  WITH 
RESPECT  TO  MAINTENANCE  OF  WAY  ACCOUNTS  AND 
STATISTICAL  REQUIREMENTS 

W.  F.  Cummings,  Chairman,  Sub-Committee;  Anton  Anderson,  D.  L.  Avery,  E.  V. 
Braden,  P.  O.  Ferris,  W.  M.  Ludolph,  W.  S.  McFetridge,  A.  T.  Powell,  H.  L.  Restall, 
C.  K.  Smith,  F.  X.  Soete,  D.  C.  Teal,  A.  P.  Weymouth. 

This  year  the  Committee  has  had  under  consideration  the  preparation  of  forms 

called  for  on  the  chart  shown  on  page  616,  Volume  37  of  the  Proceedings  and  designated 

as — 
1.  Group  B,  Block  11,  Accumulation  of  Expenditures 
2.  Group  C,  Block  19,  Unit  Cost  Data  for  Maintenance  Engineer 
3.  Group  C,  Block  21,  Labor  Classification 
4.  Group  C,  Block  22,  Hours  and  Compensation  Statement 

1.  After  a  study  of  the  practices  of  a  number  of  roads  it  appears  to  the  Committee 

that  the  form  presented  as  Exhibit  3  and  shown  on  page  620,  Volume  37  of  the  Pro- 
ceedings when  completely  filled  out  furnishes  the  information  required  and  that  no 

additional  form  is  necessary. 

2.  Replies  received  from  inquiries  to  a  large  number  of  railroads  convinces  us  of 

the  importance  of  Unit  Cost  data  for  maintenance  of  way  work — and  also  indicates  that 
individual  needs  vary.  There  are  very  few  forms  available.  The  Committee  is  con- 

ducting an  extensive  study  of  this  matter  and  will  continue  its  efforts  to  prepare  and 
present  suitable  forms  at  some  later  date. 

3  and  4.  A  study  of  the  practices  and  requirements  of  a  number  of  roads  indicates 

that  the  data  collected  on  the  "Monthly  Report  of  Employees,  Services  and  Compensa- 
tion" Interstate  Commerce  Commission  Wage  Statistics  Form  A  is  all  that  is  required 

and  that  no  additional  forms  are  necessary. 

This  report  is  offered  as  information. 
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Appendix  E 

(D-1)     CONSTRUCTION  REPORTS  AND  RECORDS 

Anton  Anderson,  Chairman,  Sub-Committee;  F.  B.  Baldwin,  S.  H.  Barnhart,  B.  A. 
Bertenshaw,  A.  M.  Blanchard,  E.  V.  Braden,  V.  H.  Doyle,  C.  C.  Haire,  J.  H.  Hande, 
A.  T.  Hopkins,  E.  M.  Killough,  W.  M.  Ludolph,  W.  S.  MacCulloch,  W.  S.  McFet- 
ridge,  H.  L.  Restall,  James  Stephenson,  Louis  Wolf. 

General 

The  Committee  last  year  presented  a  program  of  study  to  be  undertaken,  progres- 
sively, of  engineering  department  basic  records  to  be  prepared  during  construction  and 

after  completion  of  projects  by  various  classes  of  work,  such  as  (I)  Land  and  Right  of 
Way,  (II)  Roadway  (Grading),  etc. 

These  classes  of  work  are  similar  to  the  Interstate  Commerce  Commission's  primary 
accounts  of  the  Classification  of  Investment  Accounts. 

It  is  the  purpose  of  the  Committee  to  ultimately  design  various  types  of  records  so 

they  can  be  filed  in  loose-leaf  form.  For  major  projects  a  complete  construction  record 
might  consist  of  a  considerable  number  of  the  sheets,  whereas,  a  minor  project  might  be 
reported  on  a  single  sheet. 

The  fundamental  purpose  of  the  record  is  to  have  a  complete  descriptive  statement 

of  quantities  and  other  physical  characteristics  of  a  project  recorded  under  a  single  cover 

and  to  supplement  the  record  when  necessary  with  alinement  maps,  profiles  and  essential 
drawings  all  of  which  should  be  prepared  to  permit  binding  in  the  record. 

Another  necessary  adjunct  to  the  record  is  narrative  text  to  be  filed  with  the  forms 
to  record  for  historical  purposes  the  financial,  accounting  and  engineering  features.  The 

Committee  intends  to  prepare  an  actual  illustration  of  a  typical  record  it  recommends 
for  use  as  good  practice  when  a  sufficient  number  of  sheets  have  been  designed. 

This  year  the  Committee  has  prepared  as  information  a  number  of  records  that  are 
described  under  the  headings  shown  below. 

I  Land  and  Right  of  Way 

The  Committee  has  prepared  a  land  record  that  is  marked  Exhibit  1,  to  record  land 
acquired  and  subsequent  retirements. 

II  Roadway — Grading 

For  this  classification  of  work,  the  Committee  has  designed  records  marked  as 
follows: 

A — Clearing    and   Grubbing — Exhibit  2 
B — Grading —  Exhibit  3 
B — Grading — Summary  Mile — Exhibit  4 

These  forms  are  provided  to  preserve  details  covering  the  classes  of  work  for  a 

construction  project  that  ordinarily  are  not  filed  for  future  reference.  The  purpose  of 
record  is  to  have  transcribed  the  field  notes,  computations,  and  other  data  to  a  permanent 
record  rather  than  to  throw  away  the  working  papers. 

IV     Tunnels  and  Subways 

A  form  has  been  designed  for  this  class  of  work  marked  Exhibit  5  which  permits 
a  record  to  be  made  for  each  individual  tunnel  and  which  will  show  the  principal  physical 

details.  It  is  proposed  that  the  record  show  a  sketch  of  the  location,  the  alinement,  etc.; 

however,  it  may  be  desirable  to  supplement  the  record  with  as-built  drawings. 
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rxHiBn* 
■CRTH  fc  SOUTH  RAILROAD 

DIVISION   

TUUraXS  Jc  SUBWAYS 

Size  ei"  X  11« 

Tunnsl  No. 

Length  . . . 
A.F.E.  No. 

mi*    
Limits  Sta.......To  Sta. 

Location 
Mile    
Const.  Sta. 

From   
To    

Description    
Plan  No   

Length  Face  to  Face    
No.  Tracks    
Height  at  Center    
Width  at  Spring  Line    
Height  at  Spring  line    
Eicavatlon 

Cu .Yds .Earth    
Cu.Yds.Earth  Overbreak    
Cu. Yds. I. Rock    
Cu.Yds. L.Rock  Overbreak  .... 
Cu.Yds. S.Rock    
Cu. Yds. S.Rock  Overbreak  .... 
Cu.Yds. Other  Matl   
Cu.Yds. Other  Matl. Overbreak. 
Cu.Yds. Over  Haul    
Cu. Yds. Over,  Ktiul  Over^^eak  . 
Timber  Centering 

Timber 
Kind    
F.B.M   

Iron  Lbe   
Drainage 

Kind    

Lining 

Timber Lin. Ft   
Kind    
F.B.M   
Iron  Lbs   

Brick 
Lln.Ft   

Ov.Yds   
Concrete 

Lln.Ft.   
Cu.Yds   
Reinf. Steel  Lbs.  . 

Unllned  Lln.Ft   
Portels 

Cu.Yds. Stone    

Cu.Yds. Concrete  .... 
Lbs. Reinf .Steel  .... 

Waterproofing 

Sq.Yda. Paint    
Sq. Yds. Membrane  .... 

Ventilation 
Kind   

Team  Haul 

M.F.E.M.Mile  Timber 
Ton  Mile  Cement   . . . 
Ton  Mile  Iron    
Brick  &  Stone    

Remarks : 
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VII     Track  Record 

In  place  of  the  present  track  diagram  in  the  proceedings  (Volume  37,  page  622)  pre- 
viously presented  as  information  by  the  Committee,  it  is  proposed  to  suggest  a  revision 

as  shown  by  Exhibit  6.  It  has  been  found  that  track  layouts  can  be  better  illustrated 

by  preparing  a  diagram  in  the  manner  shown  by  the  exhibit.  Attention  is  particularly 
called  that  the  turnout  connections  are  shown  in  such  a  manner  that  the  identity,  length, 

etc.  of  each  individual  track  is  clearly  set  forth. 

X     Buildings 

As  was  stated  in  the  report  of  the  Committee  last  year,  studies  have  been  continued 

regarding  methods  of  indexing  all  buildings  by  individual  building  numbers.  This  re- 
quires that  a  definite  system  of  numbering  be  prescribed  and  accordingly  the  Committee 

has  prepared  a  report  that  is  shown  below  suggesting  a  number  of  ways  in  which  build- 

ings can  be  numbered.  The  Committee  has  also  designed  a  record  described  as  "Register 
of  Buildings" — Exhibit  7,  which  is  essentially  a  part  of  any  system  of  numbering  buildings. 

BUILDING  RECORDS 

Register  of  Buildings  and  Numbering 
1.     Preface 

The  Committee  has  had  under  investigation  for  several  years  the  question  of  num- 
bering buildings  and  descriptive  building  records  for  general  and  division  office  use.  It 

was  first  found  necessary  to  consider  the  problem  of  indexing  buildings  so  as  to  identify 

them  with  the  accounting,  valuation,  and  other  records,  and  this  is  particularly  vital  with 

respect  to  a  group  of  minor  buildings  in  terminals  or  wherever  there  is  a  considerable 
concentration  of  buildings. 

For  many  years  the  question  of  numbering  buildings  has  been  studied  by  the  Com- 
mittee on  Records  and  Accounts  and  Committee  VI — Buildings — and  in  the  1923  Pro- 

ceedings, the  Building  Committee  published  a  report  on  the  subject.  The  Committee  on 
Records  and  Accounts  feels  that  the  information  furnished  at  that  time  should  be  brought 

down  to  date  and  supplemented  with  additional  developments.  The  report  of  the  Building 

Committee,  published  in  1923,  has  therefore  been  revised,  but  in  the  main  it  was  found 

quite  complete  and  now  forms  the  basis  of  this  Committee's  report. 
With  this  revised  report  there  is  being  submitted  a  form  which  is  recommended  for 

use  as  a  "Register  of  Buidings"  and  is  marked  Exhibit  7. 
The  Committee  has  canvassed  27  representative  railroads  and  has  found  that  the 

majority  favors  some  form  of  a  building  record  and  a  numbering  system.  Of  the  27 

railroads  responding  to  questionnaire,  16  have  a  numbering  system  already  or  partly  in 

effect.  The  responsibility  for  the  maintenance  of  the  building  register  is  divided,  the 
Chief  Engineer  being  responsible  in  some  cases  and  in  others  the  Engineer  Maintenance 

of  Way,  Valuation  Engineer,  Division  Engineer,  or  the  Insurance  Department. 

Had  a  building  numbering  system  been  instituted  in  connection  with  the  Interstate 

Commerce  Commission's  valuation  of  railroads  and  used  in  the  field  notes  and  subsequent 
records  in  connection  with  the  compilation  of  the  I.C.C.  Engmeering  Report,  it  would 

have  been  beneficial,  as  all  improvements  and  retirements  could  have  been  referenced  to 

these  numbers.  New  buildings  coming  into  existence  since  valuation  date  could  have 
been  numbered  as  a  continuation  of  the  original  scheme. 

Under  present-day  conditions  there  is  some  tendency  for  state  taxing  bodies  to  insist 

that  their  tax  schedules  show  building  numbers,  and  this  practice  seems  to  be  growing 

as  refinements  are  introduced  in  the  ad  valorem  taxing  routine  of  the  various  states. 
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The  Committee  finds  that  there  is  some  difference  of  opinion  as  to  the  mechanics  of 

placing  numbers  on  buildings.  This  is  believed  to  be  of  secondary  importance  and  it 

makes  no  recommendations  as  to  the  use  of  metallic  plates,  stenciling,  stamping  with  the 
use  of  steel  dies,  or  otherwise. 

It  is  the  intention  of  the  Committee,  as  part  of  its  program  for  this  subject,  to 

recommend  a  building  record  to  give  sufficient  details  for  general  office  purposes — par- 
ticularly to  record  cost  of  changes  for  R&E  accounting  and  valuation  purposes,  tax  and 

insurance  schedules,  and  for  other  miscellaneous  purposes.  Such  a  building  record  will 
be  designed  in  the  near  future,  but  this  Committee  has  heretofore  submitted  two  forms 

in  1928  (see  Volume  29,  pages  901  to  903)  which  are  approximately  in  the  same  form 
that  the  Committee  recommends  as  a  buDding  record. 

2.  Building  Schedule  (see  Exhibit  7) 

An  office  record  or  schedule  of  buildings  should  be  prepared  to  correspond  with  the 
field  record  as  buildings  are  being  inventoried  and  numbered  in  the  field.  This  schedule 

should  list  buildings  in  the  order  they  are  numbered  and  should  contain  basic  data  only, 

such  as  building  number,  location,  name,  date  of  erection,  reference  to  field  description 

and  possible  other  identifying  remarks,  such  as,  for  example,  jointly  owned  or  leased 
property. 

3.  Type  of  System 

The  type  of  system  to  be  adopted  depends  on  several  factors. 

(1)  Purpose  for  which  used — 
Record  of  Investment. 
Valuation  record. 
Insurance  record. 
Tax  schedule. 
Maintenance  record. 
Present  record  filing  system. 

(2)  Location  and  character  of  lines — ■ 
1.  One  long  main  line  and  few  buildings. 
2.  A  network  of  branch  lines  in  congested  territory  with  many  buildings. 
3.  A  terminal  company  having  no  long  main  line. 
4.  A  combination  of  two  or  more  of  the  foregoing. 

Any  system  should  be  based  on  permanent  lines,  so  far  as  possible,  and  should  not 

be  dependent  on  operating  divisions,  which  are  subject  to  changes. 

4.  Definition  of  Word  "Building" 

For  the  purpose  of  this  article,  the  word  "building"  is  deemed  to  include  any  struc- 
ture coming  within  the  various  building  accounts  of  the  I.C.C.  Classification  of  Investment 

.Accounts  and  to  cover: 

Stations  and  freight  houses. 
Platforms  and  covered  sheds. 
Derricks  and  cranes. 

Coal  pockets,  ash  pits  and  sand  towers. 
Track  or  wagon  scales. 
Water  tanks. 
Signal  towers  and  cabins. 
Turntables  and  transfer  tables. 
Crossing  and  switch  houses. 
Drawbridge  houses  not  on  bridge  structure. 
Car  bodies  removed  from  trucks  and  placed  on  foundations. 
Tenement  houses  used  by  railway  employees. 
Shops,  enginehouses  and  similar  buildings. 
Power  houses  and  substations. 

Stand-pipes  or  penstocks. 
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Small  items  may  be  omitted  from  the  numbering  scheme,  such  as: 

Hose  houses  and  boxes. 
Signal  boxes  and  relays,  batteries,  etc. 
Telephone  boxes  on  post. 
Small  coal  boxes. 
Temporary  construction  shanties. 
Small  toilets  and  sheds. 
Platforms. 

Small  outbuildings  which  are  a  part  of  section  house,  depot,  or  other  building  layouts 
should  be  included  in  the  field  description  of  the  building  to  which  they  are  accessory, 
and  will  not  require  individual  numbers. 

5.  Buildings  Under  Lease  to  Others,  or  Classified  as  Non-Carrier  or  Real 
Estate  Buildings 

These  are  often  located  at  some  distance  from  the  right-of-way,  possibly  on  city 
streets  or  other  locations  where  a  numbering  system  might  be  difficult  to  apply,  ili 

which  case  it  may  be  desirable  to  cover  such  structures  by  a  separate  series  of  numbers, 
or  to  use  a  letter  prefix  to  the  number,  and  possibly  to  further  add  in  small  letters  the 
initials  of  the  owning  company. 

6.  Buildings  on  Railway  Property  Owned  by  Outside  Parties 

These  buildings,  whether  important  or  not,  are  or  should  be  a  matter  of  record  in 
connection  with  the  lease  of  the  land  on  which  they  stand.  A  schedule  of  leaseholds 

similar  to  the  building  schedule,  but  specifying  and  describing  the  occupancy,  may  be 

found  to  be  desirable  to  some  carriers,  but  where  this  is  the  case  the  identification  mark- 
ing should  be  a  separate  and  distinct  system  from  that  used  for  railroad-owned  buildings. 

Buildings  owned  jointly  by  two  or  more  roads  should  be  identified  by  each  owning 

carrier  as  if  it  were  solely  owned,  with  the  information  as  to  ownership  noted  on  the 

buUding  schedule. 

7.  Suggested  Systems  of   Numbering  to  Meet  Conditions  on  the  Various 
Roads 

1.  Consecutive  Number  Only: 

On  a  road  having  comparatively  few  structures,  the  simplest  system  is  to  assign 
consecutive  numbers  to  each  structure  from  one  end  of  the  line  to  the  other.  This 

is  not  entirely  satisfactory  as  it  is  not  flexible,  making  no  provision  for  new  struc- 
tures except  to  add  them  to  the  end  of  the  list.  However,  since  the  building  number 

should  always  belong  to  the  structure  to  which  it  was  originally  assigned,  regardless 
of  its  location  at  some  later  date,  and  should  be  permanently  discarded  when  the 

structure  is  retired,  there  is  always  a  possibility  of  a  disturbance  in  the  geographic 
order,  and  consecutive  numbers  might  have  no  geographic  significance. 

2.  Combination  of  Letters  and  Figures: 

Under  this  system  a  letter  is  assigned  to  each  branch  of  the  road,  a  number  to 
each  station,  and  a  separate  number  to  each  building  at  the  station. 

3.  Mileage  System: 

This  consists  of  numbering  each  building  with  the  nearest  mile  from  the  end 

of  line,  using  decimals  to  indicate  the  exact  location.  The  system  is  very  satisfactory 

for  a  road  consisting  of  one  long  main  line  and  very  few  branches,  and  where  the 

buildings  are  generally  scattered.  It  is  not  entirely  satisfactory,  however,  in  exten- 
sive shops  and  yards  where  numerous  buildings  would  come  on  the  same  decunal 

of  a  mile,  unless  supplemented  by  letters  or  subnumber  designation. 
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There  are  several  minor  variations  of  the  mileage  system,  such  as: 

(1)  Using  decimal  of  the  mile  for  different  structures. 

(2)  Using  consecutive  numbers  for  the  individual  building  in  each  mile 
section. 

4.  Valuation  Section  and  Consecutive  Numbers: 

Use  the  main  valuation  section  number  and  assign  consecutive  number  to  each 
structure  in  the  section. 

5.  Station,  Name  or  Number  and  Consecutive  Numbers: 

Assign  an  arbitrary  number  to  each  station  group  or  large  yard  group,  then 
assign  consecutive  number  to  each  of  the  structures,  starting  from  one  end  of  the 

yard. 
Note — On  branch  lines  where  there  are  few  buildings,  one  station  number  might 

be  extended  to  cover  a  whole  branch. 
While  the  number  in  this  system  does  not  give  any  idea  as  to  location, 
we  believe  it  is  a  good  system  for  a  railway  built  up  of  many  short  lines 
with  frequent  junctions  and  yards. 

6.  Valuation  Sections  and  Decimal  Numbers: 

On  most  roads  the  section  number  denotes  ownership,  and  in  complicated  yards 
and  junctions  it  might  be  very  desirable  to  have  the  ownership  defined  and  marked 
on  the  buildings. 

Using  the  valuation  section  number  as  the  first  part,  or  numerator  of  a  fraction 
and  the  building  number  for  the  denominator,  would  seem  to  be  satisfactory.  The 
building  number  may  be  assigned  as  in  any  one  of  the  various  systems  outlined  above. 

Styles  and  Kind  of  Numbers 

The  several  kinds  under  consideration  are: 

(1)  Figures  put  on  with  paint  and  stencil. 
(2)  Enamel  or  other  type  of  metal  number  plates. 
(3)  Stamped  into  the  structure  with  steel  dies. 

Note — It  is  desirable  that  the  number  applied  to  the  building  should  also  show 
the  initials  of  the  owning  company.  This  is  particularly  desirable  on 
real  estate  buildings  and  structures  at  junctions  with  other  railways. 

1.  The  first  method,  while  cheap  as  to  first  cost,  is  not  durable  and  may  be 
easily  destroyed  in  repainting  of  structure. 

2.  The  second  method  necessitates  having  special  metal  plates  made  up  and 
applied  to  the  building;  this  is  rather  expensive  and  plates  are  readily  re- 

moved or  damaged  by  boys  or  lost  by  rusting  of  the  fastenings. 
3.  The  third  method,  based  on  stamping  the  number  into  the  woodwork  of  the 

building,  is  cheap  as  to  first  cost.  The  numbers  cannot  be  obliterated  with- 
out considerable  trouble,  and  if  stamped  into  some  portion  which  is  seldom 

renewed  should  last  as  long  as  the  building.  It  is  suggested  stamping  the 
number  over  the  main  doorway,  or,  if  this  is  not  feasible,  in  the  wood  frame 
of  door  at  a  uniform  height  of  about  S  feet  or  in  the  comer  board  on  track 
side. 

9,  Size  of  Figures 

It  is  suggested  that  the  figures  be  not  less  than  1  inch  high  for  metal  plates  and  not 
less  than  2  inches  high  for  painted  figures. 

10.  Application  of  the  Numbers 

After  adopting  any  system  of  numbering,  and  preparing  the  schedule,  the  numbers 

should  be  assigned  and  entered  on  the  schedule,  and  applied  to  the  structure. 

Every  item  on  the  building  schedule  should  be  assigned  a  number,  even  though  it 
is  not  considered  feasible,  or  necessary,  to  apply  the  number  in  the  field. 
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11.     Keeping  the  System  Up-to-Date 

Some  one  official  should  have  the  custody  of  original  schedule,  and  it  should  be 

kept  up-to-date  by  the  assignment  of  numbers  to  each  new  building,  as  soon  as  author- 

ized, and  the  number  applied  as  soon  as  completed.  When  a  building  is  destroyed  or 
torn  down,  the  record  should  be  corrected  immediately. 

When  a  building  is  moved  from  one  location  to  another  the  record  should  be  cor- 

rected, and  if  moved  into  another  section  the  original  number  should  be  retained,  although 

it  may  be  supplemented  by  a  subnumber  where  a  system  is  used  in  which  the  number 

indicates  location.  In  this  way  the  accounting  for  any  one  building  will  always  be 

identified  with  the  number  originally  assigned  to  that  building. 

Conclusion 

It  is  the  opinion  of  the  Committee  that  a  numbering  system  would  be  valuable  to 

any  carrier  if  the  cost  of  its  installation  and  maintenance  is  not  prohibitive.  A  definite, 
simple  identification  which  such  a  system  affords  is  a  decided  asset  in  matters  pertaining 
to  accounting,  insurance,  taxes,  valuation,  etc.;  however,  the  Committee  realizes  that  no 

one  system  will  meet  the  requirements  of  all  railways.  It  has,  therefore,  outlined  the 

various  systems  suggested  and  would  recommend  that  each  railroad  make  a  study  of  its 

particular  problem  and  select  a  system  best  suited  to  its  condition  and  to  meet  the  purpose 
for  which  the  numbering  system  is  adopted. 

Appendix  F 

(E-1)  METHODS  AND  FORMS  FOR  GATHERING  DATA  FOR  KEEP- 
ING «UP  TO  DATE  THE  PROPERTY  RECORDS  OF  RAILWAYS 

WITH  RESPECT  TO  VALUATION,  ACCOUNTING,  DEPRECIA- 
TION AND  OTHER  REQUIREMENTS 

C.  A.  Knowles,  Chairman,  Sub-Committee;  F.  B.  Baldwin,  H.  D.  Barnes,  S.  H.  Barnhart, 
B.  A.  Bertenshaw,  V.  H.  Doyle,  P.  O.  Ferris,  D.  E.  Field,  C.  C.  Haire,  A.  T.  Hopkins, 
F.  C.  Kane,  W.  R.  Kettenring,  E.  M.  Killough,  P.  R.  Leete,  Henry  Lehn,  W.  S. 
MacCulloch,  W.  S.  McFetridge,  E.  W.  Metcalf,  H.  L.  Restall,  James  Stephenson, 
H.  J.  Stroebel,  Louis  Wolf. 

Work,  under  the  plan  of  cooperation  between  this  Committee  and  the  Finance, 

Accounting,  Taxation  and  Valuation  Department  of  the  Association  of  American  Rail- 

roads, referred  to  in  the  Committee's  reports  made  at  the  two  previous  conventions,  ha? 
been  continued  during  the  past  year. 

As  stated  in  the  report  of  last  year,  the  Committee  was  requested  under  the  plan 

of  cooperation  to  study  routines  adequate  for  proper  accounting  for  ballast.  The  neces- 
sity for  this  study  arose  from  the  change  in  accounting  for  ballast,  proposed  by  the 

Interstate  Commerce  Commission  in  its  order  originally  effective  January  1,  1936,  but 

now  indefinitely  postponed.  The  study  has  been  made  and  a  report  prepared,  which 

has  been  distributed  under  date  of  October  12,  1937,  by  the  Association  of  American 

Railroads  among  the  members  thereof.  A  copy  of  the  report  is  submitted  herewith  in 
Exhibit  1. 

A  report  has  also  been  prepared  showing  the  status,  as  of  November  30,  1937,  of 
valuation  activities  and  is  submitted  herewith  in  Exhibit  2. 

In  the  report  of  last  year,  reference  was  made  to  certain  simplifications,  in  Valua- 
tion Orders  No.  14  and  19,  which  had  been  secured  through  conferences  between  repre- 

sentatives of  the  Bureau  of  Valuation  and  this  Committee.  It  was  also  stated  in  that 

report  that  in  due  course,  instructions  would  be  issued  by  the  Bureau  concerning  the 

changes  in  reporting  under  Valuation  Orders  No.  14  and  19.  These  instructions  were 

issued  by  the  Bureau  in  a  pamphlet  dated  December  31,  1936. 
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Exhibit  1 

REPORT  ON  ROUTINES  FOR  BALLAST  ACCOUNTING 

I — Introductory  Statement 

Under  date  of  September  16,  1935,  the  Interstate  Commerce  Commission  issued  an 

order,  effective  January  1,  1936,  modifying  the  text  of  Road  and  Equipment,  Account  11, 
Ballast,  and  Operating  Expenses,  Account  218,  Ballast. 

Following  the  release  of  the  order,  representatives  of  the  railroads  conferred  with 

officials  of  the  Interstate  Commerce  Commission  and  on  petition  of  the  Association  of 
American  Railroads,  the  Commission  deferred  the  effective  date  to  January  1,  1937.  On 

November  11,  1936,  another  conference  seeking  a  further  postponement,  or  cancellation, 
of  the  order  was  held  between  representatives  of  the  Commission  and  the  railroads. 

Subsequently  Mr.  E.  H.  Bunnell,  Vice-President  of  the  Association  of  Americaxi  Rail- 
roads was  informed  the  order  would  be  indefinitely  postponed,  or  withdrawn,  provided 

the  Association  would  assist  in  securing  uniformity  among  carriers  in  complying  with  the 
present  accounting  rules  for  ballast. 

In  order  to  comply  with  the  above  stated  provision,  Sub-Committee  E-1,  of  Com- 

mittee XI — Records  and  Accounts,  American  Railway  Engineering  Association  was 
delegated  to  conduct  a  study  to  report  on  ballast  routines  adequate  for  proper  accounting, 

II — Text  of  Classification  of  Accounts  in  Respect  of  Ballast 

Accounting  for  ballast  is  naturally  divided  into  four  parts,  namely:  (1)  Original 

Ballast,  (2)  Additional  Ballast,  (3)  Betterment  Ballast  and  (4)  Renewal *Ballast.  In 
respect  of  these  four  parts  the  instructions  for  accounting,  as  prescribed  by  the  Com- 

mission are  as  follows: 

(1)  Original  Ballast 

"11.  Ballast.  This  account  shall  include  the  cost  of  gravel,  stone,  slag,  cinders, 
sand  and  like  material  used  in  ballasting  tracks  (including  tracks  in  shops,  fuel  sta- 

tions, supply  yards,  etc.)  not  previously  ballasted,  including  cost  of  work-train 
service  and  of  unloading;     .     .     ." 

(2)  Additional  Ballast 

"11.  Ballast.  This  account  shall  include  the  cost  ...  of  ballast  applied 
in  excess  of  ballast  required  to  restore  to  its  maximum  height  and  width  the  ballast 

previously  put  on  the  roadbed;     .     .     ." 

(3)  Betterment  Ballast 

"11.  Ballast.  This  account  shall  include  .  .  .  the  excess  cost  of  improved 
ballast  used  in  renewals  over  the  cost  to  replace  in  kind  to  the  original  height  and 

width  the  ballast  removed;     .     .     ." 

(4)  Renewal  Ballast 

"218.  Ballast.  This  account  shall  include  the  cost  of  gravel,  stone,  slag,  cin- 
ders, sand  and  like  materials  used  in  the  repairs  of  tracks,  including  the  cost  of 

work-train  service  and  of  unloading  the  material     .     .     ." 

In  addition  to  the  above  quotations,  the  instructions  prescribed  by  the  Commission, 

contain  provisions  governing  accounting  for  operations  at  gravel  and  sand  pits  and  quar- 

ries; the  instructions  also  contain  notes  concerning  relatively  minor  matters  and  cross- 
references  to  other  accounts.  These  additional  instructions  and  the  references,  however, 

are  not  of  importance  so  far  as  this  report  is  concerned,  and  therefore,  have  been  omitted 

from  the  quotations. 
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III — Difficulties  in  Ballast  Accounting 

The  accounting  instructions  prescribed  by  the  Commission  and  quoted  above  are 

clear  and  concise.  But,  because  of  the  physical  characteristics  of  ballast  and  the  under- 

lying roadbed,  it  is  often  difficult  to  determine  the  exact  facts  necessary  for  the  pre- 
scribed accounting  in  respect  of  Additional  Ballast,  Betterment  Ballast  and  Renewal 

Ballast.  So  far  as  Original  Ballast  is  concerned  no  difficulty  arises;  the  requirement  is 

simple,  in  that  the  cost  of  all  ballast  first  placed  in  the  track  is  to  be  charged  to  Account  11. 

The  difficulties  in  determination  of  the  facts  are  not  due  to  deficiencies  in  the  account- 

ing instructions,  but  rather  to  the  nature  of  the  physical  property  involved.  In  prob- 

ably no  other  property  used  for  transportation  purposes  is  the  line  of  demarcation  be- 
tween capital  account  and  operating  expenses  so  elusive.  Ballast  is  radically  different 

from  rail,  ties  or  other  track  materials,  in  that  these  items  are  always  in  a  stable  condi- 
tion, whereas,  on  the  contrary  the  ballast  is  constantly  subject  to  change  in  size  and  shape 

of  its  section  and  in  the  character  of  its  materials.  When  a  frog  is  placed  in  the  track, 

that  frog,  unless  damaged  or  otherwise  altered,  retains  throughout  its  life,  the  same  phy- 
sical characteristics,  except  for  wear,  that  it  possessed  when  first  placed  in  the  track. 

And  those  characteristics  can  be  definitely  and  easily  recognized  and  measured  at  any 

time  during  its  hfe.  It  is  built  of  a  certain  weight  of  rail,  it  has  a  certain  kind  of  steel, 
it  has  a  certain  length  and  other  dimensions  easily  measurable.  Any  departure  from  the 

frog  as  orginally  installed  can  be  exactly  determined.  These  things  are  likewise  true  of 

raDs,  ties  and  "other  track  material".  Furthermore,  frogs,  switches,  rails  and  ties  are 
of  such  large  size  that  they  are  readily  susceptible  of  count  and  classification  and  they 

remain  fixed  in  the  same  relative  positions  as  originally  placed.  Ballast,  however,  is 

quite  different. 

First,  consider  the  ballast  material,  ordinarily  consisting  of  pieces  of  matter  ranging 

in  size  from  the  equivalent  of  a  cube  of  about  2J/2  inches  to  minute  particles.  These 
pieces  are  so  small  and  multitudinous,  that  they  are  not  susceptible  of  classification  by 
size  and  of  enumeration.  Therefore,  in  order  to  measure  the  quantity  of  ballast,  it  is 

necessary  to  resort  to  measurements  of  the  ballast  section.  A  proper  determination  of 

the  ballast  section  and  the  quantity  of  ballast  requires  a  knowledge  of  the  width  and 

depth  of  the  section  and  the  space  occupied  by  the  tie  structure.  Now  these  dimensions 

may  not  be  uniform,  even  for  comparatively  short  stretches  of  track  and  this  is  par- 
ticularly true  of  the  depth  which  may  vary  considerably  across  the  width  of  the  section 

and  also  longitudinally.  A  measurement  at  each  change  in  width  or  depth  of  section 

would  be  impracticable.  The  depths  are  hidden  and  can  only  be  determined  by  measure- 
ments at  test  holes  located  at  points  deemed  suitable  by  the  party  making  the  investi- 

gation. Accordingly,  it  is  evident  that  even  the  quantity  of  ballast  in  the  track  at  a 

given  time  cannot  be  ascertained  with  anything  Uke  the  accuracy  attainable  in  respect 
of  other  parts  of  the  track  structure. 

Second,  consider  the  roadbed  which  supports  the  ballast.  The  embankments  and  oft- 
times  the  cuts  are  subject  to  change  in  shape  and  size  of  section  due  to  the  action  of 

weather  and  traffic,  or  the  tendency  of  the  materials  to  shrink  or  subside.  Since  the 

roadbed,  especially  on  embankments,  does  not  provide  a  stable  foundation,  the  ballast 

placed  thereon  necessarily  partakes  of  the  same  instability.  The  grading  and  ballast 

materials,  tend  to  intermingle  with  the  result  that  the  exact  line  of  demarcation  be- 
tween ballast  and  grading  is  often  indeterminate. 

Third,  the  ballast  itself  shrinks  in  volume  and  due  to  stresses  brought  about  by  traf- 
fic, weather  and  changes  in  the  supporting  roadbed,  the  pieces  of  ballast  material  change 

their  relative  position;  different  materials  and  sizes  shift  to  new  positions  in  the  ballast 
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section,  or  work  their  way  outside  of  the  normal  ballast  section.    All  of  these  changes 
are  constantly  occurring,  there  is  nothing  fixed. 

Fourth,  the  facts  required  to  comply  with  the  provisions  of  the  Accounting  Classifi- 
cation relating  to  Improved  Ballast  are  comparatively  easy  of  determination  in  most 

instances.  Nevertheless,  questions  sometimes  arise  as  to  whether,  or  not,  a  certain  kind 

of  ballast  is  an  "improved"  kind.  If  ballast  is  placed  for  the  purpose  of  increasing  the 
section,  then  the  entire  amount  is,  of  course,  chargeable  to  capital  and  the  question  of 

"improved"  ballast  does  not  arise.  But  if  part,  or  all  of  a  ballast  installation  is  for  the 
replacement  of  like  quantities  of  previous  ballast,  then  the  question  must  be  decided  as  to 

whether,  or  not,  it  is  of  an  "improved"  kind.  Now,  "improved"  ballast  involves  facts 
and  decisions,  not  only  as  to  durability,  but  also  as  to  ability  to  hold  track,  economy  in 

working,  freedom  from  dust,  drainage  and  other  like  matters.  Consequently,  with  varia- 
tions in  track  conditions  and  in  traffic  and  variations  in  characteristics  of  the  same  kind 

of  ballast,  it  follows  that  there  are  variations  to  the  order  in  which  different  kinds  of 

ballast  should  be  graded  for  quality.  Ordinarily,  stone  takes  first  rank  in  any  grading 

of  ballast  materials,  but  under  certain  conditions,  chatts,  and  under  other  conditions,  slag 
or  gravel,  have  been  selected  as  preferable.  These  selections  indicate  that  no  general 

classification  can  apply  uniformly.  Not  infrequently  the  matter  is  complicated  by  cost 

of  the  materials.  For  example,  on  a  railroad  where  a  certain  kind  of  ballast  is  standard, 

another  kind,  generally  regarded  as  of  a  superior  type,  may  be  used  on  some  parts  of  the 
railroad,  because  the  material  is  available  from  sources  nearer  than  the  source  of  the 

inferior  kind;  therefore,  because  of  shorter  hauls,  the  superior  ballast  may  cost  less  than 
the  inferior. 

It  is  well  to  emphasize  again  that  ballast,  being  radically  different  from  stable  items 

of  property,  such  as  rails  and  ties,  cannot  as  a  practical  matter  be  accounted  for  with 
like  accuracy  or  ease.  The  construction  and  maintenance  of  the  ballast  section  are  so 

peculiar,  as  compared  with  other  units  of  railroad  property,  that  exactitude  in  determin- 
ing amounts  chargeable  to  investment  and  to  operation,  however  desirable,  cannot  be 

realized. 

IV — Present  Records  and  Practices  of  Railroads 

During  the  course  of  examination,  in  the  past  few  years,  of  the  carriers'  records  by 
field  representatives  of  the  Bureau  of  Valuation,  certain  statements  have  been  prepared 

by  those  representatives  relative  to  the  various  methods  followed  by  carriers  in  maintaining 
ballast  records  and  in  accounting  for  ballast.  These  statements  which  are  on  file  in  the 
Bureau  have  been  made  available  to  this  Committee  and  abstracts  therefrom  have  been 

prepared  and  are  included  in  Appendix  1  of  this  report. 

V — Objectives  Which  Should  be  Attained  by  a  Set  of  Records 

A  set  of  ballast  records  should  have  objectives  as  follows: 

(a)  Determination  of  the  facts  relative  to  "Additional  Ballast". 
(b)  Determination  of  the  facts  relative  to  "Betterment  Ballast". 
(c)  Determination  of  the  facts  relative  to  "Renewal  Ballast". 
(d)  Harmony  between  the  accounting  for  ballast  and  returns  under  Valuation 

Order  No.  3. 
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VI — Recommendations 

It  has  been  hereinbefore  indicated  that  absolute  accuracy  in  accounting  for  ballast 

as  between  investment  and  operating  expenses  cannot  be  attained.  Nevertheless,  prac- 
tical, accuracy,  consistent  with  the  difficulties  involved,  is  attainable,  provided  the  proper 

facts  are  secured  in  the  field  at  the  time  of  ballast  installations  and  provided  adequate 
records  are  established  and  maintained. 

It  is  realized  that  absolute  uniformity  among  all  railroads  in  respect  of  routines  and 

records  is  not  practicable,  being  precluded  by  differences  in  organization,  operation  and 

local  conditions.  However,  certain  general  features  are  recommended  to  all  carriers  as 
follows: 

(a)  That  it  be  remembered  that  the  Accounting  Classifications  have  been  issued 
under  formal  order  of  the  Interstate  Commerce  Commission  and  that  compli- 

ance by  all  carriers  with  the  rules  and  principles  therein  prescribed  for  account- 
ing for  ballast  is  mandatory. 

(b)  That  the  facts  necessary  for  the  distribution  of  ballast  expenses  as  between  oper- 
ating expenses  and  investment  can  best  be  determined  by  those  responsible  for 

ballast  installations. 

(c)  That  adopted  ballast  standards  for  size  of  section  and  for  kinds  of  ballast  be 
adhered  to  for  accounting  purposes  until  changed  by  those  oifficers  responsible  for 
such  standards. 

(d)  That  each  carrier  utilize  such  forms  and  records  as  may  best  fit  its  individual 
requirements  for  the  purposes  of  gathering  the  basic  data  in  the  field,  estab- 

lishing the  existing  ballast  section,  and  accounting  for  and  reporting  changes. 

(e)  That  carriers  in  the  establishment  and  maintenance  of  ballast  records  give  con- 
sideration to  the  methods  found  satisfactory  by  the  Bureau  of  Valuation,  as 

shown  by  Classification  III,  pages  700  to  702,  Appendix  1,  hereof. 
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Appendix  1 

STATEMENTS  PREPARED  BY  FIELD  EXAMINERS  OF  THE  ACCOUNTING 

SECTION,  BUREAU  OF  VALUATION  SHOWING  THE  VARIOUS  METHODS 

FOLLOWED  BY  CARRIERS  IN  ACCOUNTING  FOR  BALLAST, 
WHICH  ILLUSTRATES  THE  DIVERGENCE  IN  PRACTICES 

Page 

I.  Carriers  wliose  method  of  segregating  ballast  placements  between  additions 

and  replacements  which  are  arbitrary  or  based  on  insufficient  data  and  on 
which  it  is  not  probable  that  the  records  will  show  a  correct  statement  of 
the  ballast  in  place           695 

II.  Carriers  who  have  established  maximum  ballast  sections  with  depths  less  than 
30  inches  allowed  by  the  Bureau  of  Valuation  in  the  basic  valuations  and 

account  for  all  ballast  placed,  after  this  depth  has  been  reached,  as  mainte- 
nance except  that  some  of  them  recognize  betterments  when  superior 

material  is  placed          697 

III.  Carriers  who  have  issued  instructions  or  installed  methods  for  determining 

the  reporting  of  ballast  charges  which  provide  adequate  basis  for  proper 
maintenance  of  the  record  established  by  the  Bureau  of  Valuation  in  the 

original  inventory  and  should  provide  a  proper  basis  for  their  accounting..       700 

IV.  Carriers  who  do  not  recognize  the  need  of  ballast  renewals  or  replacements, 

except  those  due  to  washouts,  slides,  etc.,  but  charge  all  ballast  placed  to 
Account  11            702 

V.    Carriers  who  do  not  appear  to  have  a  fixed  method  of  accounting  for  their 
ballast  application           703 

VI.    Statements  illustrative  of  the  procedure  followed  by  six  major  carriers  in 
accounting  for  ballast  appHcations           704 

VII.  Tabulation  showing  variations  in  ballast  accounting  practices  of  32  represen- 
tative carriers          708 
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BUREAU  OF  VALUATION 

Accounting  Section 

The  following  carriers  have  methods  of  segregating  ballast  placements  between  addi- 
tions and  replacements  which  are  arbitrary  or  based  on  insufficient  data  and  on  which 

it  is  not  probable  that  the  records  will  show  a  correct  statement  of  the  ballast  in  place. 

1.  "A"  Railway 
This  carrier  maintains  a  ballast  chart  showing,  by  miles,  the  ballast  allowed  in  the 

I.C.C.  inventory  and  such  additional  ballast  as  has  been  capitalized  since  date  of  valua- 
tion, but  they  do  not  use  it  to  aid  in  determining  the  need  for  maintenance  or  to  show 

points  where  the  30-inch  depth  may  be  exceeded,  as  this  record  is  never  seen  by  the 
men  who  determine  the  accounting. 

Up  to  1934,  all  the  ballast  placed  under  any  definite  ballast  project  was  charged 

either  to  Account  11  or  Account  218,  there  being  no  thought  of  making  an  allocation 

between  the  two.  In  theory,  the  accounting  was  determined  by  the  Division  Engineer, 
from  his  knowledge  of  the  situation,  but,  in  practice,  the  charge  was  made  to  suit  the 
financial  requirements  at  the  time. 

Due  to  objections  made  by  both  the  Bureau  of  Accounts  and  the  Bureau  of  Valua- 
tion, the  carrier  decided  to  change  their  practice  and  at  present,  charge  75  percent  of 

the  ballast  to  Account  11  and  25  percent  to  Account  218.  This  is  an  arbitrary  division, 
not  based  on  any  study  and  made  simply  to  stop  exceptions. 

The  carrier  has  no  track  profile  on  which  raises  of  track  could  be  determined  and  has 

made  no  ballast  investigations  to  determine  the  amount  now  in  the  track. 

2.  "B"  Railway 

This  carrier  separates  ballast  placed  on  the  basis  of  the  raise  made.  If  a  two-inch 
raise  is  made,  the  first  inch  is  considered  as  a  renewal  and  the  second  as  an  addition.  For 

larger  raises  and  for  certain  material,  they  sometimes  increase  the  amount  charged  to 
Account  218.  It  is  claimed  that  this  method  is  based  on  studies  made  by  the  carrier, 
but  we  have  never  been  able  to  obtain  access  to  any  such  study. 

They  do  not  recognize  ballast  betterments  and  any  class  of  material  may  be  re- 
placed by  any  other  without  an  increase  in  the  capitalization. 

The  30-inch  maximum  is  not  recognized,  although  it  has  been  reached  in  only  a  few 
places  on  the  line. 

"C"  Railway 
"D"  Railway 

3.  "E"  Railway 
"F"  Railway 

On  these  carriers,  the  determination  of  the  division  of  ballast  as  between  additions 
and  renewals  is  left  mainly  with  the  Division  Engineers,  although  it  is  apparent  that  they 

are  guided,  to  a  large  extent,  by  the  budget  requirements  in  making  their  recommenda- 
tions. In  no  case  have  they  been  furnished  records  of  the  depths  or  quantities  of  ballast 

previously  placed  or  do  they  make  test  to  determine  such  depths  or  quantities.  Such 
determinations  as  are  made  are  based  on  their  knowledge  of  the  track  or  from  surface 

indications  and  are  generally  based  on  an  arbitrary  percentage  segregation.  It  has  been 
noticed  that  the  percentages  used  by  each  division  are  quite  apt  to  remain  the  same  for 

all  parts  of  the  division  and  for  various  years,  except  that  sometimes  the  division  used 
one  year  is  reversed  the  next. 
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4.  "G"  Railway 

Since  late  of  valuation,  this  carrier  has  charged  the  greater  part  of  the  ballast  placed 

to  operating  expenses.  During  the  period  from  1918  to  1927,  inclusive,  the  carrier  pur- 
chased 1,739,405  cubic  yards  of  crushed  stone  ballast,  of  which  only  147,673  cubic  yards 

has  been  reported  as  additional.  On  the  territory  where  most  of  this  material  was  placed, 

on  main  lines,  the  I.C.C.  show  heavy  sections,  frequently  the  full  30-inch  sections  of 
stone,  gravel,  sand  and  cinders,  but  the  carrier  does  not  record  a  single  instance  where 

any  of  the  new  crushed  rock  placed  on  this  territory  has  been  considered  as  bettering 
inferior  material. 

Field  measurements  were  taken  in  1928  on  a  ten-mile  section  of  Valuation  Section 

where  a  heavy  application  of  washed  gravel  had  been  applied,  and  it  was  found  that 

13,058  cubic  yards  of  pit  run  gravel,  4,059  cubic  yards  of  cinders,  and  1,297  cubic  yards 
of  sand  had  been  replaced  with  washed  gravel,  and  4,153  cubic  yards  of  additional 

washed  gravel  had  been  placed  since  date  of  valuation.  The  completion  report  of  the 

carrier  shows  that  on  a  iS-mile  section,  which  includes  the  10-miIe  test  section,  they 

placed  45,375  cubic  yards  of  washed  gravel,  22,687  cubic  yards  of  which  was  consid- 
ered an  addition  and  22,688  cubic  yards  as  a  replacement  in  kind.  If  the  ratios  found 

in  the  10-mile  section  were  extended  to  cover  the  15-mile  section,  it  would  have  been 

necessary  to  report  as  an  addition  6,229  cubic  yards  of  the  washed  gravel;  as  a  better- 
ment, 27,621  cubic  yards;  and  only  11,525  cubic  yards  as  chargeable  to  Account  218. 

Exception  was  taken  to  this  project  and  three  years  later  our  examiner  was  informed 

that  the  reporting  of  ballast  was  under  advisement  by  the  New  York  office,  but  the 
corrections  to  be  made,  if  any,  were  not  known. 

Examination  of  the  underlying  records  also  showed  that,  in  preparing  an  application 

for  an  AFE,  the  engineering  department  determined  the  quantities  which  should  be 

considered  as  additions  and  those  that  should  be  considered  as  replacements,  but  the 

accounting  department  generally  refused  to  issue  an  AFE,  calling  the  entire  application 

a  replacement  in  kind  and  that,  when  an  AFE  was  signed,  the  division  between  A&B 

and  operating  expenses  was  arbitrarily  fixed  at  SO  percent  each. 

Exception  was  also  taken  to  this  procedure,  but  no  changes  were  made. 

5.  "H"  Railway 

This  carrier  maintains  no  ballast  charts  or  other  record  of  ballast  depths  but  has, 

since  1922,  arbitrarily  charged  one-third  of  all  ballast  placed  to  operating  expenses,  as 
renewals,  and  two-thirds  of  the  ballast  to  Account  11,  as  an  addition. 

This  division  was  arrived  at  in  a  meeting  of  the  Division  Engineers  with  the  Engi- 
neer Maintenance  of  Way  and  was  based  solely  on  the  observations  of  the  men  present, 

no  data  being  submitted  as  to  actual  field  tests  or  other  studies  being  made  to  support  it. 

6.  "I"  Railway 

This  carrier  maintains  a  very  comprehensive  ballast  chart  on  which  is  shown  the 

depth  of  ballast  in  the  I.C.C.  inventory;  the  depth  of  ballast  the  carrier  considered  as 

serving  as  of  January  1,  1927;  and  such  raises  as  have  been  made  since  that  date,  together 
with  the  amount  of  ballast  placed  in  maintenance. 

The  chart  shows  that  the  I.C.C.  found  a  much  greater  depth  of  ballast  in  place  on 

date  of  valuation  than  the  carrier  found  in  1927,  but,  while  there  has  been  no  retire- 
ment of  material  sufficient  to  account  for  the  difference  in  depth,  they  continued  to 

capitalize  additions  of  ballast,  although  they  have  reached  the  I.C.C.  depth  in  only  a 
few  places  even  after  several  raises. 
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No  control  is  exercised  over  the  division  of  charges  as  between  additions  and  replace- 
ments, this  being  left  to  the  judgment  of  the  individual  track  supervisors  and  no  tests 

are  made  or  levels  run  to  determine  the  correctness  of  their  division. 

7.     "J"  Railway 
This  carrier  maintains  a  very  complete  ballast  chart  showing,  by  miles,  the  depth 

and  kind  of  ballast  included  in  the  I.C.C.  inventory  and  the  depth  and  kind  of  ballast 
reported  added  since  date  of  valuation.  Furthermore,  they  have  a  second  chart  showing 
the  same  information  in  yards  per  mile  instead  of  depths. 

A  number  of  years  ago,  the  Controller  issued  instructions  that,  for  all  accounting 
purposes,  the  yardage  of  ballast  included  in  the  I.C.C.  inventory  was  to  be  taken  as 
representing  the  money  charged  to  Account  11  as  of  the  date  of  valuation.  It  was 
thought  that  this  would  simplify  the  ballast  accounting  for  the  carrier. 

However,  even  with  the  ballast  chart  and  the  accounting  simplification,  the  ballast 

accounting  for  this  carrier  is  still  rather  haphazard.  The  allocation  of  ballast  is  first 

made  by  the  Division  Engineer,  who  bases  his  opinion  on  personal  observation  and  opin- 
ion and  who  does  not  have  the  ballast  chart  to  guide  him.  When  the  report  of  the 

Division  Engineer  reaches  the  Engineer  of  Capital  Expenditures,  who  reviews  it  and 

determines  the  final  segregation,  it  is  examined  and  either  approved  or  altered  on  the 
basis  of  information  contained  in  the  report  itself,  that  is,  information  shown  by  the 

labor  charges,  as  to  whether  the  track  was  raised  "out-of-face"  or  whether  it  was 
skeletonized  before  the  ballast  application,  etc. 

In  no  instance  have  we  found  that  test  holes  have  been  dug,  track  levels  checked 

or  even  the  ballast  charts  referred  to  in  making  the  decision  as  to  the  segregation  of 
ballast  between  additions  and  replacements. 

The  following  carriers  have  established  maximum  ballast  sections  with  depths  less 

than  the  30  inches  allowed  by  the  Bureau  of  Valuation  and  account  for  all  ballast  placed, 
after  this  depth  has  been  reached,  as  maintenance  except  that  some  of  them  recognize 
betterments  when  superior  material  is  placed: 

1.  "A"  Railroad 

This  carrier  has  a  standard  which  calls  for  a  maximum  depth  of  ballast  of  19  inches 

but  allows  for  "sub-ballast"  on  crushed  rock  sections. 
The  practice  of  this  carrier  is  to  charge  all  ballast  placed  to  Account  218  except: 

1.  Where  a  ballast  of  superior  quality  is  used  to  replace  ballast,  in  place,  under  a 
definite  program  of  improvement.  In  this  case  the  betterment  is  properly  han- 

dled but  the  last  AFE  to  cover  work  of  this  kind  was  in  1930. 

2.  Where  a  definite  change  of  grade  occurs.  In  these  cases,  the  track  is  raised  to 
the  new  grade  and,  if  the  raise  is  made  entirely  with  ballast  material  and  the 
ballast  does  not  exceed  the  standard  section,  the  material  is  charged  to  Account 
11.  If  the  standard  section  is  exceeded,  the  excess  is  charged  to  Account  3.  If 
the  raise  is  made  with  common  material  and  the  old  ballast  section  is  buried, 
and  reused  as  fill,  it  is  retired  from  Account  11  and  charged  to  Account  3  and 
the  material  for  the  new  ballast  section  is  charged  to  Account  11. 

2.  "B"  Railway 
This  carrier  has  established  standard  ballast  sections,  for  maximum  ballast,  varying 

from  12  inches  under  the  tie,  on  the  main  line,  to  as  low  as  6  inches  under  the  tie  on 
some  branch  lines. 

After  the  initial  application  of  ballast,  further  applications  are  allocated  between 
.Account   218   and  Account   11   by   charging   to   .Account   218   an   amount   based   on   the 
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expected  depreciation  per  year  for  the  ballast  in  the  track,  times  the  number  of  years 
since  it  was  installed,  unless  ballast  of  a  superior  quality  is  being  installed,  in  which  case 

this  amount  becomes  a  betterment,  and  charging  the  rest  of  the  ballast  material,  up  to 
the  standard  section,  to  Account  11. 

After  the  full  standard  section  has  been  capitalized,  the  instructions  provide  that 
any  additional  ballast  material  placed  which  results  in  an  increase  in  the  section  shall 

be  considered  as  raising  the  sub-grade  and  charged  to  Account  3  but,  in  practice,  nearly 
all  of  the  ballast  placed  under  these  conditions  is  charged  to  Account  218. 

3.  "C"  Railroad 

The  carrier  has  established  a  maximum  ballast  section  of  15  inches  below  the  top  of 

tie  and,  when  this  section  has  been  reached,  charges  all  additional  ballast  placed  to 

Account  218.  No  recognition  is  made  of  ballast  betterments  and  ballast  of  superior 
quality  may  replace  sand  or  cinders  and  still  be  charged  to  operating  expense. 

The  inventory  of  the  Bureau  of  Valuation  developed  ballast  sections  much  in  excess 

of  15  inches  as  of  date  of  valuation  and,  on  the  main  line,  where  the  carrier  has  not 

reported  a  yard  of  additional  ballast  since  1910,  the  Bureau  found  an  average  depth  of 

23  inches  in  1919  and  an  investigation  in  1931  disclosed  that  the  average  depth  had 
increased  to  31  inches. 

A  statement  showing  yardage  of.  ballast  placed  on  this  section  was  furnished  by  the 

carrier  and  it  shows  that,  between  1910  and  1930,  they  placed  86,500  cubic  yards  of 

crushed  rock,  178  cubic  yards  of  screenings,  300,650  cubic  yards  of  gravel,  and  198,299 
cubic  yards  of  cinders  on  this  section;  all  of  which  was  charged  to  Account  218.  Of 

this  material — 280,945  cubic  yards  of  gravel  and  181,460  cubic  yards  of  cinders  were 
placed  after  date  of  valuation. 

A  study  of  the  carrier's  reporting  discloses  that  practically  no  ballast  additions  have 
been  reported  except  in  connection  with  the  construction  of  new  tracks. 

4.  "D"  Railroad 

Aside  from  the  placing  of  ballast  on  newly  constructed  lines,  this  carrier  has  assumed 

that,  for  each  yard  of  ballast  placed  on  their  lines,  there  has  been  a  yard  retired,  no 

attempt  having  been  made  to  determine  whether  the  ballast  was,  in  fact,  a  replacement 
or  an  addition. 

Prior  to  1928,  there  was  no  attention  paid  to  ballast  betterments,  ballast  of  a  supe- 
rior quality  having  been  used  to  replace  inferior  ballast  and  the  charge  being  made  to 

Account  218.  As  the  result  of  our  examination,  the  carrier  adjusted  both  the  B.V.  588 

returns  and  their  accounts  to  include  betterments  in  the  amount  of  approximately 

$1,100,000.  It  is  presumed  that  this  feature  has  been  properly  handled  in  subsequent 
returns. 

Note: — The  charges  to  Accounts  11  and  218  for  the  years  1920  to  1935,  inclusive, 
for  the  first  three  carriers  listed,  are  here  given  as  an  indication  of  the  amounts  involved: 
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"A"  RAILROAD 

Charges  to  Account  11  and  Account  218  (main  track)   obtained  from 
Annual  Reports  for  years  1920  to  1935 

Year                                                                                 Account  11  Account  218 

1920      $  19,584  $      989,253 
1921       60,534  637,886 
1922       22,083  396,308 
1923       130,931  1,019,795 
1924     29,744  856,391 
1925     17,885  1,003,970 
1926     98,059  1,030,777 
1927     124,791  903,505 
1928     99,599  611,679 
1929     154,817  875,120 
1930     141,097  508,140 
1931     23,234  132,599 
1932     135,215  113,728 
1933     39,434  268,196 
1934     491,176  376,415 
1935     243,424  430,177 

Total    $1,831,607     •  .$10,153,939 

"C"  RAILROAD 

Charges  to  Account  11  and  Account  218   (main  track)   obtained  from 
Annual  Reports  for  years  1920  to  1935 

Year                                                                                    Account  11  Account  218 

1920      $     5.772  $    247,790 
1921         115,264  178,754 
1922           63,239  73,495 
1923         147,717  141,446 
1924           96.420  111,261 
1925           60,518  120,375 
1926          79,613  166,777 
1927           27,671  240,787 
1928         194,819  345,735 
1929           80,434  330,641 
1930          21.149  129,386 
1931           57,707  137,298 
1932             3,705  14,143 
1933                540  17,556 
1934              561  47,155 
1035            1,638  145,716 

Total      $956,767  $2,448,314 
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"B"  RAILROAD 

Charges  to  Account  11  and  Account  218  (main  track)  obtained  from 
Annual  Reports  for  years  1920  to  193S 

Year  Account  11  Account  218 

1920      $    153,340  $    287,282 
1921               73,294  10,547 
1922             179,703  348,294 
1923            563,442  245,781 
1924            777,713  285,974 
1925              72,863  257,415 
1926     120,541  367,834 
1927    713,549  506,537 
1928     524,063  878,417 
1929     560,201  1,244,895 
1930     342,964  629,739 
1931     108,065  328,914 
1932              36,608  (Cr.)   18,521 
1933      (Cr.)   21,839  177,082 
1934             14,693  465,080 
1935              37,798  453,147 

Total   $4,256,998  $6,468,687 

The  following  carriers  have  issued  instructions,  or  installed  methods,  for  determining 

the  reporting  of  ballast  changes  which  provide  adequate  basis  for  property  maintenance 

of  the  record  estabhshed  by  the  Bureau  of  Valuation  and  should  provide  a  proper  basis 
for  their  accounting: 

1.  A.     Railway 

This  carrier,  in  1930,  issued  instructions  that  all  ballast  reporting  was  to  be  based 

on  the  ballast  charts,  prepared  by  the  Auditor,  on  which  were  shown  the  depth  of  ballast 
included  in  the  I.C.C.  inventory  and  such  additional  depths  as  had  been  capitalized 

between  1918  and  1930.  For  the  initial  application  of  ballast  after  the  receipt  of  the 

ballast  charts,  the  Division  Engineer  determines  the  depth  of  ballast  in  place  by  digging 

test  pits  and  such  ballast  as  is  needed  to  bring  the  section  to  the  depth  shown  on  the 

chart  is  charged  to  operating  expense,  or  considered  a  betterment,  as  is  appropriate,  and 

any  ballast  placed  in  excess  of  the  depth  shown  on  the  chart  is  considered  an  addition 

provided  it  does  not  exceed  the  30-inch  depth  which  is  recognized  as  the  maximum. 
Levels  are  then  run  over  the  reballasted  track  and  succeeding  ballast  raises  are  based  on 

those  level  readings.  After  each  ballast  raise  the  master  charts  are  corrected  and  copies 
furnished  the  engineering  and  operating  departments. 

This  system  has  been  in  use  for  six  years  and  it  is  understood  that  the  carrier  did 

not  find  the  installation  costs  burdensome;  that  they  find  the  costs  of  maintaining  it  to 

be  very  low  and  that  they  feel  that  it  will  fully  meet  the  requirements  of  the  new 
ballast  order  as  well  as  give  them  proper  information  for  valuation  reporting. 

2.  B.     System 

This  carrier  issued  instructions  in  1931  that  its  ballast  accounting  was  to  be  based 

on  records  maintained  by  the  Valuation  Engineer  which  would  show  for  each  mile  of 

line  the  ballast  inventoried  by  the  Bureau  of  Valuation  and  such  additional  ballast  as 

had  been  reported  added  between  date  of  valuation  and  1931.  The  instructions  pro- 
vide that  when  ballast  is  to  be  placed  on  any  stretch  of  track,  the  Division  Engineer  will 

request,  from  the  Valuation  Engineer,  the  recorded  depths  of  ballast  for  this  territory  and 

compares  them  with  determinations  of  depth  made  on  the  ground.    Such  ballast  as  is 
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necessary  to  bring  the  ballast  section  to 'the  recorded  depth  will  be  charged  to  operation 
or  treated  as  a  betterment,  as  is  appropriate,  and  all  additional  material,  up  to  a  37-inch 
maximum,  will  be  treated  as  an  addition. 

No  fault  can  be  found  with  the  instructions  but  we  find  that,  in  practice,  the  Divi- 
sion Engineer  frequently  reports  ballast  as  added  when  his  final  section  is  still  less  than 

the  recorded  section. 

3.  C.     Railroad 

This  carrier  cross-sections  the  ballast  after  each  installation  and  runs  track  levels 

based  on  the  same  datum  plane  shown  on  the  valuation  profiles.  The  new  ballast  sec- 
tions are  compared  with  the  I.C.C.  sections,  or  with  sections  established  subsequent  to 

the  basic  inventory,  if  the  track  has  already  had  additional  ballast  placed  since  date  of 

valuation  and  only  the  amount  by  which  the  new  sections  exceed  the  last  prior  sections 
is  charged  to  Account  11  and  then  only  to  a  maximum  depth  of  30  inches. 

Ballast  is  allocated  to  the  particular  project  on  a  car  basis  but,  at  the  end  of  the 

season,  all  allocations  are  adjusted  to  bring  them  into  agreement  with  the  quantities 

obtained  by  cross-sectioning  the  ballast  pits. 

4.  D,     Railway 

This  carrier  bases  their  division  of  ballast,  as  between  maintenance  and  additions,  on 

track  elevations  only.  An  accurate  track  profile  has  been  established  and  before  each 
application  of  ballast,  track  levels  are  run  to  determine  what  settlement  has  occurred  and 

to  get  data  for  the  ballast  authority.  After  the  track  has  been  reballasted,  levels  are 
again  run  in  order  to  determine  the  amount  of  the  raise  over  the  previously  established 

level.  From  computations,  the  amount  of  ballast  necessary  to  produce  this  raise  is 
determined  and  this  amount  is  then  reported  as  an  addition.  The  balance  of  the  ballast 

placed  is  then  treated  as  a  betterment  or  a  renewal  in  kind,  as  is  appropriate. 

This  carrier  ignores  the  30-inch  limit  on  ballast  applied  by  the  Bureau  of  Valuation 
but,  so  far,  they  have  reached  this  depth  for  only  a  very  small  portion  of  their  line. 

5.  E.     Railvi^ay 

The  system  used  by  this  carrier  is  practically  the  same  as  that  described  under  4, 

and  they  also  ignore  the  30-inch  minimum. 

6.  F.     Company 

This  carrier  maintains  a  ballast  chart  which  shows,  by  miles,  the  depth  and  kind  of 

ballast  and  also  the  depth  and  kind  of  sub-ballast,  where  any  exists.  The  master  chart, 

in  the  Chief  Engineer's  office,  is  corrected  monthly,  from  information  furnished  by  the 
Division  Engineers,  and  at  the  end  of  each  year,  a  corrected  copy  of  the  chart  is  furnished 
each  division. 

Such  ballast  placed  as  is  necessary  to  maintain  the  section  shown  on  the  chart  is 

treated  as  a  betterment  or  replacement  in  kind  as  the  case  may  be,  and  the  ballast  used 
to  increase  the  depth  is  treated  as  an  addition.  No  mention  is  made  in  the  instructions 
as  to  a  maximum  depth. 

7.  G.     System 

The  instructions  issued  by  this  carrier  for  ballast  reporting  provide  an  excellent  basis 

for  the  determination  of  the  division  of  ballast  placements  between  renewals  and  addi- 
tions but  are  faulty  in  that  they  do  not  provide  for  any  recognition  of  the  replacement 

of  ballast  with  material  of  a  super  quality. 
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The  instructions  are  quoted: 

"Survey  shall  be  made  on  the  ground  by  an  engineer  who  shall  have  with  him  the 
line  profile  and  the  track  level  notes  of  original  construction  or  last  previous  reballasting. 
He  shall  make  permanent  record  in  field  note  book  of  the  following  information: 

1.  Ballast  section  used  in  last  previous  ballast  work. 
2.  Present  average  width  of  ballast  at  base  of  rail  or  top  of  ballast  section,  specified 

if  section  is  not  full  to  top  of  tie. 
3.  Present  average  width  at  sub-grade. 
4.  Present  average  depth  base  of  rail  to  sub-grade. 
5.  Average  depth  present  base  of  rail  to  proposed  sub-grade,  if  change  in  shoulder 

level  is  contemplated. 
6.  Average  quantity  of  ballast  required  per  100-foot  station  to  restore  to  previous 

section. 

7.  Proposed  average  raise  of  track. 
8.  Average  additional  quantities  required  per  100-foot  station  to  complete  proposed 

ballast  work. 

"Quantity  of  ballast  required  for  each  mile  shall  be  computed  from  these  notes 
separately  for  replacements  and  for  additions.  Summary  by  miles  with  distribution 

between  replacements  and  additions  plainly  designated  must  be  shown  in  AFE  estimate." 

In  addition  to  the  work  required  in  these  instructions,  it  developes  that  the  engineers 

dig  test  holes  to  determine  the  depth  of  clean  ballast  in  the  section  to  be  reballasted, 

and,  if  dirty  ballast  is  found  at  the  bottom  of  the  section,  a  quantity  sufficient  to  replace 
it  is  included  in  the  replacement  ballast.  Also,  where  track  is  to  be  skeletonized,  such 

quantities  as  are  not  used  to  widen  the  base  of  the  new  section,  but  are  wasted  on  the 
roadbed,  are  added  to  the  replacement  quantities. 

8.  H.     Railroad 

This  carrier  maintains  a  ballast  chart,  based  on  the  I.C.C.  inventory  and  subsequent 
installations,  which  is  used  as  the  basis  for  determining  whether  ballast  placed  is  to  be 

treated  as  a  replacement,  a  betterment  or  an  addition.  The  30-inch  depth,  set  by  the 
Bureau,  is  recognized. 

When  additional  ballast  is  placed,  the  Valuation  Engineer  is  at  once  advi.ed  and 
the  raise  is  plotted  on  the  ballast  chart.  If  any  location  is  found  where  the  record 

shows  that  the  depth  of  suitable  ballast  exceeds  the  30-inch  maximum,  the  excess  is 
charged  to  Account  218.  If  the  total  section  exceeds  30  inches  but  the  new  ballast  is  of 
a  higher  quality  than  that  beneath  it,  the  change  is  considered  a  betterment. 

9.  I.     Railway 

In  1928,  this  carrier  adopted  a  system  simDar  to  that  outlined  for  No.  3  of  this  list. 

The  following  carriers  do  not  recognize  the  need  of  ballast  renewals  or  replacements, 
except  those  due  to  washouts,  slides,  etc.,  but  charge  all  ballast  placed  to  Account  11: 

1.     "A"  Railroad 

This  carrier,  and  its  predecessor,  have  never  recognized  any  depreciation  or  depletion 

in  ballast  but  have  considered,  and  accounted  for,  every  yard  of  ballast  material  placed, 

as  a  straight  addition.  Since  date  of  valuation,  they  have  recognized  the  30-inch  maxi- 
mum, set  by  the  Bureau  of  Valuation,  and,  up  to  1935,  when  it  was  determined,  from  the 

records  that  the  30-inch  section  had  been  reached,  a  retirement  of  the  old  ballast  mate- 

rial, below  the  30-inch  hmit,  was  made  and  this  material  was  transferred  to  Account  3 
at  the  same  cost  as  it  was  retired  from  Account  11.  The  only  exceptions  made  to  this 

procedure  were — replacements  due  to  washouts,  slides,  etc.;  and  replacements  of  material 
wasted  on  the  roadbed  when  track  was  skeletonized. 
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Since  1933,  the  policy  has  been  changed  and,  at  present,  ballast  placed,  after  the 

theoretical  section  has  reached  a  30-inch  depth,  is  charged  to  Account  218. 
The  following  statement  of  charges  to  Accounts  11  and  218  indicate  the  amounts 

involved : 

Charges  in  Account  11  and  Account  218  (Main  Line)  Obtained  from 
Annual  Reports  for  Years  1920  to  1935 

Year  Account  11         Account  218 

1920      $    202,623  $  26,154 
1921            103,538  26,110 
1922       94,300  56,337 
1923     252,831  149,230 
1924     310,395  64,754 
1925     197,017  61,163 
1926     135,330  152,340 
1927     191,084  14,880 
1928            92,505        (Cr.)     8,798 
1929            128,338  33,401 
1930            86,186       (Cr.)   29,317 
1931             31,084  4,344 
1932              20,871  20,142 
1933          334,797  14,541 
1934            34,776  19,428 
1935             78,101  38,471 

$2,293,776  $643,180 

2.     "B"  Railroad 

This  carrier  charges  the  cost  of  practically  all  purchased  ballast  to  Account  11,  as 

additional  ballast  although  in  some  cases  the  amount  placed  on  previously  ballast  track 
is  as  low  as  one  car  load  to  a  mile  of  track. 

To  give  an  idea  of  the  extent  to  which  this  policy  is  carried,  the  following  statement 
of  charges  to  Accounts  11  and  218  is  given: 

Period                                                                 Account  11  Account  218 

6-30-1918—12-31-1927      $    274,000  $222,908 
1-  1-1928—12-31-1932       1,181,000  38,554 
1933            180,000  27,922 
1934            190,962  8,920 
1935          194,500  13,534 

Total      $2,020,462  $311,838 

In  spite  of  all  the  additional  ballast  reported  added,  an  engineer  of  the  Bureau, 

inspecting  the  property  in  January,  1932,  stated  that  there  was  hardly  a  piece  of  track 
on  the  line  that  could  be  considered  as  really  ballasted.  Much  of  the  track  had  been 

"sprayed"  with  ballast  material,  giving  it  the  appearance  of  ballasted  track,  but  in  reality, 
serving  only  to  keep  down  the  dust  and  prevent  the  growth  of  vegetation.  The  first 

time  the  track  required  surfacing,  this  "sprayed"  material  became  mixed  with  the  under- 
lying sand  and  dirt  and  lost  all  semblance  of  ballast. 

The  following  carriers  appear  to  have  no  fixed  method  of  accounting  for  their  ballast 
applications.  In  some  cases  all  ballast  placed  will  be  capitalized  as  an  addition;  in  other 

cases,  but  with  similar  conditions,  all  ballast  placed  will  be  considered  as  maintenance; 
while  at  other  times  there  may  be  a  division  between  additions  and  maintenance.  The 

financial  status  of  the  carrier  appears  to  be  the  governing  factor. 

1.  "A"  Railway 
2.  "B"  Railroad 

3.  "C"  Railroad 
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BUREAU  OF  VALUATION 

Accounting  Section 

"X"  RAILROAD  COMPANY 

Procedure  with  Respect  to  Accounting  for  Ballast  Applications 

From  examination  and  study  of  the  carrier's  records  a  conclusion  is  reached  that  an 
earnest  effort  is  being  made  to  make  proper  segregation  of  ballast  applications  as  between 
restoration  and  additions. 

Prior  to  1927,  before  any  ballast  was  applied  other  than  patch  ballast,  measurements 
were  made  of  the  existing  ballast  in  the  track  for  top  width,  bottom  width  and  depth; 

approximately  two  or  three  sections  per  mile.  From  these  measurements  percentages 
were  worked  out  for  distribution  of  the  added  ballast  as  between  operating  expenses  and 

investment.    The  percents  were  worked  out  for  a  Division  and  not  for  Each  Mile. 

Subsequent  to  1927  the  carrier's  engineers  have  made  a  survey  on  the  ground  of 
the  ballast  in  the  tracks,  taking  measurements  of  the  ballast  as  to  top  widths,  bottom 

width  and  depth;  five  sections  to  the  mile,  and  from  the  data  thus  obtained  figured  the 

actual  quantities  and  costs  of  the  ballast  added  per  mile  that  should  be  included  as 
restoration  and  chargeable  to  operating  expenses. 

The  following  taken  from  the  carrier's  files  are  the  instructions  for  reballasting  or 
application  of  additional  ballast: 

"Survey  should  be  made  on  the  ground  by  an  engineer  who  shall  have  with  him 
the  line  profile  and  track  level  notes  of  original  construction  or  last  previous  reballast- 

ing.   He  shail  make  a  permanent  record  in  field  note  book  of  the  following  information: 

1.  Ballast  section  used  in  last  previous  ballast  work. 

2.  Present  average  width  of  ballast  at  base  of  rail  or  top  of  ballast  section,  specified 
if  section  is  not  filled  to  top  of  tie. 

3.  Present  average  width  at  subgrade. 

4.  Present  average  depth  base  of  rail  to  subgrade. 

5.  Average  depth  present  base  of  rail  to  proposed  subgrade,  if  change  in  shoulder 
level  is  contemplated. 

6.  Average  quantity  of  ballast  per  100-foot  station  to  restore  previous  section. 
7.  Proposed  average  raise  of  track. 

8.  Average  additional  quantities  required  per  100  feet  station  to  complete  proposed 
ballast  work. 

Quantities  of  ballast  for  each  mile  shall  be  computed  from  these  notes  sep- 
arately for  replacement  and  for  additions.  Summary  by  miles  distribution  be- 

tween replacements  and  additions  plainly  designated  must  be  shown  on  AFE 

estimate  forms." 

The  carrier  has  prepared  a  ballast  chart  on  which  is  plotted  the  inventory  ballast  by 

miles  plus  all  additional  ballast  reported  on  the  B.V.  S88's  since  date  of  valuation  to 
December  31,  1930  by  miles  with  AFE  references  shown.  This  chart  shows  depth  of 
ballast  on  each  mile. 

There  is  also  a  finished  work  profile  for  each  ballast  project. 

The  Notebooks  and  other  field  data  are  filed  in  the  Division  Offices. 

In  its  accounting  and  reporting,  the  carrier  does  not  recognize  the  Bureau's  30-inch 
limiting  depth,  and  no  accounting  is  performed  in  the  investment  account  for  betterment 
ballast. 
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"X"  RAILROAD  COMPANY 

The  "X"  Railroad  Company  does  not  maintain  any  records  from  which  determina- 
tion could  be  made  as  to  the  correctness  of  charges  as  between  Operating  Expenses  and 

Investment  in  connection  with  ballast  applications. 

Ballast  applications  upon  this  property  are  segregated  into  two  classes,  viz.,  AFE 

ballast  and  "Patch  ballast",  and  on  no  reported  AFE  ballast  project  has  the  carrier 
assigned  any  portion  of  the  installed  ballast  to  operating  expenses  as  representing  restora- 

tion, the  carrier's  position  being  that  its  applications  of  "Patch  Ballast"  were  sufficiently 
adequate  to  maintain  the  physical  condition  of  the  ballast  at  a  standard  at  least  equal 
to  that  which  existed  at  date  of  valuation. 

Our  investigation  of  ?uch  records  as  are  maintained,  with  respect  to  ballast  applied 

at  locations  previously  ballasted,  indicate  a  policy  of  charging  all  ballast  as  maintenance 

except  in  cases  of  projects  contemplating  a  grade  raise,  in  which  event  AFE's  are  issued 
and  all  ballast  charged  the  investment  account. 

In  its  accounting  and  reporting,  the  carrier  does  not  recognize  the  Bureau's  30-inch 
limiting  depth  for  ballast  except  in  case  of  grade  raise  where  the  roadbed  is  raised  to 

entirely  cover  the  old  ballast  section,  in  which  event  the  old  ballast  is  retired  as  ballast 
and  converted  to  grading.    The  new  ballast  charged  as  straight  addition. 

Where  a  grade  raise  does  not  cover  the  old  ballast  section,  the  new  ballast  is  re- 
ported as  straight  addition  without  retiring  or  converting  to  Account  3  any  portion  of 

the  old  ballast  regardless  of  the  resulting  depth  or  the  establishment  of  a  new  embankment 

subgrade. 

Where  a  track  is  raised  solely  on  ballast,  the  new  ballast  is  reported  as  additional 
with  no  retirement  or  conversion  of  the  old  ballast. 

On  new  construction,  the  ballast  applied  is  reported  as  additional,  or  rather  is 
charged  the  investment  account. 

No  accounting  is  performed  in  the  investment  account  for  betterment  ballast. 

With  respect  to  the  so  called  "Patch"  or  maintenance  ballast,  the  only  records  show- 
ing where  this  material  was  placed  on  the  valuation  sections  are  the  daily  dumping  or 

unloading  reports  filed  in  the  Division  Offices  and  destroyed  from  time  to  time. 

The  reports  compiled  in  the  Chief  Engineer's  office,  from  similar  reports  from  the 
Division  Offices  reflect  only  the  quantities  of  the  various  classes  of  ballast  distributed  to 

operating  divisions. 
The  Engineering  Department  maintains  in  the  general  office,  a  set  of  ballast  charts 

showing  the  kind  of  material  in  the  main  track,  with  AFE  reference  and  mile  post  limits 

of  successive  applications,  but  without  showing  any  ballast  depths. 

Except  in  cases  of  grade  raises  and  new  construction,  no  field  work  is  done  to  deter- 
mine whether  or  not  the  applied  ballast  should  be  charged  maintenance  or  investment. 

No  comparisons  are  made  with  the  basic  sections  to  determine  whether  or  not  the 

applied  ballast  is  in  fact  restoration  of  the  original  section  or  additional  thereto. 

"X"  RAILWAY  COMPANY 

The  "X"  Railway  Company  does  not  maintain  any  records  from  which  determina- 
tion could  be  made  as  to  the  correctness  of  charges  as  between  Operating  Expenses  and 

Investment  in  connection  with  ballast  applications. 

Our  experience  on  this  property  has  indicated  a  policy  of  this  carrier  during  the 

past  several  years  to  charge  the  investment  account  with  all  program  ballast.  The  patcl^ 
ballast  being  charged  expenses. 
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The  mortality  studies  made  on  this  property,  which  while  covering  only  small  por- 
tions of  the  line,  developed  that  sufficient  quantities  of  ballast  have  not  been  placed  in 

maintenance  to  normally  maintain  the  inventoried  section. 

This  would  indicate  that  the  carrier's  policy  of  charging  all  program  ballast  to  the 
Investment  account  to  be  clearly  wrong.  However,  due  to  incompleteness  of  records,  the 
extent  of  the  error  cannot  be  determined  except  through  field  measurements. 

Ballast  charts  are  maintained  showing  kind  of  ballast  in  tracks,  but  no  quantities  or 

depths  are  reflected  thereon. 

No  measurements  are  made  of  the  completed  ballast  projects,  and  no  comparisons 
are  made  with  the  basic  sections  to  determine  whether  or  not  the  ballast  section  has  in 
fact  been  increased. 

The  carrier  does  not  recognize  the  Bureau's  30-inch  limiting  depth. 
Beginning  with  1934  reports,  the  carrier  has  prepared  volume  statements  for  each 

project  in  connection  with  their  ballast  program. 

These  statements  reflect  by  miles  within  the  limits  of  the  project,  the  total  ballast 

in  the  mile,  and  a  volume  comparison  with  a  theoretical  section  of  30-inch  for  their 
standard  section. 

The  statements  show  the  inventoried  ballast  for  each  mile,  plus  the  quantities  added 

or  deducted  as  reflected  by  the  S88's.  To  this  figure  is  added  the  ballast  placed  on  the 
mile  in  connection  with  the  AFE  being  reported  upon. 

The  volume  per  mile  thus  obtained  is  compared  with  the  volume  of  a  30-inch 
standard  section,  and  the  differences  both  plus  and  minus  are  shown. 

Notwithstanding  the  fact  that  those  supporting  statements  in  many  instances  reflect 

excesses  over  the  30-inch  limiting  depth,  the  carrier  continues  its  policy  of  charging  all 
new  ballast  to  the  investment  account,  and  makes  no  retirement  from  Ballast  of  the  excess. 

Due  to  our  many  exceptions  to  excess  over  30  inches,  and  the  several  conferences  in 

connection  with  this  particular  policy,  it  is  barely  possible  that  we  may  secure  proper 

handling  prior  to  the  inclusion  of  these  projects  in  the  S88's,  thus  eliminating  this  class 
of  exception  in  future  reports. 

"X"  RAILWAY  COMPANY 

Investigation  of  the  records  of  the  above  carriers  would  indicate  that  adequate  rec- 
ords have  not  been  maintained  from  which  determination  could  be  made  as  to  the  cor- 

rectness of  charges  as  between  Operating  Expenses  and  Investment  in  connection  with 

the  application  of  ballast. 

During  the  period  1930  to  1935  inclusive,  there  were  practically  no  charges  to 

Account  11  except  for  new  construction,  and  the  amount  charged  maintenance  was  so 

small  as  to  be  sub-normal,  indicating  very  low  maintenance. 
By  reason  of  the  unusually  small  quantities  of  ballast  applied  during  this  period,  such 

errors  in  distribution  as  between  Operating  Expenses  and  Investment  would,  I  believe, 

prove  inconsequential,  even  if  they  could  be  determined. 
Ballast  charts  showing  class,  quantity  or  depth  of  the  ballast  in  each  mile,  are  not 

maintained. 
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INTERSTATE  COMMERCE  COMMISSION 
BUREAU  OF  VALUATION 

Accounting  Section 
Memorandum  to 

Mr.  R.  A.  Lacey, 

Head  Auditor  Property  Changes. 

The  "X"  Railway  is  going  ahead  in  the  matter  of  preparing  a  ballast  chart  and  I 
was  shown  copies  of  some  already  prepared.  The  chart  is  a  statement  of  yardage,  by 
miles,  based  on  the  amounts  shown  in  the  Engineering  Report  and,  by  years,  subse- 

quently reported  additions.  One  feature,  which  I  had  not  seen  set  up  in  the  same  way, 
is  that  yardages  placed  as  renewals  in  kind  and  charged  to  Account  218,  are  shown  on 
the  chart,  by  miles,  in  red.  Accompanying  the  chart  are  tables  for  the  conversion  of  the 
yardages  to  depth  for  purpose  of  field  check. 

I  was  informed  that  studios  had  been  made  over  many  parts  of  the  line  to  determine 

the  amount  of  ballast  necessary  to  maintain  the  section  of  ballast  already  placed  and 

that  they  had  found  that  it  took  from  30  to  80  yards  per  mile  per  year,  depending  on 
the  traffic,  nature  of  the  ballast  material,  nature  of  the  subgrade  and  on  climatic  conditions. 

Mr.  A.  stated  that,  already,  requests  had  been  received  from  the  divisions  for  ballast 

in  the  amount  of  300  to  400  j^ards  per  mile  and  that  reference  to  the  chart  had  shown 
that  such  an  amount  would  be  less  than  the  amount  necessary  for  maintenance  of  the 

present  section  so  that,  without  further  study  or  field  examination,  they  had  been  able 
to  class  these  applications  as  maintenance. 

From  what  was  said,  I  am  of  the  opinion  that  we  will  get  much  better  ballast  report 
from  this  carrier  in  the  future. 
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Exhibit  2 

STATUS  OF  VALUATION 

(As  of  November  30,  1937) 

The  appropriation  of  the  Bureau  of  Valuation  for  the  fiscal  year  beginning  July  1, 

1937  aggregates  $700,000.  The  Bureau  has  a  total  personnel  of  211,  of  which  13  are  in 
the  Administrative  Section,  58  in  the  Engineering  Section,  61  in  the  Land  Section,  and 

79  in  the  Accounting  Section.  This  is  a  reduction  of  $100,000  in  appropriation,  with  a 
corresponding  reduction  in  personnel  of  34  from  1936. 

The  expenditures  by  Class  I  carriers  during  the  year  1Q36  and  charged  to  Account 

4S9— Valuation  Expenses,  were  $1,037,387,  contrasted  with  $1,266,904  for  the  year  1935. 
All  carriers  have  now  filed  returns  on  BV  Form  588  under  Valuation  Order  No.  3 

through  the  year  1932,  and  approximately  85  percent  are  now  complete  through  the 
year  1935. 

The  work  of  the  Engineering  Section  in  bringing  the  inventories  to  date  has 

progressed  during  the  year.  Practically  all  carriers  have  been  brought  through  the  year 
1927.  Inventories  have  been  completed  through  1932  or  later  on  533  of  822  operating 
companies  and  198  leased  lines  of  a  total  of  621.  aggregating  in  all  110,658  miles. 

While  no  new  "final  values"  on  railroad  properties  were  made  and  served  during 

the  year,  reports  were  made  of  the  'elements  of  value''  or  underlying  valuation  figures 
upon  roads  under  reorganization  and  introduced  in  the  records.  In  the  past  two  years  a 

substantial  portion  of  the  Bureau's  forces  has  been  on  pipe  line  invertories  and  a  num- 
ber of  tentative  valuations  have  been  served  and  hearings  held,  but  it  has  been  necessary 

to  set  aside  this  work  and  devote  their  attention  to  railroad  reorgani.^ation  cases.  Orig- 

inally it  was  planned  to  bring  all  railroad  inventories  to  da'.e  and  furnish  the  results  to 
the  carriers  to  permit  their  check,  but  this  plan  has  been  abandoned,  due  to  the  number 
of  reorganization  cases  for  which  the  Commission  has  requested  the  Bureau  to  bring  to 

date  "elements  of  value."  A  total  of  14  cases  has  been  completed,  covering  52,000  miles. 
The  work  on  the  other  carriers  has  been  set  aside,  but  as  time  permits,  attention  is  given 

these  roads.  As  of  November  30,  the  forces  of  the  Bureau  are  engaged  in  the  prepara- 
tion of  underlying  valuation  figures  for  all  roads,  for  introduction  in  the  rate  case  now 

pending  before  the  Commission  in  Docket  No.  123. 

The  Bureau  of  Valuation  completed  its  1936  edition  of  the  pamphlet  entitled,  "Rail- 
road Construction  Indices,"  copies  of  which  were  distributed  by  Mr.  E.  H.  Bunnell, 

Vice-President,  AAR  to  Officers  in  Charge  of  Valuation. 

The  various  Joint  Committees  have  continued  their  work  and  reports. 

The  personnel  of  the  Joint  Equipment  Committee  is:  For  the  carriers — A.  G.  Trum- 

bull (Chairman),  S.  H.  Barnhart,  C.  C.  Haire,  'W.  H.  Hulsizer,  C.  T.  Ripley,  D.  O.  Lyle, 
M.  Vestal,  F.  O.  Walsh.  For  the  Bureau  oj  Valuation — M.  J.  Cairns,  Louis  Hood, 
J.  R.  Thompson. 

The  personnel  of  the  Joint  Valuation  Signal  Committee  is:  For  the  carriers — F.  W. 
Bender  (Chairman),  S.  H.  Barnhart,  G.  H.  Dryden,  D.  O.  Lyle,  H.  G.  Morgan,  C.  H. 

Morrison,  J.  E.  Saunders,  M.  Vestal,  F.  B.  Wiegand.  .  For  the  Bureau  of  Valuation — 

W.  M.  O'Loughlin,  J.  R.  Thompson. 

The  personnel  of  the  Joint  Bridge  Committee  is:  For  the  carriers — P.  G.  Lang,  Jr. 
(Chairman),  P.  S.  Baker,  E.  A.  Frink,  C.  A.  Knowles,  F.  J.  Pitcher,  J.  H.  Roach,  J.  M. 

Salmon,  F.  P.  Turner,  A.  R.  Wilson,  J.  J.  Yates.  For  the  Bureau  of  Valuation — R.  W. 
Shields. 
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There   are   also   Western   Committees  making   reports  jointly   with   the   Bureau   of 
Valuation  on  the  subjects  of: 

Grading 
Tunnels 

Bridges — Trestles 
Ballast  Haul 

Tracklaying 
Buildings 

Materials  such  as  rail,  relay  rail,  rail 
scrap,  track  fastenings. 

Copies  of  these  joint  reports  may  be  obtained  from  the  office  of  Mr.  E.  H.  Bunnell, 

Vice-President,  Association  of  American  Railroads,  Washington,  D.  C. 

COURT  DECISIONS 

The  last  case  before  the  Supreme  Court  involving  valuation  was  the  recent  argument 
in  the  Pacific  Gas  and  Electric  Case.  The  California  Commission  based  its  rate  order  on 

original  cost  and  criticized  evidence  as  to  reproduction  cost  introduced  by  the  Company 

as  being  erroneously  high  and  of  no  positive  value.  The  lower  court  permanently  en- 
joined the  rates,  solely  on  the  ground  of  denial  of  due  process  of  law,  without  itself 

attempting  to  make  a  finding  of  value  based  on  reproduction,  and  without  any  finding 
as  to  whether  there  was  confiscation.  On  appeal,  the  Supreme  Court  divided.  Justice 

Sutherland  not  sitting,  thus  confirming  the  decision  of  the  lower  court.  On  petition,  the 

Supreme  Court  granted  a  re-hearing  and  the  case  was  re-argued  before  the  Supreme 

Court  November  11,  1937.  There  were  several  interveners  in  the  case,  notably  the  Fed- 
eral Power  Commission,  on  whose  behalf  a  brief  was  filed  and  argument  made  advocating 

the  abrogation  of  the  39-year  old  rule  of  valuation  and  the  acceptance  of  prudent  in- 
vestment as  a  rate  base  value.  The  Public  Service  Commission  of  Pennsylvania  like- 

wise intervened  and  filed  a  brief  in  support  of  this  contention.  The  Federal  Communi- 
cations Commission  in  their  intervening  brief,  asked  that  the  Court  not  restrict  regulating 

Commissions  by  a  due  process  ruling  arising  from  their  method  of  weighing  or  judging 

the  probative  value  of  evidence,  but  that  the  test  should  be  whether  or  not  confiscation 
resulted  from  their  findings  and  conclusions. 

The  Supreme  Court  in  the  Ohio  Bell  Telephone  Case  held  that  the  regulating  com- 
mission erred  in  considering  price  trends  which  had  not  been  introduced  in  evidence  and 

without  affording  the  company  the  opportunity  for  hearing  thereon. 

In  the  recent  Indianapolis  Water  Company  litigation  a  circuit  court  of  appeals  held 
that  the  District  Court  erred  in  failing  to  give  effect  to  the  rising  trend  of  prices  since 

1932  and  this  case  has  again  gone  to  the  Supreme  Court  on  a  writ  of  certiorari. 

In  the  Southern  Bell  Telephone  Case  the  Louisiana  Commission  in  a  State  Supreme 

Court  decision  was  upheld  on  the  question  of  price  trends  and  indices.  The  Court  held 

the  Commission  used  price  trends  and  indices  as  an  element  in  fixing  value,  but  did  not 

use  them  as  was  done  in  the  West  Case  by  averaging  them  and  trending  the  dollar  value 

of  the  plant. 
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Appendix  G 

(F-1)     CHANGES  OR  REVISIONS  IN  ICC  CLASSIFICATION 
OF  ACCOUNTS 

J.  H.  Hande,  Chairman,  Sub-Committee;  Anton  Anderson,  H.  D.  Barnes,  A.  M. 
Blanchard,  E.  S.  Butler,  W.  F.  Cummings,  D.  E.  Field,  C.  C.  Haire,  W.  R.  Ketten- 
ring,  Henry  Lehn,  A.  T.  Powell. 

On  page  628,  Volume  37,  Proceedings  for  1936,  this  Committee  reported  upon  two 
Orders  issued  by  the  Interstate  Commerce  Commission  during  the  year  1935,  but  in 

Volume  38,  Proceedings  for  1937,  no  report  was  included  for  changes  or  revisions  in  the 

Interstate  Commerce  Commission's  Classification  of  Accounts  during  the  year  1936.  The 
brief  resume  following  calls  to  attention  the  change*  or  revisions  in  the  Classification  of 
Accounts  since  the  report  was  made  by  this  Committee  in  Volume  37. 

Attention  has  heretofore  been  called  to  the  progressive  joint  conferences  with  respect 

to  a  general  revision  of  the  accounting  classifications.  These  conferences  were  abandoned 
and  the  discussions  concluded  in  1935. 

In  lieu  of  the  adoption  of  the  principles  and  practices  developed  in  the  progressive 
tentative  drafts,  the  Interstate  Commerce  Commission,  Division  4,  at  a  session  held  in 

its  offices  at  Washington,  D.C.  on  December  27,  1935,  issued  an  Order,  effective  January  1, 
1936,  modifying  the  then  existing  classifications  in  specified  particulars,  comprising  in  most 

part  with  respect  to  road  and  equipment  accounts,  the  cancellation  of  some  accounts  and 

the  combining  of  others.  These  changes  entailed  the  modification  of  corresponding  oper- 
ating expense  accounts,  and  incidental  changes  were  made  in  income  accounts.  The  Order 

also  embodied  changes  in  the  rulings  in  Accounting  Bulletin  IS,  made  necessary  by  the 
modifications  of  classifications,  14  cases  being  cancelled  and  16  cases  being  modified. 

No  complete  revised  text  of  the  classifications  embodying  these  changes  was  issued 

by  the  Interstate  Commerce  Commission.  The  Association  of  American  Railroads,  how- 
ever, through  its  Department  of  Finance,  Accounting,  Taxation  and  Valuation,  published 

the  complete  revised  text  of  all  classifications  in  a  single  volume.  This  publication  has 
been  generally  distributed,  and  there  is  no  occasion  at  this  time  to  discuss  in  detail  the 

modifications  of  the  accounts  brought  about  by  the  Commission's  Order  of  December  27, 
1935.  From  that  Order,  also  generally  distributed,  can  be  obtained  the  numbers  of  the 
cases  in  Accounting  Bulletin  15  that  have  been  cancelled  or  modified. 

Attention  may  be  called  to  the  rulings  with  respect  to  the  Classification  of  Accounts 

released  after  January  1,  1936,  that  might  not  have  been  generally  distributed.  Serially 

numbered  rulings  released  by  the  Bureau  of  Accounts  of  the  Interstate  Commerce  Com- 

mission, identified  by  the  prefix  "A",  were  issued  subsequent  to  January  1,  1936,  as 
follows,  restricting  our  references  to  those  cases  dealing  with  items  involving  investment 
in  road  and  equipment  accounts: 

Case  A-78  (January  IS,  1936).    This  case  provides  that  the  cost  of  heat  treatment  of 
new  rails  shall  be  included  in  the  cost  of  the  rails. 

Case    A-13 — Rev.    (May   21,    1936).    This    case    deals    primarily    with    accounting    for 
industrial  side  tracks. 

In  query  (B)  under  this  caption,  the  decision  of  capitalizing  the  entire  cost  borne 
by  the  carrier  is  based  on  the  assumption  that  the  carrier  holds  the  right  to  operate  over 
the  tracks. 

In  query  (C),  although  the  carrier  has  the  right  of  use  and  holds  an  irrevocable 

right-of-way,  the  influencing  factor  seems  to  be  the  right  to  recover  salvage,  as  is  evi- 
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denced  by  the  decision,  that,  if  salvage  reverts  to  industry,  only  the  cost  to  carrier,  if 

any,  is  capitalizable;  however,  if  the  carrier  retains  the  right  of  salvage,  the  entire  cost 

is  chargeable  to  Account  701,  whether  assumed  in  whole  or  in  part  by  the  industry,  and 

the  portion  paid  by  the  industry  is  to  be  treated  as  a  "Donation." 

In  query  (D),  although  the  carrier  has  the  right  of  use,  but  does  not  hold  an 

irrevocable  right-of-way,  the  first  section  is  based  on  the  right  to  recover  salvage  and 
the  cost  to  the  carrier,  if  any,  only  is  capitalizable;  in  the  second  section,  the  fact  that 

the  carrier  holds  no  irrevocable  right-of-way  is  the  deciding  factor,  and  only  the  cost 
to  the  carrier  is  chargeable  to  investment  account.  The  decision  here  differs  from  that 

of  query  (C)  in  that,  if  the  industry  pays  for  all  or  part,  no  accounting  is  necessary. 

The  decision  in  query  (E),  Section  1  and  part  of  Section  2,  states  that  the  accounting 

for  the  refund  is  identical  and  the^fuU  refund  is  an  investment  charge,  the  basis  being 
the  right  to  recover  salvage  by  the  carrier,  as  in  the  first  instance  the  carrier  holds  an 

irrevocable  right-of-way  and  does  not  hold  such  right  in  the  latter  case.  In  both  of 

these  decisions  the  unrefundable  portion  is  credited  to  "Donations."  However,  in  the 
second  part  of  Section  2,  the  refund  (or  cost)  seems  to  be  the  basis,  as  the  carrier  has 

the  right  of  use  but  does  not  hold  an  irrevocable  right-of-way  and  the  salvage  accrues 
to  the  industry,  and  in  the  final  analysis,  only  the  unrefundable  portion,  if  any,  is  not 
taken  into  consideration  as  regards  capital  account. 

The  decision  in  query  (F)  permits  the  capitalization  of  the  purchase  of  irrevocable 

right-of-way,  and  if  such  is  granted  the  carrier  without  charge,  the  fair  value  is  charge- 

able to  Account  701,  with  a  contra  to  Account  606,  "Donations."  In  the  latter  case, 
copies  of  journal  entries  must  be  submitted  to  the  Bureau  of  Accounts. 

Case  A-91  (May  21,  1936).  This  case  deals  with  the  interpretation  of  Note  A  to 

Account  6,  "Bridges,  Trestles  and  Culverts,"  which  refers  to  the  use  of  a  bridge  or 
trestle  in  lieu  of  a  temporary  trestle  for  the  purpose  of  filling. 

Case  A-94  (October  1,  1936)  and  Case  A-115  (March  31,  1937).  These  two  cases  deal 

with  the  disposition  of  items  carried  in  old  Account  15,  "Crossings  and  Signs,"  that 
account  having  been  cancelled  in  the  Order  of  the  Commission  revising  the  Classifi- 

cation of  Accounts. 

The  ruling  in  Case  A-94  provides  for  the  transfer  of  the  balances  in  old  Account  IS 

as  of  December  31,  193S  to  the  revised  Accounts  13,  27,  lYz,  or  39,  as  may  be  appro- 

priate, with  the  statement  that  "Ordinarily  the  assignment  above  indicated  may  be  effected 

through  the  use  of  the  valuation  records." 

Case  A-94  further  says  that  "Although  under  the  Commission's  order  it  is  not 
mandatory  that  these  adjustments  should  be  made  it  is  desirable  that  where  the  carrier 

can  do  so  they  should  be  effected."  As  far  as  can  be  determined,  there  is  no  uniformity 
among  the  carriers  with  respect  to  the  practice  of  closing  out  the  balances  formerly 
carried  in  Account  15. 

Case  A-115  covers  the  accounting  with  respect  to  items  carried  in  Account  15, 

"Crossings  and  Signs,"  before  revision,  when  the  project  lapped  over  from  1935  to  1936. 
This  case  also  deals  with  the  manner  of  handling  retirement  of  items  formerly  carried 

in  old  Account  IS,  if  the  balances  in  that  account  had  not  been  cleared  as  of  December 

31,  1935. 

Case  A-103  (November  16,  1936) — Cases  A-109,  A-110  and  A-111  (November  24,  1936) 
AND  Case  A-112  (March  29,  1937).  These  cases  deal  with  accounting  in  connection 
with  public  improvement  projects,  in  which  government  bodies  participate. 
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Briefly,  these  cases  cover  the  following  angles  in  connection  with  such  improvements: 

Case  A-103 — Disposition  of  overheads,  included  in  Carrier's  bill  against  public 
authority. 

Case  A- 109 — Accounting  for  the  replacement,  at  the  expense  of  State  or  other 
governmental  authority,  of  an  overhead  highway  bridge. 

Case  A-110 — Accounting  where  a  highway  crossing  is  eliminated  by  the  con- 
struction of  an  overhead  highway  bridge. 

Case  A-111 — Accounting  for  the  replacement  of  an  overhead  highway  crossing 
originally  paid  for  entirely  or  in  part  by  the  carrier,  when  the  cost  of  replacement 
is  assumed  by  public  authority,  or  such  cost  is  borne  partly  or  entirely  by  the  carrier. 

Case  A-112 — Accounting  for  the  cost  of  installing  automatic  grade  crossing 
protection,  when  the  expense  is  borne  by  the  State. 

These  "A"  cases,  taken  in  conjunction  with  the  first  ordering  paragraph  of  the 

Commission's  Order  of  December  27,  1935  (last  two  paragraphs  of  Section  2  of  the 
General  Instructions  preceding  the  Investment  in  Road  and  Equipment  accounts  as  com- 

piled by  the  Association  of  American  Railroads),  comprise  the  instructions  with  respect 

to  accounting  for  public  improvement  projects. 

Case  A-IOS  (November  16,  1936)  deals  with  instructions  in  connection  with  betterment 
accounting. 

Case  A-106  (November  16,  1936)  deals  with  the  accounting  for  cost  of  traffic  protection 
in  the  elimination  of  grade  crossings. 

Case  A-107  (November  16,  1936)  deals  with  the  accounting  for  cost  of  rebuilt  equipment. 

Case  A-80 — Revised    (March   29,   1937)    deals  with   accounting  for  track  elements  in 
connection  of  sidings  to  main  tracks. 

Case  A-113  (March  29,  1937)  deals  with  accounting  for  improvements  on  leased  property 
that  revert  to  the  lessor  upon  termination  of  the  lease. 

Case  A-116   (March  29,  1937)   deab  with  accounting  for  cost  of  steam  turbine  loco- 
motives. 

The  above  cited  "A'  cases  deal  with  items  covered  by  the  accounts  for  investment 
in  road  and  equipment. 

Case  A-77  (April  1,  1936)  deals  with  depreciation  in  connection  with  a  jointly  used 

bridge,  and  Case  j\-108  (November  16,  1936)  deals  with  depreciation  on  improve- 
ments installed  on  freight-train  cars  held  under  lease. 

In  addition  to  the  above  "A"  cases,  reference  may  be  had  to  an  additional  ruling 
by  Division  4  of  the  Interstate  Commerce  Commission  on  August  13,  1937,  which  becomes 
Case  296  in  Accounting  Bulletin  IS.  This  case  provides  that  taxes  assessed  under  the 

Social  Security  Act  and  the  Carriers  Taxing  Act  of  1937,  based  upon  the  payrolls  of 
Carrier  employees,  when  such  employees  are  engaged  in  road  and  equipment  work, 
should  not  be  included  in  the  Investment  in  Road  and  Equipment  accounts. 

A  separate  report  is  made  by  this  Committee  on  further  developments  under  the 

so-called  "Ballast  Order,"  originally  effective  January  1,  1936,  later  deferred  to  January 
1,  1937,  and  still  later  indefinitely  postponed. 

Aside  from  the  changes  in  the  text  of  the  accounting  classifications,  the  changes  in 

the  form  of  the  schedules  in  the  Annual  Report  required  by  the  Interstate  Commerce 

Commission,  are  of  interest.  Effective  with  the  1936  Annual  Report,  the  form  of 

Schedule  411,  covering  mileage  operated  by  the  Carrier  at  the  close  of  the  year,  was 

revised.  Following  Columns  A,  B,  and  C,  covering  "Class,"  "Name  of  Road  or  Track," 
and  "Termini  between  which  road  named  extends,"  respectively,  the  remaining  columns 
in  the  1935  and  previous  reports,  as  compared  with  the  column  arrangement  of  the  same 
schedule  in  the  1936  report,  are  as  follows: 
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193S  REPORT 

Main Miles Miles 

(M) 
Miles Miles Miles 

of 

Miles of  yard 
or 

Miles of 

of of 

all 

of track 
branch of second third fourth other 

indus- 

and Total 

(B) road main main main main 
trial 

sidings, 

line track track track tracks tracks 
etc. (d) 

(e) 
(f) 

(g) (h) 

(i) 
(J) 

(k) (1) 

1Q36  REPORT 

Running  Tracks,  Passing  Tracks, 
Miles  of  Way Miles  of  Yard 

Main Cross-Overs,  Etc. Switching  Tracks Switching  Tracks 
(M) or Miles Miles  of 

branch Miles of passing 
(B) 

Miles 
of 

all tracks 

Indus- Indus- 
line 

of road 
second 
main 
track 

other 
main 
tracks cross- 

overs and 
turn-outs 

trial Other trial 
Other Total 

(d) (e) 
(f) 

(g) 
(h) (i) 

(J) 

(k) 

(1) 

(m> 

As  a  matter  of  general  interest,  attention  may  be  directed  to  the  movement  in 

progress  to  require  the  preparation  of  Consolidated  System  General  Balance  Sheets  and 

Income  Statements.  While  not  yet  mandatory,  the  Interstate  Commerce  Commission, 

in  its  report  to  the  Congress  in  the  year  1936,  says  "The  preparation  of  detailed  regula- 
tions for  carrying  this  policy  into  effect  with  respect  to  railways  is  in  progress,  a  thorough 

study  of  the  principles  involved  having  been  made  during  the  year." 
It  is  recommended  that  this  report  be  accepted  as  information. 
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Appendix  H 

(F-2)  METHODS  FOR  AVOIDING  DUPLICATION  OF  EFFORT  AND 
FOR  SIMPLIFYING  AND  COORDINATING  WORK  UNDER 

THE  REQUIREMENTS  OF  THE  INTERSTATE  COMMERCE 
COMMISSION 

S.  H.  Barnhart,  Chairman,  Sub-Committee;  H.  D.  Barnes,  E.  S.  Butler,  V.  H.  Doyle, 
C.  C.  Haire,  F.  C.  Kane,  C.  A.  Knowles,  P.  R.  Leete,  W.  S.  MacCulloch,  C.  K.  Smith, 
James  Stephenson,  Louis  Wolf. 

In  the  consideration  and  development  of  this  subject  it  was  found  that  reports  to 
the  Interstate  Commerce  Commission  were  in  some  instances  analogous  to,  and  possibly 

duplications  of,  reports  made  to  other  Federal  Agencies  and  to  State  Agencies.  Because 
of  this  the  scope  of  the  subject  has  necessarily  been  extended. 

In  pursuing  its  work,  Sub-Committee  F-2  has  cooperated  with,  and  secured  the  aid 
of  the  Association  of  American  Railroads.  As  a  result  there  has  been  compiled  a  list  of 

reports  furnished  by  railroads  for  the  year  1936  to  the  various  State  and  Federal  Gov- 
ernment Departments.  This  list  was  distributed  to  Chief  Accounting  Officers  under  date 

of  August  2Sth,  1937,  by  Vice-President  E.  H.  Bunnell,  of  the  Finance,  Accounting,  Taxa- 
tion and  Valuation  Department  of  the  Association  of  American  Railroads  as  Circular  18317. 

A  copy  of  this  circular  is  attached  as  a  part  of  this  report  of  Sub-Committee  F-2  and 
is  designated  Exhibit  I.  Information  as  to  37  reports  received  by  Mr.  Bunnell  after  the 
issuance  of  the  original  list  is  included  in  this  report  as  Exhibit  II.  Briefly,  the  list  and 

supplement  show  there  are  approximately  845  reports,  of  which  9  are  daily,  5  weekly, 

275  monthly,  68  quarterly  or  semi-annual,  388  on  an  annual  basis,  and  100  on  an  "as 
occur"  basis. 

After  the  comments  of  the  railroads  have  been  received,  this  Committee  will  study 

the  replies  with  the  view  of  determining  what  further  suggestions  for  elunination,  sim- 
plification and  combination,  can  be  made  with  respect  to  those  reports  in  which  the 

Engineering  and  Operating  Departments  are  concerned;  particularly  to  make  recommen- 
dations as  to  those  matters  coming  within  the  scope  of  engineering  and  valuation  and 

related  accounting  requirements. 

This  subject  was  initiated  by  Committee  XI — Records  and  Accounts — some  years  ago, 
but  it  has  now  become  a  cooperative  matter  with  the  Finance,  Accounting,  Taxation  and 
Valuation  Department  of  the  Association  of  American  Railroads. 

It  is  recommended  the  subject  be  continued. 
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Exhibit  I 

ASSOCIATION  OF  AMERICAN  RAILROADS 

Finance,  Accounting,  Taxation  and  Valuation  Department 

Transportation  Building 

Washington,  D.  C. 
E.  H.  Bunnell 

Vice-President 

August  25,  1937 

File  213-10 
To  Chief  Accounting  Ojeticers: 

There  is  attached  a  copy  of  a  recently  completed  compilation  showing  the  number 

and  variety  of  reports  furnished  by  railroads  to  the  various  State  and  Federal  authori- 

ties. This  compilation  is  restricted  to  periodical  or  recurring  reports  and  does  not  in- 
clude special  studies  made  at  the  request  of  various  governmental  authorities,  the  volume 

of  which  is  of  some  consequence. 

Summarized  briefly,  there  are  approximately  808  reports,  of  which  9  are  daily,  5 

weekly,  261  monthly,  66  quarterly  or  semi-annual,  369  on  an  annual  basis  and  98  "as 
occurs". 

Reports  required  by  Federal  and  State  Government  Departments  of  railroads  have 

been  reviewed  on  many  occasions  in  the  past,  but  at  no  previous  time  has  a  complete 

compilation  of  such  reports  as  that  enclosed  been  prepared. 
Your  review  of  the  attached  report  is  solicited,  for  the  purpose  of  calling  attention 

to  any  reports  contained  therein  which  in  your  opinion  might  be  curtailed  or  possibly 
eliminated.  A  review  of  this  report  with  representatives  of  the  several  Bureaus  of  the 
Interstate  Commerce  Commission  and  other  Federal  Departments  is  contemplated  at 

sometime  in  the  future,  and  it  will  be  helpful  if  we  can  have  the  benefit  of  your  views 
and  comments  prior  to  such  conferences. 

In  this  connection,  you  will  also  be  interested  in  Dr.  Lorenz's  letter  of  July  16th  to 
me,  my  reply  of  July  26th  and  his  further  letter  of  August  Sth  and  statement  showing 

by  individual  Class  I  railroads  for  the  calendar  year  1936  the  number  of  clerical  em- 

ployees (Reporting  Division  S-13),  all  other  employees,  and  the  ratio  of  all  other  em- 
ployees to  clerical  employees. 

As  a  substantial  part  of  the  time  of  clerical  employees  is  devoted  to  the  preparation 

of  reports  required  by  Federal  and  State  Government  Departments  and  for  managerial 

purposes,  it  would  appear  appropriate  to  suggest  at  this  time  that  a  complete  review  be 
made  of  all  such  reports,  as  well  as  of  blank  forms  used  in  connection  therewith. 

In  order  to  afford  proper  comparisons  in  the  attached  statement,  roads  operated 

as  a  part  of  a  system  should  be  combined. 

Any  comments  or  suggestions  which  you  may  have  to  offer  in  connection  with  the 

foregoing  will  be  appreciated. 
Yours  very  truly, 

(Signed)     E.  H.  Bunnell. 

1 
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FINANCE,  ACCOUNTING.  TAXATION  AND  X'ALUAIION  DEPARTMENT 
WASHINGTON,  D.  C. 
AUGUST  20,  1937. 

Form  No. 

A 
C 
D •E 

OS-A 

OS-B OS-C 

OS-D 

OS-E 

OS-F 
A 

B 

QCS 

1,  2,  3,  4,  5,  6,  7,  8 
V  T  R  and  F 

REPORTS   FILED   WITH   FEDERAL   AND    STATE   GOVERNMENT 
DEPARTMENTS  BY  CLASS  I  RAILROADS  DURING  YEAR  1936 

FEDERAL 

Interstate  Commerce  Commission 

Description  of  Report  Period 
Annual  Report   Annual 
Annual  Report   Annual 
Annual  Report   Annual 
Annual  Report   Annual 
Freight  Train  Performance   M  onthly 
Passenger  Train  Performance   Monthly 
Yard  Service  Performance   Monthly 
Revenue  Traffic   Monthly 
Fuel  and  Power  for  Locomotives  and  Rail 

Motor  Cars   Monthly 
Motive  Power  and  Car  Equipment   Monthly 
Monthly  Report  of  Revenues  and  Expenses   Monthly 
Monthly  Report  of  Employees,  Service  and 

Compensation   Monthly 
Monthly  Report  of  Employees,  Service  and 

Compensation   Monthly 
Quarterly  Report  of  Freight  Commodity 

Statistics   Quarterly 
Hours  of  Service   Monthly 
Accidents   Monthly- 
Repairs  to  Floating  Equipment   As  repairs  are made 

Collisions  causing  injury  to  trespassers  or  non- 
trespassers  if  incapacitated  more  than  1  day 
or  employees  more  than  3  days  within  first 
ten  days   Telegraphed  when 

injury  occurs 
Derailments  causing  injury  to  trespassers  or 

non-trespassers  incapacitating  them  more 
than  1  day,  or  employees  more  than  3  days 
within  first  ten  days   Telegraphed  when 

injury  occurs 
Failures  of  locomotives  or  boilers  causing  in- 

jury to  trespassers  or  non- trespassers,  in- 
capacitating them  for  over  1  day,  or  em- 

ployees over  3  days  in  first  ten  day  period   Telegraphed  when 
injury  occurs 

Automatic  Train  Control  Performance     Monthly 
Block  signal,  Train  Control  and  Order  Statistics   Annual 
Alteration  Report  for  Locomotive  Boilers   30  days  from  the 

date  of  com- 

pletion Specification  Card  for  Locomotives   

Final  Boiler  Report   Annual 

Collision  Derailment  resulting  in  death  or  ser- 
ious injury  to  one  or  more  persons   As  occur 

Accident  due  to  defect  or  failure  of  Locomo- 
tive, Tender  or  Appurtenance  resulting  in 

death  or  serious  injury  to  one  or  more  pre- 
sons   As  occur  Telegram 

A  T  C  1  and  2 
1  to  7  Inc. 

— o — 
Boiler  Form  4 

1029 
Boiler  Form  3 

1051 

Telegram 
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FEiDERAL  (continued) 

Interstate  Commerce  Commission  (continued) 

Description  of  Report  Period 
Monthly  Locomotive  Inspection  and  Repair 

Report   Monthly 
Assignment  of  Engines   Monthly 
Selected  Income  and  Balance  Sheet  Items   Monthly 
Assignment  of  Engines   Quarterly 
Free    transportation    issued    and    requested 

(1936  only)   Quarterly 
Free  transportation  issued  to  other  than  our 

own  employees  and  their  families   Quarterly 
Preliminary  Report  of  Number  of  Employees 

of  Class  I  Railways   Monthly 
Report  of  Property  Changes,  Road  and  Equip- 
ment  Annual 

Subschedule  L,  Carrier  Land   Annual 
Subschedule  M,  Non-carrier  Property   Annual 
Subschedule  N,  Contracts,  increasing  or  de- 

creasing the  value  of  railroad  property   Annual 
Purchases  made  of  Materials  entering  into 

railroad  construction  and  maintenance  and 
the  net  prices  paid  for  such  Materials   Annual 

Form  No. 

1049 
None  (letter) 

IBS 

Typewritten 
None 

None 

None 

BV-588 

BV-588-R BV-588 

BV-588 

BV-638 

department  of  agriculture 

Bureau  of  Agricultural  Economics 

In  cooperation  with  the  Bureau  of  Agricultural  Economics,  to  enable  the  prepara- 
tion of  market  news  service  aiding  in  a  proper  distribution  of  farm  products,  certain 

information  relative  to  agricultural  shipments  originated  of  certain  products  are  fur- 
nished by  the  railroads.  In  some  cases  this  is  telephoned  to  the  market  representative 

of  the  department  located  in  certain  cities,  or  telegraphed  daily  to  Washington.  In 
other  cases,  weekly  and  monthly  summary  reports  are  furnished. 

Carloads  of  fruits  and  vegetables  forwarded — 
by  States  of  origin — 43  commodities — daily 
telegraphic  report — information  collected 
by  operating  divisions  and  totals  telegraphed 
and  original  form  mailed  showing  division  on 
which  shipment  originated   Daily  FV-20 

Agents  monthly  report  of  carloads  of  fruits  and 
vegetables  forwarded — from  approximately 
9000  open  billing  stations.  Summary  taken 
from  information  assembled  daily  on  Form 
FV-28  furnished  by  the  Department  of  Ag- 

riculture  Monthly  FV-29 
Arrival  perishable  freight — (in  28  cities  tele- 

phoned to  market  representative,  Dept.  of 
Agriculture)  Commodities — number  of  cars 
billed  to  each  of  these  cities  reported  as  ar- 

rivals, cars  on  track  and  unloaded  and  di- 
verted  Daily  Telephone 

Monthly  report  of  daily  carloads  of  fruits  and 
vegetables — arrivals,  diversions  and  reship- 
ments — ^collected  in  38  cities  for  20  com- 

modities showing  State  of  origin   Monthly  FV-16 
Report  of  Peanut  Shipments 

Local  freight  agent  at  points  where  cleaning 
and  shelling  plants  or  oil  manufacturing 
plants  are  located  sends  in  weekly  report 
showing  number  of  cars  shipped.   Weekly  F  &  V-6G 
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FEDERAL   (continued) 

DEPARTMENT   OF  AGRICULTURE 

Bureau  of  Agricultural  Economics   (continued) 

Description  of  Report  Period  Form  No. 

Dairy  Products 

(At  New  York,  Boston,  Philadelphia,  Chi- 
cago, Los  Angeles  and  San  Francisco).  Re- 

ceipts of  butter,  eggs,  cheese,  dressed  poul- 
try (pounds  or  cases)   Daily  Telephone 

Pacific  Eggs 
States  of  California,  Oregon,  Washington, 
Idaho,  Utah,  originating  points.  At  certain 
passing  points  railroads  render  weekly  re- 

port giving  number  of  cars  and  destination 
to  which  waybilled  at  time  of  passing   Weekly  T-6 

Texas  and  Oklahoma  Turkeys 
Number  of  cars  of  live  or  dressed  turkeys 
with  the  destination  to  which  billed  at  time 
of  passing  through  St.  Louis,  Kansas  City 
and  Chicago   Daily  during  Nov. 

and  Dec.  Telephone 
Milk  and  Cream 

Receipts  of  milk  and  cream  at  Boston,  Phil- 
adelphia and  New  York — showing  States  of 

origin   Daily  Post  Card 

Livestock 

At  Chicago,  E.  St.  Louis,  Kansas  City, 
Omaha,  South  St.  Paul,  Sioux  City,  St.  Jos- 

eph, Ft.  Worth.  Daily  telephone  advance 
report  from  yard  or  general  office  of  species; 
cattle,  hogs  (single  or  double-deck  cars)sheep 
and  mixed,  giving  number  of  cars  that  are 
going  to  arrive  in  the  market  between  3:00 

P.  M.  today  and  3:00  P.  M.  tomorrow.  Fol-' lowed  by  a  5:30  A.  M.  report  from  the  yard 
office  giving  species  and  number  of  cars  that 
arrived  and  due  to  arrive  in  the  stock  yards 
from  3:00  P.  M.  yesterday  until  3:00  P.  M. 
today.  At  Chicago  and  Kansas  City  in  the 
early  morning  report  hogs  and  sheep  are  sub- 

divided between  those  consigned  direct  to 
packers  and  those  for  sale  in  stock  yards.  A 
third  report  from  the  stock  yard  companies 
of  actual  receipts  by  railroad  affords  a 
check  on  previous  estimates   Daily  Telephone 

Broom  Corn 

Monthly  report  of  cars  shipped  rendered  by 
freight  agents  at  points  in  States  where  this 
commodity  originates   Monthly  to  Kansas 

City  Office 
Cattle,  Sheep  and  Wool 

At  certain  Western  and  Mid- Western  points 
a  passing  report  of  cattle,  sheep  and  wool  is 
furnished  monthly.     Monthly 
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FEDERAL  (continued) 

DEPARTMENT  OF  AGRICULTURE 

Bureau  of  Agricultural  Economics  (continued) 

Description  of  Report  Period  Form  No. 

Crop  Movements 
During  certain  crop  seasons  tiie  Department 
of  Agriculture  establishes  what  is  known  as  a 
field  station  (approximately  40  to  50,  which 
are  located  in  certain  cities  in  the  States  in- 

volved) to  which  the  railroads  furnish  their  • 
passings  or  primary  destination  information 
of  the  shipments  of  given  commodities   Daily  During 

Movement 

DEPARTMENT  OF  COMMERCE 

Report  of  Operation  of  each  shop.  (Census  of 
Manufactures  Railroad  Repair  Shops,  Wash- 

ington, D.  C.)   Every  two  years  1501 
Report  showing  the  number  of  employees, 

hours  and  compensation  for  employees  at 
shops   Monthly  None 

DEPARTMENT  OF  THE  INTERIOR— BUREAU  OF  MINES 

Production  of  Rock,  Sand  and  Gravel   Annual  6-380- 

FEDERAL  POWER  COMMISSION 

Monthly  report  of  production  of  electricity  for 
use  and  fuel  consumption   Monthly  G-4 

PUBLIC  HEALTH   SERVICE 

Report  of  the  Surgeon  General,  as  to  the  source 
of  drinking  water  used  on  common  carriers, 
giving  name  and  location  of  owner  and 
source   Annual    

RAILROAD  RETIREMENT  BOARD 

Initial  Report  of  compensation  of  employees 
for  six  months  ended  June  30, 1937    BA  2 

Report  of  compensation  of  employees  for  three 
months  ended         
  complete  for  each  quarter   Quarterly  BA  3 

Compensation  adjustment  applicable  to  serv- 
ice in  prior  months  included  in  reports   Quarterly  BA  4 

Summary  report  of  compensation  of  employees 
for  three  months  ended  March  31,  1937  and 
June  30,  1937     ..Quarterly  BA  5 

RECONSTRUCTION  FINANCE  CORPORATION 

Report  of  Revenues  and  Expenses  (Copy  of 
Report  to  Interstate  Commerce  Commission)  .Monthly  None 

Cash  Receipts  and  Disbursements   Monthly  None 
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FEDERAL   (continued) 

TREASURY  DEPARTMENT 

Description  of  Report                                       Period  Form  No. 
Corporation  Income  and  Excess  Profits  Tax 

Return   Annual  1120 
Income  and  Profit  and  Loss  Account   Annual  1090 
Compensation  of  Officers  and  Employees  in  ex- 

cess of  $15,000   Annual  Schedule  C-1 
Authorization  and  Consent  of  Subsidiary  Cor- 

poration included  in  a  Consolidated  Income 
Tax  Return   Annual  1122 

Affiliations  Schedule   Annual  851 
Capital  Stock  Tax  Return   Annual  707 
Annual  information  return  of  Dividend  pay- 

ments— Summary   Annual  1096 
Information  Return  of  Dividend  payments   Annual  1099 
Federal  Information  Return.     Commissioner 

of  Internal  Revenue   Annual  1099 
Federal  Summary  Return.     Commissioner  of 

Internal  Revenue   Annual  1096 
Annual  Return  of  Excise  Tax  on  Employees  of 

8  or  more  individuals   Annual  940 

WAR  DEPARTMENT 
UNITED    STATES    ENGINEER   OFFICE 

Report  of  Water-Borne  Traffic   Annual  106 

BUREAU  OF  MINES,  DEPARTMENT  OF  THE  INTERIOR 
Certain  reports  as  to  bituminous  coal  were  formerly  made  to  the  Bureau  of  Mines. 

The  regulation  of  the  Bituminous  Coal  Industry  has  been  turned  over  to  the  Bitumin- 
ous Coal  Commission  and  it  is  not  known  what  reports  they  will  require  of  railroads 

for  their  market  information  reports. 

STATE 

Alabama 
Total  Injury  of  Persons   As  occur  None  (Letter) 
Shipments    of    gasoline,    lubricating    oil    and 

greases  delivered  to  consignees   Monthly  269-CS — 270-CS 
and  271-CS 

Tonnage  of  coal  and  iron  ore  shipped  frcm  Ala- 
bama points   Monthly  — o — 

Property  Tax  Return   Annual  — o — 
Franchise  Tax  Return   Annual  — o — 
Corporation  Permit  Report   Annual  - — o — 
State  License  Tax  Return   Annual  — o — 
Intrastate  Gross,  for  Inspection  Fee   Annual  — o — 
Corporation  Income  Tax  Return   Annual  20 
Corporation  Income  Tax  Return  (Foreign)   Annual  20-B 
Lubricating  Oil  Tax  Return   Monthly  LO-2 
Annual  Report   Annual  A 
Annual  Report   Annual  D 
Annual  Report   Annual  E 
Free  or  reduced  rate  transportation  to  persons 

holding  State,  County,  or  Municipal  Office 
in  Alabama.  (Alabama  Public  Service  Com- 

mission)   Annual  None 
Information  Return,  State  Tax  Commission. 

Income  Tax  Department   Annual  99 
Annual  Information  Return.  State  Tax  Com- 

mission.   Income  Tax  Department   Annual  96 
Unemployment  Compensation  Return   Monthly 
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STATE   (continued) 

Arizona 

Description  of  Report                                       Period  Form  No. 

Report  to  Corporation  Commission  of  Rev-  ' 
enues  and  Expenses — ^Winslow  Water  Fa- 
cilities  Annual  None 

Report  to  Corporation  Commission  support- 
ing registration  and  filing  fees  required  under 

Paragraph  662  Revised  Statutes  of  Arizona 
1928— Civil  Code   Annual  Statement 

and  205 
Sales  Tax  Return   Monthly  and  An.  3-A 
Contribution  report  to  Arizona  Unemploy- 

ment Compensation  Commission  under  Ari- 
zona Unemployment  Compensation  Law   Quarterly  1936  UC-18 

Monthly  July  1937  UC-20 
Corporation  Income  Tax  Return   Annual  120 
Individual  Income  Tax  Information  Return   Annual  199 

Summary  196 
Annual  Report  to  Corporation  Commission   Annual  Form  A — Book 

Arkansas 

Franchise  Tax  Return   Annual  — o — 
Corporation  Income  Tax  Return   Annual  1100 
Sales  Tax  Returns   Monthly  and  AY-78-3< 

Annually  AY-79 
Annual  Report   Annual  A 
Annual  Information  Return —  (  1076 

Commissioner  of  Revenue   Annual  ( 1075 

California 

To  Collector  of  Internal  Revenue — San 
Francisco: 

1.  Claim  by  non-resident  alien  individual   Annually  1115 

To  U.  S.  Department  of  Commerce — ^San 
Francisco : 

-  1.  Letter  advice  of  passengers  carried  on 
Ferry  Steamers   Semi-Annually    

2.  Monthly  Report   Monthly  941— File  V 

To  U.  S.  Army,  Army  Corps  of  Engineers,  San 
Francisco: 

1 .  Ferry  traflicThandled  on  ferry  routes   Annually    
2.  Traffic  handled  on  Company  Wharf — 

Oakland   Monthly    
3.  Report  of  Vessel  Passages  at  Sacramento 

Bridge   Monthly  BRG  3 

To  U.  S.  Department  of  Agriculture — ^San  Francisco: 
1.  Barley  shipments — -Cars   and   tons  for- 

warded from  California  points  to  Mid- 
Western  and  Eastern  destinations   Monthly    

2.  Bean    shipments — Cars    and    tons    for- 
warded from  California  points  to  Mid- 

Western  and  Eastern  destinations ..._   Monthly    
3.  Corn  receipts — Cars  and  tons  from  Mid- 

Western  points  destined  to  California 
points   Monthly    
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STATE   (continued) 

California   (continued) 

Description  of  Report  Period  Form  No. 
4.  Hog    receipts — Carloads    to    California 

from  the  Midwest  by  States  of  origin   Monthly    
5.  Hay  loadings — Total  cars  loaded — North- 

ern California  and  Southern  California 
Separately   Monthly    

6.  Live  stock — Imperial   Valley — Carloads 
inbound  and  outbound,  separately,  for 
each  class  of  stock — cattle,  sheep  and 
hogs   Monthly    

7.  Telephone  report  by  Agent,  San  Francis- 
co of  number  of  carloads  and  LCL  ship- 

ments of  fresh  fruit  and  vegetables  re- 
ceived  Daily    

8.  Telephone  report  by  Agent,  San  Francis- 
co of  number  of  carloads  and  LCL 

shipments    of    butter,    eggs,    cheese,        s 
dressed  poultry  and  live  poultry  re- 
ceived  Daily    

To  Department  of  the  Interior — ^Bureau  of 
Mines — San  Francisco: 

1.  Production  of  Rock,  Sand  and  Gravel   Annually    

To  District  Federal  Inspector: 

1.  Locomotive  Inspection  and  Repair  Re- 
port (Steam)   Monthly 

2.  Locomotive  Inspection  and  Repair  Re- 
port COther  than  steam)   Monthly 

3.  Boiler  Inspection  and  Repair  Report   Monthly 
4.  Locomotive  Inspection  and  Repair  Re- 

ports ("All  Steam  Locomotives)   Annually 
5.  Special  Repair  Report   Whenever  a  loco- 

motive is  order- ed out  of  service 
To  California  State  Board  of  Equalization: 

1 .  Tangible  property  return   Annually 
2.  Capital   stock   and    Funded    Debt   out- 

standing in  hands  of  the  public   Annually 
3.  Financial  statement   Annually 
4.  Statement  of  Solvent  Credits   Annually 
5.  Sales  Tax  and  Use  Tax  Return   Quarterly 
6.  Interstate  Shipments  of  Alcoholic  Liquors 

Destined  to  California  Points   Monthly 

To  California  Franchise  Tax  Commissioner: 
1.  Report  of  Tax  Withheld  at  Source   Annually 
2.  Report  of  Tax  Withheld  at  Source   Annually 
3.  Annual  Information  Return   Annually 
4.  Information  Return   Annually 

To  California  Railroad  Commission: 

1.  Annual  Report   Annually  A 
2.  Changes  at  Highway  Grade  Crossings   Monthly  G 
3.  Report  of  Hospital  Funds   Annually    
4.  Report    of    Intrastate    Gross    Operating 

Revenues  from  transportation  of  prop- 
erty  Quarterly  T&S  40 

5.  Monthly  Report  of  Railway  Accidents   Monthly  T-F-R 

ICC  Form  1 

ICC  Form  1-A 
ICC  Form  1-B 

ICC  Form  3 
ICC  Form 

No.  5A 

36624 

SBE  517 
SBE  518 
SBE  401 

CS  8506 

591 592 
596 
599 



724 Records   and   Accounts 

STATE  (continued) 

California   (continued) 

Description  of  Report  Period 
6.  Summary  of  Accidents   Monthly 
7.  Report  of  Grade  Crossing  Accidents   Monthly 
8.  Report   of   Collisions   and    Derailments 

within  limits  of  Interlocking  Plants   Whenever  such  ac- 
cidents occur 

9.  Report  of  Interlocking  Plant  Performance -Quarterly 
10.  Salaries  and  Expenses  Paid  in  California 

in  Excess  of  $5,000  per  annum   Annually 

To  California  Department  of  Motor  Vehicles: 

1.  Vehicle  Accident  Report   Monthly 

To  Division  of  Industrial  Relations  (California) 

1.  Volume  of  employment — Shop  Forces   Monthly 

To  California  Industrial  Accident  Commission: 

1.  Manufacturer's  Data  Report  (Covering 
all  new  boilers  built  to  operate  under 
Industrial  Accident  Commission  juris- 

diction)   As  necessary 
2.  Boiler  Report  Data — First  Internal  In- 

spection  As  necessary 
3.  Boiler  or_  Pressure  Vessel — Internal  re- 

inspection  Report   As  necessary 
4.  Boiler — External  Inspection  Report   Every  alternate  6 

months  for  boil- 
ers under  I.A.C. 

jurisdiction. 
5.  Manufacturer's    Data    Report    for    Air Pressure  Tanks   Rendered  once  for 

each  air  pressure 
tank  built  to  op- 

erate under  I.  A. 

C.  jurisdiction 
6.  First  Inspection  Report  for  Air  Pressure 

Tanks   As  necessary 
7.  First  Inspection  of  Liquified  Petroleum 

Gas  Installation   Rendered  once  for 
each  butane,  etc 
tank 

8.  Reinspection  Report  of  Liquified  Petrol- 
eum Gas  Installation   Biennially 

9.  Report  of  Railway  Accidents   As  necessary 
10.  Employers  Supplemental,  or  Final,  Re- 

port of  Injury   As  necessary 

To  State  Controller — California 

1.  Gasoline  Tax  Report   Monthly 

To  California  Unemployment  Reserves 
Commission: 

1,  Employment  Severance  Report   Monthly 

To  Los  Angeles  Board  of  Harbor 
Commissioners: 

1.  Operation  of  Wharves  and  Piers  in  Los 
Angeles  Harbor   Annually 

Form  No. 
V 
17 

22-C 

154-A 

76-A 

77-B 

88-B 

223 
225 

20 

24 
5406  ^ 

CURC-4 
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STATE   (continued) 

COLORABO 

Annual  Report   Annual 
Sales  Tax  Return   Monthly^ 
Unemployment  Compensation  (Annual  1936)  __Quarterly  1937 
Private  Car  Line  Mileage  Return   Annually 
Corporation  Franchise  Tax  Return   Annually 
Report  to  Tax  Commission   Annually 
Annual  Report  for  tax  assessment   Annually 

Distributor's  report  of  motor  fuel  received  in 
Colorado  for  company  use   Monthly 

Number  of  cars  of  Sheep  forwarded  from  Colo- 
rado Stations  to  various  livestock  markets 

(Live  Stock  Statistician  U.  S.  Dept.  of  Ag- 
riculture)— (Federal)   Weekly 

Report  of  Motor  fuel,  kerosene  and  distillate 
received  by  local  agents  in  Colorado  (Motor- 
Fuel  Tax  Division — State  Treasurer)   Monthly 

Train  Accidents  involving  personal  injuries  or 
fatalities  (Public  Utilities  Commission)   As  occur 

Connecticut 

Annual  Report   Annual 
Beverage  Sales  Tax  Return   Quarterly 
Gross  Earnings  Tax  Return   Annual 
Shipments  of  Gasoline,  Benzol  and  Other  Prod- 

ucts of  Motor  Fuel   Monthly 
Amounts  paid  Private  Car  Owners  for  Mileage 

(Tax  Commissioner)   Annual 
Payment  covering  Employer  Contribution   Monthly 

(^UnemplojTTient  Compensation  Ad- ministrator)   Quarterly 

Summary  of  Monthly  Lists  of  Tax  Withheld 
at  the  Source  in  payment  of  Bond  Interest   Annual 

Accident  Report   As  occur 
Distant  Warning  Signs  for  Highway  Crossings  .Semi-annual 
Highway  Crossing  Signal  Performance   Quarterly 
Corporation  Income  Tax  Return   Annual 

Form  A 

STD-50 

UC-2 

MF-31 

Letter 

MF-35 

A 
B.  D.  2 — 0— 

Statement 

(U.C.2B 
(U.  C.  5 

(U.  C.  5A 
(U.  C. 5B 

1013 
1511 — 0— 

Letter 
66-13 

I 
Delaware 

Information  Returns  of  Wages,  Salaries,  etc   Annual 

Capital  Stock  Reports   Annual 
Common  Carrier's  Report  of  Motor  Fuel  de- 

livered  Monthly 

District  op  Columbia 

Property  Tax  Return   Annual 
Report  of  Permanent  Employees,  Unemploy- 

ment Compensation  Board   Monthly 
Report   of   Temporary    Employees.      Unem- 

ployment Compensation  Board   Monthly 
Separation  Report,  Unemployment  Compen- 

sation Board   When  Separation 
Occurs 

Report  of  Accidents  under  Workmen's  Corn- 
pensation  Act   When  accident 

occurs 

Form  100  and 
Form  101 
Form  185 

PT-2 B 

A 

DC  AC  302 
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STATE   (continued) 

Florida 

Description  of  Report                                        Period  Form  No. 
Shipment  of  gasoline  and  other  inflammables 

delivered  to  consignees   Monthly  C-182 
Property  Tax  Return         Annual  — o — 
Monthly  Report  of  Revenue,  Expenses  and 

Railway  Investment   Monthly  — o — 
Annual  Report   .   Annual  A 

Georgia 

Shipments  of  gasoline  and  other  inflammables 
delivered  to  consignees   Monthly  158-CS,  159-CS 

and  222-CS 
Property  Tax  Return   Annual  — o — 
License  Tax  Report   Annual  — o — 
Registration  Report   Annual  F-38 
Monthly  Report  of  Revenues  and  Expenses 

(State)   Monthly  — o— 
Report  of  Revenues  and  Expenses  (Entire  Line)    Monthly  — o — • 
Corporation  Income  Tax  Return   Annual  600 
Accidents  reportable  to  ICC  which  occur  in  the 

State  of  Georgia   Monthly  — o — 
Annual  Report   Annual  A 
Information   Return.     State   Revenue   Com- 

mission.   Income  Tax  Division   Annual  566 
Annual  Information  Return.     State  Revenue 

Commission.    Income  Tax  Division   Annual  567 
Report  of  operation  for  each  shop  in  the  State 

of  Georgia   Annual  None 

Idaho 

Report  of  Beer  transported  in  and  into  Idaho. 
Dept.  of  Law  Enforcement   Monthly 

Shipments  of  Gasoline  received  at  stations  in 
Idaho  from  outside  the  state.  Department 
of  Law  Enforcement   Monthly 

Gallons  of  motor  vehicle  fuels  sold,  used  and 
distributed  within  and  for  importation  into 
the  state.    Dept.  of  Law  Enforcement   Monthly 

Gallons  of  motor  vehicle  fuels  purchased  or  re- 
ceived.   Dept.  of  Law  Enforcement   Monthly 

Cars  of  certain  specified  commodities  forward- 
ed from  stations  in  Idaho.  Public  Utilities 

Commission   Monthly 
Self-Insurer  Report  of  payroll  data  to  Indus- 

trial Accident  Board  under  Workmens 
Compensation  Law   Semi-Annual 

Reports  of  Accidents.  Public  Utilities  Com- 
mission  Monthly 

Reports  of   Certain  Injuries  and  Accidents. 
Public  Utilities  Commission   As  occur 

Fatal,  permanent  and  partially  permanent  in- 
juries to  employees  involving  payments  under 

Workmens  Compensation  Act.  Industrial 
Accident  Board   Monthly 

Mileage  made  by  private  line  cars  in  Idaho. 
Board  of  Equalization   Annual 

1-A 

1-E— Schedule  D 

796 

State  Form  V 
and  ICC  Form  T 

Telegram 

lAB  36 

— 0 — 
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STATE   (continued) 

Idaho  (continued) 

Description  of  Report  Period 
Annual  Report.    Public  Utilities  Commission  ..Annual 
Information  Returns.     Payments  of  Wages, 

etc.  to  residents  of  Idaho.    iJepartment  of 
Income  Tax   Annual 

Foreign    Corporation    License    Tax    Return. 
Secretary  of  State   Annual 

Corporation  Income  Tax  Return.  Tax  Com- 
missioner  Annual 

Annual  Report  to  Board  of  Equalization   Annual 

Employer's  Summary  Contribution  Report under  Unemployment  Compensation  Law. 
Unemployment  Compensation  Division  of 
Industrial  Accident  Board   Monthly 

Form  No. 
A 

20  and  96 
S-10 

41 E-1 

UC-5 
Illinois 

Shipments  of  gasoline  and  other  inflammables 
delivered  to  consignees   Monthly 

Alcoholic  Liquors  delivered  to  Consignees   Monthly 
Property  Tax  Return   Annual 
Property  Tax  Return  (8)   Annual 
Accidents  reportable  to  I.  C.  C.  which  occur  in 

the  State  of  Illinois   Annual 
Annual  Report   Annual 

Common  Carrier 
Report  of  Motor 

Vehicle  Fuel 
Delivered 

FL-51 
5 

INDLA.NA 

InjuTy  to  Employees   Monthly 
Final  Accident  Report   Within  20  days 
Certificate  of  Boiler  Inspection   Semi-Annual 
Shipments  of  gasoline  and  other  inflammables 

delivered  to  consignees   Monthly 
Property  Tax  Return   Annual 
Property  Tax  Return  (11)   Annual 
Corporation  Gross  Income  Tax  Return   Quarterly 
Corporation  Gross  Income  Tax  Return   Annual 
Annual  Report   
Information  Return.  Gross  Income  Tax  Di- 
vision   Annual 

Summary  of  Payments  of  $1,000  or  more  to 
individuals   Annual 

Contribution  Report.  Department  of  Treas- 
ury. Unemployment  Compensation  Di- 
vision   Monthly 

24 
None  (Printed) 
None  (Printed) 

X 
32 33 

2 
2-A 
A 

12A 

llA 

UC-1 
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STATE   (continued) 

Iowa 

Description  of  Report                                       Period  Form  No. 
Corporation  Report  to  Secretary  of  State   Annual  None 
Report  of  Transfer  of  Corporation  Stock  to 

Treasurer  of  State   Anr^pal  None 
Annual  Information  Return,  State  Board  of 

Assessment  Dividend  Payments   Annual  IT-5 
Motor  Vehicle  Fuel  Delivered   Monthly  M YF-1 1 
Motor  Vehicle  Fuel  Report   Monthly  MYF-3 
Report  of  Fuel  Received  and  Disposed  of  in 

the  State   Monthly  None 
Report  of  Free  Transportation  issued  to  all 

Persons  in  Iowa,  except  to  Wage  Earners 
and  their  Families     ...Annual  None 

Annual  Report   Annual  "A" 
Annual  Report   Annual  "E" 
Corporation  Income  Tax  Return   Annual  IT-2 
Retail  Sales  Return   Quarterly  ST-50 
Private  Car  Line  Mileage  Report   Annual  None 
Annual  Report  to  State  Board  of  Assessment 

and  Review,  Ad  Valorem  Tax   Annual  None 
Iriterlocking  Statement   Monthly  IRC-R122 
Cigarette  and  Cigarette  Papers  Received   Monthly  None 
Railway  Accident  Report   As  accur  "C" 
Railway  Accidents— Subsequent  Fatalities   Monthly  "F" 
Railway  Accidents   Monthly  "R" 
Railway  Accidents   Monthly  "T" 
Railway  Accidents   Monthly  "V" 
Telegraph  Report  of  Accidents  when  resulting 

in  serious  injury  or  death  to  employees,  pas- 
sengers or  trespassers  on  the  highway,  but 

not  trespassing   As  occur  None 
Iowa  Compensation  Act — Forms  for: —  As  occur 

First  Report  of  Injury           la.  No.  1 
Workmen's  Compensation  Service       la.  I.  Com.-2 
Employer's  Supplemental  Report  of  Injury           la.  No.  3 
Mem.  of  Agreement  as  to  Compensation           la.  No.  4 
Final  Compensation  Settlement — Receipt           la.  No.  5 

Kansas 
License  Fee  Return   Annual  None 
Annual  Report   Annual  A 
Corporation  Income  Tax  Return   Annual  120 
Property  Tax  Return   Annual  State  schedules 
Information  Return— Income  Tax   Annual  99 
Information  Return — Summary  Income  Tax   Annual  96 
Injuries     to     employees — Under     Workman's 

Compensation  Act   Currently  At  2608  Spl. 
Monthly   Report   of   Railway  Accidents— Sub- 

sequent Fatalities   Monthly  F 
Monthly  Report  of  Railway  Accidents— Rail 

Failure   Monthly  R 
Monthly  Report  of  Railway  Accidents — Train 

Casualties   Monthly  T 
Monthly  Report  of  Railway  Accidents — Non- 

train  Casualties   Monthly  V 
Gasoline  and  kerosene  shipments  received   Monthly  None 
Employment  Report,  Number  of  employees, 

compensation  and  average  hours  worked  by 
classes   Monthly  None 

Gasoline  Tax  Return   Monthly  12 
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STATE   (continued) 

Kentucky 

Description  of  Report  Period 
Shipments  of  gasoline  and  other  inflammables 

delivered  to  consignees   Monthly- 
Property  Tax  Return   Annual 
Corporation  Income  Tax  Return   Annual 
Statement  of  estimated  annual  payments  to 

non-residents  for  services  performed  in  Ken- 
tucky  Annual 

Annual  Report   Annual 
Free  or  reduced  transportation  good  for  intra- 

state travel  in  Kentucky  except  to  our 
employees    and    their   families    (Kentucky 
Railroad    Commission)   Annual 

Information  Return.    Department  of  Revenue. 
Division  of  Income  Taxation   Annual 

Summary  Information  Return.     Department 
of  Revenue.    Division  Income  Taxation   Annual 

Contribution  Report.  Unemployment  Com- 
pensation Commission   Quarterly 

Form  No. 

Revenue  102 
8-101 

720 

-o — 
-o — 

None 

799 

796 

Louisiana 

Property  Tax  Return   Annual 
Franchise  Tax  Report   Annual 
Supervision  and  Inspection  Fee   Annual 
Public  Utility  Tax  Report   Quarterly 
Corporation  Income  Tax  Return   Annual 
Luxury  Tax  Return  (Sales  Tax)   Monthly 
Gasoline  Tank  Car  Movement  (City  of  New 

Orleans)   Monthly 
Luxury  Tax  Return  (City  of  New  Orleans)   Monthly 
Return  of  Information  at  Source.    Collector  of 

Revenue   Annual 

Annual  Summary  and  letter  of  transmittal — ■ 
Return  of  Information  at  Source   Annual 

Employers    Summary    Contribution    Report, 
Commissioner    of    Labor,    Unemployment 
Compensation  Division   Monthly 

— o — — -o — 
1-S  &  I 

— 0 — 

IT-620 

LT-9 None   (Printed) 

LT-9 IT-599 

IT-596 

LUC-4 

Maine 

Condensed  Statement  of  Income   Monthly 
Annual  Report   Annually 
Motor  Fuel  Delivered  in  the  State   Monthly 
Report  of  Railway  Accidents   M  onthly 
Employees  Earnings  by  Weeks   Quarterly 
Gasoline  Tax — ^Refund  Application   Monthly 
Statement    of    Employment,    Materials    and 

Equipment   Completion  of 
Project 

Maine  Potatoes  Diverted  at  Boston   Daily — Seasonal 
Railroad  Tax  Return   Annually 
Return  of  Real  and  Personal  Property   Year  to  March  31 
Certificate  of  Foreign  Corporations   Annually 

B  &  M— ST2 
A 

"t" 

MUC-1 AD-218 

MP-32 
Wire 
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STATE   (continued) 

Maryland 

Description  of  Report  Period 
Total  Injury  of  Persons   As  occur Monthly 

Capital  Stock  Tax  Reports   Annual 
Gross  Receipts  Tax  Reports— Branch  Lines   Annual 
Rolling  Stock  Reports   Annual 
Payroll  Report  to  the  State  Industrial  Acci- 

dent Commission   Annual 
Gross  Receipts  Tax  Report   Annual 
Annual  Report   Annual 
Contribution   Report    (Unemployment   Com- 

pensation Division)   Quarterly 

Form  No. 
None  (letter) 

&T&V Form  50 
Form  60 
Form.  61 

A] 

Massachusetts 

Annual  Report   Annual 
Quarterly  Report   Quarterly 
Franchise  Tax  Return   Annual 
Tonnage — Coal  delivered  at  Stations  in  New 

England,  segregated  as  between  Anthracite 
and  Bituminous,  showing  Commercial  and 
Company  Coal  separately   Monthly 

Milk  and  Cream  shipped  into  Boston,  Mass., 
in  Passenger  Service,  showing  separately  the 
Quarts  of  Milk  and  Cream  by  States  where 
Shipments  originate   Monthly 

Amount  of  Payroll  for  Week  ending  nearest 
15th  of  each  Month,  showing  number  of 
Men  and  Wages  divided  between  Factory 
and  Office  (At  company  shops)   Monthly 

Monthly  Survey — -Employment  and  Payrolls 
(Department  of  Labor  and  Industries)   Monthly 

Payment  covering  Employer  and  Employee 
Contributions — Unemployment  Compensa- 

tion Commission   Quarterly 
Registered  Interest  on  Bonds,  Notes  and 

Other  Evidences  of  Indebtedness  to  Individ- 
ual Residents  in  Massachusetts   Annual 

Accident  Report  showing  Killed  and  Injured   As  occur 
Personal  Injury  to  Employees   As  occur 
Fatal  Accident  to  an  Employee   As  occur 
Report  of  Tank  Car  Arrivals   Monthly 
Distant  Warning  Signs  for  Highway  Crossings  .Semi- Annual 
Track  Bridges  with  Clear  Span  of  10  feet  or 

greater   Bi-Annual 
Non-Carrier  Land— Validation  Act  of  1917   Annual 
List  of  Common  and  Preferred  Stockholders   Annual 

A 

5772 P.S.I 

9029 

B-LS-790A 

Letter 

X-1-1937 

6218-B 
1511 
5717 

"B" 
AT-15 
— 0 — 

Letter 
Letter Photostat  copy 
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STATE   (continued) 

Michigan 

Description  of  Report                                         Period  Form  No. 

Report  to  Public  Utilities  Conamission   Annually  "A" 
Report  to  State  Board  of  Assessors   Annually  None 
Report  to  Department  of  Labor  and  Industry. .Monthly  L-75A 
Contribution  Report  to  Unemployment  Com- 

mission  Annually  UC-2 
Injuries  to  Persons   Monthly  T 
Injuries  to  Persons   Monthly  V 
Injuries  to  Persons   As  occur  Telegraph 
Report  of  Liquid  fuels  delivered   Monthly  GTD-IS 
General  Sales  Tax  Return   Monthly  GST-1 A 
Report  of  Kerosene  Oil  Delivered   Monthly  01-6 
Report  of  Gasoline  imported   Monthly  None 
Report  of  Capital  Stock  issued   Annually  263 
Report  of  bonds  issued  and  tax  paid   Annually  None 

Minnesota 

Payment  to  Residents  of  Interest  of  $300.00  or 
more  during  previous  calendar  year   Annual  I-9-1-9X 

Annual  Report   Annual  A 
Corporation  income  and  franchise  tax  return   Annual  1-4 
Gross  Earnings  tax  report   Semi-Annual    
Employees'    Summary    Contribution    report 

(Unemployment  Insurance  Tax)   Annual    
Individual  Earnings  Return   Annual  1-9 
Summary  of  Individual  Earnings   Annual  I-9X 
Licensed  Station  Agents   Semi-Annual    
Interlocking  Plant  Inspection  (Non  Operating.)  .Quarterly  57 
Interlocking  Plant  Inspection  (Operating  Co. )__. Monthly  56 
Broken  Rails   Monthly  55 
Revenue  Miles — Equipment   Annual    
Roadway  Completion   Annual  1605-A 
Section  Summary  (Property  Additions)   Annual  50 
Section  Appraisal  (Property  Deductions)   Annual  50 
Railroad  Appraisal  (Locomotive  Additions)   Annual  25 
Railroad  Appraisal  (Locomotive  Deductions) __. Annual  25 
Railroad  Appraisal  (Passenger  Cars — Additions)  Annual  26 
Railroad  AppraisalifPassenger  Cars— Deductions)Annual  26 
Railroad  Appraisal  Freight  Car  Additions   Annual  27 
Railroad  Appraisal  Freight  Car  Deductions   Annual  27 
Railroad  Appraisal  Work  Equipment  Additions  .Annual  28 
Railroad    Appraisal    Work    Equipment    De-    , ductions   Annual  28 
Fuel  Oil  received  for  Industrial  use   Each  car  when 

received    
Claim  for  refund  of  Gasoline  Tax   Monthly    
Tank  cars  of  oil  delivered   Monthly  28 
Preliminary  report  of  Accident  (Railroad  and 

Warehouse  Commission)   As  occur  1 
Monthly    Accident    Report     (Railroad    and 
Warehouse  Commission)   Monthly  2 

Telegraphic  report  (Where  serious  injury  or 
loss  of  life  is  involved)   As  occur    

Payments  to  freight-line  companies   Semi-Annual    



732 Records   and    Accounts 

STATE  (continued) 

Mississippi 

Description  of  Report  Period 
Arrival  of  shipments  of  gasoline  and  oil   As  received 

Shipments  of  gasoline  and  other  inflammable 
delivered  to  consignees   Monthly 

Property  Tax  Return   Annual 
Privilege  Tax  Report   Annual 
Franchise  Report   Annual 
Revenues,  Expenses  and  Railway  Investment   Quarterly 
Income  Tax  Return   Annual 
Income  Tax  Return  for  common  carriers   Annual 
Foreign  Corporation  Income  Tax  Return   Annual 
Report  of  Gross  Income   Monthly 
Report  of  Gross  Income   Annual 
Annual  Report   Annual 
Annual  Report   -  -  -Annual 
Free  or  reduced  rate  transportation  to  resi- 

dents  of    Mississippi   except   railroad   em- 
ployees, their  families  and  coastwise  SS  em- 

ployees and  their  families  (Mississippi  Rail- 
road Commission)   Annual 

Information   Return.      Commissioner   of   In- 
come Tax   Annual 

Annual  Information  Return.     Commissioner 
of  Income  Tax   Annual 

Form  No. 

None 
Mail  and  Telegram 

MVC  8  and  9 
— 0 — 

PT-1 
FT— Form  1 

— 0 — 
301 

301-R 301-W 

ST-4 ST-4-A A 
D 

14 

IT-501 

IT-502 

Missouri 

Franchise  Tax  Return   .   Annual 
Corporation  Income  Tax  Return   Annual 
Emergency  Revenue  Tax  Return  (sales  tax)   Monthly 
Anti-Trust  Affidavit   .   Annual 
Annual  Report   Annual 
Annual  Report  (2)   Annual 
Information  Report  on  Incomes — ^Income  Tax 

Department   Annual 
Summary  of  Annual  Information  Reports — 

State  Income  Tax  Department   Annual 
Self-Insurers  Annual  Financial  Statement — 

Missouri  Workmen's  Compensation  Com- mission  Annual 

11 
1 

A 
E 

1 

2 

85 

•  Montana 

Carload  shipments  of  Gasoline  received  at  sta- 
tions in  Montana  from  points  outside  the 

state.    Board  of  Equalization   Monthly 
Commodity  Report.  Carloads  of  each  com- 

modity shipped  from  each  station  in  Mon- 
tana.   Railroad  Commission     Monthly 

Reports  of  serious  personal  injuries  and  acci- 
dent in  Montana.    Railroad  Commission   As  occur 

Reports  of  accidents  in  Montana.     Railroad 
Commission   Monthly 

Annual  Report.  Board  of  Railroad  Commis- 
sioners  Annual 

Mileage  made  by  private  car  companies  in 
Montana.    Board  of  Equalization   Annual 

R-301 

Telegram 

10  R  &  63 

A 

— 0 — 
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STATE   (continued) 

Montana  (continued) 

Description  of  Report  Period 
Information  Return.    Payments  of  wages,  etc. 

to  residents  of  Montana.    Board  of  Equali- 
zation  Annual 

Corporation  License  Tax  Return.     Board  of 
Equalization   Annual 

Report  to  determine  proportion  of  Capital 
Stock  employed  within  Montana,  for  assess- 

ment of  filing  fee.   Secretary  of  State   Annual 
Annual  Tax  Return.    Board  of  Equalization   Annual 
Employers  Contribution  Report,  under  unem- 

ployment compensation  law.  Unemploy- 
ment Compensation  Commission   Monthly 

Form  No. 

1  &  1  A 

4 
13 

-o- 

Form  not  yet  pre- scribed 

I 

Nebraska 

Annual  Report   Annual  Form  A 
Report  to  Tax  Commission   Annual  Form  9  &  G 
Private  Car  Line  Mileage   Annual  Form  10 
C  orporation  Franchise  Tax  Return   Annu  al    
Annual  Report  for  tax  assessment   Annual  Form  14  to  12 
Report  of  Motor  Vehicle  fuel  received  in  State 

for  Company  use   Monthly  Form  A-194 
Gasoline  Tax  Refund  Voucher — Tax  paid  on 

gas  shipped  outside  of  Nebraska   Monthly  Form  2M-3-36 
Monthly  Station  Report  to  Nebraska  State 

Railway  Commission   Monthly    
Report  of  passes  issued  for  free  transportation 

in  Nebraska,  except  Employees,  their  wives 
and  minor  children.  (Nebraska  State  Rail- 

way Commission)   Monthly    
Name  of  Company  and  clause  in  contract 

covering  free  transportation  in  Nebraska 
when  provided  for  in  contracts  (Nebraska 
State  Railway  Commission)   As  occur  Letter 

Crop  Report  to  State  Agricultural  Statis- 
tician— Hastings  Nebraska  station   Semi-Monthly    

Report  with  copy  of  freight  bills  covering 
liquor  shipments  received  at  stations  in 
Nebraska  (State  Liquor  Control  Commission) -Weekly  Letter 

Report  all  shipments  of  gasoline,  kerosene,  re- 
fined oil  distillate,  gas  oil,  fuel  oil,  etc.  re- 

ceived in  state  (State  Dept.  of  Agriculture 
and  Inspection)   Monthly  A-197 

Nevada 

To  Public  Service  Commission  of  Nevada: 

1.  Annual  Report   Annually 
[     2.  Report  of  revenues  and  expenses  in  Nevada  Monthly 

3.  Accident  report   Monthly 

To  Nevada  Tax  Commission: 

1.  Annual  report  of  Railroad  Company   Annually 
2.  Report  of  Motor  Vehicle  Fuel  Imported 

into  the  State  of  Nevada   Monthly 
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STATE   (continued) 

New  Hampshire 

Description  of  Report  Period 
Condensed  Statement  of  Income   Monthly 
Annual  Report   Annually 
Beer  or  Ale  Delivered  in  the  State   Monthly 
Motor  Fuel  Delivered  in  the  State   Monthly 
Employees  Registration  Cards   Current 
Employees  Earnings  by  Weeks   Quarterly 
Gasoline  Tax — Refund  Application   Monthly 
Statement    of    Employment,    Materials    and 

Equipment   Completion  of 
Project 

Inspection  of  Bridges   Annually 
Railroad  Tax  Return   Year  to  March  31 
Expenditures  for  R.  of  W.  and  Buildings   Each  5  Years 
Return  of  Real  &  Personal  Property   Year  to  March  31 
List  of  Stockholders   Annually  April  1 
Railroad  Fires   Semi-Annually 
Report  of  Railway  Accidents   M  onthly 

Form  No. 

B  &  M— ST2 A 

-101 

GRT  1-2003 
C 

15135 A-25 

MP-32 14394 

V  and  T 

New  Jersey 

Annual  Report  to  State  Tax  Department   Annually 
Alcoholic  Beverage  Transportation  License   Monthly 
Transportation — Special  Permit   Monthly 
Employer's  Monthly  Contribution  Report   Monthly 
Employer's  Quarterly  Information  Report   Quarterly 
Condition  of  Bridges  in  the  State  of  New  Jersey,  .Annually 

Plenary  retail  transit  licensee's  beverage  tax 
report   Monthly 

Annual  Report   Annually 
Employer's  Report  of  Accident  to  Employee — ■ 

disability  of  7  days  or  more,  or  permanent 
loss  of  limb,  finger,  or  toe   As  accidents  occur 

Supplemental  to  Form  E  above   As  accidents  occur 
Personal  injury — Grade  crossing  and  train  ac- 

cidents over  $150   As  accidents  occur 
Data  for  equipment  owned  for  use  in  preparing 

reports  to  State  Board  of  Taxes  and  Assess- 
ment  Annually 

Fuel  carrier  report   Monthly 

R-15 R-37 

UC-10 

R-16-f,  R-16-2 R-14 

R-27 

A 

314-4 

GCC-1 

New  Mexico 

Information  Return — ^Income  Tax   Annual  161-A 
Corporation  Income  Tax  Return   Annual  131-B 
Corporation  Franchise  Tax  Report  (Foreign ).__ Annual  None 
Annual  Report,  Capital  Stock,  Directors,  etc.  _ .Annual  None 
School  Emergency  Tax  Return   Monthly  None 
Contribution  report,  employees  earnings  sub- 

ject to  unemployment  tax  law   Annually  1936 

Monthly  there- after' None 
Gasoline  Tax  Return   Monthly  None 
Annual  Report  to  Corporation  Commission   Annual  Form  A  Book 
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STATE  (continued) 

New  York 

Description  of  Report  Period 

Department  of  Labor 

Employer's  First  Report  of  Injury   As  necessary 
Attending  Physician's  Report   As  necessary 
Eye  Surgeon's  Report   As  necessary 
Notice  to  Industrial  Commissioner  that  Pay- 

ment of  Compensation  Has  Begun  With- 
out Awaiting  Award  of  Industrial  Board. -.As  necessary 

Notice  to  Industrial  Commissioner  That 
Payment  of  Compensation  Has  Begun 
Without  Awaiting  Award  of  Industrial 
Board   As  necessary 

Notice    to    Industrial    Commissioner    That 
Claim  Will  Be  Controverted   As  necessary 

Notice  to  Industrial  Commissioner  That 
Payment  of  Compensation  Has  Been 
Stopped  or  Suspended   As  necessary 

Employer's  Supplementary  Report  of  Injury.  .As  necessary Notice  to  Commission  That  Compensation 
Has  Been  Paid  Without  Awaiting  Award 
Where  Disability  Was  Less  Than  Four- 

teen Days   As  necessary 
Confidential  Report  on  Employees  and  Wages. Monthly 

One  Day  Rest  in  Seven — Employees  Working 
Sundays — Day  of  Rest  Designated   Monthly 

Day  of  Rest  Report   Weekly 
Self-Insurer's    Statement    of    Outstanding 

Death  Claims   Semi-Annual 
Self-Insurer's  Annual  Financial  Statement   Annual 
Self-Insurer's  Report  of  Payroll   Semi-Annual 
Self-Insurer's  Report  of  Compensation  Pay- 
ments  Quarterly 

Self-Insurer's  Report  of  Accident  Experience.  _ Semi-Annual 
Employer's  Report  of  Contributions   Monthly 
Payroll  Record   Quarterly 

Public  Service  Commission 

Broken  Rail  Report   Monthly 
Rail  Report— Transverse  Fissures   Monthly 
Report  of  Right-of-Way  Fire   Monthly 
Accident  Report   Monthly 
Passenger  Train  Movement   Monthly 
Highway-Railroad  Grade  Crossing  Projects  ..Semi-monthly 
Copies  of  Tariffs  and  Concurrences  filed  in 

the  State   As  necessary 

Annual  Report  to  Public  Service  Commission  Annual 
Annual  Report  to  Public  Service  Commission  Annual 

Annual  Report  to  Public  Service  Commission  Annual 

Annual  Report  to  Public  Service  Commission  Annual 

Quarterly  Report  to  Public  Service  Com- 
mission  Quarterly 

Form  No. 

C-2 
C-4 

C-5 

C-6 

C-6-8 

C-7 

C-8 
C-11 

C-17 

Printed  Form,  no 
number 

1578 
3895 

S.  I.-4 
S.  L-5 
S.  I. -6 
S.  L-10 
S.  I.-14 
UI-C-1 UI-C-54 

Letter 
1963 596 25 

83-A 
B  &  G  C-15 

Printed — no number 
Form  A 
Form  E 

(Lesser  Cos.) 
Form  C 

(Small  Cos.) 
258 

(Inactive  Cos.) 

113 
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STATE  (continued) 

New  York   (continued) 

Description  of  Report  Period 
Department  of  Taxation  and  Finance 

Report  of  Intrastate  and  Interstate  Trans- 
portation of  Motor  Fuel   Monthly- 

Revenues,  Expenses,  etc..  Bridges  for  assess- 
ment of  taxes   Annually 

Report  of  Gross  Earnings   Quarterly 
Report  of  Tax  Withheld  at  Source   Annual 
Return  of  Tax  Withheld  at  Source   Annual 
Return  of  Information  at  the  Source   Annual 

Annual  Summary  and  Letter  of  Transmittal 
Return  of  Information  at  the  Source   Annual 

Franchise  Tax  on  Capital  Stock   Annual 
Supplemental  Special  Franchise  Tax   Annual 
Annual  Report  to  Department  of  Taxation  and 

Finance   Annual 
Statement  with  Respect  to  Mortgages   Annual 

Return  of  Tax  on  Motor  Fuels   Monthly 
Department  of  Health 

Report  of  Operation  for  Water  Chlorination 
Plant   Monthly 

Form  No. 

C.  T.  230  and  231 

Letter 
36  C.  T. 

102 
103 
105 
106 

40  C.  T. 

S.  F.  F-1 A-Steam 

Typewritten Affidavit 
G.  T.  103 

San.  8 

North  Carolina 

Shipments  of  gasoline  and  other  inflammables 
delivered  to  consignees   Monthly 

Malt  or  vinous  beverages  delivered  to  consignees  Monthly 
Property  Tax  Return   Annual 
Franchise  Motor  Carriers  Monthly  Report   Monthly 
Public  Service  Corporation  Income  Tax  Return  .Annual 
Foreign  Corporation  Income  Tax  Return   Annual 
Sales  Tax  Monthly  Report   Monthly 
Accidents  reportable  to  ICC  which  occur  in 

North  Carolina   Monthly 
Annual  Report   Annual 
Annual  Report   Annual 
Information  at  Source.    State  Department  of 

Revenue   Annual 
Affidavit   of    Payor.      State    Department    of 

Revenue   Annual 
Contribution  Report.     Unemployment  Com- 

pensation Commission   Quarterly 

704 
159 

— 0 — 329 

171 
174 217 

— 0 — 

A 
C 
178 

177 

North  Dakota 

Monthly  report  of  railway  accidents — -subse- 
quent fatalities   Monthly 

Monthly  report  of  railway  accidents   Monthly 
Wire  North  Dakota  Board  of  Railroad  Com- 

missioners as  to  any  accident  involving  train 
operation  in  which  any  person  is  killed  in 
State  of  North  Dakota   As  occur 

Carload  shipments  of  gasoline,  kerosene,  and 
all  petroleum  products  to  stations  in  North 
Dakota   Monthly 

Property  tax  return — Annual  report  to  Tax 
Commissioner  of  State  of  North  Dakota   Annual 

No  form  number 

Tax   Com.  form 
57  Railroads 
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STATE   (continued) 

New  York  (continued) 
Description  of  Report  Period 

Annual  report  to  stockholders   Annual 
Annual  report  to  Board  of  Railroad  Commis- 

sioners of  State  of  North  Dakota — (which 
includes  complete  report  to  Interstate  Com- 

merce Commission)   Annual 
Information  return  State  Tax  Commission  In- 

come Tax  Department   Annual 
State  income  tax  return   Annual 
Sales  tax   Quarterly 

Ohio 
Shipments  of  gasoline  and  other  inflammables 

delivered  to  consignees   Monthly 

Property  Tax  Return   Annual 
Gross  Earnings  Report   Annual 
Material  purchased  outside  of  Ohio  on  which 

no  tax  has  been  assessed   Quarterly 
Corporation  Securities  Record   Annual 
Injuries  to  trespassers  or  non-trespassers  if  in- 

capacitated more  than  1  day,  and  employees 
more  than  3  days,  within  first  ten  days   Annual 

Repairs  to  Mail  Cars  each  shopping  for  Gen- 
eral Repairs   As  occur 

Annual  Report   Annual 
Contribution  Report.  Unemployment  Com- 

pensation Commission   Quarterly 

Oklahoma 
Freight  Car  Tax  Report   Annual 
Freight  Car  Taxes  Withheld   Annual 
Corporation  Income  Tax  Return   Annual 
Information  Return — Income  Tax   Annual 
Information  Return — Summary  Income  Tax   Annual 
Corporation  License  Tax  Return   Annual 
Consumers  Tax  Report   Monthly 
Cross  and  switch  ties  inserted   Monthly 
Monthly  Report  of  Railway  Accidents — Sub- 

sequent Fatalities   Monthly 
Monthly  Report  of  Railway  Accidents — -Rail 

Failure   Monthly 
Monthly  Report  of  Railway  Accidents — ^Train 

Casualties   Monthly 
Monthly  Report  of  Railway  Accidents — Non- 

train  Casualties   Monthly 
Operating  Revenues,  Expenses,  etc   Monthly 
Contribution  report,  employees  earnings  sub-     Annual  for  1936 

ject  to  unemployment  tax  law       Quarterly  for 
1st  quarter  1937 
and  monthly 
thereafter 

Statement  of  Property  Changes   Annually 
Report  of  Labor  Situation — Guthrie   Monthly 
Gasoline  Tax  Return   Monthly 
Report  of  Common  Carriers  transporting  gaso- 

line or  motor  fuel  into  or  within  the  State   Monthly 
Report  of  Crude  Oil,  Casing  Head  Gas,  or 

L        Natural  Gas  transported  within,  into,  out  of 
BL      or  across  the  State   Monthly 
^vAnnual  report  to  Corporation  Commission   Annual 

Form  No. 
do. 

State  Comm. 
Form  A 

Forms  59  and  59A 
Form  40A 

No  form  number 

Motor  Vehicle 
Fuel  Form  6 

— ^o — 
— o — 

1014-4 938 

954 
953 
512 500 

501 200 
13-15 

None 

R 

V 
A OUC 

OUC 

OUC  4 BV  588  R 
None 105 

106 

310 
Form  A  Book 
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STATE  (continued) 

Oregon 

Description  of  Report  Period 
Gallons  of  motor  vehicle  fuels,  sold,  used  and 

distributed  within  and  for  transportation 
into  Oregon.    Secretary  of  State   Monthly 

Gallons  of  motor  vehicle  fuels  held  and/or  re- 
ceived at  and  distributed  from  storage  fa- 

cilities within  Oregon.    Secretary  of  State   Monthly 
Gallons  of  motor  fuels  sold  or  distributed  from 

storage  facilities,  etc.,  in  other  states  for  im- 
portation into  Oregon.    Secretary  of  State   Monthly 

Reports  of  Serious  Injuries  or  Accidents.  Pub- 
lic Utilities  Commissioner   As  occur 

Report  of  all  other  highway  and  private  cross- 
ing accidents.    Public  Utilities  Commissioner  .Monthly 

Annual  Report — Public  Utilities  Commissioner. Annual 
Information  Return.    Payments  of  Wages,  etc. 

to  residents  of  Oregon   Annual 

Mileage  made  by  private  car  companies'  cars in  Oregon.    Tax  Commission   Annual 
Revenue  earned  within  the  state  and  tax  pay- 

able thereon  to  defray  cost  of  maintaining 
Office  of  Public  Utilities  Commissioner   Annual 

Report  to  Corporation  Department  Foreign 
Corporation  License  Fee   Annual 

Annual  Report  to  Tax  Commission   Annual 
Employers  Contribution  Report  under  Unem- 

ployment Compensation  Law.  Unemploy- 
ployment  Compensation  Commission   Monthly 

Form  No. 

Schedule  I 

Schedule  D 

Telegram 

Letter A 

96  and  99 

U-36 

Pennsylvania 

Capital  Stock  Tax   Annually  RCCS 
Corporate  Loans  Tax   Annually  RCLT 
Corporate  Net  Income   Annually  RCNI 
Gross  Receipts     _        ^  Semi-annually  RCGR 
Employer's  Contribution  Rstarn  for  Unem- 

ployment Compensation   Monthly  UC-2 
Employer's  Quarterly  Report  of  Wages  Pay- 

able to  each  Employee   Quarterly  UC-2  A 
Employer's    Quarterly   Summary   Report   of 

Total  Wages  Payable   Quarterly  UC-2S 
Changes  in  Offices  of  President,  Secretary,  or 

Treasurer   As  Change  Occurs    
Spiritous,  Vinous  and  Malt  Liquor  Sales   Monthly  RDA-109 
Public  Service  licensees,  showing  maximum 

number  cars  operated  each  day  of  month   Monthly  Z-50 
Restaurant  Hygiene  Report   Monthly    

Workmen's  Compensation  Self  Insurer's  Ap- 
plication  Annually  C-10-LIBC 

Production  Report   Annually  S-1 
Employment  and  Payroll  Statistics   Monthly    
Annual  Report   Annually  A 
No  accidents  to  report   Monthly  when  ap- 

plicable AB-1 
Personal  injury — accidents  resulting  in  loss  of 

life  or  injury  to  persons  to  the  extent  of  3  or 
more  days         .As  accidents  occur           A-B-2 
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STATE   (continued) 

Pennsylvania  (continued) 

Description  of  Report  Period 
Grade    crossing   accidents — All   accidents    at 

grade  crossings  including  those  to  crossing 
gates   As  accidents  occur 

Changes  in  grade  crossings   Monthly 
Compensation — Accidents  resulting  in  death 

or  disability  of  2  days  or  more   As  accidents  occur 
Compensation — -Supplemental   30  days  after  per- 

sonal injuries  or 

person    has    re- turned to  work 

Common  Carrier's  report  of  liquid  fuels  de- 
livered  Monthly 

Report  of  Cold  Storage  Holdings   Quarterly 

Form  No. 

SCBA-7 SCBA-20 

W-l-A 

W-l-A  Supp. 

RLF-10 

Rhode  Island 

Annual  Report   Annual 
Gross  Earnings  Tax  Return   Annual 
Count  of  Employees  taken  on  September  30th 
— Amount  of  Compensation  of  year  ending 
September  30th  (Bureau  of  Labor)   Annual 

Payment  covering  Employer  and  Employee  Monthly 
Contribution   
(Unemployment  Board)   Quarterly 

Report  of  Delivery  of  Fuels   Monthly 
Accident  Report   As  occur 

A F-1097 

Letter RIU.C.3C 
RIU.C.2 
RI  U.C.  2A 

F.  T.  146 
C 

South  Carolina 

Shipments  of  gasoline  and  other  inflammables 
delivered  to  consignees   Monthly  315 

Property  Tax  Return   Annual  — o — 
State  License  Tax  Report   Annual  L-313-R9vis9d 
Gross  Intrastate  Receipts   Annual  — o — 
Comparative  Monthly  Report  of  Earnings,  Ex- 

penses and  Tonnage  and  Passenger  State- 
ment  Monthly               _  — o— 

Serious  Accidents  and  Personal  Injuries   At  time   of  Acci- 
dent Message  Form 

Corporation  Income  Tax  Return   Annual  1101 
Annual  Report   Annual  A 
Annual  Report   Annual  C 
Information    Return.      South    Carolina    Tax 

Commission   Annual  1202 
Annual  Information  Return   Annual  1201 
Employers  Contribution  Report.  Unemploy- 

ment Compensation  Commission   Monthly  UC A-2 
Report  of  operation  for  each  shop  in  State  of 

South  Carolina.  Department  of  Agricul- 
ture, Commerce  and  Industries   Annual  None 
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STATE   (continued) 

South  Dakota 

Description  of  Report                                        Period  Form  No. 
Payments  to  Residents  of  interest  of  $1,000.00 

or  more  during  previous  calendar  year   Annual  NI-6     NI-7 
Annual  Report   Annual  "A" 
Railroad  Tax  Report   Annual    
Corporation  Income  tax  return   Annual  N 1-5 
Employees'  Summary  Contribution  report — 
Unemployment  insurance  tax   Annual  SDUC  2 

Individual  Earnings  Returns   Annual  NI-6 
Summary  of  Individual  Earnings  Return   Annual  7 
Gross  Revenues  and  Operating  Expenses   Annual  K 
Gross  and  Net  Revenues  on  Movements  to 

points  within  and  from  points  within  State  _, Annual  1 
Accidents  when  State  Compensation  Law  is  in- 
volved  As  occur  6 

Telegraphic  Accident  Report  (Where  serious 
iniury  of  loss  of  life  is  involved)   As  occur    

Train  Accidents   Monthly  1 
Accidents  other  than  train   Monthly  2 
Workmens  Compensation  (Supplementary  Ac- 

dent  Report)   As  occur  6-A 

"Workmens  Compensation — Settlement   When  Settled  10 
Lease-hold  sites  on  Right-of-Way  occupied  by 

Public  Ware  House  and  other  occupant   Annual    
Gasoline  tax  report   Monthly    
Motor  Fuel  Received   Monthly  R-1 
Claim  for  refund  on  Motor  Fuel  Tax   Monthly    
Motor  Fuel  transported  into  State   Monthly  R-3 
Mileage  and  amount  paid  Private  Car  Com- 
panies   Annual    

Tennessee 

Volatile  substances  handled  (gasoline,  etc.)   Monthly  IF-10 
Beer  or  Alcoholic  Beverages  transported   Monthly  BT-7 
Property  Tax  Return   Biennial  — o — 
Franchise  Tax  Report   Annual  FT-3 
Report  of  Revenues  and  Expenses   Monthly  — o — 
Return  of  Net  Earnings   Annual  ET-100 
Return  of  Net  Earnings   Annual  ET-105 
Return  of  Net  Earnings   Annual  ET-120 
Return  of  Net  Earnings   Annual  ET-130 
Contribution  Report.    Division  of  Unemploy- 

ment Compensation   Quarterly 

Texas 

Report  of  Operating  Revenues  and  Operating 
Expenses   Monthly  B 

Employer's  Contribution  Report   Monthly  TUC-3 
Employer's    Quarterly   Summary   Report   of 

Wages  Payable   Quarterly  TUC-4 
Employer's  Report  of  Wages  Payable  to  each 

Employee   Quarterly  TUC-4A 
Annual  Report   Annually  A 
Franchise  Tax  Return   Annually 
Annual  Report  to  the  State  Tax  Board   Annually  SB'T-ioO 

I 
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STATE   (continued) 

Tekab  (continued) 

Description  of  Report  Period  Fortn  No. 
Report  to  Liquor  Control  Board  of  bottled  beer 

purchased  outside  of  Texas  and  sold  in  diners 
and  lounge  cars  in  Texas   Monthly    

Report  of  crude  oil  transported  by  railroad, 
pipe  lines  or  other  conveyances  within,  into, 
out  of  or  across  the  State  of  Texas   Monthly  S2940-237 

Report  of  gasoline  into  and  out  of  the  State  of 
Texas   Monthly    

General  Condition  of  Interlocker  and  General 
Condition  of  Crossing  Frog   Monthly  None 

Report  of  Interlocking  Plants  Constructed  un- 
der authority  and  approval  of  Railroad 

Commission  of  Texas   When  Required  None 
Volume  of  Employment — Car  building  and  re- 

pairing only — mailed  to  Expert,  U.  S.  Bur- 
eau of  Labor  Statistics,  Bureau  of  Business 

Research,  University  of  Texas  at  Austin, 
Texas   Monthly  B.  L.  S.  790 

Monthly  Report  of  Railway  Accidents — ren-  V 
dered  to  the  Railroad  Commission  of  Texas   Monthly  T 

Telegraphic  Report  of  Accidents   As  occur    
Report  of  Liquors,  Wines  and/or  Beer  Trans- 

ported Within  This  State — rendered  to  Tex- 
as Liquor  Control  Board   Monthly  220 

Transporter's  Report  of  Deliveries— rendered 
to  Oil  and  Gas  Division,  Railroad  Commis- 

sion of  Texas   Semi-monthly  SW-5 
Copies  of  all  way-bills  on  shipments  of  crude 

oil  and/or  its  by-products — -furnished  by 
agents  at  oil-loading  stations  to  Deputy 
Supervisors,  Oil  and  Gas  Division,  Railroad 
Commission  of  Texas,  at  headquarters  of 
such  officers  in  districts  to  which  assigned   Currently  or 

monthly    

Railroad  Livestock  Report — furnished  by  cer- 
tain station  agents  to  Agricultural  Statisti- 
cian, United  States  Department  of  Agricul- 
ture, Austin,  Texas  (For  Division  of  Crop 

and  Livestock  Estimates,  Bureau  of  Agri- 
cultural Economics)   Monthly  100  U.  S. 

Railroad  Poultry  Report — -furnished  by  certain 
station  agents  to  Agriculture  Statistician, 
United  States  Department  of  Agriculture, 
Austin,  Texas  (for  Division  of  Crop  and 
Livestock  Estimates,  Bureau  of  Agricultural 
Economics)   Monthly  102  U.  S. 

Utah 

Movement  of  tank  cars  and  drums  of  motor 
fuels  shipped  into  Utah  from  points  outside 
of  the  State— Tax  Commission   Monthly  TC  1 1 1 

Carload  movement  of  cattle,  hogs,  sheep  and 
wool  forwarded  from  and  received  at  stations 

in  Utah  and  Nevada.  Agricultural  Statistician. Semi-annually  — o — 
Reports  of  Serious  Injuries  or  Accidents.  Public 

Service  Commission   As  occur  Telegram 
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STATE  (continued) 

Utah  (continued) 

Description  of  Report  Period 
Reports  of  Accidents.     Public  Service  Com- 

mission   Monthly 

Annual  Report.    Public'^Service  Commission   Annual Information  Return.  Payments  of  Wages,  etc., 
to  Residents  of  Utah.    Tax  Commission  .  _ .   Annual 

Miles  made  by  private  car  companies  cars  in 
Utah.    Tax  Commission   Annual 

Motor  Fuel  Tax  Return.    Tax  Commission   Monthly 
Corporation    Franchise    Tax    Return.      Tax 

Commission   Annual 
Report  of  Gross  Income  in  Utah.  Tax  Com- 

mission   Annual 
Sales  Tax  Return.    Tax  Commission   Bi-Monthly 
Annual  Report  to  Tax  Commission   Annual 
Property  Tax  Return.    Board  of  Equalization   Annual 
Employers  Summary  Report  of  Contributions 

under  Unemployment  Compensation  Law. 
Industrial  Commission   Monthly 

Form  No. 

ICC  Forms 
T  and  V 

A 

TC  96  &  99 

TC  219 
TC  109  &  110 

TC  20  &  21 

TC181 
TC  71  &  71A 

TC  244 — 0 — 

UC-3 Vermont 
Commissioner  of  Industries 

Report  of  Accident   As  necessary 
Supplemental  Report   As  necessary 
Final  Report   As  necessary 
Final  Report  and  Receipt   As  necessary 
Report  of  Fatal  Accident   As  necessary 
Compensation  Receipt   As  necessary 
Agreement  in  Regard  to  Compensation   As  necessary 
Agreement  in  Regard  to  Fatal  Cases   As  necessary 
Statement  of  Medical  Expenses   As  necessary 
Personal  Injuries   Monthly 
Self-Insurer's  Application  for  Permission  to 

Carry  Own  Risk  and  Statement  of  Assets 
and  Liabilities   Annual 

Statistical  Certificate   Annual 

Vermont  Unemployment  Compensation  Commission 
Employee  Personnel  Card   Once 
List  of  Employees   Quarterly 
Return  of  Contribution  by  Employers   Quarterly 

Commissioner  of  Taxes 
Annual  Information  Return   ^Annual 
Information  at  the  Source   Annual 
Annual  License  Tax   Annual 
Annual  Report  to  State  Tax  Commission   Annual 

Public  Service  Commission 
Report  of  Railway  Accidents   Monthly 
Changes  in  Grade  Crossings   Monthly 
Affidavit   as   to   Expenditures   and    Grade 

Crossings  in  Vermont   Annually 

Copies  of  Tariffs  and  Concurrences  filed  in 
the  State   As  necessary 

Annual  Report  of  Public  Service  Commission  Annual 

1 
2 
3 
3 
4 

10 

21  Non-Fatal 
21  Fatal 26 

2639 

22 

ID-2 

UCC-2 UCC-101-A 
UCC-101 

107-A 
107 

2004 
A 

No  Number 
SCBA  202  M-A  36 

Typed— No 
number 

Printed — No number 
Form  A 

J 
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Virginia 

Description  of  Report  Period 
Shipments  of  gasoline  and  other  inflammables 

delivered  to  consignees   Monthly 

Property  Tax  Return   Annual 
Corporation  Income  Tax  Return   Annual 
Annual      Dividend      information      return — • 

Summary   Annual 
Report  of  Dividend  payments  to  residents  in 

Virginia— Summary   Annual 
Accidents  reportable  to   I.C.C.  which  occur 

in  the  State  of  Virginia   Annual 
Annual  Report   Annual 
Information  Return.  Department  of  Taxa- 
tion  Annual 

Summary  Return.    Department  of  Taxation    .  .Annual 
Employers    Contribution    Report.      Unem- 

ployment Compensation  Commission   Quarterly 
Report  of  operation  for  each  shop  in  the 

State  of  Virginia.  Department  of  Labor 
and  Industry   Annual 

Form  No. 

Motor  Fuel 

VGT-10 — 0 — 
500 

500-C 

500-D 

500-B 
500-A 

None 

Washington 

Report  of  Liquid  Fuels  delivered  in  the  State. 
Gas  Tax  Division   Monthly 

Statement  of  use  and  tax  due  on  liquid  motor 
vehicle  fuels  imported  into  the  State.  De- 

partment of  Licenses   Monthly 
Gallons  of  fuel  oil  imported  into  the  state  on 

which  tax  of  }4  cent  per  gallon  is  paid.  De- 
partment of  Licenses   Monthly 

Cars  loaded  with  various  commodities.  De- 
partment of  Public  Service   Weekly 

Cars  moving  east  and  west  through  Hunting- 
ton, Ore.    Department  of  Public  Service   Monthly 

Mileage  made  by  private  car  companies'  cars in  Washington.    Tax  Commission   Annual 
Annual  Report.    Department  of  Public  Service -Annual 
Operating  Revenues  earned  within  the  State 

and  tax  payable  thereon  to  defray  cost  of 
maintaining  the  Dept.  of  Public  Service   Annual 

Excise  Tax  Return.    (Business,  Sales,  Utility, 
etc.)    Tax  Commission   Bi-Monthly 

Annual  Excise  Tax  Return.    Tax  Commission. .Annual 
Foreign  Corporation  License  Tax  Return.  Sec- 

retary of  State   Annual 
Annual  Report  of  Tax  Commission   Annual 
Employers  Contribution  Report  under  Unem- 

ployment Compensation  Law.  —  Depart- 
ment of  Social  Security   Monthly 

SF  No.  3716 

SF  No.  3718 

Schedules  I  and  E 

— 0 — 

-0- 

A 

2406 
2411 

SF  No.  1989 
SF  No.  1040A 

SF  5208 

I 
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STATE  (continued) 

West  Virginia 

Description  of  Report  Period 
Total  Injury  of  Persons   As  occur 
Reports  of  Consumers  Sales  Tax   Quarterly 
Report  of  Transportation  Privilege  Tax   Annual 
Reports  of  Emergency  Surtax   Quarterly 
Information  returns  of  Salaries,  Wages,  etc   Annual 
Reports  of  Physical  Property   Annual 

Reports  of  foreign  corporations  for  license  tax   Annual 
Capital  Stock  Reports  for  domestic  corporations.  Annual 
Reports  of  Real  Estate  not  used  in  operation   Annual 
Common  Carrier's  Report  of  Motor  Fuel  de- 

livered   Monthly 
Annual  Report   Annual 

Form  No. 
None  (telegraph) 

C.S.I 
T.  P.  T.  401 
Form  403 

Forms  No.  6  and 
No.  14 

A.  0.  Cor.  No.  68 
A.  O.  Cor.  No.  57 
S.  T.  Co.  Form  3 

Wisconsin 

List  of  Residents  to  whom  interest  and  divi- 
dends in  amounts  of  $100.00  or  more  have 

been  paid  during  previous  calendar  year   Annual  9-9X 
Stock  Transfers   Annual  8 
Free  Transportation  within  State   Annual    
Individual  Earnings  Return   Annual  9 
Summary  of  Individual  Earnings   Annual  9X 
Revenues,  Expenses,  Railway  Investments   Quarterly  Form  furnished  by 

State 
Vertical  Clearances   Annual    
Maintenance  Tracks,  Bridges  and  Structures   Annual  1 
Interlocking  Plant  Inspection   Quarterly  SS  2 
Interlocking  Plant  Inspection   Monthly  2 
Inspection  of  Locomotive  ash  pan  and  spark 

arresting  devices   At  request  of  Chief 
Forest  Ranger  EP-40 

Apprentice  Indenture   Completion  of  Ap- 
prenticeship D-1 

Telegraphic  report  (when  serious  injury  or  loss 
of  life  is  involved)   As  occur    

First  report  of  Accident   As  occur  A-12 
Supplementary  report  on  accidents   15  days  after  acci- 

dent A-13 
Railway  Accidents   Monthly  T 
Railway  Accidents  (Non  train)   Monthly  V 
Railway  Accidents  (Subsequent  Fatalities)   Monthly  F 
Crossing  Accidents   As  occur  Letter 
Annual  report  for  taxes   Annual  A 
Payments  to  freight  line  companies   Semi- Annual  E 
Wholesale  dealers  report  of  Motor  fuel  imported   Monthly    
Common  Carriers  Gasoline  Report   Monthly  8 
Itemized  statement  of  Monthly  Gasoline  Re- 
ceipts  Monthly  Schedule  "A" Wholesale  Dealers  report   Monthly  2 

Commodity  Statistics   Monthly    
Annual  Report   Annual  A 
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STATE   (continued) 

Description  of  Report  Period 

Copies  of  Agents  Forwarded  and  Received  Ab- 
stracts at  all  Wyoming  Stations  furnished 

Board  of  Equalization   Currently 
Agents  Report  of  Shipments  of  sheep,  bulls, 

dairy  and  fancy  cattle  from  points  outside  to 
points  in  Wyoming.    Live  Stock  Commission.  _  As  occur 

Reports  of  serious  personal  injuries  and  acci- 
dents.   Public  Service  Commission   As  occur 

Report  of  Accidents.  Public  Service  Commission  Monthly 
Annual  Report.    Public  Service  Commission   Annual 
Railroad  Carrier  and  Auditors  Report — -Re- 

ceipts of  gasoline  at  each  station  in  Wyom- 
ing.   Highway  Department   Monthly 

Report  of  total  gasoline  received  and  blended 
in  Wyoming  and  tax  due  thereon.  Highway 
Department   Monthly 

Wholesalers  Report  of  gasoline  exported  from 
Wyoming  on  which  tax  has  been  paid.  High- 

way Department   Monthly 
Miles  made  by  private  car  companies  in  Wy- 

oming.   Board  of  Equalization   Annual 
Return  for  Tax  Assessment.  Board  of  Equali- 
zation  Annual 

Property  Tax  Return .    Tax  Commission   Annual 
Employers  Contribution  Report,  under  unem- 

ployment compensation  Law.  Unemploy- 
ment Compensation  Commission   Monthly 

Sales  and  Use  Tax  Return.  Board  of  Equali- 
zation   Monthly 

Form  No. 
% 

Letter  or  tele- 

gram 
Telegram 

I.C.C.  Form  T 
A 

GT-21 

GT-lOA 

GT-12 

SB  of  E  14 

SB  of  E  4 
— 0 — 

WUC-13 

STD  16 
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INTERSTATE  COMMERCE  COMMISSION 

Bureau  of  Statistics 

Washington 

»,     T.   T.   T,         „  Julv  16,  1937. 
Mr.  E.  H.  Bunnell,  ' 
Vice  President,  Association  of  American  Railroads, 
Transportation  Building, 
Washington,  D.  C. 
Dear  Mr.  Bunnell: 

Thank  you  for  the  copj'  of  your  Toronto  address.  I  was  interested  to  note  that  your 
research  director  has  developed  a  program  for  investigation  of  paper  work.  The  im- 

portance of  this  seems  apparent  from  the  fact  that  there  are  now  10  railway  clerks  (Divi- 
sions 5  to  13)  for  7S  other  employees. 

Very  truly  yours, 

(Signed)     M.  A.  Lorenz, 
Director. 

July  26,  1937 
Dear  Dr.  Lorenz:  File  237-7 

Referring  to  your  letter  of  July  16th. 

As  a  basis  for  discussion  with  Chief  Accounting  Officers  of  Class  I  railroads,  I  would 

like  to  secure  figures  corresponding  to  those  shown  in  your  letter  for  each  Class  I  rail- 
road for  the  year  ended  December  31,  1936.  It  will  probably  be  more  convenient  for  you 

to  furnish  this  information  than  for  me  to  undertake  its  compilation.  Any  time  within 

the  next  thirty  days  will  be  entirely  satisfactory. 
Thanking  you  in  advance  for  your  kindness,  I  am 

Yours  very  truly, 

(Signed)     E.  H.  Bunnell. 
Dr.  M.  O.  Lorenz,  Director 
Bureau  of  Statistics 

Interstate  Commerce  Commission 

Washington,  D.  C. 

INTERSTATE  COMMERCE  COMMISSION 

Bureau  of  Statistics 

Washington 

Mr.  E.  H.  Bunnell,  August  S,  1937. 

Vice  President,  Association  of  American  Railroads, 
Transportation  Building, 

Washington,  D.  C. 
Dear  Mr.  Bunnell: 

In  response  to  your  letter  of  July  26,  File  237-7,  I  am  sending  herewith  a  statement 
which  shows  by  individual  Class  I  steam  railways,  for  the  calendar  year  1936,  the  num- 

ber of  clerical  employees  (Reporting  Divisions  S-13) ,  all  other  employees,  and  the  ratio 
of  aU  other  to  clerical  employees. 

Very  truly  yours, 
M.  O.  Lorenz, 

Director  of  Statistics, 

Enclosure  by  C.  W.  Caswell. 



Records    and    Accounts 
747 

Subject  to  Revision 

INTERSTATE  COMMERCE  COMMISSION 

BUREAU  OF  STATISTICS 

Average  Number  of  Clerical  and  Other  Employees  of  Class  I 
Steam  Railway  Year  1936 

Name  of  ruud 
Akron,  Canton  &  Youngstown  Ry   
Alabama  Great  Southern  R.  R   
Alton  R.  R   
Ann  Arbor  R.  R   
Atchison,  Topeka  &  Santa  Fe  Ry.  and  sub- 

Atlanta  &  West  Point  R^  R.V." 'l']l\[l[\[V Atlanta,  Birmingham  &  Coast  R.  R   
Atlantic  Coast  Line  R.  R   

Baltimore  &  Ohio  R.  R   
Bangor  &  Aroostook  R.  R   
Beaumont,  Sour  Lake  &  Western  Ry   
Bessemer  &  Lake  Erie  R.  R   
Boston  &  Maine  R.  R   
Burlington-Rock  Island  R.  R   

Cambria  &  Indiana  R.  R   
Canadian  National  Lines  in  New  England. . . 
Canadian  Pacific  Ry.  (Lines  in  Vermont)   
Central  of  Georgia  Ry   
Central  R.  R.  of  New  Jersey   
Central  Vermont  Ry   
Charleston  &  Western  Carolina  Ry   
Chesapeake  &  Ohio  Ry   
Chicago  &  Eastern  Illinois  Ry   
Chicago  &  Illinois  Midland  Ry   
Chicago  &  North  Western  Ry   
Chicago,  Burlington  &  Quincy  R,  R   
Chicago  Great  Western  R.  R   
Chicago,  Indianapolis  &  Louisville  Ry   
Chicago,  Milwaukee,  St.  Paul  &  Pacific  R.  R 
Chicago,  Rock  Island  &  Gulf  Ry   
Chicago,  Rock  Island  &  Pacific  Ry   
Chicago,  St.  Paul,  Minneapolis  &  Omaha  Ry. 
Cincinnati,  New  Orleans  &  Texas  Pacific  Ry. 
Clinchfield  R.  R   
Colorado  &  Southern  Ry   
Columbus  &  Greenville  Ry   

Delaware  &  Hudson  R.  R   L   
Delaware,  Lackawanna  &  Western  R.  R   
Denver,  Rio  Grande  Western  R.  R   
Denver  &  Salt  Lake  Ry   
Detroit  &  Mackinac  Ry   
Detroit  &  Toledo  Shore  Line  R.  R   
Detroit,  Toledo  &  Ironton  R.  R   
Duluth,  Missabe  &  Northern  Ry   
Duluth,  South  Shore  &  Atlantic  Ry   
Duluth,  Winnipeg  &  Pacific  Ry     

Clerical 
employees Ratio 
(Divs.  5 

All  other all  other 
to  13)      e inployees  to  clerical 

81 473 5.84 
19 870 45.79 486 

4,501 
9.26 

100 
950 9.50 

5,221 
39,458 7.56 

18 133 7.39 
165 

1,381 
8.37 

1,545 12,435 8.05 

4,932 
35,575 7.21 

156 1,320 8.46 9 
107 11.89 

370 
2,033 

5.49 

1,783 11,021 6.18 
43 

213 4.95 

15 
120 

8.00 
47 

475 
10.11 

58 492 8.48 714 

4,716 

6.61 
832 

7,620 
9.16 

264 
1,561 

5.91 
63 675 10.71 

2,651 
21,945 

8.28 
569 

3,757 

6.60 
106 

608 5.74 

3,110 25,674 8.26 

2,812 
22,959 8.16 

602 
3,713 

6.17 
358 

2,355 
6.58 

3,298 28,880 8.76 
133 

1,045 
7.86 

2,675 
20,008 7.48 

724 4,785 
6.61 

181 
3,265 

18.04 
117 

1,019 

8.71 
231 

1,371 
5.94 

51 421 8.25 

1,180 7,189 
6.09 

1,814 13,243 
7.30 

710 7,200 
10.14 

68 999 14.69 
40 258 6.45 

72 

403 5.60 
155 

1,043 
6.73 

267 
2,663 

9.97 

53 

683 12.89 27 
375 13.89 
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Clerical 
employees 

(Divs.  5 Name  of  road  to  13) 

Elgin,  Joliet  &  Eastern  Ry    597 
Erie  R.  R.  (Incl.  Chicago  &  Erie)    2,767 

Florida  East  Coast  Ry    330 
Fort  Smith  &  Western  Ry    32 
Fort  Worth  &  Denver  City  Ry   .  226 
Fort  Worth  &  Rio  Grande  Ry.  Co    2 

Georgia  R.  R. — Lessee  Organization    174 
Georgia  &  Florida  R.  R    64 
Georgia  Southern  &  Florida  Ry    31 
Grand  Trunk  Western  R.  R    1,103 
Great  Northern  Ry    2,013 
Green  Bay  &  Western  R.  R    44 
Gulf  &  Ship  Island  R.  R    21 
Gulf,  Mobile  &  Northern  R.  R    300 

Illinois  Central  R.  R    3,585 
Illinois  Terminal  Co    223 
International-Great  Northern  R.  R    378 
International  Ry.  Co.  of  Maine    17 

Kansas  City  Southern  Ry    440 
Kansas,  Oklahoma  &  Gulf  Ry    3 

Lake  Superior  &  Ishpeming  R.R    33 
Lehigh  &  Hudson  River  Ry    35 
Lehigh  &  New  England  R.  R    144 
Lehigh  Valley  R.  R    1,511 
Long  Island  R.  R    297 
Louisiana  &  Arkansas  Ry    237 
Louisiana,  Arkansas  &  Texas  Ry    45 
Louisville  &  Nashville  R.  R    3,201 

Maine  Central  R.  R    204 
Midland  Valley  R.  R    73 
Minneapolis  &  St.  Louis  R.  R    403 
Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Ry    891 
Mississippi  Central  R.  R    36 
Missouri  &  Arkansas  Ry    34 
Missouri-Illinois  R.  R    11 
Missouri-Kansas-Texas  R.  R.  &  Controlled  Go's.  1,155 
Missouri  Pacific  R.  R    2 ,  581 
Mobile  &  Ohio  R.R    498 
Monongahela  Ry    58 
Montour  R.  R    37 

Nashville,  Chattanooga  &  St.  Louis  Ry    587 
Nevada  Northern  Ry    8 
New  Jersey  &  New  York  R.R    6 
New  Orleans  &  Northeastern  R.R    47 
New  Orleans,  Texas  &  Mexico  Ry    303 
New  York  Central  R.  R    11,927 
New  York,  Chicago  &  St.  Louis  R.R    1 ,  372 
New  York  Connecting  R.  R    1 
New  York,  New  Haven  &  Hartford  R.R    2 ,  856 
New  York,  Ontario  &  Western  Ry    244 

Ratio 
All  other all  other 
employees  to  clerical 

4,325 
7.24 

19,442 7.03 

2,101 
6.37 

246 7.69 

1,264 
5.59 

171 85.50 

1,267 

7.28 

575 8.98 
636 20.52 

6,046 
5.48 

15,892 
7.89 

482 
10.95 328 15.62 

1,757 
5.86 

24,164 6.74 

1,256 5.63 

3,423 
9.06 446 

26.24 

2,686 
6.10 

288 
96.00 

373 11.30 
264 7.54 960 

6.67 
11,429 

7.56 
5.424 18.26 

1,535 
6.48 

493 10.96 

22,472 
7.02 

2,833 

13.89 
404 

5.53 

2,703 
6.71 

6,379 

7.16 

296 8.22 425 12.50 

302 27.45 

7,072 
6.12 

21,712 8.41 

2,980 
5.98 670 

11.55 883 
10.35 

4,693 

7.99 

158 19.75 
170 28.33 798 16.98 
848 

2.80 

83,874 

7.03 

7,773 
5.67 49 

49.00 

17,549 6.14 

2,366 9.70 
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Clerical 
employees  Ratio 
(Divs.5      All  other     all  other 

Name  of  road  to  13)      employees  to  clerical 
New  York,  Susquehanna  &  Western  R.  R    32  662  20.  69 
Norfolk  &  Western  Ry    1,987  17,690  8.90 
Norfolk  Southern  R.  R    195  1,403  7.19 
Northern  Alabama  Ry                  174               
Northern  Pacific  Ry    2,173  15,481  7.12 
Northwestern  Pacific  R.  R._    84  1,028  12.24 

Oklahoma  City-Ada-Atoka  Ry    1  88  88.00 

Pennsylvania  R.  R    11,449  103,734  9.06 
Pennsylvania-Reading  Seashore  Lines    109  1,641  15.06 
Pere  Marquette  Ry    848  5,994  7.07 
Pittsburgh  &  Lake  Erie  R.  R    855  5,648  6.61 
Pittsburg  &  Shawmut  R.  R    20  219  10.95 
Pittsburgh  &  West  Virginia  Ry    86  764  8.88 
Pittsburg,  Shawmut  &  Northern  R.  R    47  423  9.  00 

Reading  Co    2,086  14,784  7.09 
Richmond,  Fredericksburg  &  Potomac  R.  R    353  2 ,  143  6.  07 
RutlandR.  R    155  1,173  7.57 

St.  Louis,  Brownsville  &  Mexico  Ry    81  1 , 369  16.  90 
St.  Louis-San  Francisco  Ry    1,476  12,417  8.41 
St.  Louis,  San  Francisco  &  Texas  Ry    54  575  10.  65 

St.  Louis  Southwestern  Ry.  &  affiliated  Go's    695  4,393  6.  32 
San  Antonio,  Uvalde  &  Gulf  R.  R    18  286  15.89 
Seaboard  Air  Line  Ry    1,353  11,676  8.63 
Southern  Ry    3,356  25,008  7.45 
Southern  Pacific  Go.— Pacific  Lines    5,254  37,190  7.08 
Spokane  International  Ry    23  209  9.09 
Spokane,  Portland  &  Seattle  Ry    273  1,691  6.19 
Staten  Island  Rapid  Transit  Ry    95  1,005  10.58 

Tennessee  Central  Ry    84  729  8.68 
Texas  &  New  Orleans  R.  R    1,780  11,872  6.67 
Texas  &  Pacific  Ry    834  6,450  7.73 
Texas  Mexican  Ry    50  431  8.62 
Toledo,  Peoria  &  Western  R.  R    102  531  5.21 

Union  Pacific  R.  R    3,543  30,453  8.60 
Utah  Ry    11  139  12.64 

Virginian  Ry    241  2,424  10.06 

Wabash  Ry    1,532  9,392  6.13 
Western  Maryland  Ry    473  3,615  7.64 
Western  Pacific  R.  R    440  3,504  7.96 
Western  Ry.  of  Alabama   .    185  734  3.97 
Wheeling  &  Lake  Erie  Ry    461  3,207  6.96 
Wichita  Falls  &  Southern    20  172  8.60 

Yazoo  &  Mississippi  Valley  R.  R    288  3,619  12.57 



750  Records    and    Accounts 

Supplement 

Exhibit  II 

REPORTS   FILED   WITH    FEDERAL   AND    STATE    GOVERNMENT 
DEPARTMENTS  BY  CLASS  I  RAILROADS  DURING  YEAR  1936 

Federal 

Interstate  Commerce  Commission 

Description  of  Report  Period  Form  No. 
Analysis  of  Passenger  Traffic   Monthly  None 

Treasury  Department 

Claim  for  Credit  on  Corporate  Income  Tax  Re- 
turn Paid  to  Foreign  Governments   Annual  1118 

Return  of  Ownership  Certificates  and  Income 
Tax  to  be  paid  at  Source  on  Interest   Monthly  1012 

Return  of  Income  Tax  to  be  paid  at  source — 
interest — Summary   Annual  1013 

Return  of  Tax  to  be  paid  at  source — dividends 
— Aliens   Annual  1042 

Employer's  Return  under  the  Carriers  Taxing 
Act  of  1937— Railroad  Retirement   Quarterly  C.  T.  I. 

Tax  on  sales  of  electrical  energy   Monthly  727 

Securities  and  Exchange  Commission 

For  companies  making  annual  reports  under 
Section  20  of  the  Interstate  Commerce  Act 
(copy  of  annual  report  to  I.C.C.  included  as 
an  exhibit)   Annual  12  K 

For  companies  in  receivership  or  bankruptcy 
making  annual  reports  under  Section  20  of 
the  Interstate  Commerce  Act  (copy  of  an- 

nual report  to  I.C.C.  included  as  an  exhibit) . . .  Annual  12  AK 
Application  for  registration  under  Section  12  of 

theS.E.  C.Act       12 
Application  for  registration  for  companies  in 

receivership  or  bankruptcy  under  Section  12 
of  the  S.  E.  C.  Act       12  A 

Current  report  filed  on  or  before  the  10th  of 
the  month  following  the  occurrence  of  cer- 

tain events  in  the  corporate  experience   As  Occur  8  K 
Application  for  registration  of  new  issues  of  se- 

curities under  the  Truth  and  Securities  Act 
of  1933   As  Occur  A-1,   A-2,   E-1   as 

applicable 
Note:  Copies  of  these  reports  are  filed  with  the  Stock  Exchange  on  which  se- 

curities are  listed. 

STATE 

Alabama 

Luxury  Tax   Monthly  Ltl 
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STATE   (continued) 

California 

Description  of  Report  Period 

Contribution  Report   Monthly- 
Bank  and  Corporation  Franchise  Tax  Return  ..Annual 

Form  No. 
CURC  3 105 

Contribution  Report, 

District  op  Columbia 

  Monthly 

Florida 

Contribution  Report     Monthly None 

Georgia 

Contribution  Report   Monthly 
UC4 

Illinois 

Sales  Tax  Return   Monthly 
Contribution  Reports   Monthly 
Franchise  Tax  Annual  Report   .   Annual 
Monthly  Interlocking  Report  to  Illinois  Com- 

merce Commission   Monthly 
To  the  Illinois  Department  of  Labor — Division 

of  Statistics  and  Research.  Two  nionthly 
reports  of  payroll  information  covering  one 
payroll  period  nearest  the  15th  of  each 
month,  showing  separately  for  male  and  fe- 

male employees,  the  following  information — 
number  of  employees,  hours  of  service  and 
compensation  for  "Car  and  Locomotive  Re- 

pair Department"  No,  18-0520-62,  and  the 
same  information  for  "All  Other  Employ- 

ees" No.  99-0200-62   Monthly 

FR  1-A None 
None 

U-38 

DSR-1 

Indiana 

Withholding  Agents  Return  of  Taxes   
Information  Returns   
Non-resident  Employment  Summary   
Non-resident  Employment  List   
Quarterly  Pay  Roll  Summary   
Quarterly  Pay  Roll  List   
Bi-monthly  Report  of  Interlocking  Examination 

ISA 
19A 
21 
22 

UC  5 
UC6 

Iowa 

Contribution  Reports   Monthly lUCC  20 

Kentucky 

License  Tax  on  Corporations   Annua 
Franchise  Tax  Return   Annual 

CORPl 

836 
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STATE   (continued) 

Louisiana 

Description  of  Report  Period  Form  No. 
Annual  Report    Annual  A 
Annual  Report   Annual  E 

Massachusetts 

Information  return — Salaries   Annual  6A 
Information  return — Interest   Annual  7A 
Information  return — Dividends   Annual  1 0 
Information  return — Summary   Annual  6  and  7 Department  of  Corporation  and  Taxation : 

Earnings  of  individuals  in  excess  of  $2,000 
per  year   Annual  6A 

Return  of  Tax  on  Gasoline   Monthly  GT-9 Unemployment  Compensation  Commission: 
Earnings  of  individual  employees  subject  to 

employee  contribution   Quarterly  B-1 
Payment  covering  employer  and  employee 

contribution   Monthly  X-1-1937 

Ohio 

Record  of  Resident  Stockholders   Annual  939 Intrastate  Gross  Earnings   Annual  16 

Tennessee 

Excise  Tax   Annual  ET  2 
Gross  Receipts  Tax   Annual  PTO 
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Babib  Htlliam  ̂ mtti) 

David  William  Smith,  a  member  of  Committee  XI — Records  and  Accounts  for  many 
years,  died  suddenly  March  19,  1937,  immediately  after  having  attended  the  Convention. 
Mr.  Smith  was  Valuation  Engineer  of  the  Hocking  Valley  Railway  and  later  was  Valuation 
Engineer  of  the  Chesapeake  &  Ohio  Railway.  He  became  a  member  of  the  Committee 

in  1932  and  was  active  in  serving  the  Committee  and  contributed  very  much  to  its  work. 
His  loss  is  very  deeply  felt  by  his  associates  on  the  Committee  and  elsewhere. 

I^arcp  ILzt  Crumpecfecr 

Harry  Lee  Crumpecker,  a  member  of  the  Committee  on  Records  and  Accounts  for 

the  last  two  years,  and  Statistical  Engineer  of  the  Norfolk  &  Western  Railway,  died  sud- 
denly in  his  home  at  Roanoke,  Virginia,  on  September  4,  1937.  He  was  very  interested 

and  active  in  committee  work  and  was  untiring  in  forwarding  the  work  in  every  way 
possible.  His  devotion  to  the  committee  work  had  won  the  esteem  and  respect  of  his 
associates,  who  feel  his  loss  very  deeply. 

Jfranfe  3J.  i^cbing 

Frank  J.  Nevins,  a  member  of  the  Committee  on  Records  and  Accounts  for  the  last 

several  years  and  Valuation  Engineer  of  the  Chicago,  Rock  Island  &  Pacific  Railway, 
died  on  January  10,  1938.  Being  in  valuation  work  for  many  years,  Mr.  Nevins  was 
associated  with  most  members  of  the  Committee  since  the  inception  of  valuation  work. 

His  long  and  diversified  experience  and  his  willingness  to  give  the  benefit  of  that  experi- 
ence to  members  of  the  Committee  was  unusual.  As  a  veteran  in  this  work,  his  help 

and  advice  was  a  distinct  contribution  to  the  work  of  the  Committee  even  before  he 

joined  it.  His  good  nature,  ready  wit,  and  pleasing  personality  will  long  be  remembered 
by  his  associates,  who  feel  in  his  passing  a  very  deep  loss. 
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NET  SECTION  OF  RIVETED  TENSION  MEMBERS 

By 

O.  E.  Selby 

It  seems  that  some  uncertainty  exists  as  to  the  meaning  and  method  of  application 

of  the  rule  for  obtaining  the  net  section  of  riveted  tension  members  set  forth  in  Section 

409  of  the  Specifications  for  Steel  Railway  Bridges,  1935.  It  is  the  purpose  of  this  paper 
to  give  briefly  the  history  and  origin  of  the  rule,  to  make  its  meaning  plain  by  an  example 

and  a  few  precautionary  comments,  and  to  present  a  table  that  will  facilitate  its  use. 

The  section  referred  to  is; 

"409.  The  net  section  of  a  riveted  tension  member  is  the  sum  of  the  net  sec- 
tions of  its  component  parts.  The  net  section  of  a  part  is  the  product  of  the 

thickness  of  the  part  multiplied  by  its  least  net  width. 

"The  net  width  for  any  chain  of  holes  extending  progressively  across  the  part 
shall  be  obtained  by  deducting  from  the  gross  width  the  sum  of  the  diameters  of 
all  the  holes  in  the  chain  and  adding,  for  each  gage  space  in  the  chain,  the  quantity 

^=r  pitch  of  any  two  successive  holes  in  the  chain. 
g  =  gage  of  the  same  holes. 

"The  net  section  of  the  part  is  obtained  from  that  chain  which  gives  the  least 
net  width. 

"For  angles,  the  gross  width  shall  be  the  sum  of  the  widths  of  the  legs  less  the 
thickness.  The  gage  for  holes  in  opposite  legs  shall  be  the  sum  of  the  gages  from 
back  of  angle  less  the  thickness. 

"For  splice  members,  the  thickness  shall  be  only  that  part  of  the  thickness  of 
the  member  which  has  been  developed  by  rivets  beyond  the  section  considered. 

"The  diameter  of  the  hole  shall  be  taken  as  ̂   inch  greater  than  the  nominal 
diameter  of  the  rivet." 

The  background  of  the  rule  is  a  formula  by  Victor  H.  Cochrane,  published  in  "Engi- 
neering News",  April  23,  1908.  A  diagram  of  the  Cochrane  formula,  modified  by  T.  A. 

Smith,  was  published  in  "Engineering  News",  May  6,  1915.  This  modified  formula  is 
known  as  the  Cochrane-Smith  formula.  It  has  been  confirmed  abundantly  by  tests, 

but  its  complexity  has  been  a  deterrent  to  its  use  in  practice.  Diagrams  or  charts  based 

on  it,  involving,  as  they  do,  a  separate  chart  for  each  size  of  rivet,  proved  cumbersome 
and  introduced  liability  of  error  due  to  reading  the  wrong  one  of  several  charts  of 
similar  appearance. 

Mr.  Cochrane  developed  a  simplified  formula  that  gives,  for  the  usual  relations  of 

pitch  and  gage,  approximately  the  same  results  as  the  Cochrane-Smith  formula.  It  was 

published  in  "Engineering  News-Record",  November  16,  1922,  and  is: 

I,        ̂  
w^^  h   

4g 

wt=the  
width,  

in  inches,  
of  a  strip  

to  be  deducted  

from  
a  transverse  

section  
through one  hole  because  of  the  weakening  effect  of  a  staggered  hole. 

h  =z  the  diameter  of  the  hole. 
j=:the  stagger  or  pitch,  in  inches. 
g  =  the  gage  distance  between  the  holes,  in  inches. 
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756   Net   Section    of    Riveted    Tension    Members   

It  involves  computing,  for  each  gage  space  in  the  chain  of  holes  tested,  a  deduction 
from  the  gross  width  and  summing  these  deductions  to  obtain  the  net  width.  The  rule 

in  Section  409  gives  the  same  results  with  simpler  arithmetical  work.  It  is  obtained 
from  the  Cochrane  1922  formula  above,  as  follows: 

If  W  =:  the  gross  width,  and  iv  the  width  to  be  deducted  for  one  hole, 

the  net  width  =zW —  'S,w  =  W —  ̂ {h——} ^      4f 

The  language  
of  the  rule  in  Section  409  requires  deducting  

from  the  gross  width  iW) 

the  sum  of  the  diameters  
of  all  the  holes  in  the  chain  (SA)  and  adding  the  quantity  — 

for  each  gage  space  in  the  chain  ( S  — ) .    The  diameter  
of  the  hole  is  deducted  

once 

for  all  and  does  not  appear  in  the  formula.  The  quantityr—  may  be  read  from  a  table. 
Only  one  table  is  needed. 

Such  a  table  is  a  part  of  this  paper.    It  gives  to  the  nearest  one-hundredth  of  an 

inch  the  values  of  the  quantity  —  for  pitches  from  %  inch  to  7  inches,  and  for  gage 

spaces  from  lYz  io  9  inches,  varying  by  J^  inch  intervals. 

In  the  use  of  this  table  two  things  should  be  borne  in  mind.  One  is  that  the  quan- 
tities dealt  with  are  decimals  of  an  inch  in  width  of  the  part,  and  not  proportions  or 

percentages  of  the  diameter  of  the  hole.    The  other  is  that  in  no  case  should  a  value  of 

J— exceeding  the  diameter  of  the  hole  be  used.  In  such  a  case  the  value  to  be  used  is 
the  diameter  of  the  hole.  For  that  reason  no  values  much  exceeding  1.375  are  given  in 
the  table.    The  table  then  has  a  capacity  for  work  with  1J4  inch  rivets.    For  the  more 

usual  ̂   inch  rivets,  1.00  is  the  limiting  value  of -7—. 

A  literal  application  of  the  first  sentence,  providing  that  the  net  section  of  the  mem- 
ber is  the  sum  of  the  net  sections  of  its  parts,  would  penalize  a  member  in  which  the 

critical  chains  of  holes  in  two  parts  in  contact  happen  to  be  widely  separated.  The 

criterion  is  that  the  chains  of  holes  giving  the  least  net  width  in  two  parts  in  contact 
must  not  be  separated  at  the  closest  point  by  more  than  one  rivet  space. 

In  Fig.  1  and  the  table  following  it  is  given  the  detailed  computation  of  the  net 
width  for  an  assumed  arrangement  of  holes  in  a  plate  24  inches  wide.  The  path  of 

fracture  (chain  of  holes)  a-b-c-d-e-f-g,  indicated  by  solid  lines  is  shown  by  the  com- 
putation to  give  the  least  net  width.  Other  possible  paths  of  fracture  (chains  of  holes) 

tested  in  the  computation  are  indicated  partly  by  broken  lines  and  partly  by  solid  lines. 

The  paths  tested  are  described  in  the  columns  headed  "Chain". 

For  illustration,  the  computations  of  net  width  are  tabulated  for  practically  all 
possible  paths  of  fracture,  but  in  any  actual  design  the  arrangement  of  holes  would  be 

less  irregular  and,  furthermore,  many  paths  would  be  eliminated  by  inspection. 
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The  requirement  that  the  chain  of  holes  shall  extend  "progressively  across  the  part" 
was  intended  to  preclude  consideration  of  freak  paths  that  manifestly  could  not  be 
paths  of  fracture  but  which,  except  for  that  restriction,  might  give  a  false  indication 
of  the  least  net  width. 

One  question  that  has  been  raised  about  this  rule  relates  to  its  use  in  the  computa- 
tion of  the  net  moment  of  inertia  of  riveted  girders.  Section  426  requires  that  girders 

be  proportioned  by  the  moment-of-inertia  method  but  gives  no  method  of  determininc; 
the  net  moment  of  inertia  or  of  selecting  the  path  that  will  give  the  greatest  deduction 

from  the  gross.  It  is  true  that  Section  409  does  not  purport  to  give  anything  but  the 
net  section  of  riveted  tension  members,  and  that  the  same  difficulty  would  arise  with 

any  of  the  methods  considered  alternatively  for  this  purpose,  but  it  is  reasonable  to 

expect  that  any  method  for  determining  net  section  shall  be  applicable  to  members  subject 
to  bending  as  well  as  those  subject  to  axial  tension. 

Section  409  can  be  applied  to  a  member  subject  to  bending  by  taking  into  account 

the  moments  of  inertia  of  the  holes  deducted  and  comprehended  in  the  term  "^  h  as  well 
as  of  the  amounts  restored  and  comprehended  in  the  term   3]  —  •     Each  of  the  amounts 

-^must  be  allocated  one-half  to  each  of  the  holes  from  the  relations  of  which  it  is 4g 

obtained.     Each  part  is  treated  by  itself.     The  least   net  moment  of  inertia  of  a  part 

would  not  necessarily  be  found  in  the  same  path  as  the  least  net  width,  but  several 
paths  must  be  tested. 

Pitches 

FIG.l 
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COMPUTATION   OF  NET  WIDTH  Cf'gi) 
Net  width  =  Gross  width -rh+ X-|g- 

Gross  width  =24    h=l 

Chain 
Pitch 
S 

Gaqe 

32 

4q 
Net 

Width Chain 
Pitch 
S 

Gaqe 

q 
^1 

4g 

Ilk 
Net 

width a-b 3 4 .56 

2.64 

24.00 

-7.00 

1700 
+  2.64 

19.64 

o-b  . 3 4 
.56 

2.97 

24.00 

-7  00 

17.00 
+  Z97 

1997 

b-c 0 3 
.00 b-x 
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punter  iHclBonalti 
A  MEMOIR 

June  12,  1860  August  24,  1937 

Hunter  McDonald,  retired  Chief  Engineer  of  the  Nashville,  Chattanooga  &  St.  Louis 
Railway  Company,  died  August  24,  1937. 

Mr.  McDonald,  the  son  of  Angus  W.  and  Cornelia  (Peake)  McDonald,  was  bom  at 

Winchester,  Virginia,  June  12,  1860,  being  the  youngest  son  and  next  to  the  youngest 
child  of  a  family  of  eighteen  children.  He  was  married  in  1893,  in  Columbia,  Tenn.,  to 

Miss  Mary  Eloise  Gordon,  who,  with  one  son  Hunter  McDonald,  Jr.  survives. 

He  received  his  education  at  Louisville,  Rugby  School,  and  Washington  and  Lee 

University,  began  his  professional  career  in  August,  1879  as  an  Assistant  Engineer  with 

the  Louisville  and  Nashville  Railroad,  where  he  remained  untU  December,  1879,  when 

he  began  service  in  the  same  capacity  with  the  Nashville,  Chattanooga  &  St.  Louis  Rail- 
way. He  served  in  various  positions  with  that  Company  until  in  November,  1892  he 

was  appointed  Chief  Engineer,  which  position  he  held  until  his  retirement  in  1931. 

Mr.  McDonald  became  a  Junior  Member  of  the  American  Society  of  Civil  Engineers 
in  1883  and  a  Member  in  1888.  He  served  as  one  of  its  Directors  from  1903  to  1905, 

was  elected  Vice-President  in  1910  and  President  in  1914. 

He  was  a  Charter  Member  (No.  11)  of  the  American  Railway  Engineering  Asso- 

ciation, and  a  member  of  its  first  Board  of  Direction.  He  was  elected  Second  Vice- 

President  in  1900,  and  again  in  1902,  from  1901  to  1902  he  served  as  First  Vice-President, 
and  in  1903  he  was  elected  President,  in  which  capacity  he  served  for  2  years.  He  was 
a  member  of  the  Rail  and  other  Committees  for  many  years.  He  was  elected  to  Honorary 

Membership  in  July,  1931. 

Mr.  McDonald  was  a  great  believer  in  the  effectiveness  of  organized  action  and  the 

need  for  personal  contact  between  members  of  his  profession.  In  1889  he  was  one  of  a 

small  group  who  launched  The  Engineering  Association  of  the  South  and  became  one  of 
its  first  Presidents.  In  1916  this  Association  was  disbanded  to  form  into  local  groups, 

one  of  which  was  the  Engineering  Association  of  Nashville,  and  as  evidence  of  his  interest 

and  capability  he  was  elected  its  first  President.  As  a  member  of  this  organization  he 
rendered  highly  valued  services  to  the  City  in  its  water  supply,  the  reproduction  of  the 

Parthenon,  city  planning,  and  other  municipal  problems  of  an  engineering  nature. 

His  professional  work  was  confined  chiefly  to  railway  construction  and  maintenance. 
The  high  standards  developed  and  maintained  by  him  on  the  Nashville,  Chattanooga  & 

St.  Louis  Railway  and  its  leased  lines  (railways  which  are  maintained  and  operated  in' 
fast  freight  and  passenger  service  under  the  handicap  of  steep  grades  and  numerous  sharp 
curves)  are  definite  evidence  of  his  ability  as  an  Engineer  and  of  his  sense  of  duty  to 
those  who  use  the  service  of  the  NC&StL— The  Dixie  Line.  These  high  standards  were 

gained  and  kept  without  undue  expenditure  of  moneys.  Every  feature  of  construction 

and  maintenance  in  connection  with  his  work  received  his  personal  attention.  The  rail- 

way which  Mr.  McDonald  so  long,  so  ably,  and  so  faithfully  served  is  a  real  monument 

to  his  ability  as  an  Engineer,  and  as  an  Administrator. 

Frank  and  fearless  in  leadership,  impeccable  in  character,  and  with  a  delightful  per- 
sonality, his  friendships  were  true  and  steadfast.  By  his  constant  interest  and  unselfish 

service  in  the  work  of  this  Association  he  held  the  respect  and  friendship  of  his  associates. 

This  Memou-  is  dedicated  to  the  honor  of  this  capable  and  esteemed  member  of  the 

American  Railway  Engineering  Association  as  a  record  of  the  great  loss  which  it  has 
sustained. 
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DISCUSSION  ON  STANDARDIZATION 

(For  Report,  see  pp.  65-68") 

Chairman  E.  M.  Hastings  (Richmond,  Fredericksburg  &  Potomac) :— The  Committee 
on  Standardization  has  nothing  to  offer  for  inclusion  in  the  Manual.  It  presents  a  brief 

report  of  the  activities  of  your  Association  during  the  past  year,  putting  forward  those 

things  for  standardization  which  should  go  forward,  and  presenting  an  account  of  the 
activities  of  the  American  Standards  Association  and  the  Canadian  Engineering  Standards 
Association.     You  will  find  the  report  on  page  65  and  the  three  pages  following. 

Your  committee  does  not  attempt  this  year  to  print  again  the  several  tabulations 

which  appeared  last  year.  There  have  not  been  sufficient  changes  in  the  past  year  to 
justify  the  revision  of  those  tabulations.  There  are  some  corrections  that  will  be  made 
before  this  report  is  included  in  the  Proceedings.  The  corrections  are  in  the  personnel 

of  the  representatives  of  the  American  Railway  Engineering  Association  that  are  serving 

on  committees  of  the  American  Standards  Association  and  in  the  co-operative  members 
that  are  working  with  the  American  Society  for  Testing  Materials. 

Before  I  complete  the  presentation  of  this  report,  may  I  be  permitted  again  to  ask 
you  to  use  the  volume  known  as  the  Manual  of  this  Association  for  the  purpose  for 

which  you  have  it,  and  that  is  to  consider  and  use,  in  so  far  as  possible  on  your  own 
railroad,  its  recommended  practices. 

When  we  speak  of  standardization,  we  do  not  always  mean  it  as  many  people  think 

of  standardization — something  that  is  compulsory,  something  that  you  must  adhere  to, 
but  as  the  recommended  practices  of  this  Association.  They  are  the  result  of  hours  of 
study  by  men  who  have  grounded  themselves  in  the  work  which  they  are  doing  and  who 

give  most  profound  thought  and  take  part  in  prolonged  discussions  before  their  conclu- 
sions are  reached.     These  recommended  practices  are  worthy  of  adoption. 

This  morning  we  heard  Mr.  Symes  speak  of  the  necessity  for  economies.  Many  of 

us,  within  recent  days,  have  again  passed  through  the  severe  trial  of  having  to  make 

rigid  economies,  and  put  in  force  things  which  tear  at  the  very  heart  strings  of  men  in 

charge  of  the  maintenance  of  our  railway  properties.  Economy  for  the  railways  cer- 
tainly hes  in  one  direction,  in  the  use  of  the  recommended  practices  of  this  Association. 

Let  us  use  the  Manual  of  this  Association,  which  contains  all  of  its  recommended  prac- 
tices, and  we  will  be  approaching  that  which  we  refer  to  as  standardization. 

The  report  is  presented  to  the  Association  as  information. 

President  Irwin: — This  is  a  very  important  committee,  being  composed  of  the  chair- 
men of  all  committees,  with  some  additional  representatives,  and  it  maintains  contact 

between  the  committees  with  reference  to  practices  and  also  has  very  important  contacts 
with  outside  industries  and  the  American  Standards  Association. 

It  is  a  continuing  committee,  with  continuing  subjects.  It  has  carried  on  its  work 

very  well  through  the  year,  with  nothing  very  special  of  interest  to  be  added,  but  keeping 
us  informed  as  to  the  progress  in  standardization  work. 

The  committee  is  discharged  with  the  thanks  of  the  Association.     (Applause) 

DISCUSSION  ON  SIGNALS  AND  INTERLOCKING 

(For  Report,  see  pp.  73-76) 

(Vice-President  F.  E.  Morrow  in  the  Chair.) 

Chairman  C.  H.  Tillett  (Canadian  National) : — The  substance  of  this  report  was  com- 
piled by  Mr.  W.  M.  Post,  signal  engineer  of  the  Pennsylvania  Railroad,  chairman  of  the 

subcommittee,  who  will  present  the  subject  matter  to  you. 
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Mr.  W.  M.  Post  (Pennsylvania) : — On  page  73  you  will  find  the  report  on  our  first 
assignment,  Developments  in  Railway  Signaling,  Appendix  A.  We  are  reporting  on  a 

new  kind  of  interlocking  known  as  "Route  Interlocking."  In  this  interlocking  the  machine 
is  really  built  into  a  diagram  or  picture  of  the  track  layout,  with  buttons  at  each  end  of 

the  interlocking  about  where  the  signals  are  located.  Let  us  assume  a  double-track  rail- 
road with  a  crossover  between  the  main  tracks  and  a  connection  leading  to  a  siding.  It 

is  desired  to  make  a  train  movement  from  one  of  the  main  tracks  over  the  crossover 

and  into  the  siding;  a  button  would  be  pushed  on  the  main  track  at  the  entering  signal 

and  then  another  button  would  be  pushed  at  the  leaving  end  on  the  siding.  The  cross- 
over switches  and  switch  to  the  siding  will  be  moved  and  locked.  After  the  movement 

of  the  switches  is  completed,  the  proper  signal  on  the  main  track  will  be  automatically 

displayed  for  the  train  to  move.  When  the  train  moves  by  the  signal,  it  will  go  to  the 

stop  position,  and  after  the  train  has  moved  into  the  siding,  the  switches  are  released 
for  further  movement. 

If  the  next  movement  is  on  the  main  track,  a  button  would  be  pushed  near  the 

entering  signal  and  another  button  at  the  leaving  end  of  the  interlocking  would  be  pushed 

on  the  main  track,  and  the  switches  would  be  moved  back  to  the  normal  position  and  the 
signal  displayed  so  the  train  could  move. 

Light  indicators  will  provide  the  necessary  information  regarding  the  position  of 
switches,  the  clearing  and  automatic  restoration  of  signals,  and  the  occupancy  of  tracks 

by  trains.  All  the  safety  features,  such  as  approach,  route  and  section  locking,  semi- 
automatic control  of  signals  and  protection  against  setting  up  conflicting  routes,  are 

provided. 

Two  manufacturers  provide  these  interlockings.  The  General  Railway  Signal  Com- 

pany's Interlocking  is  known  as  "NX"  Interlocking,  meaning  Entrance  and  Exit,  and  the 

Union  Switch  &  Signal  Company's  Interlocking  is  known  as  "UR"  Interlocking,  meaning 
Union  Route. 

Two  route  interlockings  have  been  installed.  There  is  one  in  England,  the  materials 

for  which  were  manufactured  in  this  country.  Another  one  is  mstalled  at  Girard  Junction 

where  the  Pennsylvania  joins  the  New  York  Central  at  North  Girard,  Ohio.  This  was 
installed  by  the  New  York  Central. 

There  is  another  route  interlocking  under  construction  in  Chicago.  At  the  San  Fran- 
cisco^Oakland  Bay  Bridge  two  plants  are  under  construction,  one  at  San  Francisco,  and 
another  at  Oakland.  At  Elizabethport,  N.  J.,  a  route  interlocking  is  being  installed  by 
the  Central  Railroad  of  New  Jersey. 

Our  next  assignment.  The  Principal  Current  Activities  of  the  Signal  section,  AAR, 

by  Synopsis,  Supplemented  with  a  List  and  References  by  Number  of  Adopted  Specifica- 
tions, Designs  and  Principles  of  Signaling  Practice,  is  found  on  page  74  under  Appendix  B. 

In  this  we  have  given  our  usual  list  of  current  activities  of  the  Signal  section,  together 

with  specifications  revised,  drawings  revised,  requisites  revised,  revised  miscellaneous  mat- 
ter, new  specifications,  new  drawings,  and  so  forth.  These  are  found  on  pages  74,  75 

and  76. 

There  are  a  few  items  on  which  I  would  like  to  comment,  on  pages  74  and  75  under 

Current  Activities  of  the  Signal  section. 

First,  there  is  (1),  Costs  Involved  in  Stopping  Trains.  Last  year  the  attention  of  the 
Association  was  called  to  a  study  to  determine  the  cost  of  stopping  electric  trains  by 

measuring  the  kilowatt-hours  used  in  accelerating  from  stop  to  various  speeds,  both 
passenger  and  freight  trains,  on  several  electrified  roads.  We  stated  that  the  actual 

energy  consumed  in  bringing  a  train  from  stop  to  certain  speeds,  represented  the  approxi- 
mate amount  of  energy  dissipated  in  bringing  a  train  from  these  speeds  to  stop. 
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It  was  determined  that  the  cost  of  the  energy  per  stop  for  a  2,500-ton  train  at  20 
miles  per  hour,  with  an  electric  locomotive,  was  about  $1.44,  and  with  a  steam  locomotive, 

$1.59.  The  formula  developed  showed  only  kilowatt-hours  or  pounds  of  coal  lost  due 
to  the  dissipation  of  the  kinetic  energy  stored  in  the  train.  The  Signal  section,  this  year, 

directed  its  attention  to  other  fuel-consuming  factors. 
It  was  found  that  the  power  output  required  to  haul,  accelerate  and  retard  any  train, 

in  terms  of  horse-power-hours  of  work,  developed  at  the  driving  axles  of  the  locomotive, 
may  be  calculated,  and  the  report  has  set  up  formulas  and  designed  forms  to  handle  the 
appUcation  of  the  calculations  required  by  the  formulas. 

In  the  report,  consideration  was  given  to  the  foot-pounds  of  work,  that  is,  kinetic 
energy,  stored  in  any  train  at  any  speed,  if  not  expended  in  doing  work,  in  moving  a 
train  after  the  potential  energy  is  cut  off,  must  be  dissipated  by  the  brakes,  which  entails 

brake-shoe  wear.  The  report  contains  tentative  calculations  of  brake-shoe  wear  costs 
which  are  subject  to  further  revision  after  further  study. 

After  developing  the  formulas  to  be  used,  an  ercamplc  v/cs  given  of  a  12,000-ton 
train,  at  30  miles  per  hour,  with  brakes  applied  to  stop  the  train.  The  answer  was  that 

the  cost  of  brake-shoe  wear  per  stop  for  this  particular  kind  of  train  was  16  cents. 
Under  (3),  Operation  with  Reduced  Number  of  Main  Tracks,  the  report  is  a  study, 

made  on  the  Chicago,  Milwaukee,  St.  Paul  &  Pacific,  where  209  miles  of  double  track  was 

converted  to  single  track  in  465  miles  of  territory.  The  cash  expenditure  was  $227,743, 

with  a  reduction  in  capital  account  of  $3,251,330,  showing  a  profit  and  loss  expenditure  of 

$2,454,161,  with  credit  for  salvage  material  of  $943,206,  or  a  net  credit  of  $715,463.  This 
resulted  in  decreased  track  and  signal  maintenance  of  $187,351  per  year,  and  an  increased 

cost  of  transportation  of  $11,357  per  year.  The  return  on  the  investment  showed  a  net 

saving  of  $175,994  per  year  for  a  cash  expenditure  of  $227,743,  or  77  per  cent  of  the 
investment.  Of  course,  a  saving  of  this  kind  can  only  be  made  where  traffic  has  decreased 

to  such  an  extent  that  operation  of  double  track  is  no  longer  justified. 
Under  (4),  Cost  of  Maintenance  and  Operation  of  Centralized  Traffic  Control  and 

Automatic  Block  Signals,  the  report  gives  the  cost  of  maintenance  and  operation  of  five 
CTC  and  three  Automatic  Block  Signal  installations.  The  annual  cost  of  maintenance 

and  operation,  excluding  wages  and  supplies  of  men  operating  control  machines,  varies 

from  $224  to  $355  per  road  mile  for  CTC  and  from  $159  to  $205  per  road  mile  for 
automatic  block. 

The  report  on  (5),  Economic  Advantages  of  Slide  Detector  Fences,  gives  a  descrip- 
tion, the  cost  and  the  results  of  slide  detector  fences  on  several  railroads.  In  some  cases 

there  has  been  a  saving  by  the  elimination  of  watchmen's  services. 
Under  (9),  Freight  Train  Saving  Where  Trains  Are  Operated  by  Signal  Indication, 

the  report  shows,  in  tabular  form,  certain  results  from  19  CTC  installations  by  compari- 
son with  performance  before  CTC  was  installed.  The  average  time  saved,  per  freight 

train,  varies  from  9  min.  to  72  min.  per  trip,  which  averages  from  11  to  50  percent  of  the 
time  consumed  per  trip  before  CTC  was  installed. 

Subject  (10),  Economic  Relation  Between  Signals,  Track  Arrangement,  Motive 
Power,  and  Method  of  Operation,  is  covered  in  a  paper  by  B.  J.  Schwendt,  chairman  of 

the  Signal  section,  and  is  an  analysis  of  the  economic  value  of  signaling,  covering  a  period 
of  study  extending  over  several  years.  It  is  well  worth  reading  for  any  who  are 
interested  in  the  subject. 

The  report  on  (14),  Protection  Against  Lightning,  gives  further  information  about 

the  lightning  protection  installed  on  the  6,600-volt  signal  line  on  the  Pennsylvania  in  very 
severe  lightning  territory,  which  was  called  to  the  attention  of  the  Association  last  year. 

The  results,  after  another  year  in  service,  during  which  there  were  about  thirty  severe 
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lightning  storms,  have  been  very  satisfactory  as  romparrd  with  the  damage  to  the  signal 
system  before  this  protection  was  installoci. 

Attention  was  called  in  this  report  to  the  necessity  of  providing  an  effective  path  for 

lightning  from  the  arresters  to  the  ground  of  such  capacity  that  the  apparatus  will  not 

be  damaged  by  the  use  of  such  paths.  It  is  important  that  there  be  sufficient  separation 

of  other  circuits  from  the  assigned  lightning  path  so  that  fiashovers  do  not  occur  between 
the  lightning  path  and  other  circuits. 

On  page  75  is  subject  (29),  the  report  on  Signaling  for  Increased  Train  Speeds.  Last 
year  the  attention  of  the  Association  was  called  to  a  report  on  the  same  subject,  in  which 
it  was  stated  that  there  are  several  methods  for  increasing  the  approach  warning  distance 

for  stop  signals,  with  the  advent  of  higher  speeds  and  heavier  trains.  One  method  entails 

respacing  or  relocating  of  the  automatic  signals;  another  takes  out  every  other  signal; 
another  is  to  increase  the  number  of  warning  signals  when  the  signal  ahead  is  at  stop. 

In  this  report  there  is  a  further  elaboration  of  these  methods.  It  is  worth  while  reading 
for  those  who  are  interested. 

That  completes  the  subcommittee's  report. 
Chairman  Tillett:— Mr.  President,  that  concludes  the  report  of  the  committee. 

Vice-President  Morrow: — The  Association  is  deeply  appreciative  of  this  valuable  in- 
formation and  report.  The  committee  is  excused  with  the  thanks  of  the  Association. 

(Applause) 

DISCUSSION  ON  BUILDINGS 

(For  Report,  see  pp.  77-94) 

(Vice-President  F.  E.  Morrow  in  the  Chair.) 

Chairman  O.  G.  Wilbur  (Baltimore  &  Ohio): — The  committee  desires  to  report 

progress  on  the  following  subjects:  (1)  Revision  of  Manual;  (2)  Preparation  of  specifi- 
cations for  railway  buildings;  (4)  Maintenance  of  wearing  surfaces  of  platforms  and 

floors  in  railway  buildings;  (S)  Air-conditioning  of  buildings:  (a)  For  use  by  passengers 

and  employees;  (b)  For  storage  and  treatment  of  fruit  and  produce;  (6)  Type  of  foun- 
dation best  suited  for  railway  buildings;  (9)  Outline  of  work  for  ensuing  year. 

(3)  Insulation  of  railway  buildings,  this  report  will  be  presented  by  Mr.  William  T. 
Dorrance  in  the  absence  of  Mr.  A.  C.  Copland,  the  chairman  of  the  subcommittee. 

Mr.  William  T.  Dorrance  (New  York,  New  Haven  &  Hartford) : — The  report  of  this 
subcommittee  appears  as  Appendix  A  on  page  78.  The  report  sets  forth  the  purposes  for 
which  thermal  insulation  is  applied  to  building  walls,  roofs  and  floors,  as  follows: 

(1)  For  comfort;  (2)  to  reduce  fuel  consumption,  permitting  smaller  heating  plant 

and,  consequently  less  initial  cost;  (3)  prevention  of  condensation;  (4)  protection  of 
refrigerators  and  cold  storage  rooms. 

On  page  79  the  principal  types  of  building  insulants  and  methods  of  application  of 
these  types  are  described. 

(a)  Rigid  insulation  is  formed  by  compressing  granulated  cork,  shredded  wood, 

cane  or  other  fibres,  matted  and  interlaced,  into  sheets  of  convenient  sizes  and  of  various 

thicknesses.  These  units  have  structural  qualities,  and  some,  when  used  for  intermediate 

non-bearing  partitions,  are  self-supporting. 
(b)  The  flexible  type  is  composed  of  felted  masses  of  fibres,  some  being  enclosed  in 

a  fabric  envelope. 

(c)  Fill  insulants  are  granulated,  shredded  or  powdered  materials  made  principally 
from  minerals. 
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(d)  Reflective  metallic  insulants  consist  of  highly  polished  thin  sheets  of  metal  which 
depend  on  the  reflecting  of  radiated  heat  for  their  insulating  value. 

The  application  of  insulation  to  railway  buildings  is  covered  in  paragraphs  4  and  5 

on  pages  80  and  81  and  these,  although  quite  brief,  are  much  to  the  point. 

This  report  is  offered  merely  as  information  and  for  printing  in  the  Proceedings. 
(Applause) 

Vice  President  Morrow: — It  will  be  so  received. 

Chairman  Wilbur: — Subject  (7),  Study  of  Improved  Wearing  Surface  for  Platforms: 
This  report  will  be  presented  by  Mr.  H.  M.  Church,  chairman  of  this  subcommittee. 

.Mr.  H.  M.  Church  (Chesapeake  &  Ohio): — The  report  of  subcommittee  7  is  found 
nn  page  81,  Appendix  B,  Study  of  Improved  Wearing  Surface  for  Platforms.  Although 

we  have  heretofore  indicated  a  recommendation  for  the  Manual,  it  was  thought  desir- 
able to  have  this  subject  given  further  consideration  and  study  throughout  the  year 

under  the  various  subjects  of  Wood,  Brick,  Concrete,  Bituminous,  Wood  Blocks  and 
Steel  and  Iron  Plates. 

Therefore,  it  is  the  hope  that  this  committee  will  be  given  the  benefit  of  comments 

and  criticisms  throughout  the  year  so  this  can  be  presented  in  final  form.  The  report 
is  offered  as  information  with  the  suggestion  that  the  subject  be  continued  for  further 

study,  rather  than  as  recommended  in  the  report. 

Vice-President  Morrow: — Is  there  any  discussion  or  any  comment  as  to  this  report 
at  this  time  ?     If  not,  it  will  be  received  as  information. 

Chairman  Wilbur: — Subject  (8)  Design  of  Railway  Buildings  to  Withstand  Earth- 
quake Shocks.  This  report  will  be  presented  by  Mr.  N.  D.  Howard,  the  chairman  of  the 

.■subcommittee. 

Mr.  N.  D.  Howard  (Railway  Age) : — The  report  on  this  subject.  The  Design  of 

Bui'dings  to  Withstand  Earthquake  Shocks,  is  found  on  page  84. 
Earthquake  shocks  or  earthquakes  of  a  serious  nature  are  infrequent  in  the  United 

States  and,  in  the  past,  have  been  confined  to  relatively  few  sections  of  the  country. 
For  this  reason  the  committee  realizes  that  this  subject  is  not  of  equal  interest  and 
moment  to  all  members  of  the  Association. 

However,  in  view  of  the  fact  that  seismic  disturbances  of  varying  intensities  have 

occurred  in  many  sections  of  the  country,  and  in  view  of  the  extensive  potential  damage 
to  buildings  when  serious  earthquakes  do  occur,  with  the  possible  loss  of  human  life, 

it  is  the  opinion  of  the  committee  that  the  railways,  which  are  constantly  constructing 

buildings  of  various  sizes  and  degrees  of  importance,  should  give  consideration  to  incor- 
porating features  of  earthquake  resistance  in  them  as  built,  as  particular  circumstances 

and  conditions  may  warrant. 

As  pointed  out  in  the  report,  earthquake-resistant  construction  usually  costs  more 
than  ordinary  construction,  which  is  a  factor  which  must  be  taken  into  consideration. 
However,  with  proper  regard  for  certain  fundamental  principles  of  design,  it  has  been 

found  that  this  added  cost  usually  represents  a  relatively  small  proportion  of  the  total 

cost.  At  the  same  time  earthquake-resistant  construction  is  fundamentally  sound  con- 
struction and  usually  more  fire-resistant  than  ordinary  construction,  factors  which  may 

have  a  favorable  influence  on  building  maintenance  cost  and  on  fire  insurance  rates. 

The  report  on  this  subject  is  not  intended  as  a  complete  treatise  on  earthquakes, 

earthquake  forces,  the  theory  of  earthquake-resistant  construction  and  adequate  details 
of  building  design  to  withstand  earthquake  shocks,  but  rather  is  a  general  treatise  which 
touches  on  all  of  these  factors  and  points  out  at  least  those  fundamental  features  in 

building  design  to  which  consideration  must  be  given  if  the  buildings  involved  are  to 

resist  the  abnormal  stresses  created  in  structures  by  earthquakes  without  serious  damage. 
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The  body  of  the  report  discusses  the  causes,  character  and  intensities  of  seismic 

disturbances  and  the  reactions  of  such  disturbances  in  building  structures,  and  then  takes 

up  the  several  theories  of  earthquake-resistant  building  construction,  including  that  which 
holds  to  fiexible  construction  and  that  which  favors  rigid  construction. 

Continuing,  the  report  points  out  those  fundamental  features  of  earthquake-resistant 
design  applicable  generally  to  buildings,  and  then  deals  separately  with  those  features 

which  should  be  incorporated  in  buildings  of  concrete,  structural  steel,  wood  and  masonry 
unit  construction. 

With  the  report,  for  the  benefit  of  those  who  may  have  occasion  to  give  this  subject 

more  detailed  attention,  is  included  a  bibliography  of  published  material  relating  to 

earthquake  damage  and  building  design  to  resist  earthquake  shocks.  This  bibliography 
includes  68  references. 

This  report  is  submitted  as  information,  with  the  recommendation  that  the  subject  be 
discontinued. 

Vice-President  Morrow: — Are  there  any  comments  or  discussion  at  this  time?  If 
not,  it  will  be  so  received. 

Chairman  Wilbur; — Appendix  D,  beginning  on  page  92,  is  a  portion  of  a  report 
presented  two  years  ago  by  this  committee  on  the  subject,  Determination  of  the 
Destructible  Value  of  Structures  Which  Can  Be  Collected  in  Case  of  Fire. 

This  portion  of  the  report  is  presented  this  morning  with  the  recommendation  that 

it  be  included  in  the  Manual.  The  text  includes,  among  other  things,  the  build-up  of  the 
amount  that  should  be  claimed  in  case  of  a  partial  loss  by  fire.  It  recommends  the 

possible  build-up  of  amounts  that  might  be  collected  in  case  of  a  total  loss,  and  the 
correct  method  of  arriving  at  the  reproduction  cost,  and  it  also  includes  a  list  of  items 

which  should  be  included,  such  as  the  list  at  the  bottom  of  page  92. 

At  the  top  of  page  93  there  is  a  statement  to  the  effect:  "Estimating  by  the  cubic 

foot,  square  foot  or  by  means  of  rules,  charts  or  tables  should  be  avoided." 
There  are  statements  concerning  the  determination  of  depreciation;  one  on  the  amount 

of  depreciation  and  another  that  reads,  "Depreciation  applies  to  the  superstructure  and 
equipment  but  not  to  the  foundations  except  in  special  cases  such  as  the  substructure 

of  piers,  wharfs,  etc." 
I  move  that  this  text  appearing  under  Appendix  D  be  adopted  for  inclusion  in  the 

Manual. 

(The  motion  was  regularly  seconded.) 

Vice-President  Morrow: — Is  there  any  discussion  of  that  motion? 

Mr.  W.  A.  Radspinner  (Chesapeake  &  Ohio) : — The  amount  of  recovery  for  fire  loss 
is  generally  determined  by  a  rating  bureau  which  has  jurisdiction  in  that  part  of  the 
country.    You  get  what  they  say  you  will  get. 

Vice-President  Morrow: — Do  you  have  any  objection  to  the  material  in  this  report? 

Mr.  Radspinner: — What  good  wojuld  it  be  if  you  cannot  collect? 

Chairman  Wilbur: — This  report  is  presented  as  a  recommendation  or,  rather,  as  a 
guide  for  railroad  representatives  who  file  claims  for  fire  losses.  This  is  for  use  as  a 

guide,  and  is  something  to  shoot  at  in  adjusting  claims. 

(The  question  was  called  for,  put  to  a  vote  and  carried) 

Chairman  Wilbur: — Appendix  E,  beginning  on  page  93,  is  a  report  on  Different  Types 
of  Paint  and  Their  Economical  Selection.  This  report  was  presented  last  year  by  this 

committee,  and  the  report  is  now  recommended  for  inclusion  in  the  Manual.  (He  then 
read  the  various  subheadings.) 

J 
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Chairman  Wilbur: — I  move  that  the  text  under  Appendix  E  be  adopted  and  included 
in  the  Manual. 

(The  motion  was  seconded,  put  to  a  vote  and  carried.) 

Chairman  Wilbur: — That  concludes  the  report  of  Committee  VI. 
Vice  President  Morrow: — The  Association  wishes  to  express  its  appreciation  for  this 

very  excellent  report,  and  you  are  excused  with  the  thanks  of  the  Association.     (Applause) 

DISCUSSION  ON  ELECTRICITY 

(For  Report,  see  pp.  69-72) 

Chairman  H.  F.  Brown  (New  York,  New  Haven  &  Hartford) : — Before  presenting 
the  report  of  the  Committee  on  Electricity  this  year,  I  wish  to  add  my  own  word  of 

appreciation  of  the  great  help  and  encouragement  which  has  been  given  to  me  as  chair- 
man of  this  committee  by  your  president,  Mr.  Irwin.  Coming  into  this  work  as  chair- 
man of  the  Committee  on  Electricity  last  year,  I  had  to  rely  a  great  deal  upon  his 

guidance,  and  I  wish  to  assure  you  that  I  have  had  the  utmost  help  and  encouragement 
from  Mr.  Irwin  and  I  have  appreciated  that  very  greatly. 

The  report  of  the  Committee  on  Electricity  is  an  abstract  of  the  work  of  the  Elec- 
trical section  of  the  Engineering  division,  AAR.  The  report  of  that  section  is  given  in 

full  in  Bulletin  397  of  the  American  Railway  Engineering  Association  of  September,  1937, 

and  as  it  fills  the  entire  bulletin,  it  was  necessary  to  prepare  an  abstract  for  presentation 

here.  The  abstract  report  is  divided  up  into  a  number  of  different  subjects,  the  first 

dealing  with  Power  Supply.  Progress  is  reported  during  the  year,  summarizing  the 
trends  toward  higher  steam  temperatures  and  pressures  in  steam  stations,  increased  line 

voltages,  larger  plants  in  coal  fields  to  burn  low  grade  coal,  and  so  forth. 

A  second  subject  under  this  particular  heading  dealt  with  the  standby  facilities  for 

air-conditioning  and  pre-coohng  of  cars.  This  is  a  very  live  subject.  In  both  cases 
recommendations  are  made  to  continue  the  subject,  the  report  being  one  of  progress  only. 

The  second  subject  is  Electrolysis,  dealing  with  the  individual  experience  of  various 

electrified  direct-current  railroads,  on  various  phases  of  the  electrolysis  problem.  The 
report  is  offered  as  information,  and  no  general  conclusions  are  reported. 

The  third  subject  deals  with  Overhead  Transmission  Line  and  Catenary  Construction. 
In  this  connection  we  are  endeavoring  to  prepare  for  the  Manual  specifications  for  electric 

light  power  supply  and  trolley  fines  crossing  railways;  the  construction  of  overhead 

electric  supply  fines  for  railroad  use  on  railroad  property;  the  joint  use  of  poles  for 
power,  communication  and  signal  circuits;  the  maintenance  of  overhead  electric  supply 

lines,  and  electric  wires  and  cables  for  transmission  lines  and  catenary  construction.  Much 
of  this  work  is  being  advanced  with  the  help  of  the  Edison  Electric  Institute. 

In  connection  with  subject  (e),  we  have  brought  to  conclusion  Specifications  for 

Bronze  and  Copper  Trolley  Wires,  and  these,  since  the  report  has  been  presented,  have 

been  adopted  as  American  standards  in  collaboration  with  the  ASTM  and  the  American 
Transit  Association,  and  are  now  issued  by  the  ASA. 

In  connection  with  the  Standardization  of  Apparatus  and  Material,  progress  is 

reported  on  revision  of  the  Manual  Specifications  for  Friction  Tape  and  Rubber  Insulating 

Tape,  together  with  Rubber  Insulated  Wires  and  Cables.  It  is  recommended  that  this 
subject  be  continued. 

Under  the  heading  of  Electric  Heating  and  Welding,  the  committee  this  year  studied 

chiefly  the  necessary  safety  devices  and  procedure  for  the  installation  and  operation  of 

welding  equipment.  The  report  is  one  of  information  only,  and  the  recommendation  is 
that  the  study  be  continued. 
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Another  subject  is  that  of  the  Application  of  Motors,  and  the  report  this  j'ear  is 
confined  chiefly  to  the  subject  of  lubrication  of  motors  and  the  design  of  motor  supplv 

circuits.  In  connection  with  the  lubrication  of  motors,  the  report  went  rather  extensively 

into  the  lubrication  of  ball  bearings  which  can  be  very  easily  ruined  if  suitable  lubri- 
cation is  not  properly  applied. 

Subcommittee  (7)  of  the  Committee  on  Electricity  dealt  with  Clearances  for  Third 

Rail  and  Overhead  Working  Conductors.  After  intensive  study  which  has  lasted  for  three 
or  four  years  and  after  the  diagrams  which  were  in  the  Manual  had  been  withdrawn 

as  not  representing  present  practice  in  any  way,  your  committee  has  submitted  a  clearance 

diagram  for  overhead  contact  systems  and  for  third-rail.  These  diagrams  were  adopted 

by  the  Electrical  section  and  were  submitted  to  the  AAR  and  the  .'X.REA  for  adoption, 
to  supersede  the  diagrams  at  present  in  the  Manual. 

At  present  the  approval  of  these  diagrams  has  not  been  completed,  but  it  is  hoped 

that  this  work  will  be  concluded  this  year,  if  necessary  making  any  slight  revisions  that 
may  seem  necessary. 

Another  subject  discussed  and  reported  on  was  Protective  Devices  and  Safety  Rules 

in  Electrified  Territory.  This  subcommittee  has  given  most  of  its  attention  to  the 

promulgation  of  rules  and  proper  practice  for  the  protection  of  railroad  equipment  from 

danger  of  fire  caused  by  electric  sparks  during  the  loading  or  unloading  of  inflammable 
liquids,  and  this  last  year  has  been  collaborating  with  the  Signal  Section  in  the  preparation 

of  these  rules.  The  rules  are  not  yet  in  final  form,  and  a  progress  report  only  is  submitted, 
with  the  recommendation  that  the  assignment  be  continued. 

The  next  subdivision  of  the  report  deals  specifically  with  track  and  third-rail  bonds. 
No  specifications  have  been  prepared,  but  active  study  has  been  made,  particularly  this 

last  year,  in  collaboration  with  the  Heavy  Electric  Traction  committee  of  the  American 
Transit  Association,  on  the  effect  of  the  heat  treating  of  rail  ends  in  the  field,  on  welded 

bonds  which  have  already  been  installed. 

The  report  this  year  brought  out  the  conclusion  that,  as  far  as  could  be  determined, 

the  application  of  heat  applied  bonds  did  not  materially  affect  the  rail  structure  where 
the  rails  had  not  been  heat  treated.  We  have  yet  to  make  further  studies  on  the  effect 
of  the  bonds  on  rails  which  have  been  heat  treated. 

It  also  brought  out  that  we  can  protect  the  existing  bonds  where  we  wish  to  apply 
heat  treatment  to  joints  already  in  use,  without  material  damage  to  the  bonds.  The 

report  of  this  subdivision  was  one  of  progress  only,  with  the  recommendation  that  the 

assignment  be  continued. 

Subcommittee  (10)  dealt  with  illumination.  The  various  assignments  include:  The 

development  in  the  incandescent  lamps  of  interest  in  the  railroad  field,  with  necessary 

revision  of  standard  lamp  schedules  to  keep  them  up-to-date,  and  specifications  for  the 

same ;  developments  in  floodlighting  equipment  and  practice ;  necessary  revision  of  infor- 

mation appearing  in  the  Manual  as  recommended  practice,  to  keep  the  Manual  up-to-date; 
and  the  illumination  of  railroad  cars. 

Since  this  report  was  presented,  we  have  been  dealing  co-operatively  with  the  newly 
formed  Electrical  section  of  the  Mechanical  division,  which  was  formerly  the  Association 

of  Railway  Electrical  Engineers,  and  it  is  apparent  that  this  next  year  we  shall  possibly 

have  to  drop  the  subject  of  illumination  of  railroad  cars  as  being  a  subject  to  be  dealt 
with  by  this  other  Electrical  section,  and  possibly  revise  some  of  the  other  assignments 
to  keep  the  subject  entirely  within  the  scope  of  electrical  engineering  as  it  relates  to  fixed 

property,  which  is  the  field  in  which  this  committee  intends  to  occupy  itself.  It  is  recom- 
mended that  this  subject  also  be  continued. 
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The  next  subject  was  Design  of  Indoor  and  Outdoor  Substations,  the  report  this  year 

being  limited  to  reporting  progress  which  had  been  made  in  substation  protection,  with 

particular  reference  to  surge-proof  transformers  and  similar  equipment.  It  is  recom- 
mended that  this  subject  be  continued. 

The  next  subject  was  that  of  High  Tension  Cables.  A  great  deal  of  progress  has 
been  made  in  the  last  two  or  three  years  on  the  construction  of  cables  for  very  high 

voltages.  The  report  this  year  concerns  itself  chiefly  with  the  operating  results  of  two 

installations  of  very  high  voltage  cable,  approximately  132  kv.,  installed  in  Washington 

and  Baltimore  in  connection  with  the  Pennsylvania  electrification.  No  other  new  develoi)- 
ments  or  installations  have  been  reported. 

The  last  subject  we  dealt  with  is  Application  of  Corrosion  Resisting  Materials  to 
Railroad  Electrical  Construction.  The  report  is  simply  one  of  progress  and  deals  chiefly 
with  the  test  installations  which  have  been  made  on  the  Norfolk  &  Western  and  on  the 

New  Haven  of  various  samples  of  ferrous  and  non-ferrous  materials  which  are  recom- 
mended or  used  in  everyday  railroad  practice  in  connection  with  electrification  work. 

This  is  a  piece  of  real  research  work,  and  Mr.  Winton,  the  chairman  of  this  subcommittee, 
deserves  a  very  large  amount  of  credit  for  the  work  that  he  has  done  in  this  subject. 

With  the  exception  of  the  report  on  clearances  and  clearance  diagrams,  the  entire 
report  has  been  one  of  information  and  progress  only,  and  is  submitted  as  such.  In 

conclusion,  it  is  very  obvious  that  electricity  is  playing  a  more  and  more  important  part 
In  railway  work  just  as  it  is  in  our  everyday  life.  Your  committee  is  endeavoring  to  keep 

constantly  in  touch  with  progress  as  it  is  made,  for  new  ways  in  which  this  very 
important,  modern  tool  can  be  applied  to  all  phases  of  railroad  activity. 

President  Irwin: — This  committee  is  doing  some  very  valuable  work,  and  Chairman 

Brown  has  the  right  idea  with  regard  to  the  activities  of  this  Committee  in  its  collabora- 
tion and  coordination  with  the  work  of  other  committees  in  the  Engineering  and  the 

Mechanical  divisions. 

This  report  is  presented  as  information  and  will  be  received  as  such.  The  Committee 
is  discharged  with  the  thanks  of  the  Association.     (Applause) 

DISCUSSION  ON  YARDS  AND  TERMINALS 

(For  Report,  see  pp.  219-254) 

Chairman  Hadley  Baldwin  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis): — Committee 
XIV  reports  on  five  subjects.  The  first  report  is  under  the  general  head  of  Passenger 

Station  Layouts.  It  is  listed  as  a  progress  report,  which  it  is  with  re.-pect  to  the  general 

subject,  but  in  respect  to  certain  of  its  findings  it  is  a  final  report.  Mr.  Mottier,  chair- 
man of  the  subcommittee,  will  present  the  report. 

Mr.  C.  H.  Mottier  (Illinois  Central) :  The  report  appears  on  page  220.  Compre- 
hensive reports  on  passenger  stations  were  made  by  the  Yards  and  Terminals  committee 

in  192,3,  1924  and  1925.  This  subcommittee,  therefore,  has  confined  its  study  to  station 

developments  since  1925. 

A  questionnaire  solicited  information  concerning  the  47  stations  which  had  served 
as  bases  of  the  previous  reports,  and  concerning  the  stations  built  in  the  last  13  years. 

On  the  first  page  of  the  report  are  enumerated  seven  trends  in  passenger  station  design. 
The  most  important  of  these  are  efforts  to  meet  the  situation  resulting  from  decreased 

revenues,  increased  length  of  trains,  increased  use  of  automobiles,  faster  schedules,  and 

greater  effort  to  attract  patronage. 

On  page  221  are  listed  14  resulting  tendencies  in  station  developments.  The  la^^t  two 
of  these,  the  use  of  the  electric  eye  to  open  and  close  doors,  and  moving  stairways  or 
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escalators  for  the  use  of  through  passengers,  are  discussed  in  some  detail,  as  they  represent 
new  developments  in  passenger  stations. 

Moving  stairways  for  the  handling  of  through  passengers  have  been  developed  to  a 

considerable  extent  by  the  Pennsylvania  Railroad,  and  the  discussion  under  this  heading 

on  pages  222  and  223  describes  some  of  these  installations  and  comments  on  the 
practicability  of  this  type  of  equipment. 

There  is  a  short  bibliography  giving  references  to  articles  describing  large  stations 

built  or  extensively  remodeled  since  1923,  appearing  on  page  Hi.  This  concludes  the 
report  of  the  subcommittee. 

President  Irwin: — Thank  you,  Mr.  Mottier. 

Chairman  Baldwin: — The  second  report  is  on  the  Expediting  of  Freight  Car  Move- 
ments Through  Yards.  Mr.  Cummings,  chairman  of  the  subcommittee,  was  unable  to 

attend  the  convention,  and  the  report  will  be  presented  by  Mr.  Lyford  of  the  sub- 
committee. 

Mr.  L.  L.  Lyford  (Illinois  Central) : — The  report  of  this  subcommittee  will  be  found 
on  pages  224  to  229,  inclusive.  This  subject  has  been  studied  for  several  years,  and  this 

year  the  committee  has  attempted  to  obtain  a  wider  view  of  current  practice  by  means 
of  a  questionnaire  directed  to  SO  Class  I  railroads. 

The  replies  indicate  that  the  importance  of  expediting  the  movement  of  freight  cars 

through  yards  is  appreciated  and,  also,  that  the  facilities  listed  by  the  committee  in  the 
report  are  reasonably  complete.  For  ready  reference  the  committee  has  tabulated  a  list 
of  facilities  and  has  indicated  previous  references  to  them  by  volumes  and  pages  of  the 
Manual  and  Proceedings. 

The  committee  recommends  that  there  shall  be  included  in  the  Manual  after  para- 

graph (g)  on  page  14-19,  the  following  notation: 

"A  report  on  'The  Expediting  of  Freight  Car  Movements  Through  Yards'  is  given 

on  pages  224  to  229  inclusive  of  Volume  39  of  the  Proceedings  of  the  Association,"  and 

after  paragraph  (i)  on  page  14-20  the  notation:     "See  note  on  page  14-19.'' 
I  move  the  adoption  of  the  recommendation  and,  further,  that  the  subject  be 

discontinued. 

President  Irwin: — It  has  been  moved  and  seconded  that  these  two  changes  be  made. 
First,  it  is  recommended  that  there  shall  be  included  in  the  Manual,  after  paragraph  (g) 

on  page  14-19,  the  following  notation:  "A  Report  on  'The  Expediting  of  Freight  Car 
Movements  Through  Yards'  is  given  on  pages  224  to  229  inclusive  of  Volume  39  of  the 

Proceedings  of  the  Association,"  and  after  paragraph  (i)  on  page  14-20,  there  be  the 

notation:     "See  note  on  page  14-19."     Is  there  any  discussion, 
(The  question  was  called  for,  put  to  a  vote  and  carried.) 

Chairman  Baldwin: — ^The  next  report  is  on  the  subject.  Scales  Used  in  Railway  Serv- 
ice.    The  report  will  be  presented  by  Mr.  Harrison,  chairman  of  the  subcommittee. 

Mr.  M.  J.  J.  Harrison  (Pennsylvania): — As  a  part  of  its  current  year's  work,  your 
committee  has  reviewed  material  now  in  the  Manual  under  the  title  "Tolerances  for 

Large-capacity  Automatic-Indicating  Scales"  in  the  light  of  similar  material  adopted  by 
the  National  Conference  on  Weights  and  Measures  and  revised  by  that  body  at  its 

meeting  of  1937,  which  occurred  in  June. 
Having  considered  the  material  now  in  the  Manual  and  having  studied  the  revised 

material  as  adopted  last  June  by  the  National  Conference  on  Weights  and  Measures, 

your  committee  has  concluded  that  our  Manual  material  should  be  revised  to  be  in  line 
with  that  other  material,  from  the  standpoint  of  uniformity. 

In  accordance  with  that  recommendation,  the  material  appearing  on  pages  230,  231 

and  down  to  and  including  the  paragraph  marked  "Editorial  Note"  on  page  222  is  sub- 
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mitted  as  a  substitute  for  equivalent  material  now  appearing  on  pages  14-107  and  14^108 
of  the  Manual.  In  behalf  of  the  committee,  I  move  the  adoption  and  substitution  of 
this  material  for  that  now  appearing  in  the  Manual. 

(The  motion  was  regularly  seconded.) 

President  Irwin; — It  is  moved  and  seconded  that  this  material  on  pages  230,  231 
and  down  to  and  including  the  editorial  note  on  page  232  be  adopted  for  printing  in  the 

Manual  in  the  place  of  the  material  on  pages  14-107  and  14-108.     Is  there  any  discussion? 
(The  question  was  put  to  a  vote  and  carried.) 

Mr.  Harrison: — Your  committee  submitted  at  the  1937  Convention  a  proposed 
revision  of  specifications  covering  two-section  railway  track  scales.  At  that  time  it  was 
contemplated  that  a  final  report  would  be  made  on  this  subject  at  the  present  convention. 

.•\s  there  has  been  considerable  diversity  ot  expressed  opinion  on  some  of  the  details,  the 
committee  felt  it  wise  not  to  try  to  make  a  final  report  at  this  time.  Therefore,  the  last 
two  paragraphs  of  this  section  of  the  report  of  the  committee  set  forth  that  decision,  and 

it  is  asked  that  it  be  received  as  information,  with  the  expectation  that  a  final  report  will 
be  made  at  the  1939  Convention. 

President  Irwin: — It  is  so  received. 

Chairman  Baldwin: — The  next  report  is  under  the  head.  Bibliography  on  Subjects 
Pertaining  to  Yards  and  Terminals,  Appearing  in  Current  Periodicals.  This  appears  on 
pages  232  to  239,  inclusive,  and  is  submitted  as  information. 

President  Irwin: — It  is  so  received. 

Chairman  Baldwin: — The  next  report  is  on  the  subject.  Freight  House  and  Team- 
Yard  Driveway  Widths,  which  will  be  presented  by  Mr.  Hedley,  chairman  of  the 
subcommittee. 

Mr.  W.  J.  Hedley  (Wabash) : — The  report  of  this  subcommittee  is  found  on  page  239. 
In  its  work  on  this  assignment,  this  committee  has  continued  the  work  done  in  previous 
years.  The  last  extensive  report  on  the  subject  was  presented  to  the  Association  in  1928. 
Since  that  time  much  water  has  gone  over  the  dam.  To  secure  recent  information  on  the 

subject,  your  committee  circulated  through  the  office  of  the  secretary  of  the  Association 

a  questionnaire  entitled  "Driveway  Traffic  Survey"  to  active  members  of  the  Association 
in  the  larger  cities  of  the  United  States  and  Canada.  A  copy  of  the  questionnaire  appears 
on  pages  253  and  254. 

Replies  were  received  from  30  large  cities  and  12  smaller  communities  well  distributed 
geographically.  From  the  returns  to  this  questionnaire  your  committee  had  available  to 

it  the  recorded  widths  of  221  house  driveways  and  514  team  track  driveways  currently  in 

use  in  these  cities,  and  the  measured  lengths  of  10,471  vehicles  using  those  driveways, 
together  with  certain  pertinent  facts  regarding  the  nature  of  the  business  handled  and  the 
characteristics  of  the  traffic  in  the  various  locations. 

Complete  summaries  of  this  information  are  available  in  the  report,  in  a  series  of 

eleven  tables  and  one  chart.  The  committee  also  reviewed  the  legal  restrictions  placed 

upon  vehicles  in  the  various  states  and  provinces  and  compare  the  legal  maximums  with 
the  maximum  lengths  recorded  in  the  traffic  driveway  survey. 

Based  upon  this  comparison,  we  concluded  that  legal  restrictions  do  not  form  a 
satisfactory  basis  for  the  design  of  driveway  widths. 

Of  the  10,471  vehicles  measured  in  the  driveway  traffic  survey,  8,093  or  77.29  percent 

were  single  unit  vehicles;  1,713,  or  16.36  percent,  were  trailers  or  semi-trailers  which  were 
detached  from  tractors  during  the  period  of  loading  or  unloading,  and  665  or  6.35 

percent  were  combination  vehicles  consisting  of  tractor  and  semi-trailer  or  some  other 
truck-trailer  combination. 
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Vehicles  have  increased  in  length  somewhat  since  the  1928  report  was  made,  although 

increase  in  length  is  not  the  most  significant  change.  There  has  been  a  trend  toward 

greater  use  of  combination  vehicles,  particularly  for  use  in  handling  traffic  which  moves 
over  the  road  as  distinct  from  that  which  moves  to  and  from  freight  houses  within  the 
immediate  metropolitan  area. 

From  the  study  of  this  information,  your  committee  has  reached  the  following  con- 
clusions,  which   appear   on  page   244  as  recommendations   for   revisions  of   the   Manual. 

(He  then  read  the  conclusions.) 

Mr.  Hedley: — I  move  that  these  revisions  in  the  Manual  be  made. 
President  Irwin: — It  has  been  moved  and  seconded  that  the  revisions  shown  under 

Conclusions  on  page  244,  revisions  (1)  to  (5),  inclusive,  be  adopted  and  printed  in  the 
Manual.     Is  there  any  discussion? 

(The  question  was  regularly  seconded,  put  to  a  vote  and  carried.) 

Mr.  Hedley: — I  wish  to  thank,  on  behalf  of  the  committee,  the  members  of  the 
Association  who  assisted  in  the  accumulation  of  the  data  we  used  in  making  this  report. 

Chairman  Baldwin: — That  finishes  our  report. 

President  Irwin: — This  Committee  continually  does  very  important  work  in  keeping 
its  recommendations  up  to  date  and  also  in  developing  facilities  necessary  in  the  progress 
of  the  art  of  railroading.  The  members  deserve  great  credit  both  for  their  work  and  also 
for  the  very  high  percentage  of  the  Committee  at  this  convention.  The  Committee  is 

discharged  with  the  thanks  of  the  Association.     (Applause) 

DISCUSSION  ON  SHOPS  AND  LOCOMOTIVE  TERMINALS 

(For  Report,  see  pp.  255-264) 

Vice-Chairman  H.  C.  Lorenz  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis) : — Two  of 
the  subjects  assigned  the  committee  are  completed.  On  Revision  of  Manual  we  offer  no 

report  at  this  time.  Installation  of  Welding  Equipment  in  Shops  and  Locomotive 

Terminals,  subject  (2)  is  presented  as  information.  It  includes  a  short  description  of  the 

general  subject,  a  description  of  oxy-acetylene  cutting  and  welding,  a  practical  example 
showing  in  detail  how  to  determine  whether  it  would  be  economical  in  a  given  case  to 

install  or  not  to  install  an  acetylene  generating  plant;  also  that  the  installation  of  an 

oxygen  plant  cannot  be  justified  on  account  of  the  excessive  cost  of  equipment ;  an  outline 

of  the  various  plans  of  installation  and  operation  of  oxy-acetylene  equipment;  a  descrip- 
tion of  an  acetylene  generator  house  and  pipe  line  installation  for  the  distribution  of  both 

oxygen  and  acetylene  gases,  including  a  pipe  layout  plan  on  page  260,  and  details  of  a 
generator  house  on  page  261,  a  general  treatise  on  the  selection  of  portable  electrical 

equipment  and  a  list  of  portable  electrical  equipment  avaUable  from  manufacturers,  a 

short  description  of  stationary  electric  welding  installations  and  their  application;  general 
conclusions  respecting  the  selection  and  installation  of  welding  equipment,  et  cetera. 

Subject  (3)  Adaptation  of  Enginehouses,  Shops  and  Engine  Terminal  Layouts 

Handling  Oil-Electric  Locomotives  and  Rail  Cars  is  being  handled  by  Mr.  Dalton  who 
reports  progress. 

Subject  (4)  Power  Plants.  I  do  not  believe  Mr.  Roth,  the  chairman  of  that  com- 
mittee, is  here.  Power  Plants  has  been  the  subject  of  two  previous  reports.  The  subject 

was  continued  for  further  study.  The  gist  of  this  report  is  that  there  are  only  a  few 

plants  under  construction,  that  these  are  performing  certain  limited  functions  and,  for 

obvious  reasons,  the  demands  on  power  plants  are  decreasing.  It  is  therefore  recom- 
mended that  the  subject  be  discontinued. 
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Subject  (5)  covers  Drop  Pits.  Mr.  Dorland,  who  is  chairman  of  the  subcommittee, 
al'io  reports  progress.     This  is  offered  as  information.     That  concludes  the  report. 

President  Irwin: — This  report  is  being  presented  as  information  and  will  be  so 
received.  This  committee  has  done  most  excellent  work  throughout  its  life.  It  has  a  very 

high  grade  personnel.  It  is  no  reflection  whatever  on  the  committee  that  it  is  being 
discontinued  and  its  work  combined  with  other  committees.  It  is  simply  a  condition  in 

w  hich  the  work  that  might  possibly  be  assigned  to  this  committee  for  further  development 
can  better  be  taken  care  of  by  other  committees.  Therefore  the  Board  voted  to 
di^continue  it. 

I  discharge  the  committee  with  the  thanks  of  the  Association  and  also  thank  it  for 

all  the  work  it  has  done  during  its  life.     The  committee  is  discharged.     (Applause) 

DISCUSSION  ON  WATER  SERVICE,  FIRE  PROTECTION 
AND  SANITATION 

I  For  Report,  see  pp.   187-218) 

Chairman  R.  C.  Bardwell  (Chesapeake  &  Ohio) :— Your  committee  has  no  report  or 
recommendations  at  this  time  on  the  assigned  subject  (1)  Revision  of  Manual.  The 

subject  matter  was  very  thoroughly  reviewed  last  year  for  the  new  Manual. 

The  final  report  on  subject  (2)  Taste  and  Odor  Control  of  Drinking  Water  will  be 
presented  by  the  chairman  of  the  subcommittee,  Mr.  R.  M.  Stimmel. 

Mr.  R.  M.  Stimmel  (New  York,  Chicago  &  St.  Louis).— The  r.port  on  Tasle  and 
Odor  Control  of  Drinking  Water,  on  page  188,  gives  a  summary  of  current  information 

on  the  subject.  Until  within  the  last  ten  years  or  so,  very  little  had  been  done  with 
the  control  of  taste  aad  odor  of  drinking  water,  but  recently  such  progress  has  been 

made  in  correcting  these  troubles  that  it  has  been  stated  that  a  palatable  water  can  be 

produced  under  almost  any  condition,  if  money  is  available  for  installation  and  proper 

operation.  The  sources  and  general  methods  for  correction  of  taste  and  odor  troubles 
are  given  in  the  report. 

The  most  common  causes  of  tastes  and  odors  of  water  are  microscopic  organisms, 

decaying  animal  and  vegetable  matter,  leaves,  gases,  domestic  sewage,  industrial  waste 
and  chemicals  used  for  sterilization  purposes.  Whenever  possible,  the  substances  causing 

these  troubles  should  be  prevented  from  entering  the  water  but,  if  they  cannot  be 

excluded,  there  are  several  methods  of  removal,  such  as  aeration,  prechlorination,  super- 
chlorination  with  dechlorination,  or  the  use  of  potassium  permanganate,  bleaching  clay 
or  activated  carbon,  or  combinations  of  them. 

The  chemical  composition  of  substances  causing  taste  and  odors  in  water  is  not 

generally  known  except  for  compounds  causing  chlorinous  taste,  so  that  taste  and  odor 
elimination  is  a  problem  requiring  study  in  each  individual  case  and  experimentation  on 
a  particular  water. 

The  report  is  submitted  as  information. 

President  Irwin: — This  report  on  the  Taste  and  Odor  Control  of  Drinking  Water  is 
submitted  as  information  and  will  be  so  received. 

Chairman  Bardwell: — Your  committee  has  no  report  to  make  at  this  time  on  subject 

(3)  Types  of  Tannins  Used  in  Water  Treatment.  The  progress  report  on  subject  (4) 
Cause  of  and  Remedy  for  Pitting  and  Corrosion  of  Locomotive  Boiler  Tubes  and  Sheets, 

with  special  reference  to  Status  of  Embrittlement  Investigations,  will  be  presented  by  the 
chairman  of  the  subcommittee,  Mr.  R,  E.  Coughlan. 

Mr.  R.  E.  Coughlan  (Chicago  &  North  Western) :— This  report  appears  as  Appendix 

B  on  page  1Q4.     During  the  past  year,  your  committee  has  continued  its  close  contact 
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with  the  research  work  being  conducted  by  the  United  States  Bureau  of  Mines  at  College 

Park,  Md.  From  the  meetings  with  this  group  of  research  workers,  the  committee  has 

found  that  the  name  "Embrittlement"  as  applied  to  this  particular  boiler  trouble  is  a 
misnomer,  as  the  work  has  definitely  proved  that  it  is  a  true  intercrystalline  corrosion 

occurring  in  stressed  steel  when  the  proper  factors  are  present  to  dissolve  the  material  of 
the  grain  boundaries,  thus  causing  the  small  microscopic  breaks  to  develop  into  serious 

boUer  cracking.  In  steel  which  has  not  been  stressed,  it  is  impossible  to  develop  these 
cracks  in  any  solution. 

The  progress  of  the  work  to  date  also  indicates  thai  inorganic  chemicals  such  as 

sodium  sulfate  and  chromates  have  a  very  limited  application  in  the  prevention  of  this 

trouble.  The  results  further  indicate  that  certain  of  the  organic  materials  such  as  lignin 

and  certain  of  the  tannin  materials  such  as  cutch  and  quebracho  are  very  effective  in  the 

prevention  of  this  cracking,  regardless  of  the  operating  conditions  or  the  solution  used  in 
these  experiments. 

As  considerable  work  is  still  to  be  done  before  definite  recommendations  can  be 

offered  to  be  effective  in  all  cases,  this  report  is  offered  as  information. 

President  Irwin: — The  report  is  offered  as  information  and  will  be  so  received.  It  is 
still  in  progress. 

Chairman  Bardwell: — I  regret  to  advise  that  Mr.  C.  P.  Richardson,  chairman  of  our 
subcommittee  in  charge  of  subject  (5)  Value  of  Water  Treatment  with  Respect  to 
Estimating  and  Summarizing  Possible  Savings  Effected,  is  not  able  to  be  present  to 

present  this  report.     The  progress  report  appears  on  page  196  to  198,  inclusive. 
The  information  given  indicates  that,  although  the  economics  possible  from  the  use 

of  properly  treated  boiler  water  are  well  known  on  most  railroads,  it  has  so  far  been 

impossible  to  give  definite  numerical  values  other  than  the  general  figure  of  a  saving  of 

13  cents  per  pound  of  scaling  matter  removed  before  delivery  of  water  to  the  locomotive. 

This  is  due  to  the  fact  that  the  major  benefits  are  of  such  an  intangible  nature  that  it 

would  be  very  difficult  of  mathematical  expression.  A  large  amount  of  data  has  been 

collected  on  this  subject  by  the  committee,  and  a  brief  summary  of  replies  to  the  recent 

questionnaire  is  presented  on  page  197.  This  is  a  very  important  subject,  and  the 
progress  report  is  presented  as  information,  with  the  recommendation  that  the  study  be 
continued. 

President  Irwin: — ^The  report  is  presented  as  information  and  is  so  received.  At  this 
time,  though,  if  there  are  any  questions  with  regard  to  these  progress  reports  or  reports 
presented  wholly  as  information,  the  Chair  will  be  glad  to  hear  them. 

Chairman  Bardwell: — The  final  report  on  Subject  (6)  Fire  Hydrants  will  be  presented 
by  the  chairman  of  the  subcommittee,  Mr.  W.  A.  Radspinner. 

Mr.  W.  A.  Radspinner  (Chesapeake  &  Ohio) : — On  page  198  will  be  found  the  report 
of  the  Subcommittee  on  Fire  Protection.  This  report,  of  an  informative  nature,  covers 

fire  hydrants,  design,  operation  and  maintenance.  We  wish  to  call  attention  to  a  typo- 

graphical error  in  paragraph  2,  line  2,  where  the  word  "argument"  should  be  changed  to 

read  "agreement." 
Your  committee  has  described  the  three  types  of  fire  hydrants  most  generally  used 

and  pointed  out  the  best  features  of  each  type.  The  major  items  of  maintenance  have 

been  outlined  on  page  200.  I  want  to  call  your  attention  to  the  chart  on  page  201  which 
shows  the  dimensions  and  number  of  threads  per  inch  of  fire  hydrants  of  some  of  the 

towns  and  cities  along  the  railroad. 

It  is  very  important  that  the  railroads'  hose  couplings  and  hydrants  conform  to  those 
of  the  city  or  town  nearest  their  large  properties  if  they  expect  any  outside  help  in  the 
event  of  a  fire. 
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The  National  Fire  Protection  Association  have  estabhshed  the  standard  of  71/2 
threads  per  inch  and  3  I/I6  as  outside  diameter  of  the  male  thread,  with  the  thought 

that  such  a  standard  would  permit  large  cities  to  send  aid  to  small  communities  or  vice 
versa,  when  needed.  On  the  chart,  all  such  towns  that  have  this  standard,  are  marked 

with  a  star.  The  various  underwriters"  associations  are  making  a  drive  to  standardize  all 
communities  as  soon  as  possible.  The  southeastern  group  have  a  truck  equipped  to  con- 

vert hydrant  and  hose  couplings,  within  certain  limits,  by  the  use  of  a  tap  and  die.  The 
truck  equipment  and  its  operator  work  with  the  city  fire  department  until  all  its 
equipment  is  made  standard. 

The  railroads  should  encourage  this  work  because  it  will  not  only  increase  their 

outside  help  but  simplifies  the  ordering  of  fire  hose  which  is  a  considerable  item  on  most 
railroads.     This  report  is  submitted  as  information. 

President  Irwin: — We  are  receiving  quite  a  number  of  reports  as  information,  and 
the  Chair  wishes  to  make  it  clear  he  will  be  glad  to  receive  any  inquiries  as  to  important 
subjects.     This  report  is  received  as  information. 

Chairman  Bardwell: — The  progress  report  on  Subject  (7),  Regulations  Pertaining 
to  Railway  Sanitation,  will  be  presented  by  the  subcommittee  chairman,  Mr.  H.  W. 
Van  Hovenberg. 

Mr.  H.  W.  Van  Hovenberg  (St.  Louis  Southwestern) : — The  report  may  be  found 
under  Appendix  E,  page  202.  Association  of  American  Railroads  Circular  M.&S.  194. 

dated  October  25,  1937,  was  sent  to  member  railroads  to  be  used  as  a  guide  for  em- 
ployees engaged  in  the  handling  of  water  and  ice  on  or  around  railroad  cars  and  in 

connection  with  the  sanitation  of  car  toilets,  lavatories  and  coach  yards.  This  circular 

supplements  and  elaborates  on  the  original  publication  on  railway  sanitation.  Circular 
M.&S.  133  issued  in  1931  by  the  Joint  Committee  on  Railway  Sanitation,  in  these  essential 
phases  of  railroad  sanitation. 

It  is  hoped  that  member  companies  will  place  copies  of  Circular  M.&S.  194  in  the 
hands  of  supervisors  and  employees  for  guidance,  until  such  time  as  Circular  133  can  be 

completely  rewritten  to  embody  such  modifications  as  have  been  suggested  or  may  be 
suggested  by  member  railroads.     This  report  is  submitted  as  information. 

President  Irwin: — Is  there  any  discussion  or  question  on  this  report?  There  being 
none,  the  report  is  received  as  information. 

Chairman  Bardwell:— The  final  report  on  subject  (8),  Clarification  and  Disinfection 

of  Small  Railway  Drinking  Water  Supplies,  will  be  presented  by  the  subcommittee 
chairman,  Mr.  Owen  Rice. 

Mr.  Owen  Rice  (Hall  Laboratories,  Inc.):— In  this  report,  entitled  The  Clarification 
and  Disinfection  of  Small  Railway  Drinking  Water  Supplies,  a  brief  summary  is  given 

of  the  methods  of  disinfecting  wells  which  are,  of  course,  the  most  common  source  of 

small  railway  drinking  water  supplies.  Briefly,  it  gives  instructions  as  to  their  location 
and  construction  so  that  they  will  be  free  from  possibility  of  contamination  from  surface 
drainage. 

It  is  recommended  that  hypochlorites,  either  calcium  or  sodium,  be  used  for  the 
disinfection  of  new  wells  and  also  new  pipe  lines  before  placing  them  in  service,  and 

where  surface  supplies  are  used,  seven  methods  of  disinfection  are  given.  These  include: 
direct  chlorination  of  the  water;  the  use  of  calcium  and  sodium  hypochlorites;  the  use  of 

alum  or  coperas,  followed  by  filtration;  the  use  of  activated  carbon;  ultra-violet  light, 

and  the  possibility  of  the  use  of  metallic  silver.  Distillation  is  also  given  as  a  recom- 
mended method  of  purification  particularly  applicable  in  the  case  of  floating  equipment. 

The  report  is  given  as  information,  and  it  is  recommended,  that  it  be  accepted  as  such. 
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President  Irvvin:--Any  qne?tions  in  resard  to  thi'^  report?  Thi?  is  considered  as 
complete  and  is  offered  as  information  and  is  so  received. 

Chairman  Bardwell:-  The  tinai  report  on  subject  o  Classification  of  Water  Service 
Material  will  be  presented  by  the  subcommittee  chairman,  Mr.  D.  A.  Steel. 

Mr.  D.  A.  Steel  (Railway  Ape): — As  prepared,  this  report  covers  a  little  bit  more 
territory  than  the  title  indicates.  It  would  be  better,  perhaps,  to  entitle  the  report, 

"Water  Service  Materials  and  Their  Classification."  No  sooner  had  the  committee  under- 

taken to  fulfill  its  assignment  in  considering  the  subject,  'Classification  of  Water  Service 

Material,"  than  it  encountered  difficulties,  which  required  consideration  of  other  subjects 
that  are  intertwined  with  it. 

What  we  have,  in  effect,  is  a  rather  intimate  consideration  of  a  collection  of  problems, 

responsibilities  and  relationships,  including  interdepartmental  relationships  with  supply 

departments  having  to  do  with  the  selection,  procurement  and  use  of  water  supply 
material.  We  believe  it  is  the  first  time  that  these  matters  have  been  considered  in  any 

organized  way  by  this  Association.  We  think  that  some  of  the  principles  and  suggestions 

may  not  be  without  their  application  in  other  fields  of  engineering.  I  am  sorr>'  we  ar.- 
not  able  to  read  some  portions  of  this  report  in  more  detail. 

On  page  208  water  service  materials  are  divided  into  materials  peculiar  to  water 

service,  materials  used  in  common  with  other  departments,  and  materials  dependent  on 

water  service.  As  evidence  of  the  importance  of  the  study  of  water  service  materials, 

we  have  presented  on  page  209  statistics  showing  the  annual  charges  to  maintenance,  and 

to  additions  and  betterment  for  water  service  and  operation,  and  also  hitherto  unpub- 
lished statistics  revealing,  to  some  extent,  the  amount  of  money  that  is  spent  for  various 

water  service  materials  by  railroads. 

On  page  210  we  take  up  the  subject  of  interdepartmental  relations,  particularly  with 

the  purchases  and  stores  departments.  We  tried  to  familiarize  ourselves  with  the  practices 

and  policies  of  the  supply  departments  and  their  responsibihties.  We  found  some  fault 

with  the  engineering  forces  and  some  fault  on  the  other  side.  We  haven't  tried  to  beat 
around  the  bush.  We  have  tried  to  cut  through  it  and  find  some  direction  for  the 

co-operation  necessary  to  conserve  the  investment  in  materials. 
On  page  211  we  discuss  surplus  materials  and  the  defects  in  lists  that  are  compiled 

for  the  purpose  of  controlling  surplus.  Also,  on  page  211  we  take  up  the  classification 
of  materials  followed  by  stores  departments,  a  matter  of  considerable  importance  and 
interest  to  water  service  forces  because  these  classifications  are  used  on  most  railroads 

as  a  basis  for  controlling  inventories. 

The  committee  reports  considerable  dissatisfaction  with  the  present  classifications  and 

has  offered  e.xamples  to  show  how  difficult  it  is  at  the  present  time  to  utilize  such  state- 
ments in  connection  with  the  use  and  control  of  water  service  materials.  On  page  212 

we  recognize  the  desirability  of  statistics  reflecting  more  accurately  and  more  completely 
than  at  present  the  expenditures  made  for  specific  kinds  of  water  service  materials  month 

to  month  or  year  to  year.  As  a  beginning,  we  have  proposed  a  list  of  classes  of  water 
service  materials,  in  connection  with  which  some  data  should  be  made  available  durinii 

the  present  year. 

At  the  bottom  of  page  212  we  take  up  another  aspect  of  the  classification  of  water 

service  materials  in  so  far  as  it  affects  the  maker  of  requisitions.  We  found  some 
dissatisfaction  with  the  practice  followed  on  some  railroads  and  have  made  several 

specific  suggestions. 

Summing  up  the  whole  thing  in  about  six  sentences,  we  have  the  following 
conclusions  to  offer. 

(Mr.  Steel  read  the  conclusions  on  page  213.) 



  Discussion   781 

This  report  was  prepared  with  some  view  to  the  interests  and  responsibilities  of 

supply  organizations  and  a  copy  was  submitted  to  the  secretary  of  the  Purchases  and 

Stores  division  of  the  Association  of  American  Railroads.  The  secretary  notified  the 
committee  sometime  ago  that  a  representative  in  the  person  of  C.  H.  Murrin,  general 

storekeeper  of  the  Louisville  &  Nashville,  who  is  a  member  of  the  division's  general  com- 
mittee and  also  a  member  of  its  Committee  on  Classification  of  Material  was  assigned 

to  appear  before  this  Association  to  present  the  views  of  the  division  with  reference  to 
this  subject. 

In  concluding,  the  committees  report,  which  is  presented  as  information,  I  would 

like  to  ask,  if  it  be  in  order,  that  Mr.  Murrin  be  called  on  to  present  whatever  he  wishes 
to  say  at  this  time. 

President  Irwin: — Thank  you,  Mr.  Steel.  This  report  is  considered  complete  and  is 
presented  as  information. 

If  there  are  any  remarks,  the  Chair  will  be  glad  to  receive  them.  I  am  calling 

attention  to  one  matter,  however:  It  is  that  our  committees  collaborate  with  the  com- 

mittees of  other  divisions  of  the  Association  of  American  Railroads.  This  report  is 

considered  complete  but  there  is  a  possibility  that,  instead  of  being  complete,  it  is  incom- 
plete, because  it  has  not  had  the  collaboration  of  the  Purchases  and  Stores  Division. 

Further  developments  may  be  made  by  collaboration  with  them  during  the  coming  year, 
so  that  a  more  satisfactory  report  by  the  Purchases  and  Stores  Division  might  be 

presented.  We  are  glad  to  have  discussions  but  this  convention  does  not  go  into  com- 
mittee work;  that  is,  it  does  not  go  into  the  primary  features  of  the  collaboration  between 

members  of  committees  of  the  various  divisions  of  the  Association  of  American  Rail- 

roads. That  is  done  in  committee,  but  Mr.  Murrin  being  here,  I  shall  be  glad  to  hear 

from  him  as  to  the  character  of  his  objections  to  this  report,  if  there  are  any. 

Mr.  C.  H.  Murrin  (Louisville  &  Nashville) : — We  have  no  objection  to  the  report  at 

all.  At  Mr.  Steel's  invitation  we  prepared  a  statement,  and  we  would  like  to  file  it  with 
you.  It  attempts  to  answer  in  a  constructive  way  the  several  questions  on  classification 
which  you  have  brought  up.  I  want  to  say  that  the  Purchases  and  Stores  division 

welcomes  the  opportunity  of  working  out  these  matters  jointly,  and  in  our  Committee 
on  Classification  we  are  going  to  give  particular  thought  to  the  suggestions  that  are  made 
in  this  report. 

Mr.  Murrin's  written  comments  were  as  follows: 
The  deep  interest  of  the  A.R.E.A.  in  materials  and  supplies  procurement,  in  storage 

and  distribution  problems,  and  in  the  control  of  the  stock  investment  on  railroads  is 

very  much  appreciated  by  the  Purchases  and  Stores  Division,  A.A.R.  The  engineering 

or  roadway  departments  of  railroads  on  the  one  hand  and  the  purchasing  and  stores 
organizations  thereof  on  the  other  have  certain  responsibilities  which  are  distinctive,  but 

when  it  comes  to  M.  of  W.  and  S.  materials  and  supplies  only,  both  groups  have  par- 

ticular problems  in  common,  the  co-operative  working  out  of  which  will,  we  all  know, 
achieve  substantial  results  and  economies  from  various  standpoints  for  the  individual 
railroads. 

The  report  presented  by  your  committee  on  the  Classification  of  Water  Service 

Material  definitely  classifies  as  a  constructive  contribution  to  a  desirable  co-operative 
effort,  and  the  Purchases  and  Stores  Division  desires  to  congratulate  your  association,  the 

subcommittee  chairman,  Mr.  D.  A.  Steel,  and  all  members  of  the  committee  participating 

in  the  report. 

First,  your  report  presents  and  deals  constructively  with  certain  features  concerning 

the  supply  and  usage  of  water  .service  materials  and  the  dual  nature  of  particular  respon- 
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abilities   of   the   supplying   and   using   agencies   involved.     The   opinions   expressed    well 
deserve  a  restatement  of  the  salient  elements  of  the  report. 

1.  On  most  railroads,  store  departments  are  largely  in  charge  of  the  unapplied 
water  service  materials  and  the  detail  of  keeping  the  available  supply  material  stock 
replenished  and  of  filling  orders  for  these  materials.  This  has  not  relieved  users  of 
water  service  materials  from  responsibility  for  the  kinds  and  amounts  of  materials 
purchased  and  stored. 

2.  It  must  be  recognized  that  the  eifficient  selection  and  use  of  water  service 
materials,  under  present  conditions,  requires  an  understanding  of  and  an  interest  in 
the  problems  and  conditions  arising  in  manufacture,  purchase,  storage,  handling  and 
disposition.  Commercial  standards,  markets,  and  quantities  purchased  and  carried 
are  factors  to  be  considered;  also  questions  of  interchangeability,  care  during  storage, 
cost  of  handling  in  transit,  obsolescence  and  the  cost  of  application  and  repair. 

3.  Technical  and  supply  forces  and  those  for  whom  the  water  service  is  pro- 
vided can  and  should  co-ordinate.  Familiarity  with  supply  department  methods  is 

a  means  to  this  end.  Water  service  engineers  should  get  acquainted  with  purchasing 
and  stores  officers  and  employees  who  handle  the  materials,  and  should  familiarize 
themselves  with  supply  department  records  and  procedure.  This  practice  is  mutually 
helpful. 

4.  Unused  materials  should  be  returned  to  stock  promptly,  and  so  far  as  pos- 
sible all  unapplied  materials  should  be  stored  where  they  are  most  accessible.  This 

does  not  mean,  necessarily,  that  such  materials  should  all  be  kept  in  one  place; 
neither  does  it  mean  that  water  service  materials  should  necessarily  be  kept  at  central 
storehouses,  as  many  storekeepers  often  insist.  The  purpose  of  the  material  and  the 
problems  of  the  user  must  be  considered,  as  well  as  the  convenience  of  the  supply 
forces.  At  the  same  time,  materials  which  are  scattered  or  sequestered  are  quite 
likely  to  prove  as  useless  to  water  service  forces  when  needed  as  though  they  had  not 
been  purchased. 

5.  Some  store  departments  prepare  lists  of  surplus  material.  In  other  cases, 
users  of  water  service  materials  prepare  their  own  lists.  These  lists  must  be  kept  up 
to  date  to  be  of  value,  but  the  practice  of  preparing  them  should  be  universally 
adopted  as  a  means  of  keeping  the  user  of  the  materials  informed  as  to  the  kind, 
amount  and  location  of  materials  readily  available  to  him,  and  of  obtaining  his  help 
in  avoiding  unnecessary  expenditures. 

Purchasing  and  stores  officers  subscribe  in  full  to  the  substance  of  the  conclusions  in 

the  committee  report  as  enumerated  above. 

Users  should  be  the  best  judges  of  the  quality  of  materials  necessary  for  their  work. 

Specifications  for  materials  should  be  provided  to  the  maximum  extent  by  the  users,  but 
it  is  fully  realized  that  everything  for  railroad  use  cannot  be  covered  by  specifications 
and  that  it  is  therefore  necessary  to  buy  proprietary  brands.  To  the  greatest  extent 

possible,  the  purchasing  department  should  be  accorded  the  opportunity  to  buy  on  a 
competitive  basis  rather  than  to  be  restricted  to  one  specific  seller. 

As  to  the  prompt  return  of  unused  water  service  materials  to  stock,  purchasing  and 
store  dfficers  are  in  full  accord  as  to  the  particular  value  of  a  definite  and  continuous 

procedure  in  this  regard.  This  opinion  applies  to  the  general  run  of  all  M.  of  W.  and  S. 

materials,  excluding  items  of  outstanding  quantity  and  tonnage,  like  rail  and  crossties, 

initially  supplied  to  locations  on  line  of  road  and  which  remain  unused  and  are  available 

for  redistribution.  Preferably,  all  such  unapplied  materials  should  be  carried  at  desig- 
nated concentration  stores. 

The  preparation  and  maintaining  up-to-date  of  surplus  lists,  as  recommended  in  the 
committee  report,  for  the  purpose  of  utilizing  materials  available  to  the  fullest  degree 

and  avoiding  unnecessary  purchases,  is  concurred  in  as  a  means  of  achieving  such  objec- 
tive. Purchasing  and  stores  experience  with  the  general  run  of  surplus  reports,  however, 

is  that  they  often  become  too  commonplace  and  routine  to  meet  the  objective  fully.    To 
ft 
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supplement  and  reinforce  the  needs  of  the  situation  it  is  proposed  that  water  service 

supervisory  forces  periodically,  and  particularly  when  some  specific  need  is  present,  visit 
stores  or  other  stock  concentration  locations  and  review  the  available  materials  in  the 

Hght  of  definite  needs.  Such  visits  will  often  result  in  the  finding  and  use  of  materials 

not  previously  considered,  but  which  nevertheless  are  suitable  for  the  needs. 

The  committee  report  states  that  the  A.A.R.  standard  material  classification  does  not 

segregate  and  classify  materials  and  supplies  so  that  statements  and  classified  materials 

balance  sheets  in  accordance  therewith  specifically  reflect  the  aggregate  expenditures  made 

for  materials  used  in  connection  with  water  service  and  the  aggregate  value  of  such 
materials  on  hand.  It  also  recommends  subdivisions  of  primary  material  classifications 

which  would  segregate  water  service  materials  from  unrelated  materials. 

The  classification  cited  in  your  committee's  report  is  known  as  the  A.A.R.  Standard- 
Material  Classification  and  its  observance  is  a  recommended  practice  of  the  A.R.R. 

Purchases  and  Stores  Division.  The  A.A.R.  Classification  is  followed  by  a  considerable 

majority  of  railroads,  certain  other  railroads  not  having  adopted  the  recommended  prac- 
tice. However,  most  railroads  not  using  this,  use  a  material  classification  of  their  own 

creation,  and  the  general  run  of  materials  being  alike  on  all  railroads,  there  are  many 

similarities  between  the  standard  and  non-standard  classifications.  Accordingly,  the  com- 
ment presented  here  with  respect  to  manner  of  inclusion  of  water  service  materials  in  the 

A.A.R.  classification  may,  in  a  considerable  degree,  reasonably  apply  to  all  railroad 
material  classifications. 

Materials  classifications  embracing  the  general  list  of  railroad  materials  are  a  develop- 
ment, following  recognition  that  railroad  storekeeping  is  an  extensive  operation  deserving 

specialized  handling  by  a  co-ordinated  department  in  the  organization  set-up  of  each 
railroad.     This  arrangement  now  prevails  on  practically  all  principal  railroads. 

It  is  appropriate  and  quite  proper  that  material  classifications  follow  a  natural 

physical  grouping  of  analogous  materials,  regardless  of  departmental  usage.  For  example, 
all  threaded  pipe,  fittings,  and  valves  for  all  departments  are  in  one  class  of  the  A.A.R. 

classification  and  despite  departmental  usage;  all  shelf  hardware  and  all  paints,  and  all 
steam  and  water  packings  are  respectively  in  single  material  classes. 

In  actual  application  and  use,  a  material  classification  is  primarily  a  routine  stores 

department  facility  in  the  connection  with  the  necessary  segregation  of  stock  records, 
the  scheduled  and  balanced  purchase  ordering  of  replenishments,  practical  grouping  of 

stocks  in  storage,  the  assignment  of  responsibility  to  individuals,  etc.,  and — in  large  pur- 

chasing department  organizations  —  the  allocation  of  buying  processes  to  selected 
individuals. 

In  addition,  material  classifications  are  used  in  compiling  balance  sheets,  stating  by 
individual  classes  the  expenditures  for  materials,  the  disbursements  and  value  of  the  stock 

on  hand  monthly,  all  of  this  particularly  for  stores  department  guidance  in  the  control  of 
stock  balances  and,  concurrently,  for  management  executive  purposes. 

The  value  of  full-detailed  classified  materials  balance  sheets  in  making  comparisons 
is  possibly  confined  principally  to  their  use  of  comparing  with  previous  performances  of 
the  same  railroad.  Due  to  certain  contrasts  on  railroads  in  accounting  for  materials  out 

of  stock  as  and  when  used  or  otherwise,  comparisons  between  railroads  of  total  materials 

balances,  much  less  individual  class  balances,  are  relatively  affected. 

The  A.A.R.  material  classification  now  embraces  57  classes  including  sub-classes 
which  divide  themselves  generally  into  four  major  groups  as  follows: 
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M.  of  W.  and  S.  Group — 13  classes,  including  sub-classes  for  materials  strictly 
M.  of  W.  and  S.  in  character. 

M.  of  E.  Group — 29  classes,  including  sub-classes  for  materials  preponderantly 
M.  of  E.  in  character  but  in  several  classes,  also  M.  of  W.  and  S.  in  character. 

Transportation  Group — 7  classes,  including  sub-classes,  principally  embracing 
supplies  such  as  locomotive  fuel,  train  and  station  supplies,  lubricating  and  illuminating 
oils,  etc. 

Common  to  All  Department  Group — 8  classes,  including  sub-classes  for  materials 
of  common  departmental  usage,  and  all  scrap. 

Classes  3  and  9,  as  shown  in  the  committee's  report,  are  included  in  the  M.  of  W. 
and  S.  group.  Class  37  is  in  the  Transportation  proup  and  Classes  42  and  47  are  in  the 
Common  to  All  Departments  group. 

The  A.A.R.  Standard  Material  Classification  with  all  its  present  detail  as  described, 

or  any  other  classification  has  from  an  accounting  standpoint,  its  limitations  with  respect 

to  the  disclosing  of  accurate  statistical  data,  as  referred  to  in  your  committee  report, 

concerning  materials  costs  of  any  major  departments  of  a  railroad,  much  less  of  any 
specific  branch  of  service,  such  as  water  service,  within  a  major  department. 

Accordingly,  it  is  our  suggestion  to  your  association  that  certain  statistical  data  on 

the  purchase  and  consumption  of  key  items  of  water  service  materials,  such  as  the  14 

items  listed  in  your  report,  and  which  data  we  fully  agree  are  pertinent  to  progress  in 

the  supplying  of  adequate,  economical  and  proper  quality  water  service  to  our  railroads, 

be  compiled  from  water  service  department  and  purchasing-stores  records  independent  of 
the  classified  materials  balance  sheets. 

Again,  with  respect  to  your  suggestions  concerning  subdivisions  of  several  present 
material  classes  in  connection  with  water  service  materials  and  supplies,  there  is  one  in 

particular,  and  which  your  committee  report  emphasizes  as  particularly  desirable,  which 
the  Purchases  and  Stores  Division  may  consistently  consider.  That  is  a  consolidation  of 
water  treatment  chemicals  now  carried  in  A.A.R.  Class  47  and  boiler  compounds  in 

A.A.R.  Class  37.  We  shall  be  pleased  to  give  these  two  items  consideration  in  line  with 

your  proposal. 

Finally,  as  to  the  practice  on  various  railroads,  mentioned  in  the  committee  report, 

wherein  using  departments  in  ordering  materials  group  them  according  to  the  stores 

department  classification  number — using  material  classification  numbers  on  the  requisition. 
Where  thus  used,  the  material  class  numbers  are  intended  to  expedite  handling  by  the 

stores  department,  through  the  elimination  or  minimizing  of  "draw-offs",  because  the 
full  run  of  materials  ordered  are  handled  by  different  sub-departments  at  the  stores.  The 
merits  of  such  an  arrangement,  of  course,  are  dependent  on  the  collective  advantages  on 

individual  railroads  where  the  practice  may  be  followed,  and  a  decision  as  to  the  net 

value  of  the  arrangement  rests  with  the  individual  railroad.  Of  course,  in  cases  where 

it  is  considered  jointly  advantageous  for  a  railroad  to  group  material  on  requisitions  by 

material  classes,  it  is  appropriate  that  copies  of  the  material  classification  used  be  placed 
in  the  hands  of  the  materials  ordering  departments  so  they  may  make  the  requisitions 

conform  thereto,  or  that  they  be  instructed  in  some  other  form  as  to  details  of  the 

material  classification,  particularly  concerning  classes  embracing  materials  used  by  the 

department  preparing  the  requisitions  involved. 
President  Irwin: — Mr.  Murrin,  is  there  any  information  you  would  like  to  present 

at  this  time  in  convention  or  is  it  a  matter  you  could  handle  in  the  committee  if  the 

committee  considers  it  incomplete  and  will  carry  on? 

Mr.  Murrin: — That  is  perfectly  all  right.  One  item  they  speak  about  in  the  report 

is  chemicals  for  wayside  water  treatment.  The  report  suggests,  in  particular,  that  con- 
sideration be  given  by  our  division  to  pooling  chemicals  for  water  treatment  and  boiler 
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compound  in  fhe  same  material  class.  We  are  going  to  do  that,  I  think,  this  year. 
There  are  no  further  remarks  T  have  to  make  on  the  proposition.  We  are  glad  to  work 

with  your  committee,  and  we  appreciate  the  line  consideration  that  the  report  gives  to 
the  control  of  the  materials  and  supplies  investment. 

President  Irwin: — Thank  you,  Mr.  Murrin. 

I  will  ask  the  chairman,  while  you  are  here,  whether  he  would  consider  this  as  in- 
complete, pending  collaboration  next  year,  or  whether  in  your  opinion  it  can  be  accepted 

as  it  is.     Do  you  wish  to  tile  objections  to  that? 

Mr.  Murrin: — None  whatsoever. 

Mr.  Steel: — I  make  the  suggestion  that  inasmuch  as  this  committee  has  fulfilled  its 
assignment  and  prepared  its  report  for  the  information  of  the  membership,  and  in  view 
of  the  fact  that  there  has  been  a  measure  of  collaboration,  you  might  say  in  the  form  of 
informal  collaboration,  before  the  Purchases  and  Stores  division,  received  the  tentative 

report,  by  conferences  with  members  of  the  supply  departments,  I  should  like  to  suggest 
that  these  extended  remarks  of  Mr.  Murrin  be  incorporated  with  this  report  as  Appendix 

No.  2.  I  think  it  covers  the  situation  pretty  well.  Then  we  will  close  the  subject.  We 
have  considered  the  subject  in  detail,  and  this  is  information  which  can  be  read  with  the 
report.     I  would  like  to  recommend  that. 

President  Irwin: — Mr.  Murrin  seemed  to  have  no  objection  to  having  that  done. 
The  report  will  be  received  as  information  as  it  contains  no  recommended  practice,  and 

the  notations  presented  by  Mr.  Murrin  may  be  printed  as  an  appendix.  That  will  simply 
be  additional  information  for  the  benefit  of  our  members  but  requires  no  action  of  the 
Association. 

Is  there  anything  further,  Mr.  Bardwell? 

Chairman  Bardwell: — That  completes  the  report  of  Committee  XIII. 

President  Irwin: — This  committee  is  continually  doing  very  valuable,  progressive 
work  and  has  an  excellent  outline  for  the  coming  year.  The  committee  is  now  discharged 
with  the  thanks  of  this  Association.     (Applause) 

DISCUSSION  ON  UNIFORM  GENERAL  CONTRACT  FORMS 

(For  Report,  see  pp.  307-313) 

Chairman  W.  G.  Nusz  (lUinois  Central) :— The  report  will  be  found  on  page  307. 
Assignment  (1),  Revision  of  Manual,  is  not  reported  on  at  this  time.  The  committee 

made  a  very  thorough  study  and  reviewed  all  of  the  contracts  now  contained  in  the 
Manual,  before  the  recent  issue,  and  it  has  no  recommendations  to  make  at  this  time. 

The  Form  of  Agreement  with  Public  Authorities  for  Highway  Grade  Crossing  Elim- 

ination or  Separation,  collaborating  with  Committee  IX — Highways,  has  been  assigned 
to  the  committee  three  or  four  years.  This  subject  was  assigned  prior  to  the  federal 

government  activities  in  grade  crossing  separation.  A  great  many  agreements  have  been 

secured  by  the  committee  and  carefully  studied.  The  committee  submitted  a  tentative 
form  in  1935,  Vol.  36,  and  believes  that  no  final  form  can  be  submitted  this  year.  It  is 
recommended  that  the  assignment  be  continued. 

The  third  assignment  to  the  committee,  Form  of  Agreement  for  Pickup  and  Store- 
Door  Delivery,  will  be  presented  by  Mr.  Swatosh,  chairman  of  the  subcommittee. 

Mr.  W.  R.  Swatosh  (Erie) : — You  will  find  the  report  of  subcommittee  3  in  Appendix 

A  beginning  on  page  308.  This  tentative  agreement  has  been  before  the  Association  for 

the  past  two  years.     The  committee  has  further  studied  the  agreement,  and  it  has  been 
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printed  again.    The  committee  is  asking  approval  of  the  Association  for  its  printing  in 
the  Manual. 

(He  then  read  the  paragraph  headings.) 

Mr.  Swatosh: — I  move  the  adoption  of  Appendix  A  for  approval  and  printing  in  the 
Manual. 

President  Irwin: — It  has  been  moved  and  seconded  that  the  Form  of  Agreement  for 

Pickup  and  Store-Door  Delivery  as  shown  in  Appendix  A  be  adopted  for  publication  in 
the  Manual.  Your  attention  is  directed  to  the  fact  that  the  committee  submitted  a 

tentative  form  of  this  agreement  in  1935  and  studied  it  before  presenting  it  in  this  form. 

Is  there  any  discussion  on  this  form,  in  any  of  its  articles?  There  being  no  discussion, 

I  will  put  the  question.  AH  in  favor  will  please  say  "aye";  contraryminded.  It  is 
adopted. 

I  am  especially  interested  in  the  work  of  this  committee,  having  been  a  member  of 

it  ever  since  its  inception.  I  really  should  be  sitting  at  the  table  with  the  committee. 

I  appreciate  the  work  they  have  done  and  the  thoroughness  with  which  they  undertake 
all  of  the  work  and  the  care  with  which  everything  is  studied  out. 

I  appreciate  the  work  of  the  committee,  Mr.  Nusz,  and  it  is  discharged  with  the 
thanks  of  the  Association.     (Applause) 

DISCUSSION  ON  ROADWAY 

(For  Report,  see  pp.  315-336) 

Chairman  Geo.  S.  Fanning  (Erie) : — This  committee  has  no  separate  subcommittee  on 
Revision  of  Manual.  Whatever  revisions  and  additions  are  to  be  made  are  handled  by 
the  regular  subcommittee  having  the  subject  in  charge. 

Our  first  report,  on  the  Physical  Properties  of  Earth  Materials,  will  be  offered  by 
Mr.  Legro,  the  chairman  of  the  subcommittee. 

Mr.  H.  W.  Legro  (Boston  &  Maine) : — This  report  will  be  found  in  Appendix  A. 
The  subject,  Physical  Properties  of  Earth  Materials,  has  been  studied  for  several  years 
by  the  committee,  and  the  greater  part  of  this  report  has  already  appeared  in  some  form 

in  the  proceedings.  It  is  now  presented  for  inclusion  in  the  Manual,  rearranged  to 
conform  to  the  outline  in  the  Manual. 

There  is  a  growing  amount  of  published  theory  indicating  the  rapid  development  of 
the  science  of  soil  mechanics,  and  that  is  receiving  careful  study  by  this  committee  for  the 

purpose  of  gleaning  from  it  principles  and  practices  that  can  be  effectively  used  by  this 
Association  in  the  construction  and  maintenance  of  more  stable  roadbed  and  structures. 

(Mr.  Legro  read  the  headings  under  Appendix  A,  and  his  motion  that  the  matter  on 

pages  316  to  321,  inclusive,  be  adopted  for  inclusion  in  the  Manual,  as  recommended,  was 
seconded,  put  to  a  vote  and  carried.) 

Chairman  Fanning: — The  second  report,  on  Natural  Waterways,  will  be  presented 
by  Mr.  L.  S.  Rose,  chairman  of  the  subcommittee. 

Mr.  L.  S.  Rose  (Erie): — This  report  is  found  on  page  322  under  Appendix  B.  It 
introduces  the  subject  and  outlines  the  survey  requirements  for  determining  water  run-off. 
It  is  submitted  with  the  recommendation  that  it  be  included  in  the  Manual,  and  I 
so  move. 

(The  motion  was  regularly  seconded,  put  to  a  vote  and  carried). 

Chairman  Fanning:  The  third  report,  on  Culverts,  will  be  offered  by  Mr.  A.  E. 
Botts,  the  chairman  of  the  subcommittee. 
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Mr.  A.  E.  Botts  (Chesapeake  &  Ohio) : — The  report  of  this  subcommittee  is  found 
on  page  323  under  Appendix  C,  and  the  subject  is  Location  and  Type  of  Opening  with 
Reference  to  Culverts. 

The  subject  is  treated  under  several  headings: 

(Mr.  Botts  read  the  section  headings  on  pages  323,  324  and  325.) 

Mr.  Botts: — The  last  portion  of  the  report  has  to  do  with  the  economics  of  the  cost 
and  types  of  culvert  and  the  location  thereof. 

"Since  cost  comparisons  are  so  easily  made,  and  since  it  is  one  of  the  chief  functions 
of  a  railroad  engineer  to  operate  the  road,  in  so  far  as  his  sphere  of  influence  extends, 
at  the  lowest  true  annual  cost  possible,  economic  comparisons  should  be  made  one  of  the 

guides  toward  the  selection  of  drainage  structures." 

This  report  is  offered  as  information. 

President  Irwin: — Are  there  any  questions  in  regard  to  this  report? 
Mr.  B.  R.  Leffler  (New  York  Central): — I  think  the  report  is  a  good  one,  but  I 

want  to  bring  out  some  practical  aspects  of  the  culvert  question,  especially  as  regards 
existing  culverts. 

I  have  in  mind  a  typical  case,  say,  a  four  by  four  box  that  has  been  in  service  for 

many  years.  The  box  is  going  to  pieces.  Probably,  it  is  an  old  stone  box,  laid  up  orig- 
inally with  lime  mortar.  The  joints  have  become  disintegrated,  and  the  stone  displaced. 

The  drainage  area  is  determined,  and  the  culvert  figures  small  in  area.  Accordingly,  the 

usual  procedure,  if  followed  in  a  logical  order,  means  the  tearing  out  of  the  culvert, 
under  a  high  fill,  at  great  expense. 

The  sensible  way  to  handle  a  problem  like  this  is  to  study  the  behavior  of  the  old 

culvert,  irrespective  of  any  drainage  area,  or  formulas;  find  out  its  history;  find  out  how 

it  discharged  under  flood  conditions  extending  over  many  years.  Often,  a  pipe  can  be 

inserted  inside  of  such  a  culvert  and  really  improve  the  hydrauhc  and  discharging  capaci- 
ties of  the  culvert.  A  smooth  pipe  has  better  discharging  capacities  than  a  rough, 

irregular-shaped  stone  box.  Considerable  expense  would  thus  be  saved  in  taking  care  of 
the  problem. 

I  have  in  mind  a  particular  case,  where  a  IS-in.  pipe  was  originally  used  for  a  culvert, 
when  the  railroad  was  built.  Of  course,  this  should  not  have  been  used ;  but  it  was  used, 

and  the  pipe  gave  service  for  a  good  many  years,  and  finally  broke  down,  obstructing 

the  waterway.  There  were  about  fifteen  acres  of  drainage  area.  A  wrought  iron  pipe, 

ten  inches  in  diameter,  was  punched  through  the  old  culvert;  and,  while  the  theoretical 

discharging  capacity  of  the  ten-inch  pipe,  accordii^  to  the  drainage  formula,  was  not 
large  enough,  yet  I  dare  say  that  this  pipe  gives  a  better  discharge  than  the  broken-down, 
vitrified  pipe. 

The  report  is  excellent  from  the  standpoint  of  new  construction,  but  I  am  sure  rail- 
roads could  save  a  lot  of  money  if  they  looked  at  culvert  breakdowns  and  repairs  in  a 

tentative  way.     How  does  the  culvert  actually  perform  as  revealed  by  its  history? 

Chairman  Fanning: — I  will  say  we  appreciate  very  much  Mr.  Leffler's  comments. 
Some  of  the  ideas  about  present  culverts  which  he  has  expressed  will  be  found  under  the 

item  on  field  surveys  in  the  preceding  report.  In  preparing  such  of  this  material  as  we 

propose  to  put  into  the  Manual,  we  will  give  very  careful  consideration  to  what  Mr. 
Leffler  said.     I  think  it  is  a  very  valuable  addition  to  the  report. 

Our  fourth  report,  on  Width  of  Roadbed  and  Angle  of  Slopes  will  be  offered  by 
Mr.  Paul  Chipman,  chairman  of  the  subcommittee. 

Mr.  Paul  Chipman  (Pere  Marquette): — This  report  is  found  on  pages  326  to  333, 
inclusive,  under  Appendix  D.  It  consists  of  a  discussion  of  the  various  factors  which 
affect  widths  and  slopes  of  the  roadway.     The  conclusions  are  shown  on  pages  332  and 
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333.  This  information  is  submitted  as  a  progress  report,  with  the  recommendation  that 
the  subject  be  continued. 

President  Irwin: — Is  there  any  discussion  on  this  report  in  its  status  as  a  progress 
report?     It  is  presented  as  information  and  will  be  so  received. 

Chairman  Fanning: — The  fifth  report,  on  Tunnels,  will  be  offered  by  Mr.  F.  W. 
Alexander. 

Mr.  F.  W.  Alexander  (Canadian  Pacific) :— The  report  of  this  subcommittee  will  be 

found  on  pages  333  to  336,  inclusive.  A  section  covering  tunnel  construction  was  orig- 
inally included  in  the  Specifications  for  Formation  of  the  Roadway. 

Complete  new  specifications  for  Construction,  Excavation  and  Temporary  Lining  nf 

Tunnels  have  been  prepared  and  are  offered  for  your  approval.  In  the  report,  preceding 
the  specifications  there  are  some  further  explanatory  remarks. 

(Mr.  Alexander  read  the  headings  in  the  specification  and  his  motion  that  it  be 
adopted  for  inclusion  in  the  Manual  was  seconded.) 

Mr.  W.  A.  Radspinner  (Chesapeake  &  Ohio): — On  page  335,  under  Wiring,  it  says: 

"Electric  lights  or  power  circuits  for  construction  purposes  shall  be  of  standard  con- 

struction." References  to  electric  wiring  are  generally  preceded  by  the  requirement  that 
it  be  in  accordance  with  the  National  Electrical  Safety  Code  for  occupancies  of  that  kind. 

My  thought  is  that  some  reference  should  be  made  to  the  National  Electrical  Safety  Code 

for  wiring,  instead  of  using  standard  construction,  because  one  man's  standard  might  not 
be  somebody  else's. 

Mr.  Alexander: — There  is  no  particular  objection  to  that  but  what  is  considered  in 
this  is  temporary  wiring,  and  it  was  not  necessary  to  put  in  all  those  fine  details. 

President  Irwin: — Is  there  any  discussion? 
(The  question  was  called  for,  put  to  a  vote  and  carried.) 

President  Irwin: — It  is  adopted  for  publication  in  the  Manual.  Thank  you,  Mr. 
Alexander. 

Chairman  Fanning: — On  the  other  subjects  assigned,  Roadway  Drainage,  Roadway 
Protection  and  Fences,  the  committee  reports  progress. 

Under  the  subject,  Signs:  Under  date  of  August  8,  1937  the  committee  received  from 
the  chairman  of  the  Committee  on  Outline  of  Work  a  request  to  take  up  the  subject  of 

Close  Clearance  Sign  this  year,  collaborating  with  the  Special  Committee  on  Clearances, 

in  response  to  a  request  from  Vice-President  Symes  of  the  AAR.  The  Railroad  and 
Warehouse  Commission  of  Minnesota  recently  appointed  a  committee  of  railroad  men  to 

prepare  recommendations  for  a  sign  to  be  used  in  that  state  where  clearances — lateral  and 
overhead — are  less  than  the  statutory  requirements.  The  preliminary  discussion  held  with 
the  Railroad  and  Warehouse  Commission  was  along  the  lines  of  self-illuminated  or  button 
signs. 

Due  to  the  late  assignment  of  this  subject  it  was  not  possible  to  have  the  subcom- 
mittee consider  it  but  it  was  considered  at  a  general  meeting  of  the  committee.  After  a 

thorough  discussion,  the  following  conclusions  were  reached: 

1.  Close  clearance  sign  should  be  placed  on  the  structure  with  the  close  clearance  at 

the  point  of  close  clearance.  The  sign  should  be  easily  tead  with  simple  wording  such  as 

"Warning  Close  Clearance"'  or  just  "Close  Clearance". 
2.  The  wording  "No  Clearance',  which  we  understand  is  under  consideration  in  Min- 

nesota, is  not  considered  good,  being  contrary  to  the  facts. 

3.  The  use  of  self-illuminated  or  button  signs  is  not  considered  necessary.  The  vast 
majority  of  these  signs  would  be  used  on  buildings  adjacent  to  service  tracks,  where 

normally  there  would  be  pushing  movements,  so  that  there  would  be  no  headlight  avail- 
able to  illuminate  the  signs. 
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Yhis  report  i'^  siibmittoH  r<;  a  progress  report  anri  as  information,  and  the  subject 
will  be  continued. 

That  completes  the  report. 

President  Irwin: — It  is  so  received. 

Mr.  G.  R.  Westcott  (Missouri  Pacific) :— Possibly  the  committee  should  consider  that 

in  a  number  of  states  there  already  are  restrictions  as  to  the  placing  of  the  signs,  and 
also  as  to  the  wording  that  is  to  be  used  on  the  signs.  We  have  such  a  situation  as  that 

in  Illinois.  While  the  committee  probably  has  this  situation  in  mind,  it  was  not  included 
in  the  notations  read  by  Mr.  Fanning.  I  think  perhaps  your  committee  should  consider 
this  phase  in  its  further  work. 

Chairman  Fanning:— One  of  the  great  difficulties  we  have  encountered  in  trying  to 
establish  actual  dimensions  and  wording  of  the  sign,  is  that  there  are.  in  a  number  of 

states,  statutory  requirements,  and,  on  the  other  hand,  almost  every  railroad  is  already 
very  well  signed.  Our  experience  with  signs  in  this  committee  has  been  that  it  is  a 

tough  subject.  For  instance,  we  found  in  the  old  Manual  seven  or  eight  pages  of 

standard  signs,  wording,  dimensions  and  everything  else.  We  canvassed  all  of  the  prin- 
cipal railroads  and  found  that  none  of  them  used  these  signs.  It  was  just  a  waste  of 

paper  as  far  as  the  Manual  was  concerned,  so  that  in  handling  signs  we  have  been  inclined 
to  step  very  easily.  We  think,  if  we  can  establish  some  principles  for  the  design  of 

signs,  we  will  accomplish  more  than  if  we  tried  actually  to  draw  a  sign  with  detailed 
dimensions  and  wording.  If  you  have  a  railroad  that  is  pretty  well  supplied  with  close 

clearance  signs,  you  are  not  going  to  tear  them  all  down.  As  a  matter  of  fact,  close 

clearance  signs  are  only  for  the  information  of  the  employees  on  that  one  railroad.  There 
is  not  much  object  in  standardization  among  different  railroads.  It  is  not  like  a  sign  for 
the  information  of  the  general  public. 

Mr.  Bernard  Blum  (Northern  Pacific) : — I  think  what  has  been  brought  out  indicates 
that  there  is  some  demand  for  such  a  sign.  The  fact  that  one  or  two  of  the  states  may 

have  regulations  of  their  own  shouldn't  be  a  determining  factor  in  failing  to  meet  this 
requirement.  We  have  had  that  same  problem  in  connection  with  highway  grade  cross- 

ing signs.  As  a  result  of  the  work  of  Committee  IX,  many  of  the  states  have  adopted 

the  recommended  practices  of  the  .'VREA  and  have  enacted  them  into  law,  or  orders 
of  the  railroad  commissions. 

I  believe  it  may  be  of  some  importance  to  our  law  departments  if  we  have  recom- 
mended practice  as  to  the  type  of  sign  that  shall  be  placed,  of  a  uniform  character,  of 

uniform  size,  lettering  and  location.  I  think,  as  Mr.  Symes  brought  out  yesterday  in  his 
address  at  the  opening  of  the  convention,  there  are  a  great  many  terminals  that  are  joint, 
and  are  used  by  two  or  more  railroads,  so  that  there  is  some  argument  that  such  close 

clearance  points  are  encountered  by  the  employees  of  more  than  one  railroad. 

Chairman  Fanning: — I  would  like  to  answer  Mr.  Blum  in  this  way:  There  is  a 
considerable  difference  between  the  sign  on  a  highway  which  is  for  the  information  of  the 

general  public,  which  is  under  the  control  of  highway  departments,  and  which  should  be 
standardized  without  doubt,  and  a  sign  such  as  this  which  is  for  the  information  of 

railroad  employees.  There  is  something  in  what  he  says  about  joint  terminals.  I  think 
there  is  some  danger  in  what  he  hints  at,  about  the  legal  situation,  because  if  we  have  a 

recommended  practice  for  standard  close  clearance  signs  and  it  isn't  used  any  more  than 
the  old  one  was,  the  lawyers  are  going  to  find  a  lot  of  violations  of  our  recommendations. 

Instead  of  something  which  will  be  helpful  to  them,  it  is  going  to  be  something  which 

may  plague  them.  We  have  had  things  like  that  happen  before  with  our  Manual.  We 
have  had  information  in  it  about  superelevation  of  curves,  which  some  of  the  railroads 

found  was  rather  dangerous.     I  am  of  the  opinion  that  a  recommended  practice  as  to  a 
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sign,  with  exact  dimensions  and  exact  Ictlerinp,  may  not  be  so  desirable  as  a  general 

recognition  of  the  principles  which  should  guide  the  design  of  the  sign;  that  is,  that  it 
should  be  clear  and  the  language  should  be  short,  concise,  and  things  like  that,  and  not 

try  to  set  up  a  standard,  which  is  in  fact  what  we  are  talking  about,  such  that,  if  a 

railroad  doesn't  use  it,  it  might  be  said  that  they  hadn't  adopted  the  best  practice  and 
that  it  was  at  fault  and,  perhaps,  subject  to  damages. 

Mr.  Radspinner: — The  Bureau  of  Explosives  use  a  standard  sign  and,  regardless  of 

what  the  railroad  company  puts  on  even  their  working  equipment,  for  example,  in  trans- 
porting gasoline  to  a  work  outfit,  we  use  a  big  sign  approved  by  the  Engineering  Advisory 

committee  that  says  "Gasoline.  Keep  Lights  and  Fires  Away."  Nevertheless,  we  have 
to  put  on  there  a  sign  required  by  the  Interstate  Commerce  Commission.  When  a  tank 

car  is  unloading  gasoline,  we  are  required  to  put  up  a  sign  for  the  benefit  of  the  railroad 

employees,  on  the  track,  of  a  certain  dimension  and  size,  specified  by  the  Bureau  of 
Explosives.    That  rule  is  enforced. 

President  Irwin: — Any  further  discussion?  This  committee  is  producing  some  very 
valuable  reports,  and  there  is  a  great  deal  of  original  matter  in  its  report  on  the  physical 
properties  of  earth  materials. 

The  committee  is  discharged  with  the  thanks  of  the  Association.     (Applau.se) 

DISCUSSION  ON  BALLAST 
(For  Report,  see  page  337) 

Chairman  A.  D.  Kennedy  (Atchison,  Topeka  &  Santa  Fe) : — The  committee  has  no 
revisions  of  the  Manual  to  recommend  this  year.  The  first  subject  is  Ballast  Section 

Design,  and  this  year  the  committee  offers  for  acceptance  and  inclusion  in  the  Manual, 
four  ballast  sections  designed  for  tangent  track.  These  sections  are  for  crushed  rock  and 

gravel,  for  various  sizes  of  crushed  particles.  The  committee  recommends  that  these 

sections  be  adopted  and  included  in  the  Manual,  and  I  so  move. 
.     .     .     (The  motion  was  regularly  seconded,)     .     .     . 

President  Irwin: — The  material  seems  to  be  included  in  the  charts  with  no  further 

descriptive  material  to  be  developed.    Is  there  any  discussion? 

(The  question  was  called  for,  put  to  a  vote  and  carried.) 

Chairman  Kennedy: — The  other  subject  assigned  to  the  committee  is  Develop 
Relationship  of  Ballast  Materials  Between  Service  Behavior  and  Results  Obtained  by 

Los  Angeles  Testing  Machine.  The  committee  has  developed  considerable  information 

and  it  is  hoped  that  by  next  year  the  subject  wDl  be  carried  to  conclusion.  That  is  all 
of  the  report. 

President  Irwin: — This  completes  the  report  of  that  committee  and,  in  fact,  it  ter- 

minates the  work  of  the  Committee  II — Ballast.  It  has  done  very  valuable  work  during 
its  career,  but  the  work  is  in  such  a  status  that  it  has  seemed  best  to  combine  it  with 

Committee  I — Roadway,  so  in  the  future  the  work  will  be  done  by  Committee  I — Road- 

way and  Ballast.  Thank  you  for  your  report,  Mr.  Kennedy.  The  committee  is  dis- 
charged with  the  thanks  of  the  Association.     (Applause) 

DISCUSSION  ON  TIES 

(For  Report,  see  pp.  339-353) 

Chairman  John  Foley  (Pennsylvania): — Our  report  involves  no  additions  to  or  revi- 
sions of  the  Manual.  Appendix  A  is  a  short  statement  of  the  present  position  of  the 

committee   in   regard  to   the   current  standards  for  ties.     Its  observations  on  ties  made 
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semi-annually  in  various  parts  of  the  country  confirm  its  conviction  that  -the  present 
tolerance  of  one  inch  in  all  the  dimensions  of  ties  is  ample  to  permit  their  manufacture 
without  undue  hardship  on  anybody  involved  in  their  production.  That  statement  is 
submitted  as  information. 

President  Irwin: — It  is  so  received. 

Chairman  Foley: — Appendix  B,  Extent  of  Adherence  to  Specifications,  will  be 
reported  on  by  Mr.  Clarke,  chairman  of  the  subcommittee. 

Mr.  H.  R.  Clarke  (Chicago,  Burlington  &  Quincy) : — The  report  of  the  subcommittee 
on  Extent  of  Adherence  to  Standard  Specifications  will  be  found  on  page  340.  As  has 

been  the  practice  for  some  years,  the  committee  during  the  past  year  inspected  ties  in 

several  tie  yards  in  the  New  England  states,  also  in  Virginia  and  the  South  Atlantic  states. 

The  evidence  of  over-grading,  in  the  opinion  of  the  committee,  was  somewhat  more 
noticeable  in  the  ties  inspected  this  year  than  has  been  the  case  for  the  past  several 
years.  This  may  be  due,  as  is  suggested  in  the  report,  to  the  fact  that  an  effort  was 
being  made  in  many  cases  to  secure  as  large  a  number  of  local  ties  as  possible,  and  some 

of  the  timber  from  which  the  ties  were  being  manufactured  was  undoubtedly  undersized. 

That  ties  conforming  to  the  specifications  can  be  secured,  is  evidenced,  as  also  sug- 
gested in  the  report,  by  the  fact  that,  where  rigid  adherence  to  the  specifications  is  being 

insisted  upon,  such  ties  are  being  produced.  The  committee  report  makes  special  mention 
of  the  success  of  one  road  in  effecting  a  marked  improvement  in  sustaining  standards 

during  the  past  year. 

The  committee  calls  particular  attention  to  conditions  found  in  some  of  the  yards 

inspected  where  necessary  action  is  not  being  taken  to  insure  opportunity  to  season  ties 

with  reasonable  freedom  from  the  danger  of  infection,  also  to  cases  where  ties  were 

actually  deteriorating  on  account  of  improper  piling.  This  can  only  be  attributed  to 

lack  of  interest  or  carelessness,  as  the  expense  involved  in  proper  drainage  and  proper 

handling  of  ties  in  the  yard  would  be  negligible. 

Considering  the  deterioration  that  can  occur  so  quickly  and  so  easily,  the  committee 

suggests  that  it  is  well  worth  while  to  pay  particular  attention  to  these  very  important 
items.    The  report  is  submitted  as  information. 

President  Irwin: — Any  comments  on  this  report?     It  will  be  received  as  information. 

Chairman  Foley: — Appendix  C  is  a  tabulation  of  the  data  which  have  again  been 
procured  this  year,  after  a  lapse  of  three  years.  It  brings  up  to  date  the  tests  on 
substitute  ties  and  is  submitted  as  information. 

President  Irwin: — It  is  so  received. 

Chairman  Foley: — Appendix  D  comprises  tabular  statements  of  Tie  Renewal  Aver- 
ages and  Costs  per  Maintained  Mile.     They  are  submitted  as  information. 

President  Irwin: — They  are  so  received. 

Chairman  Foley: — Appendix  E  offers  a  few  figures  on  the  proper  seasoning  of  oak 
ties,  and  the  subject  is  continued,  this  being  only  a  progress  report. 

President  Irwin: — It  is  so  received. 

Chairman  Foley: — Appendix  F  will  be  reported  upon  by  Mr.  Burton,  chairman  of 
the  subcommittee. 

(Vice  President  Morrow  assumed  the  Chair.) 

Mr.  W.  J.  Burton  (Missouri  Pacific) : — This  subject  results  from  the  efforts  which 
have  been  made  in  the  last  several  years  to  determine  the  extent  of  deferred  maintenance 

of  ties  through  comparisons  with  renewals  in  previous  years.  One  of  the  uncertainties  is 

the  effect  of  traffic  on  the  life  of  ties,  and  the  effort  has  been  made,  to  take  the  avail- 
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able  traffic  data  (which  we  now  have  in  the  form  originated  by  the  Tie  committee  some 

eight  or  nine  years  ago)  and  to  determine  from  these  data  the  damaging  effect  of  traffic. 
When  comparisons  are  attempted  between  tie  renewals  on  the  same  railroad  in 

different  years,  or  different  railroads  in  the  same  year,  this  traffic  effect  is  one  of  the 
principal  uncertainties. 

Of  course,  it  is  reasonable  to  assume  that  the  damaging  effect  of  traffic  on  creosoted 

ties  is  relatively  of  greater  importance  than  it  is  on  untreated  ties.  An  untreated  tie 

with  a  life  of,  say,  eight  years,  will  last  only  eight  years,  regardless  of  what  traffic  is 
put  over  it,  because  it  decays,  whereas  the  treated  tie  will  last  practically  indefinitely 

excepting  as  it  is  damaged  by  traffic. 
The  formula  known  as  the  Yager  formula  evaluates  the  damaging  effect  of  traffic 

at  30  percent  and  the  lapse  of  time  at  70  percent.  These  percentages  are  probably  all 

right  for  untreated  ties,  although  we  do  not  know  on  what  they  were  based,  and  we 

have  no  way  of  proving  them  from  any  known  data.  However,  they  seem  to  be 

considerably  in  error  when  applied  to  treated  ties. 

The  report  this  year  covers  an  effort  to  find  the  relationship  between  the  gross  ton- 
miles  of  traffic  passing  over  the  track  in  a  given  period  of  years,  and  the  tie  renewals. 
Due  to  the  lack  of  data  for  a  sufficient  number  of  years,  and  due  to  other  complications, 

principally  those  brought  about  by  the  depression  when  renewals  were  arbitrarily  reduced 

in  some  cases,  and  to  other  causes,  the  committee  has  concluded  that  it  is  not  possible 

to  determine  this  relationship  from  existing  data  satisfactorily. 

The  committee  therefore  presents  this  as  a  progress  report  and  recommends  the 
subject  be  discontinued  for  the  present  and  until  such  time  as  more  data  are  available. 

Vice-President  Morrow: — The  report  will  be  received  as  information. 

Chairman  Foley: — Appendix  G  will  be  reported  by  Mr.  Thorvaldson,  chairman  of 
the  subcommittee. 

Mr.  S.  Thorvaldson  (Pere  Marquette): — This  report  is  found  on  page  352.  The 
subject  was  reported  on  in  1933,  but  as  we  felt  that  additional  information  would  be 

available  at  this  time,  a  questionnaire  was  addressed  to  the  members  of  the  Association. 

Our  study  of  the  data  obtained  and  the  opinions  received  resulted  in  the  conclusions 

submitted  in  the  last  three  paragraphs  of  our  report,  which  is  submitted  as  information 
with  the  recommendation  that  the  subject  be  discontinued. 

Vice-President  Morrow: — The  report  will  be  received  as  information. 

Chairman  Foley: — That  concludes  our  report. 
Vice-President  Morrow: — The  committee  is  excused  with  the  thanks  of  the 

Association.     (Applause) 

DISCUSSION  ON  TRACK 

(For  Report,  see  pp.  401-423) 

(Vice-President  F.  E.  Morrow  in  the  chair.) 

Chairman  C.  J.  Geyer  (Chesapeake  &  Ohio): — The  first  subject  is  Revision  of 
Manual.  Action  on  several  other  reports  has  an  effect  on  the  action  on  the  recommen- 

dations in  the  revision  of  Manual,  so  if  there  is  no  objection  we  will  proceed  with  the 

other  reports  and  put  Appendix  "A,  Revision  of  Manual,  last. 
Vice-President  Morrow:     That  will  be  perfectly  satisfactory. 

Chairman  Geyer: — Appendix  B,  Fastenings  for  Continuous  Welding  Rail,  collaborat- 
ing with  Committee  IV — Rail.  Mr.  Magee,  chairman  of  the  subcommittee  on  that  sub- 

ject, just  got  started  last  year,  so  we  have  no  report  to  offer  now  but  we  are  making 
considerable  progress  on  this  work. 
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Appendix  C,  Plans  and  Specifications  for  Track.  Tools,  will  be  presented  by  Mr. 
Roller,  chairman  of  the  subcommittee. 

Mr.  W.  L.  Roller  (Chesapeake  &  Ohio) :— You  will  find  the  report  of  subcommittee 

{.^)  on  page  405.     The  report  is  rather  brief,  so  I  will  read  it. 

(Mr.  Roller  read  the  report,  and  his  motion  for  the  adoption  and  printing  in  the 
Manual  of  Plan  23-A,  Rail  Tongs  for  Use  with  Cranes,  was  carried.  Following  this 

action,  he  offered  Plan  26 — Scoop,  as  revised,  and  his  motion  for  its  adoption  and  print- 
ing in  the  Manual  was  likewise  carried.) 

Mr.  Roller;— Plans  20-A,  27,  28,  2Q  and  30  arc  orfered  as  information. 

Vice-President  Morrow: — Any  discu.ssion  as  to  those  plans?  If  nol,  they  will  be 
received  as  information. 

Mr.  Roller:— The  committee,  in  recommending  the  continuation  of  this  subject, 

wishes  to  enlist  the  active  co-operation  of  all  members  of  the  Association  in  the  sub- 
mission of  recommended  standards  for  additional  designs  to  add  to  our  portfolio  of  track 

tool  plans. 

Chairman  Geyer: — Appendix  D,  Plans  for  Switches,  Frogs,  Crossings,  SHp  Switches, 
etc.,  and  Track  Construction  in  Paved  Streets,  will  be  presented  by  Mr.  Caruthers,  chair- 

man of  the  subcommittee. 

Mr.  E.  W.  Caruthers  (Pennsylvania): — ^The  report  of  the  subcommittee  will  be 
found  on  page  409.  The  committee  wishes  this  year  to  present  work  that  has  been  done 
on  plans  for  curved  switches.  During  the  year  the  subcommittee  has  continued  its  work 

on  the  preparation  of  detail  plans  covering  curved  switches  as  shown  diagrammatically  on 
Plan  920  covering  Turnout  Data  for  Curved  Switches. 

The  plans  now  offered  have  been  prepared  to  show  all  the  neces.sary  detail  for  the 

construction  and  application  of  30-ft.  and  19-ft.  6-in.  curved  switches.  The  Standardi- 
zation committee  of  the  Manganese  Track  Society  has  co-operated  in  the  preparation  of 

these  plans  and  specifications,  and  rendered  valuable  assistance. 

The  committee  recommends  that  Plan  No.  123 — 19-ft.  6-in.  Curved  Split  Switch 
with  Uniform  Risers  be  adopted  as  recommended  practice  and  published  in  the  Manual, 
and  I  so  move. 

(The  motion  was  regularly  seconded,  put  to  a  vote  and  carried.) 

Mr.  Caruthers: — I  move  that  Plan  No.  124-A — Location  of  Joints  for  No.  7  and 

No.  8  Turnouts  with  19-ft.  6-in.  Curved  Switches  be  adopted  as  recommended  practice 
and  published  in  the  Manual. 

(The  motion  was  regularly  seconded,  put  to  a  vote  and  carried.) 

Mr.  Caruthers: — I  move  that  Plan  No.  124-B — Location  of  Joints  for  No.  9,  No. 
10  and  No.  11  Turnouts  with  19-ft.  6-in.  Curved  Switches  be  adopted  as  recommended 
practice  and  published  in  the  Manual. 

(The  motion  was  regularly  seconded,  put  to  a  vote  and  carried.) 

Mr.  Caruthers: — Plan  No.  125 — 30-ft.  Curved  Split  Switch  with  Uniform  Risers.     I 
move  that  this  plan  be  adopted  as  recommended  practice  and  published  in  the  Manual. 

(The  motion  was  regularly  seconded,  put  to  a  vote  and  carried.) 

Mr.  Caruthers: — I  move  that  Plan  126-A — Location  of  Joints  for  No.  12  and  No. 

14  Turnouts  with  30-ft.  Curved  Switches  be  adopted  as  recommended  practice  and  pub- 
lished in  the  Manual. 

(The  motion  was  regularly  seconded,  put  to  a  vote  and  tarried.) 

Mr.  Caruthers: — -I  move  that  Plan  No.  126-B — Location  of  Joints  for  No.  IS  and 
No.  16  Turnouts  with  30-ft.  Curved  Switches  be  adopted  as  recommended  practice  and 

published  in  the  Manual. 

(The  motion  was  regularly  seconded,  put  to  a  vote  and  carried.) 
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Mr.  Caruthers: — Plan  No.  140 — Method  of  Beveling  Heel  End  and  Rounding  Stock 
Rail  Side  of  Split  Switch  Points.  I  move  that  this  plan  be  adopted  as  recommended 
practice  and  published  in  the  Manual. 

(The  motion  was  regularly  seconded,  put  to  a  vote  and  carried.) 

Mr.  Caruthers: — I  move  that  Specifications  for  Heat-Treated  Rail  for  Special  Track- 
work  be  adopted  as  recommended  practice  and  published  in  the  Manual. 

(The  motion  was  regularly  seconded,  put  to  a  vote  and  carried.) 

Chairman  Geyer: — Appendix  E,  Design  of  Tie  Plates  for  RE  Rail  Sections  as 

Developed.  The  subcommittee  this  year  presents  as  information  "Proposed  Specifica- 

tions for  Hot  Worked,  High-Carbon  Steel  Tie  Plates."  The  committee  will  be  glad  to 
have,  during  the  coming  year,  any  suggestions  or  criticism  of  these  proposed  specifications 
that  you  may  have. 

Vice-President  Morrow: — They  will  be  so  received. 

Chairman  Geyer: — Appendix  F,  Welding  of  Manganese  Castings  in  Special  Track- 
work.  Mr.  Bishop,  chairman  of  the  subcommittee,  will  present  this  report  which  is 
offered  as  information. 

Mr.  F.  J.  Bishop  (Toledo  Terminal) : — The  report  of  this  subcommittee  is  found 
on  pages  416  to  419,  inclusive.  The  report  will  be  offered  as  information.  I  will  only 

point  out  the  headings.  The  first  paragraph  dwells  on  the  history  of  manganese  which 
you  will  note  is  rather  short.  The  history  of  manganese  welding  only  goes  back  to 

about  1916.  There  are  short  paragraphs  on  metallurgy  of  manganese  castings;  on  metal- 
lurgy of  manganese  welding;  and  welding  technique.  The  committee  has  not  dwelt  at 

all  on  equipment,  as  this  subject  has  been  comprehensively  covered  by  Committee  XXVII. 

Welding  of  manganese  track  casting  has  proved  very  economical,  and  I  wish  to  call 

special  attention  to  the  last  paragraph,  which  is  the  consensus  of  the  committee  as  well 

as  a  number  of  contract  welding  outfits.  Inasmuch  as  there  is  no  material  in  the  Man- 
ual at  the  present  time  on  welding  of  manganese  and  many  railroads  have  not  yet  tried 

this  work,  we  feel  that  the  conclusions  on  page  419  should  be  published  in  the  Manual. 
They  are  as  follows: 

"1.  The  welding  of  manganese  track  castings  by  the  electric  arc  process  is  entirely 
practical  and  economical." 

You  will  note  in  the  bulletin  that  the  conclusion  reads  "and  has  saved  the  railroads 
many  thousands  of  dollars."     We  desire  to  delete  this  last  clause  as  it  is  superfluous. 

"2.  Proper  technique  in  the  application  of  welds  to  manganese  track  work  is  most essential. 

"3.  Efficient  and  up-to-date  equipment  should  be  used. 
"4.  Manganese  track  welding  should  not  be  attempted  by  untrained  men. 
"5.  Care  must  be  used  in  the  selection  of  welding  rod." 

This  report  is  offered  as  information  with  a  recommendation  that  the  conclusions 

be  published  in  the  Manual  and  the  subject  continued.  This  is  a  change  from  the  bulle- 
tin recommendation  for  the  reason  that  we  desire  to  continue  the  subject  in  order  to 

cooperate  in  research  on  this  important  topic.  I  move  that  the  conclusions  as  read  be 
published  in  the  Manual. 

(The  motion  was  seconded.) 

Vice-President  Morrow: — You  have  heard  the  motion.     Is  there  any  discussion? 
Mr.  Meyer  Hirschthal  (Delaware,  Lackawanna  &  Western): — Inasmuch  as  it  is 

moved  to  publish  these  conclusions  in  the  Manual,  it  seems  to  me  that  there  should  be 
added  some  information  on  these  conclusions,  giving  any  one  looking  in  the  Manual  an 

idea  where  we  will  find  the  information  on  the  selection  of  proper  equipment  and  where 

to   find   the   proper  technique   for   applying   welding   to   track   work.     Such   an   addition 
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would  not  only  be  valuable  but  it  seems  to  me  it  would  be  necessary,  in  view  of  the 
fact  that  nothing  else  on  welding  is  published  in  the  Manual. 

Mr.  Bishop:— It  is  customary  to  provide  a  reference  to  the  fundamental  underlying 
material.     That  will  be  done. 

(The  motion  was  put  to  a  vote  and  carried.) 

Chairman  Geyer: — Appendix  G,  Lubrication  of  Rail  on  Curves.  Mr.  Hales,  the 
chairman  of  the  subcommittee  will  present  the  report. 

Mr.  F.  S.  Hales  (New  York,  Chicago  &  St.  Louis);— This  report  is  in  the  nature 
of  a  progress  report  and  is  the  result  of  the  studies  which  we  have  made  during  the  past 

year.  This  subject  is  new  with  us,  although  it  has  been  assigned  to  the  Track  committee 
on  two  previous  occasions,  and  the  results  of  the  previous  studies  are  in  previous 
proceedings. 

I  call  your  attention  to  the  fact  that  we  have  found,  as  most  of  you  know,  that  the 
life  of  rail  on  curves  can  be  extended  by  lubrication  of  the  rail.  Whether  the  increase  in 

rail  life  would  justify  the  expense  of  a  lubricator  depends  on  several  factors. 

There  are  at  the  present  time  four  methods  of  lubricating  curves,  and  these  are 
listed.  There  are  also  additional  savings,  besides  the  increased  life  of  the  rail.  These 

savings  are:  Decreased  locomotive  driver  flange  wear;  saving  in  ties  because  of  de- 
creased gaging,  and  less  resistance  to  train  movement.  Very  little  actual  cost  data  have 

been  accumulated  on  these  items,  and  the  savings  resulting  therefrom  are  for  future 
study. 

About  the  middle  of  page  420  we  have  noted  several  items  on  which  there  is  very 

little  information  at  the  present  time,  but  all  of  which  have  a  bearing  on  lubricators. 

(Mr.  Hales  read  these  items.) 

Mr.  Hales: — We  received  a  lot  of  information  with  regard  to  these  items  but  none 

of  it  was  of  a  nature  that  permitted  of  any  definite  conclusions.  At  the  end  of  the  re- 

port we  present  a  method  of  determining  the  economics  of  rail  lubricators.  This  method, 

together  with  the  report,  is  for  information,  with  the  recommendation  that  the  subject  be 
continued. 

Vice-President  Morrow: — Is  there  any  discussion  of  the  report  as  presented? 

Mr.  Robert  H.  Ford  (Chicago,  Rock  Island  &  Pacific) :— I  think  the  committee  has 

made  a  splendid  start  on  a  very  important  matter.  I  had  hoped  more  interest  would  be 

manifested  in  it.  I  am  glad  to  see  that  it  is  a  progress  report,  and  have  noted  the  chair- 

man's remarks  about  the  collection  of  information  which  is  as  yet  insufficient  for  the 

formulation  of  any  suitable  conclusion. 

The  introduction  of  streamlined  trains,  and  the  demand  for  increasing  speed  that 

necessarily  accompanies  it  with  the  relatively  slower  speeds  of  other  trains  have  intro- 

duced a  great  many  new  and  rather  baffling  problems,  particularly  in  connection  with  the 

economics  of  railway  operation  and  railway  maintenance.  I  think  that  the  work  of  the 

committee  in  this  particular  section  and  its  related  sections,  comprises  pioneering  in  a 

new  field.  I  only  mention  this  Mr.  Chairman,  because  I  look  forward  during  the  com- 

ing year  with  considerable  hope  that  the  Association  as  well  as  the  committee  will  ap- 

preciate that  answers  to  these  and  other  questions  relating  to  more  economical  mainte- 
nance, will  be  of  great  value  to  the  railroads. 

Mr.  J.  E.  Teal  (Chesapeake  &  Ohio): — I  wish  to  say  that  Committee  XXI — Eco- 

nomics of  Railway  Operation  has  given  some  little  attention  to  that  particular  subject, 

and  I  believe  that  this  committee  might  do  well  to  get  in  touch  with  the  chairman  of 

Committee  XXI. 

Mr.  Hales:— -We  will  do  that,  Mr.  Teal. 
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Vice-President  Morrow: — ^Any  further  comments?  If  not,  the  report  will  be  re- 
ceived as  information. 

Chairman  Geyer: — Appendix  H,  Design  of  Cut  Track  Spikes  for  Use  with  AREA 
Toeless  Joint  Bars.  There  have  been  several  requests  for  a  special  cut  spike  since  the 
general  introduction  of  toeless  joint  bars,  and  the  committee  now  offers,  as  information, 

the  short-toe  track  spike  shown  on  page  423.  We  will  be  glad  to  have  comments  or 
criticisms  during  the  coming  year. 

Vice-President  Morrow: — ^Are  there  any  comments  in  regard  to  this  report  at  this 
time?     If  not,  it  will  be  received  as  information. 

Chairman  Geyer:— That  completes  all  the  subjects  on  which  the  committee  has  a 
report.  We  will  now  present  Appendix  A,  revision  of  Manual.  Colonel  Am,  chairman 
of  the  subcommittee,  will  present  the  report. 

Mr.  W.  G.  Arn  (Illinois  Central) : — The  revision  of  the  Manual  is  found  in  Appen- 
dix A  on  page  402. 

During  the  past  year  the  committee  has  found  it  desirable  to  make  revisions  to  and 

reissue  the  following  plans: 

Plan  No.  128,  Location  of  Joints  for  No.  18  and  No.  20  Turnouts  with  Curved 
Switches. 

Plan  No.  320,  Data  and  Sections  for  Bolted  Rigid  Frogs. 

Plan  No.  600,  Data  and  Sections  for  Railbound  Manganese  Steel  Frogs. 

Plan  No.  640,  Data  and  Sections  for  Solid  Manganese  Steel  Self-Guarded  Frogs. 

Plan  No.  670,  Data  and  Sections  for  Solid  Manganese  Steel  Frogs. 

I  move  the  approval  of  these  plans  as  revised. 

(The  motion  was  seconded,  put  to  a  vote  and  carried.) 

Mr.  Arn: — The  next  is  Errata  and  Revisions  of  Plans  Since  Latest  Issue  Included  In 

Appendix  'E'  of  Trackwork  Plans.  These  are  revisions  from  the  contents  as  shown  in 
March,  1937.  We  add  Plan  No.  123,  19-ft.  6-in.  Curved  Split  Switch  with  Uniform 
Risers;  Plan  No.  124A,  Location  of  Joints  for  No.  7  and  No.  8  Turnouts  with  19-ft.  6-in. 

curved  switches,  Plan  No.  124B,  Location  of  Joints  for  No.  9,  No.  10,  and  No.  11  Turn- 

outs with  19-ft.  6-in.  curved  switches,  Plan  No.  125,  30-ft.  Curved  Split  Switch  with 
Uniform  Risers,  Plan  No.  126A,  Location  of  Joints  for  No.  12  and  No.  14  Turnouts  with 

30-ft.  curved  switches,  Plan  No.  126B,  Location  of  Joints  for  No.  IS  and  No.  16  Turn- 

outs with  30-ft.  Curved  Switches,  Plan  No.  140,  Method  of  Beveling  Heel  End  and 
Rounding  Stock  Rail  Side  of  Split  Switch  Points,  and  Appendix  A,  Page  9,  Specifications 

for  Special  Trackwork,  all  of  which  have  just  been  approved  by  the  Association. 

I  move  that  these  changes  be  included  in  the  trackwork  plans. 

(The  motion  was  seconded,  put  to  a  vote  and  carried.) 

Mr.  Arn:— The  next  group  at  the  top  of  page  403  is  merely  a  revision  in  the  serial 
numbers  of  certain  plans  to  have  the  trackwork  portfolio  properly  numbered  and  indexed 

with  reference  to  the  year  in  which  the  changes  were  made.  I  move  that  these  serial 
numbers  be  changed  as  indicated. 

(The  motion  was  seconded,  put  to  a  vote  and  carried.) 

Mr.  Arn: — On  Plans  Nos.  101  to  108,  inclusive,  and  127,  add  a  note  to  read:  "Bevel 

heel  end  and  round  stock  rail  side  of  switch  points  per  Plan  No.  140." 

This  has  just  been  approved  by  the  Association.  It  wasn't  considered  necessary  to 
revise  all  these  plans  by  showing  the  detail,  until  such  time  in  the  future  as  it  becomes 

necessary  to  revise  the  plans  for  some  other  purpose.  Therefore  they  refer  to  No.  140 
which  shows  the  information  in  full  detail.     I  move  that  this  be  adopted. 

(The  motion  was  seconded,  put  to  a  vote  and  carried.) 
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Mr.  Am: — The  next  item  in  Plan  No.  209,  add  the  following  items  in  numerical  and 
classified  index  of  .switch  equipment. 

(Mr.  Arn  referred  to  the  long  table  in  the  middle  of  page  403.) 

Mr.  Arn: — This  is  done  merely  to  add  to  the  convenience  of  the  portfolio  and  bring 
the  record  up  to  date.     I  move  its  adoption. 

(The  motion  was  seconded,  put  to  a  vote  and  carried.) 

Mr.  Am:— On  Plans  Nos.  258  to  269,  inclusive,  273  to  279,  inclusive,  281  to  283, 

inclusive,  291  and  292:  "Revise  railbound  manganese  steel  frogs  to  conform  to  Plans 
Nos.  601   to  610,  inclusive,  to  incorporate  the  following  changes: 

"Add  heel  block  foot  guards. 
"Extend  wing  rails  and  fillers  on  No.  14  to  No.  20  frogs,  inclusive. 
"Delete  Design  'B'  and  Design  'Bl'  frogs,  No.  16  to  No.  20,  inclusive,  from  plans 

and  notes." 

These  are  all  in  line  with  recent  developments  and  are  the  result  of  recent  studies. 

I  move  their  adoption. 

(The  motion  was  seconded,  put  to  a  vote  and  carried.) 

Mr.  Arn: — Plan  No.  345.  Revise  to  agree  with  Plan  No.  320,  as  to  beveling  of 
rail  ends,  long  and  short  point  rails  and  heel  riser.     I  move  its  adoption. 

(The  motion  was  seconded,  put  to  a  vote  and  carried.) 

Mr.  Arn: — Plan  No.  643.  Delete  bolt  shrouds  at  toe  and  heel  and  add  "S"  shaped 
ribs  per  Plan  No.  640.  This  is  to  make  this  plan  conform  with  640  which  was  adopted, 

and  is  the  result  of  investigations  and  study  for  improving  the  design  of  these  man- 
ganese items.     I  move  its  adoption. 

(The  motion  was  seconded,  put  to  a  vote  and  carried.) 

Mr.  Am:— At  the  top  of  page  404,  Plans  Nos.  651-3,  654-5  and  656.  Add  "S"  shaped 
ribs  per  Plan  No.  670.  Delete  bolt  shrouds  at  heel  of  all  frogs  and  provide  "S"  shaped 
rib  between  first  and  second  joint  bolts  of  body  casting.  Delete  bolt  shrouds  at  toe 

of  Design  No.  1  frogs  for  rails  six  inches  and  more  in  height  and  provide  "S"  shaped  rib 
between  first  and  second  joint  bolts  of  body  casting.  This  is  to  make  these  plans  con- 

form to  the  plans  previously  adopted,  and  I  move  that  it  be  adopted. 
(The  motion  was  seconded,  put  to  a  vote  and  carried.) 

Mr.  Arn: — Plan  No.  793.  Temporarily  withdrawn  until  revisions  adopted  by 
Mechanical  division  AAR  can  be  incorporated.  Some  changes  were  made  which  make 

this  plan  incorrect  at  the  present  time.     I  move  that  it  be  withdrawn. 

(The  motion  was  seconded,  put  to  a  vote  and  carried.) 

Mr.  Arn: — Plan  No.  920.  Closure  rails  to  be  revised  to  agree  with  Plans  Nos.  124A, 
124B,  126A,  126B,  and  128,  which  have  just  been  adopted.  I  move  that  this  plan  be 
changed. 

(The  motion  was  seconded,  put  to  a  vote  and  carried.) 

Mr.  Arn: — Appendix  A,  page  1,  Sec.  36- A.  Beveling  of  rail  ends.  The  heel  ends  of 
switch  rails,  the  ends  of  the  arms  of  turnout  and  crossing  frogs,  the  ends  of  solid  man- 

ganese steel  frogs,  and  the  ends  of  closure  rails  within  crossings  or  other  special  track- 
work  layouts,  shall  be  beveled  across  the  top  and  down  the  gage  side  (or  both  sides) 

of  the  rail  head  (or  analogous  portion  of  solid  manganese  steel  frog  ends),  such  beveling 
to  extend  1/16  in.  back  from  the  end  and  to  a  depth  of  %  in.,  plus,  from  top  and  side 
of  head. 

This  is  to  conform  with  the  practice  which  has  been  adopted  by  a  number  of  rail- 
roads. After  a  study  of  this,  the  committee  reached  the  conclusion  that  it  is  the  best 

procedure  and  gives,  as  near  as  can  be  determined,  the  correct  dimensions  of  these  bevels, 
I  move  that  this  be  adopted. 

(The  motion  was  seconded,  put  to  a  vote  and  carried.) 
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Mr.  Arn: — The  sheet  that  is  numbered  38,  marked  Appendix  A,  page  1,  and  the 
sheet  that  is  marked  37,  Appendix  E,  page  2,  are  not  correct  as  printed  in  black,  and  it 
was  necessary  to  add  errata  memoranda  at  the  bottom  of  these  sheets,  which  are  for 

inclusion  in  the  trackwork  portfolio.  For  the  Proceedings  and  the  portfolio  the  com- 
mittee recommends  that  these  sheets  be  reprinted  and  made  correct,  eliminating  the 

errata  memoranda.    Does  there  need  to  be  a  motion? 

Vice-President  Morrow:— No,  that  will  be  taken  care  of  by  the  Committee  on  Man- 
ual or  the  Publications  committee. 

Chairman  Geyer: — The  committee  reports  progress  in  the  work  but  has  no  report 
to  offer  on  items  (5)  Corrosion  of  Rail  and  Fastenings  in  Tunnels,  (7)  Practicability  of 

Using  Reflex  Units  for  Switch  Lamps  and  Targets,  (9)  Bolt  Tension  Necessary  for  Proper 

Supporting  of  Rail  Joints,  and  (12)  Prevention  of  Brine  Drippings  on  Track  Structures, 
collaborating  with  the  Mechanical  division.  That  concludes  the  report  of  the  Track 
Committee. 

Vice-President  Morrow: — I  wish  to  commend  the  committee  for  its  very  excellent 
work,  and  it  is  excused  with  the  thanks  of  the  Association.     (Applause) 

DISCUSSION  ON  COMPLETE  ROADWAY  AND 
TRACK  STRUCTURE 

(For  Report,  see  page  425) 

(Vice-President  F.  E.  Morrow  in  the  Chair.) 

Chairman  John  E.  Armstrong  (Canadian  Pacific) : — Your  Special  Committee  on 
Complete  Roadway  and  Track  Structure  reports  progress  in  study  of  its  two  assignments. 

These  assignments  may  better  be  handled  together  than  separately.  In  fact,  the  con- 

clusions in  regard  to  its  second  assignment,  namely,  "Classification  of  Railways",  would 

seem  to  be  a  proper  starting  point  for  the  study  of  its  first  assignment,  namely,  "Complete 
Roadway  and  Track  for  Various  Loads  and  Traffic  Densities". 

Your  committee  has  agreed  upon  a  classification  of  railways,  or  perhaps  it  would  be 
more  accurate  to  say  a  classification  of  main  tracks,  based  upon  the  total  annual  tonnage, 

the  normal  speed  of  freight  trains,  and  the  normal  speed  of  passenger  trains  carried.  For 

example,  a  Class  "A"  main  track  would  be  one  carrying  more  than  a  specified  total 
tonnage  per  annum,  or  freight  or  passenger  trains  at  greater  than  specified  speeds.  A 

Class  "C"  main  track  would  be  one  carrying  less  than  a  specified  total  tonnage  per 

annum,  or  freight  or  passenger  trains  at  less  than  specified  speeds.  A  Class  "B"  main 
track  would  be  one  intermediate  between  Class  "A"  and  Class  "C".  This  is  the  present 
approach  of  your  committee  to  its  second  assignment. 

As  soon  as  Manual  references  are  available  for  certain  recommended  practice  approved 

at  this  convention,  and  not  heretofore  available,  your  committee  will  be  able  to  complete, 

under  its  first  assignment,  a  table  of  most  of  the  elements  of  roadway  and  track  for 
each  class  of  main  track  defined  under  its  second  assignment.  This  should  so  tie  together 

the  conclusions  in  regard  to  its  two  assignments  as  to  make  the  entire  report  a  consistent 
whole. 

Your  committee  recognizes  that  the  definition  of  classes  of  main  track,  and  the  allot- 
ment of  the  various  elements  of  roadway  and  track  to  these  classes,  must  be  arbitrary. 

In  its  first  report,  therefore,  its  submissions  will  be  tentative.  Before  these  are  presented 

for  final  approval,  they  should  be  critically  considered  and  thoroughly  discussed  by  all 

those  whose  knowledge  and  experience  is  such  as  to  assist  the  committee  in  reaching 
sound  conclusions. 
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Your  committee  expects  to  have  its  tentative  submissions  ready  for  publication  in  an 

early  bulletin  for  next  year's  convention.  It  will  greatly  appreciate  all  possible  discussion 
of  its  report  in  the  hope  that  from  such  discussion,  and  its  own  further  studies,  it  may  be 

able  to  present  later  a  sound  and  acceptable  final  report  for  approval. 
This  completes  the  report  of  this  special  committee. 

Vice-President  Morrow: — We  will  look  forward  with  a  great  deal  of  interest  to  that 
report,  and  I  trust  the  members  of  the  Association  will  take  heed  as  to  the  desire  of  the 

committee  that  a  careful  study  and  criticism  be  made  of  this  report  when  it  does  appear. 

The  committee  is  excused  with  the  thanks  of  the  Association.     (Applause) 

DISCUSSION  ON  HIGHWAYS 
(For  Report,  see  pp.  429^37) 

(Vice-President  F.  E.  Morrow  in  the  Chair.) 

Chairman  J.  G.  Brennan  (Association  of  American  Railroads) : — The  report  of  Com- 

mittee IX — Highways  is  found  on  page  429.  On  the  first  three  subjects,  revision  of 
Manual,  Economic  Aspects  of  Grade  Crossing  Protection  in  Lieu  of  Grade  Separation, 

and  Design  and  Specifications  for  Highway  Crossings  at  Grade  over  Railway  Tracks, 

both  Steam  and  Electric — the  committee  reports  progress.     There  are  no  reports. 
Subject  (4)  Comparative  Merits  of  Various  Types  of  Grade  Crossing  Protection, 

collaborating  with  Committee  X — Signals  and  Interlocking,  is  found  on  page  435.  This 
is  a  progress  report.  Mr.  Shepard,  the  chairman  of  the  subcommittee,  will  submit  the 
report. 

Mr.  H.  M.  Shepard  (Erie) : — The  report  shows  the  various  types  of  crossing  gates  in 
operation  on  railroads  throughout  the  country.  An  illustration  is  shown  of  a  crossing  on 

the  Erie  located  near  Tallmadge,  Ohio.     The  report  is  offered  as  information. 

Vice-President  Morrow: — Are  there  any  comments  or  discussions  of  this  report?  If 
not,  it  will  be  received  as  information. 

Chairman  Brennan:  Subject  (5)  "Gates-Not-Working"  and  "Watchman-Not-on- 

Duty"  Signs,  Appendix  B,  is  presented  on  page  430.  These  two  signs  are  offered  to  the 
convention  as  recommended  practice  and  for  publication  in  the  Manual. 

I  move  that  the  "Watchman-Off-Duty"  sign  be  adopted  as  recommended  practice. 
(The  motion  was  regularly  seconded.) 

Vice-President  Morrow: — You  have  heard  the  motion  that  the  "Watchman-Off- 

Duty"  sign  shown  on  page  431  be  approved  for  publication  in  the  Manual.  Is  there 
any  discussion? 

Mr.  W.  A.  Radspinner  (Chesapeake  &  Ohio): — Apparently  these  signs  are  to  be 
permanently  attached  to  the  posts,  and  it  seems  as  though,  by  having  a  part-time  watch- 

man it  would  be  like  crying  "Wolf."     The  people  would  entirely  disregard  the  signal. 
Chairman  Brennan: — There  is  a  cover  for  the  sign  when  the  watchman  is  on  duty. 

It  completely  covers  the  sign  when  he  is  on  duty.  The  details  of  the  covers  for  the  two 

signs  are  found  on  page  434. 

Vice-President  Morrow: — Does  that  answer  your  question,  Mr.  Radspinner? 
Mr.  Radspinner: — Yes. 

Vice-President  Morrow: — Is  there  any  other  discussion  or  any  comment  with  regard 

to  this  sign?  ^ 
(The  question  was  put  to  a  vote  and  carried.) 

Chairman  Brennan: — The  "Gates-Not-Working"  sign  is  found  on  page  432,  and  the 
mountings  for  reflector  signs  are  found  on  page  433,  and  the  cover  plates  for  the  signs 
are  found  on  page  434. 
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I  move  the  adoption  of  the  "Gates-Not-Working"  sign  together  with  the  mounting 
of  reflector  signs  and  the  cover  plates  for  signs, 

(The  motion  was  regularly  seconded,  put  to  a  vote  and  carried.) 

Chairman  Brennan: — On  Subject  (6)  Method  of  Classifying  Grade  Crossings  with 
Respect  to  Hazard,  the  committee  reports  progress  and  no  report. 

Subject  (7)  Barrier  Type  of  Grade  Crossing  Protection,  including  Automatic  Gates, 

collaborating  with  Signal  section.  Appendix  C,  with  recommended  conclusions  for  publi- 
cation in  the  Manual  as  recommended  practice.  There  is  one  correction  I  would  like  to 

make  in  paragraph  (9),  the  last  sentence.  Insert  between  "the'"  and  "lights"  in  next  to 
the  last  line,  the  word  "two",  and  beginning  with  the  next  line  eliminate  the  word  "for" 
and  substitute  the  word  "in",  so  the  last  sentence  will  read: 

"The  red  lights  on  the  gate  arms  shall,  when  lighted,  burn  steadily  except  where 
gates  are  used  without  AAR  flashing  light  or  wigwag  signals,  in  which  cases  the  two 

lights  in  each  lane  shall  flash  alternately." 
With  that  correction,  I  move  the  adoption  of  these  requisites  for  the  automatic 

crossing  gates. 
(The  motion  was  seconded.) 

Vice-President  Morrow: — You  have  heard  the  motion.  Are  there  any  comments  or 
discussion  concerning  these  requisites  which  are  now  offered  for  adoption  and  inclusion 
in  the  Manual? 

Mr.  J.  E.  Willoughby  (Atlantic  Coast  Line) : — The  flashing  signal,  when  the  gates 
are  out  of  order,  may  give  a  safety  sign  although  a  train  may  approach  the  crossing, 

because  the  gates  might  be  so  out  of  order  that  the  gates  will  not  fall.  There  ought  to 
be  some  notation  to  warn  the  users  of  the  apparatus  when  the  flashing  light  signal  is 

not  available  for  that  purpose. 

Chairman  Brennan: — Of  course,  one  of  the  requisites  requires  the  gates  to  fall  in  a 
horizontal  position  when  out  of  order.  Your  point,  I  presume,  is  that  there  may  be 

something  about  the  mechanism  that  would  prevent  the  gates  from  falling. 

Mr.  Willoughby: — If  the  gates  are  going  to  fall  when  out  of  order,  traffic  on  the 
highway  will  be  permanently  blocked. 

Chairman  Brennan: — That  is  true,  but  the  committee  has  felt  that  there  is  no  other 
way  out  of  it.  When  the  gates  are  out  of  order,  it  is  better  to  have  the  gates  fall  and 

block  the  highway  than  to  have  the  gates  up  with  no  indication  that  a  train  is  coming. 

Mr.  Willoughby:  That  is  entirely  true  but  you  are  not  going  to  get  the  public 
highway  overseers  to  agree  to  that  condition. 

Chairman  Brennan: — We  have  endeavored  in  the  committee  to  find  a  way  out,  but 
we  have  not  been  able  to  do  so  up  to  this  time. 

Mr.  Willoughby:  Then  some  notation  should  be  made  in  the  report  to  indicate  that 
very  fact. 

Mr.  C.  H.  Tillett  (Canadian  National) : — In  suggesting  the  amendment  which  you 
have  made  to  the  specifications,  I  wonder  whether  that  has  had  the  approval  of  the 

Joint  Committee  on  Highway  Crossing  Protection. 

Chairman  Brennan: — No,  it  has  not.  It  is  a  minor  change,  that  just  came  up  within 
the  last  week  or  so,  and  it  is  merely  a  clarification  of  what  the  requisite  really  means, 

that  two  lights  in  one  lane  shall  flash  alternately.  This  language  brings  it  out  just  a 
little  more  clearly. 

Mr.  Tillett:— I  mention  that  point  because  there  might  be  some  hitch  when  this 
comes  before  the  Joint  committee. 

Chairman  Brennan: — The  sense  of  paragraph  (9)  as  approved  by  the  Joint  com- 
mittee is  absolutely  the  same  as  it  will  read  with  this  amendment. 
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Vice-President  Morrow: — Do  you  want  to  discuss  any  further  the  matter  of  gates 
dropping  when  they  are  out  of  order? 

Chairman  Brennan:  I  will  be  glad  to  follow  the  gentleman's  suggestion  and  put  a 
note  down  there;  if  he  will  give  me  the  wording  for  the  notation  he  would  like  to  have 
there,  I  will  be  glad  to  give  it  consideration. 

Mr.  Willoughby: — Add  to  requisite  (9)  "When  the  gates  are  out  of  order,  a  safety 
signal  will  be  given  unless  the  public  highway  supervisor  will  agree  that  highway  traffic 

may  be  permanently  blocked." 
Mr.  Bernard  Blum  (Northern  Pacific): — It  seems  to  me  that  we  are  assuming  a 

little  too  much  difficulty.  Automatic  gates  have  been  installed  on  several  railroads.  Two 

railroads,  particularly,  have  a  large  number  of  them  in  operation,  and  they  seem  to  be 
getting  by  all  right.  If  a  condition  such  as  that  arises  there  is  somebody  to  take  charge, 

and  usually  a  gate  of  that  character  will  be  in  a  town,  and  some  railroad  representative 

can  see  that  the  traffic  is  properly  controlled  and  not  blocked  continuously. 

This  subject  came  to  the  committee  on  account  of  a  demand  for  such  protection,  and 

I  don't  believe  we  can  predict  and  take  care  of  every  emergency  as  it  may  arise. 
Mr.  Willoughby: — The  report  shows  37  in  the  United  States.  Of  course,  there  may 

be  some  more.  If  we  installed,  on  the  railways  themselves,  signals  to  govern  movements 

of  the  trains,  which  will  not  show  danger  when  they  are  out  of  order,  we  would  per- 
form that  some  sort  of  bad  signal  engineering  as  here  proposed  in  requisite  (3).  The 

thing  that  requisite  3  is  intended  to  cover  cannot  be  cured,  but  a  note  to  that  effect 

ought  to  be  inserted  so  as  to  prevent  the  unwary  from  being  led  into  trouble. 

Chairman  Brennan: — I  think  your  suggestion  is  one  that  will  require  more  study 
on  the  part  of  the  committee.  I  do  not  think  that  we  should  put  aside  these  requisites 

at  this  time.  They  are  needed.  Many  of  these  gates  are  being  made.  I  think  the  con- 
vention should  adopt  these  requisites  as  they  are  now,  and  next  year  continue  our  study, 

and  perhaps  we  can  find  some  way  to  take  care  of  this.  But,  as  I  say,  as  yet  we  have 
not  been  able  to  do  it. 

Mr.  Willoughby: — I  do  not  believe  that  this  committee  ought  to  adopt  bad  engi- 
neering practice  with  the  hope  that  the  same  will  be  cured  at  the  next  convention. 

Chairman  Brennan: — I  do  not  agree  with  you  that  this  is  bad  engineering. 

Mr.  Blum: — I  believe  these  indications  follow  the  requisites  of  the  Signal  section, 
that  the  most  restrictive  indication  shall  be  given  if  the  apparatus  is  out  of  order.  I 
might  also  say  that  these  are  requisites;  they  are  not  a  design. 

Vice-President  Morrow: — For  my  own  information,  on  all  of  the  installations  that 
are  now  in  operation,  do  the  arms  go  down  and  obstruct  the  highway  when  they  are 
out  of  order? 

Chairman  Brennan:— Not  all  of  them;  some  do. 

Mr.  Paul  M.  Gault  (Missouri  Pacific) : — Requisites  were  prepared  to  cover  a  proper 
installation  of  automatic  gates,  and  they  have  not  been  prepared  to  cover  what  has  been 

installed  in  the  past.  The  trouble  with  some  of  the  automatic  gates  that  have  been  in- 

stalled is  that  they  are  on  the  open  circuit  principle  and  in  case  of  failure  in  up  position 
they  stay  up,  leaving  the  crossing  unprotected. 

Vice-President  Morrow: — We  have  a  motion  before  the  house.  The  motion  is  that 
these  requisites  for  automatic  crossing  gates  shall  be  approved  for  publication  in  the 
Manual  as  recommended  practice. 

.     .     .     (The  question  was  put  to  a  vote  and  carried.) 

Chairman  Brennan: — Subject  (8)  Lamps  on  Manual  and  Automatic  Crossing  Gates, 
collaborating  with  the  Signal  section.  This  is  a  progress  report  and  was  intended  to  be 

presented  as  information.     However,  we  would  like  to  withdraw  this  report  for  this  year 
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in  order  to  give  this  subject  further  study  and  not  have  it  published  in  the  proceedings 
this  year  as  information. 

I  move  that  this  report  be  withdrawn  from  the  report  of  committee  IX. 

(The  question  was  put  to  a  vote  and  carried.) 

Vice-President  Morrow:— Do  I  understand  the  committee  wishes  subject  (7)  con- 
tinued for  further  study? 

Chairman  Brennan: — Yes,  we  wish  it  continued  for  further  study  next  year.  That 
completes  the  report  of  Committee  IX. 

Vice-President  Morrow: — I  wish  to  commend  the  committee  for  its  very  excellent 
work,  and  it  is  now  excused  with  the  thanks  of  the  Association.     (Applause) 

DISCUSSION  ON  RAIL 

(For  Report,  see  pp.  355^98) 

(Vice-President  F.  E.  Morrow  in  the  Chair.) 

Chairman  John  V.  Neubert  (New  York  Central) :— The  Rail  committee  has  an  unus- 
ually large  program  to  present  to  you  this  year.  A  great  deal  of  our  work  consists  of 

field  investigation  in  co-ordination  with  research  conducted  at  the  University  of  Illinois. 
I  will  explain  our  procedure  to  you  so  that  you  will  not  think  we  have  any  cards  up 

our  sleeves,  because  we  are  going  to  jump  around  to  save  time.  Thus,  I  wish  to  call 
your  attention  first  to  item  (2)  Further  Research,  Including  Details  of  Mill  Practice, 

etc.,  and  then  to  item  (11)  Thermal  Treatment  of  Rail  (such  as  Controlled  Cooled, 

Brunorized,  etc.)  These  will  be  covered  in  Dr.  Moore's  remarks.  In  that  same  connec- 
tion, I  wish  to  state  that  the  work  is  done  by  contract  with  the  University  of  Illinois  and 

participated  in  jointly  by  the  Association  of  American  Railroads  and  the  rail  manufac- 
turers. Item  (4)  Cause  and  Prevention  of  Rail  Battering  and  Methods  of  Reconditioning 

Rail  Ends,  is  covered  by  the  same  contract  and  participated  in  jointly  with  the  AAR  and 
the  rail  manufacturers. 

Item  (7)  Continuous  Welding,  has  also  been  assigned  to  Dr.  Moore,  but  the  expense 

is  borne  entirely  by  the  Association  of  American  Railroads. 

Item  (8)  Service  Tests  of  Various  Types  of  Joint  Bars  involves  some  overlap  of  the 

investigation  on  stresses  in  track  which  is  being  conducted  by  Dr.  Talbot,  who  will  out- 
line these  tests  when  he  discusses  his  work  on  stresses  in  track. 

The  Economic  Value  of  Different  Sizes  of  Rail,  Appendix  G  on  page  378,  is  a  subject 

that  has  been  before  you  for  a  number,  of  years.  However,  we  have  not  yet  found  the 
right  formula  on  which  to  work,  and  are  continuing  our  studies. 

The  next  assignment,  Relayer  Rail,  is  covered  in  a  progress  report,  and  in  the 

absence  of  the  chairman,  Mr.  Oviatt,  I  will  present  it.  This  assignment  was  given  to 
the  Track  committee  and  transferred  to  the  Rail  committee  during  the  year.  This 

subject  is  being  studied  and  we  ask  that  it  be  reassigned. 

Appendix  A,  on  page  356,  revision  of  Manual,  will  be  presented  by  Mr.  Johnson. 

Mr.  Maro  Johnson  (Illinois  Central) : — ^There  are  presented  for  adoption  and  printing 
in  the  Manual  two  forms  for  keeping  record  of  the  location  of  heat  numbers  of  raU  in 

track.  These  are  on  pages  357  and  358.  The  purpose  and  use  of  the  forms  is  described 

in  the  report. 

The  spacing  of  the  columns  and  particularly  of  the  heading  varies  slightly  as  printed 

from  the  spacing  used  on  the  committee's  drawing.  It  is  possible  this  can  be  corrected 
for  printing  in  the  Manual. 



Discussion    803 

There  is  also  a  typographical  error  in  the  first  form  on  page  357,  the  third  line  in 

the  note  at  the  bottom;  where  it  says  ".  .  .  to  indicate  high  or  low  rail  or  curve," 
the  second  "or"  should  be  "on" — ".  .  .  high  or  low  rail  on  curve."  I  move  the 
adoption  of  these  forms  for  printing  in  the  Manual. 

(The  motion  was  duly  seconded,  put  to  a  vote  and  carried.) 

Mr.  Johnson :^There  is  also  presented  on  page  359  a  form  for  reporting  essential 
data  in  connection  with  the  controlled  cooling  of  rails.  The  long  dimension  of  this  form 

is  intended  to  be  horizontal.  As  printed  here  it  has  been  materially  reduced  in  size. 
The  form  explains  itself,  I  thinic.     I  move  the  adoption  of  this  form. 

(The  motion  was  duly  seconded,  put  to  a  vote  and  carried.) 

Chairman  Neubert:— The  next  item  appears  under  Appendix  C,  page  362,  and  will 
be  presented  by  Mr.  W.  C.  Barnes,  engineer  of  tests. 

Mr.  W.  C.  Barnes  (American  Railway  Engineering  Association) : — The  Rail  Failure 

Statistics  for  1936  on  page  362,  cover  the  five-year  period  ended  December  31',  1936.  You 
will  note  that  the  track  miles  reported  of  the  rollings  1931  to  1935  are  very  much  smaller 

than  were  reported  for  the  1930  to  1934  rollings  in  last  year's  report,  in  fact,  nearly  5,000 
track  miles  less. 

Fig.  1  shows  a  low  rate  of  failure  for  five  years'  service  of  the  1931  rollings  from  all 
mills,  being  only  slightly  higher  than  the  lowest  rate  so  far  reported,  which  was  for  the 
1930  rollings. 

The  mill  rating  tables,  Figs.  3  and  4,  check  quite  closely  with  the  rates  published  in 

last  year's  report,  taking  into  account  the  additional  year's  service,  with  the  exception 
of  the  Gary  1934  rollings. 

I  call  attention  to  a  typographical  error  on  page  368,  in  column  headed  "Original 
Track  Miles"  for  the  year  1935,  all  mills  (including  Algoma  &  Dominion).  The  figure 
now  reads  1995.86.     It  should  read  1993.86. 

These  statistics  are  submitted  as  information. 

Vice-President  Morrow: — They  will  be  so  received. 

Mr.  Barnes: — Appendix  D  on  page  369  presents  the  Transverse  Fissure  Failure 
Statistics.  So  far  as  the  bulk  of  the  rail  now  in  service  is  concerned,  the  record  is  far 

from  satisfactory. 

On  page  369  it  is  shown  that  17  percent  more  service  failures  were  reported  in  1936 

than  in  1935,  despite  an  increase  of  7  percent  in  fissure  detection.  In  fact.  Fig.  1  shows 

that  the  service  failure  rate  for  1936,  despite  detector  car  testing,  was  greater  than  the 
highest  rate  reached  in  1929  when  such  testing  was  first  introduced. 

I  might  go  beyond  that  and  say  that  the  reports  that  are  now  coming  in  indicate  that 
the  1937  failures  will  be  still  worse. 

As  shown  in  Table  1  on  page  372,  there  were  reported  in  1936  a  total  of  5,706  service 

failures  and  a  total  of  8,020  so-called  detected  failures.  By  comparison  with  Table  1  of 

last  year's  report,  it  appears  that  the  increase  in  failures  is  largely  in  the  older  rollings. 
These  statistics  are  submitted  as  information. 

Vice-President  Morrow: — They  will  be  so  received. 

Mr.  Barnes: — The  report  in  Appendix  E,  page  378,  on  the  AAR  Detector  Car  hardly 
requires  any  explanation.  However,  I  might  add  that  the  past  year  has  been  a  very 
successful  one  so  far  as  fissure  detection  is  concerned.  We  set  up  a  high  record  for  the 

car  of  24  compound  and  transverse  fissure  rails  detected  in  one  day.  This  is  extremely 
heavy.     This  is  submitted  as  information. 

Vice-President  Morrow: — It  will  be  received  as  information. 

Chairman  Neubert — The  Rail  committee  has  received  letters  asking  why  it  presents 

the  data  shown  on  pages  372  and  373.     The  figures  shown  are  the  ones  that  the  raikoads 
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listed  submit  to  Mr.  Forster,  secretary  of  the  AAR,  and  they  come  to  Mr.  Barnes  for 

compilation  only.  I  am  warning  you,  if  you  want  to  keep  these  data  up  to  date  that 

you  had  better  sec  that  they  are  properly  prepared  because  a  lot  of  these  reports  are  not 

right,  and  we  know  it,  but  we  don't  want  to  embarrass  you. 
The  assignment,  Cause  and  Prevention  of  Rail  Battering  and  Methods  of  Recon- 

ditioning Rail  Ends,  Fastenings  and  Frogs  in  Track,  will  be  reported  on  by  Dr.  Moore, 
when  he  talks  to  you  about  his  rail  investigation  and  the  continuous  rail  welding,  after 

we  have  presented  our  various  subcommittee  reports.  So  don't  become  confused  because 
the  various  chairmen  have  the  right,  when  they  are  presenting  their  own  reports,  to 
comment  on  the  work  that  Dr.  Moore  and  others  are  doing. 

This  report  on  Rail  Battering  will  be  presented  by  Mr.  F.  M.  Graham. 

Mr.  F.  M.  Graham  (Pennsylvania) :— This  subject  has  been  under  consideration  for 

quite  a  number  of  years.  We  haven't  made  very  much  progress,  but  up  to  the  present 
we  found  the  only  effective  way  to  prevent  rail  battering  is  to  make  the  rail  more 

resistant  to  the  battering  action  of  the  wheels,  that  is,  by  some  suitable  form  of  heat 
treatment. 

This  subject  is  being  investigated  from  the  laboratory  standpoint  at  the  University 
of  Illinois,  and  that  work  has  now  proceeded,  so  far  as  new  rail  is  concerned,  to  such  a 

point  that  we  feel  that  the  right  method  and  general  efficiency  of  the  process  will  have 
to  be  determined  by  a  suitable  field  test,  and  such  a  test  is  now  under  serious  consideration. 

There  remains,  after  that,  the  further  study  of  how  to  apply  this  process  to  those 

cases  where  the  ends  of  the  rail  have  been  built  up  by  each  of  the  numerous  processes  of 

welding  now  available.  This  will  possibly  complicate  the  subject,  but  it  is  hoped  that  can 
be  worked  out.     This  report  is  submitted  as  information. 

Vice-President  Morrow:- — It  will  be  so  received. 

Chairman  Neubert: — The  next  report  will  be  that  on  page  379,  Appendix  H,  Rail 
Lengths  in  Excess  of  39  Feet,  which  will  be  presented  by  Mr.  A.  N.  Reece. 

Mr.  A.  N.  Reece  (Kansas  City  Southern): — The  report  of  subcommittee  (6)  appears 
on  page  379.  This  is  a  progress  report,  and  it  will  be  reviewed  in  the  hope  that  it  will 
bring  forth  discussion. 

The  report  this  year  is  the  fifth  report  of  this  subcommittee.  In  December,  1936,  a 
questionnaire  was  sent  to  all  the  Class  I  railroads,  and  replies  were  received  from  58 
railroads  representing  215,000  miles  of  the  237,000  miles  of  Class  I  railroads  of  the  United 

States.  The  answers  to  that  questionnaire  show  that  there  is  not  yet  a  conforming 

unity  on  the  length  of  standard  rail  but  there  is  a  69.3  percent  majority  of  those  replying 

in  favor  of  a  rail  longer  than  39  ft.,  which  is  a  rather  clear  indication  that  a  majority 
of  the  railroads  favor  increasing  the  rail  length. 

The  next  consideration  of  the  subject  is  the  test  of  the  78-ft.  rail  that  was  installed 

on  the  Kansas  City  Southern.  This  test  consisted  of  one  mile  of  127-lb.  rail,  78-ft. 
length,  and  was  rolled  with  certain  modifications  of  the  AREA  specifications.  These 

modifications  are  shown  on  page  380.  The  method  of  loading  is  shown  at  the  bottom  of 

that  page.  The  matter  of  unloading  and  laying  is  shown  on  page  381.  The  type  of  rail 

connections  and  fastenings  is  shown  at  the  bottom  of  page  381.  The  top  of  page  382 
shows  the  expansion  opening  permitted  for  different  temperatures,  and  on  page  383  is 
given  reference  to  tensile  and  compressive  stresses  that  were  provided  for,  and  with 

strain-gage  readings  developed  from  temperatures  of  approximately  130  degrees  to  30 
degrees.  During  the  past  winter  we  had  no  temperatures  that  were  as  low  as  zero,  and 

had  no  opportunity  to  get  the  effect  of  rail  stresses  under  extreme  low  temperatures. 

On  page  384  are  two  charts  showing  the  rail  stresses  at  30  degrees  and  127  degrees. 
Chart  2b.  shows  the  expansion  gaps  as  measured. 
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On  page  385  are  shown  the  economic  advantages  of  78-ft.  rail  which,  from  our  small 

test,  shows  a  possible  saving  as  high  as  $6.20  per  gross  ton.  This  is  followed  by  compila- 
tions obtained  from  other  railroads,  that  appear  at  the  top  of  page  386,  their  figures 

bringing  forth  a  saving  of  $3.89  per  gross  ton.  From  those  two  studies  it  would  appear 
that  longer  rail  would  have  to  be  obtained  at  substantially  the  same  base  price  as  the 
present,  if  appreciable  benefits  were  to  be  secured  by  the  railroads. 

At  the  middle  of  page  386  are  shown  some  calculations  on  the  effect  of  joint  gap 

openings  with  the  78-ft.  as  compared  with  the  39-ft.  rail,  and,  in  conclusion,  at  the 
bottom  of  page  386,  your  subcommittee  has  opened  the  questions: 

"1.    Ability  to  handle  long  rails  with  small  section  crews. 
"2.     Availability  of  cars  for  transportation. 
"3.     Effect  of  rail  end  hardening. 
"4.     Developments  in  the  practice  of  welding  two  or  more  rails  together  in  the  field. 
"It  is  recommended  that  this  report  be  received  as  information  and  the  subject 

continued  for  further  study." 

Vice-President  Morrow: — The  report  will  be  received  as  information. 

Chairman  Neubert: — The  next  report  appears  on  page  388,  Appendix  I,  Continuous 
Welding  of  Rail,  and  is  to  be  presented  by  Mr.  J.  C.  Patterson. 

Mr.  J.  C.  Patterson  (Erie) : — A  contract  has  been  prepared  and  executed  between 
the  University  of  Illmois  and  the  Association  of  American  Railroads  covering  the  testing 

to  be  performed  at  the  university.  This  contract  provides  for  an  advisory  committee 

which  has  been  appomted.  The  university  has  been  authorized  to  purchase  a  rolling- 
load  machine  for  use  in  the  tests,  and  the  machine  is  being  built  at  the  physical  plant 

shops  of  the  university.  I  understand  it  is  not  yet  completed  but  shortly  will  be.  The 

welding  of  rail  specimens  by  the  gas,  thermit  and  flash-weld  methods  has  been  completed, 
and  the  specimens  have  been  delivered  to  the  university  where  the  tests  are  now 
under  way. 

The  outline  of  the  six  tests  is  shown  on  page  389.  It  is  planned  to  study,  first  of 

all.  special  specimens  made  on  short  pieces  of  rail.  These  can  be  obtained  more  readily 
than  can  welded  joints  from  rail  in  track,  and  should  serve  acceptably  for  the  first  series 

of  survey  tests.  Later,  it  will  probably  be  necessary  to  make  tests  on  pieces  of  rail 
taken  out  of  track. 

This  is  merely  a  brief  progress  report,  and  Dr.  Moore  will  give  the  results  of  the 
tests  to  date.  It  is  recommended  that  this  be  accepted  as  information,  and  the  subject  be 
continued. 

Vice-President  Morrow: — It  will  be  received  as  information. 

Chairman  Neubert: — The  next  report  is  on  Appendix  J,  on  page  389,  Service  Tests 
of  Various  Types  of  Joint  Bars.  This  subject  will  be  presented  in  the  work  of  Dr.  Talbot 
at  the  time  he  presents  his  report  on  stresses  in  track.  In  the  absence  of  Mr.  Robert 

Faries,  we  borrowed  Mr.  Caruthers  from  the  Track  committee  to  help  us. 

Mr.  E.  W.  Caruthers  (Pennsylvania): — Woik  has  progressed  on  the  tests  outlined 

in  the  previous  report  to  the  extent  that  all  of  the  112-lb.  material  was  applied  in  the 
westbound  track  of  the  Illinois  division  of  the  Atchison,  Topeka  &  Santa  Fe  between 

Toluca  and  Ancona,  III,  during  the  early  part  of  June,  1937.  The  131-lb.  material  was 
applied  in  the  eastbound  track  of  Fort  Wayne  division  of  the  Pennsylvania  between 

Valparaiso  and  Wanatah,  Ind.,  the  latter  part  of  July,  1937. 

The  diagrams  appearing  in  the  bulletin  as  Figs.  1  and  2  show  the  exact  mile-post 
location  of  the  various  types  of  joint  bars  involved  in  the  tests. 

The  tentative  program  concerning  the  preliminary  inspection  of  the  joint  bars  and 
the  observations  and  measurements  that  arc  considered  desirable  in  connection  with  this 
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test  will  be  found  on  pages  392,  393,  394  and  395.  In  the  case  of  both  of  these  tests, 

preliminary  measurements  have  been  taken  under  the  direction  of  Dr.  Talbot,  and  his 

representatives  were  on  the  ground  during  the  laying  of  the  rail  to  supervise  the  applica- 
tion and  record  such  features  as  they  considered  necessary  at  that  time. 

Additional  information  concerning  the  progress  of  the  tests  will  be  presented  by  Dr. 
Talbot.  It  is  recommended  that  this  report  be  received  as  information,  and  the  subject 
be  continued. 

Vice-President  Morrow: — It  will  be  so  received. 

Chairman  Neubert: — ^The  next  report  is  on  page  396,  Appendix  K,  Effect  of  Contour 
of  the  Head  of  Rail  Sections  on  Wear,  Mr.  C.  W.  Johns. 

Mr.  C.  W.  Johns  (Chesapjeake  &  Ohio) : — This  report  is  found  on  page  396.  I  will 
read  it. 

(Mr.  Johns  read  the  report  appearing  under  Appendix  K,  page  396,  and  his  motion 
that  the  revised  rail  section  be  adopted  was  carried.) 

Chairman  Neubert: — Dr.  Moore  needs  no  introduction.     (Applause) 

Dr.  H.  F.  Moore  (University  of  Illinois) : — In  making  this  oral  presentation  on  the 
rails  investigation  and,  at  the  same  time,  on  the  investigation  of  continuous  welded  rail,  I 

point  out  that  the  work  of  the  past  year  in  the  rail  investigation  has  been  mainly  along 

two  lines:  First,  a  study  of  temperature  limits  for  controlled  cooling  to  avoid  the 

production  of  shatter  cracks,  and,  second,  batter  tests  of  end-hardened  rails. 

(Dr.  Moore  then  made  his  presentation,  illustrated  with  slides.  His  report  on  the 

investigation  appears  on  pp.  807-856.) 

Chairman  Neubert: — You  have  heard  a  great  deal  about  controlled  cooled  and 
Rrunorized  rail.  We  planned  to  send  a  questionnaire  to  all  the  railroads  of  the  United 

States  and  Canada,  to  obtain  information  on  the  performance  of  rail  so  treated.  How- 

ever we  have  decided  to  confine  this  to  roads  represented  by  members  of  the  Rail  com- 
mittee, which  will  take  in  over  eighty  percent  of  the  mileage,  as  well  as  over  eighty 

percent  of  the  tonnage.  From  the  reports  we  have  in  now,  we  have  under  observation 
about  758,600  tons  of  controlled  cooled  and  43,300  of  the  Brunorized  or  a  total  of 

approximately  802,000  tons. 

Unless  there  are  questions,  that  concludes  the  Rail  committee's  report. 
Mr.  J.  L.  Campbell  (Northwestern  Pacific,  retired): — I  have  not  been  at  this  con- 

vention for  half  a  dozen  years.  Consequently  I  have  listened  to  the  reports  of  a  number 
of  these  committees  with  a  great  deal  of  interest.  Remembering  the  steady  progress  that 

this  Association  was  making  and  the  quantity  and  quality  of  its  work  during  all  the 

years  in  which  I  attended,  and  which  was  constantly  on  the  upgrade,  I  find  now  that 

there  has  been  no  let-up  since  that  time.  The  progress  of  this  Association  evidently  is 
still  onward  and  upward.  By  the  way,  in  view  of  the  fact  that  I  have  been  away  for 
six  years,  that  is  decidedly  depressing  upon  my  conceit.  I  am  sure  that  the  Association 

is  with  me  in  great  appreciation  of  the  work  of  this  committee.  The  quality  and  quantity 

of  it  is  still  on  the  upgrade.  I  had  the  same  feeling  in  hearing  the  report  of  the 
Committee  on  Track  this  morning. 

I  want  to  congratulate  the  Association  upon  the  wonderful  record  that  will  be  made 

by  it  in  the  future.     (Applause) 

Vice-President  Morrow: — I  am  sure  the  Association  endorses  everything  that  you 
have  said  about  the  work  of  this  committee,  Mr.  Campbell. 

Are  there  any  other  comments?  If  not,  the  committee  will  be  excused  with  the 

thanks  of  the  Association,     (Applause) 
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Research  Professor  of  Engineering  Materials,  University  of  Illinois, 
In  Charge  of  the  Investigation 

I.     INTRODUCTION 

1.  Previous  Work  of  the  Investigation: — The  first  three  progress  reports  of 
this  investigation  have  concerned  themselves  mainly  with  the  problem  of  internal  fissures 

in  rails.*  Evidence  has  been  offered  to  show  that  in  starting  the  spreading  to  fracture  of 
such  internal  fissures  the  presence  of  minute  shatter  cracks  in  the  rails  as  rolled,  and  the 

occasional  heavy  wheel  load  to  which  any  point  on  a  rail  is  subjected  in  service  are  two 

factors  of  prime  importance.  Evidence  has  been  shown  that  it  is  the  direct  action  of  the 

wheel  load  rather  than  the  bending  moment  in  the  rail  which  starts  the  spreading  of  a 

shatter  crack  to  fracture,  but  that  high  bending  stresses  accelerate  the  rate  of  spread.  This 

theory-  is  shown  to  be  consistent  with  the  mathematical  determination  of  stresses  under 
car  wheels,  with  the  fatigue  strength  of  rail  steel  weakened  by  small  cracks,  and  with 

laboratory  production  of  fissures  in  rails.  It  is  also  consistent  with  the  results  reported 

from  service.  Studies  of  the  controlled-cooling  process  indicate  that  it  is  highly  efficient 
in  eliminating  shatter  cracks,  and  studies  of  the  normalizing  process  also  indicate  a  high 

degree  of  efficiency. 

Extensive  statistical  studj'  of  wheel  loads  which  occur  in  service  has  been  made  at 
four  test  locations  by  means  of  measurement  of  the  strains  in  rails  with  recording 

extensometers  of  the  scratch  type.  These  results  indicate,  in  a  very  general  way,  that 

at  any  given  point  on  a  rail  one  wheel  load  out  of  one  thousand  equals  or  exceeds 

40,000  lb.,- — the  lowest  value  which  produced  fissures  in  shatter-cracked  rails  in  laboratory 

tests.  The  results  also  indicate  that  at  certain  "bad"  locations  this  frequency  of  high 
wheel  load  may  be  two  or  three  times  as  great  as  the  average. 

The  importance  of  the  production  of  rails  free  from  shatter  cracks  and  of  the  reduc- 

tion of  fissures  developed,  by  more  careful  track  maintenance  and  rolling  stock  mainte- 
nance has  been  emphasized. 

Extensive  studies  of  the  physical  properties  of  rail  steel  have  been  made  including 

temperatures  as  low  as  — 40  deg.  F.  The  loss  of  ductility  and  toughness  in  rail  steel 
at  low  temperatures  has  been  shown  to  be  quite  marked. 

Studies  of  acceptance  tests  for  rails  have  led  to  the  conclusion  that  a  bend  test  in  a 

testing  machine  is  a  better  test  than  the  present  standard  drop  test. 

Some  preliminary  work  on  the  batter  of  rail  ends  and  the  effect  of  end-hardening 

has  been  reported,  and  the  discussion  of  end  batter  and  end-hardening  forms  a  major  part 
of  this  fourth  report. 

Published  in  the  Proceedings  of  the  A.R.E.A.  for  193.S,  1936  and  1937. 
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2.  Advisory  Committee  and  Test  Party: — The  present  membership  of  the 
Advisory  committee  is  as  follows: 

Association  of  American  Railroads — Rail  Committee: 

J.  V.  Neubert,   Chief   Engineer  Maintenance  of  Way,   New  York   Central  System 
(Chairman) 

J.  E.  Armstrong,  Assistant  Chief  Engineer,  Canadian  Pacific  Railway 
W.  C.  Barnes,  Engineer  of  Tests,  Rail  Committee,  A.R.E.A. 
A.  F.  Blaess,  Chief  Engineer,  Illinois  Central  System 
C.  B.  Bronson,  Inspecting  Engineer,  New  York  Central  Railroad 
E.  E.  Chapman,  Mechanical  Assistant  to  Assistant  to  Vice-President,  Atchison,  Topeka 

&  Santa  Fe  Railway 
R.  Faries,  Assistant  Chief  Engineer,  Maintenance,  Pennsylvania  Railroad 
W.  P.  Wiltsee,  Chief  Engineer,  Norfolk  &  Western  Railway 
L.  Yager,  Assistant  Chief  Engineer,  Northern  Pacific  Railway 

Rail  Manufacturers'  Technical  Committee: 
F.  W.  Wood,  2429  Keyworth  Ave.,  Baltimore,  Md.  (Chairman) 
O.    U.    Cook,    Assistant    Manager,    Department    of    Metallurgy,    Investigations    and 

Research,  Tennessee  Coal,  Iron  &  Railroad  Company 
E.  F.  Kenney,  Metallurgical  Engineer,  Bethlehem  Steel  Company 
L.   S.   Marsh,   Manager,   Department   of    Inspection   and   Metallurgy,    Inland    Steel 

Company 

W.  A.  Maxwell,  Jr.,  Vice-President,  Colorado  Fuel  &  Iron  Company 
C.  F.  W.  Rys,  Assistant  to  President  and  Metallurgical  Engineer,  Carnegie-Illinois 

Steel  Company 

T.  H.  Sanderson,  Metallurgist,  Carnegie-Illinois  Steel  Corporation 

The  test  party  carrying  out  the  investigation  includes  the  following: 

Regular  Staff: 

H.  F.  Moore,  In  Charge  of  Investigation    (Services  furnished  by  the  Engineering 
Experiment  Station,  University  of  Illinois) 

H.  R.  Thomas,  Engineer  of  Tests,  General  detailed  oversight  of  work,  mathematical 
interpretation  of  test  results. 

R.  E.  Cramer,  Metallographic  and  chemical  tests. 
S.  W.  Lyon,  Laboratory  tests  of  materials. 
N.  J.  Alleman,  Laboratory  tests  of  materials. 
J.  L.  Bisesi,  Non-destructive  detection  of  cracks  and  fissures. 

Test  Assistants: 

E.  C.  Bast,  Chemical  and  metallographic  tests. 
R.  S.  Jensen,  Non-destructive  tests. 
J.  C.  Mace,  Jr.,  Non-destructive  tests. 

Mechanicians : 

H.  Belles,  H.  C.  Boswell,  F.  A.  Ferris,  H.  H.  Griesheimer,  M.  K.  Shafer,  H.  Musgrove 

General  Assistant  in  Machine  Shop: 

C.  Boley 

Student  Assistants: 

C.  Wampler,  J.  A.  Nachowitz,  C.  M.  Middlesworth,  R.  J.  Houkal,  R.  S.  Hutton, 
John  Shapland 

Stenographer  and  Clerk : 

Rogene  Strode 

During  the  year  Assistant  Professor  N.  H.  Roy  left  the  investigation  and  entered 

the  employ  of  the  Association  of  American  Railroads,  and  has  since  become  employed 
with  the  Pullman  Standards,  Inc. 
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Mr.  M.  W.  Woodruff,  temporary  test  assistant,  has  left  the  investigation  for  a  posi- 
tion with  the  Taylor  Instrument  Company,  Rochester,  N.  Y.  Mr.  Kenneth  Anderson, 

student  assistant,  did  not  return  to  school  this  year. 

II.    TEMPERATURE  LIMITS  FOR  CONTROLLED-COOLING  OF  RAILS 

By  R.  E.  Cramer,  assisted  by  E.  C.  Bast 

3.  Tests  at  Tennessee  Coal,  Iron  and  Railroad  Co.: — Through  the  co-opera- 

tion of  the  Department  of  Metallurgy  and  Research  and  the  Rolling  department  of  the 
Tennessee  Coal,  Iron  and  Railroad  Company,  Birmingham,  Ala.,  a  preliminary  series  of 

tests  has  been  carried  out  at  the  Ensley  mill  to  study  suitable  temperature  limits  for  the 
controlled-cooling  of  rails. 

Preliminary  to  going  to  the  mill,  laboratory  tests  were  made  which  showed  that 

thermocouples  could  be  quickly  clamped  to  the  top  of  a  cooling  rail  specimen  and  the 
temperature  observed  until  it  had  cooled  to  any  desired  extent.  It  was  found  that  if  the 

specimen  were  buried  in  rock  wool  at  the  center  of  a  wooden  box  18  in.  square  and  a 
foot  longer  than  the  rail  specimen,  it  would  cool  at  approximately  the  same  rate  as 

obtained  in  the  control-cooling  boxes  used  at  rail  mills.  That  is,  rails  at  900  deg.  F.  put 
into  boxes  filled  with  rock  wool  require  20  hours  to  cool  to  300  deg.  F.  It  should  be 

mentioned  that  the  drop  in  temperature  during  the  first  hour  after  placing  in  such  a  box 

is  slightly  faster  than  in  cooling  boxes  used  by  the  mills,  which  is  due  to  the  absorption 

of  heat  by  the  rock  wool  immediately  surrounding  the  rail.  However,  this  places  the 

experiments  on  the  safe  side  in  interpreting  results,  and  is  not  considered  a  serious 
objection. 

Twenty  boxes  together  with  clamps  and  thermocouples  were  built  for  use  in  the 

mill  experiments.  The  Pyrometry  department  of  the  Tennessee  Coal,  Iron  and  Railroad 

Company  supplied  three  six-point  Leeds  and  Northrup  temperature  recorders  mounted 

on  springs  for  mill  use.  Temperatures  in  the  other  two  boxes  were  measured  with  non- 
recording  instruments.  Fig.  1  shows  the  recording  instruments  and  some  of  the  cooling 
boxes. 

For  each  heat  of  rails  studied,  specimens  were  cooled  in  four  ways  as  follows: 

1.  Cooled  in  air  on  the  mill  floor  to  serve  as  "control"  specimens.' 
2.  Placed  in  the  cooling  boxes  at  900  deg.  F.,  removed  at  intervals  of  100  deg.  F. 
3.  Placed  in  the  cooling  boxes  at  900  deg.  F.,  and  removed  after  approximately 

21  hours,  the  rate  of  cooling  being  varied  by  the  amount  of  insulation  used. 
4.  Placed  in  the  cooling  boxes  at  100  deg.  F.  intervals  from  900  aeg.  F.  to 

200  deg.  F.  and  removed  after  approximately  21  hours. 

In  carrying  out  the  above  program  at  the  mill,  two  "A"  rails  were  taken  from  each 
of  several  heats  of  steel.  Each  rail  was  cut  into  12  two-foot  test  specimens,  thus  fur- 

nishing 24  specimens  per  heat.  This  cutting  of  the  rail  at  the  hot-saw  required  about 

five  minutes.  One  two-foot  length  (a  "control"  specimen)  from  each  end  of  each  of  the 
two  rails  of  a  heat  was  cooled  on  the  mill  floor.  The  remaining  20  specimens  were 
cooled  in  boxes  as  outlined  above. 

Preliminary  etch  tests  were  made  at  the  mill  on  the  air-cooled  specimens.  The  speci- 
mens from  eight  heats  showed  enough  shatter  cracks  to  be  considered  satisfactory  for  the 

tests,  so  all  specimens  from  these  heats  were  shipped  to  the  University  of  Illinois  labora- 
tory for  complete  etch  and  Brinell  tests.    It  should  be  noted  that  the  cooling  of  these 

^  It  should  be  noted   that   these  samples  do  not  give   any   information    concerning  the   presence  of 
shatter  cracks  in  the  mill's  output  of  hot-bed  cooled  rails, 
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Fig.  1. — Cooling  Boxes  and  Temperature  Recorders  Used  in  Controlled-Cooling  Tests. 
The  streaks  in  the  lower  photograph  were  caused  by  sparks  from  the  hot-saws. 

(Photographs  by  N.  J.  Alleman) 

small  specimens  in  air  took  place  somewhat  more  rapidly  than  would  be  the  case  for  the 

cooling  of  the  entire  rail  on  the  hot  bed,  and  that  therefore  the  probability  of  producing 
shatter  cracks  was  somewhat  greater  than  would  be  the  case  for  hot-bed  cooled  rails 

produced  in  regular  mill  practice.  For  the  etch  test,  a  six-inch  length  of  each  two-foot 
specimen  was  sawed  so  as  to  make  four  horizontal  slices  of  the  rail  head.  The  top  slice 

(No.  1  in  Table  1)  was  about  one-half  inch  thick,  making  the  three  remaining  slices 
include  the  center  and  the  bottom  half  of  the  head. 

Table  1  shows  the  results  of  etch  and  Brinell  tests  of  one  typical  heat  of  steel.    It 

will  be  noted  that  about  25  shatter  cracks  were  found  in  each  of  the  four  control  sped- 
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mens,  but  only  a  few  cracks  were  found  in  four  of  the  specimens  cooled  in  boxes.  This 
was  found  to  be  true  for  all  eight  heats  as  shown  in  the  summary  given  in  Table  2. 

Based  on  the  results  of  the  tests  the  following  conclusions  could  be  drawn  for  this 
particular  study  at  the  Ensley  mill. 

1.  Rail  specimens  cooled  in  air  to  temperatures  above  300  deg.  F.  before  being 
placed  in  boxes  developed  no  shatter  cracks. 

2.  Rail  specimens  placed  in  boxes  after  specimens  had  cooled  to  200  deg.  F.  did 
develop  shatter  cracks — evidence  that  the  cracks  formed  between  300  deg.  F.  and 
200  deg.  F. 

3.  Rail  specimens  placed  in  boxes  at  900  deg.  F.  and  removed  at  600  deg.  F.  or 
lower  showed  no  shatter  cracks,  while  specimens  out  at  800  deg.  F.  and  700  deg.  F. 

developed  shatter  cracks.^  This  seems  to  indicate  that  while  shatter  cracks  actually 
did  not  form  above  300  deg.  F.,  nevertheless  slow  cooling  above  that  temperature  was 
effective  in  inhibiting  their  formation  below  that  temperature. 

4.  In  all  tests  shatter  cracks  were  developed  only  in  rail  specimens  which  cooled 
from  900  deg.  F.  to  200  deg.  F.  in  less  than  four  hours. 

5.  Placing  the  rails  in  controUed-cooling  boxes  at  temperatures  of  900  deg.  F.  or 
below  did  not  lower  the  BrineU  hardness  of  the  rails.  This  is  in  agreement  with  test 
results  on  75  pairs  of  controlled-cooled  and  air-cooled  rails  previously  tested. 

Based  on  the  results  of  these  preliminary  tests  of  rail  specimens  from  only  one  mill 

it  could  be  concluded  that  the  present  practice  of  most  mills  of  keeping  rails  in  control- 
ceoUng  boxes  from  24  to  36  hours  might  be  somewhat  modified.  However,  none  of  the 

heats  of  steel  used  in  these  experiments  developed  half  as  many  shatter  cracks  as  some 

of  the  worst  test  heats  previously  examined  during  this  investigation,  so  it  cannot  be 

concluded  that  these  results  would  apply  to  all  heats  of  rail  steel. 
In  view  of  the  fact  that  transverse  shatter  cracks  were  found  in  only  four  of  the 

control  specimens  used  in  these  tests  it  seemed  wise  to  make  further  tests  before  even 

suggesting  any  modification  of  the  limiting  temperatures  or  cooling  rates  for  the  control- 
cooling  process.  A  second  series  of  tests  has  recently  been  completed  at  the  mill  of  the 

Dominion  Steel  and  Coal  Corporation,  Ltd.,  at  Sydney,  Nova  Scotia,  but  the  results  are 
not  yet  compiled. 

III.     METALLOGRAPHIC  AND  HARDNESS  TESTS  OF  END-HARDENED  RAILS 

By  R.  E.  Cramer,  assisted  by  E.  C.  Bast 

Since  the  beginning  of  the  study  of  end-hardened  rails  in  January  1937,  148  specimens 

of  end-hardened  rails  have  been  received  for  laboratory  tests,  including  rolling-load  tests. 

These  specimens  represent  12  different  end-hardening  processes.  The  following  is  a  brief 
der-cription  of  each  process. 

Description  of  End-Hardening  Processes 

Process  1.     Electric  Induction  Heating,  Warm  Water  Quench,  Mill  Process. 
End  of  rail  head  reheated  by  electric  induction  method  to  1,540  deg.  F.  in  80  sees. 

Quenched  by  an  automatically  regulated  flow  of  warm  water  for  30  sec. 

Process  2.    Gas  Reheating,  Air  Quench,  Mill  Process. 
End  of  rail  head  reheated  in  a  portable  refractory-lined  furnace  with  producer 

gas  flame  to  approximately  1,550  deg.  F.  in  three  minutes.  Quenched  with  jet  of 
compressed  air  for  3  minutes. 

Process  3.    Quenched  from  Rolling  Heat  With  Water  Spray,  Mill  Process. 
After  leaving  the  hot  saws  the  rails  are  allowed  to  cool  to  1,500  deg.  F.  and  the 

ends  are  quenched  by  a  water  spray  for  30  to  35  sec.  When  the  body  of  the  rail 
has  cooled  to  1,000  deg.  F.  a  small  cover  is  placed  over  the  end  of  the  rail. 

"  Shatter  er.aclfs  developed  during  cooling  from  700  deg.  F.  to  atmospheric  temperature. 
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Process  4.     Cooled  Below  Critical,  Gas  Reheated,  Water  Spray  Quench,  Mill  Process. 

After  leaving  the  hot  saws  the  rail  is  allowed  to  cool  below  the  critical  tempera- 
ture.   The  ends  of  the  rail  head  are  then  rapidly  reheated  to  1,500  deg.  F.  and 

quenched  and  cooled  as  in  Process  3. 

Process  S.     Natural  Gas  Reheating,  Air  and  Steam  Quench,  Mill  Process. 
End  of  rail  reheated  with  natural  gas  to  1,550  deg.  F.  in  four  minutes  in 

refractory-lined  portable  furnace.  Quenched  with  mixture  of  compressed  air  and 
steam  for  four  minutes. 

Process  6.     Normalized  Rails,  Air  Quench,  Mill  Process. 
Rails  are  cooled  in  air  from  the  rolling  temperature  to  approximately  1,000  deg. 

F.,  then  entire  rail  is  reheated  to  about  1,500  deg.  F.  in  20  to  30  min.;  next  the  ends 
of  the  rail  head  are  quenched  with  compressed  air  for  approximately  2^2  min. 

Process  7.     Machine-Held  Oxy-acetylene  Burners,  Self  Quench,  Track  Process. 
Both  rail  ends  of  a  joint  are  heated  at  the  same  time  by  three  oxy-acetylene 

tips  over  each  rail.  The  surface  of  the  rail  is  heated  to  1,550  deg.  F.  in  18  to  24 
sec.    Quench  is  by  conduction  of  the  cold  metal  under  the  heated  zone. 

Process  8A  and  SB.     Combined  Building  Up  of  Battered  Ends  and  End-Hardening, 
Track  Process. 

A.  Battered  rail  ends  are  built-up  by  oxy-acetylene  welding  and  cooled  in  air. 
B.  Following  above  process,  but  before  rails  have  cooled  appreciably,  the  ends 

are  reheated  to  cherry  red  and  quenched  with  water  from  perforated  paU.  When 
water  quits  forming  steam  the  hardened  area  is  slowly  reheated  to  slightly  above  the 
melting  point  of  50/50  solder  and  cooled  in  air. 

Process  9.     Free-Held  Torch  on  New  Rails,  Water  Quench,  Track  Process. 
Both  rail  ends  of  a  joint  are  slowly  heated  to  1,500  deg.  F.  with  free-held  oxy- 

acetylene  torch,  then  quenched  to  300  deg.  F.  with  water  from  sprinkling  can  with 
small  holes.  After  quenching,  the  hardened  area  is  tempered  by  reheating  to  650 
deg.  F.  and  allowed  to  cool  in  air. 

Process  10.    Automatic  Heating  and  Quenching  Machine,  Track  Process. 
Space  between  rail  ends  is  filled  with  refractory  cement.  Both  rail  ends  are 

heated  to  1,550  deg.  F.  in  2  min.  and  37  sec.  by  means  of  a  mechanically  oscillated 
oxy-acetylene  burner  containing  eleven  small  flames.  In  the  automatic  quench  700 
cc.  of  water  flow  onto  the  rail  through  30  small  holes  in  13  sec. 

Process  11.    Oxy-Propane  Torch,  Water  Quench,  Track  Process. 
Both  rail  ends  are  heated  at  the  same  time  with  a  hand-held  oxy-propane  torch 

containing  two  5/32-in.  holes  ̂   in.  apart.  Heating  times  varies  from  52  to  64  sec. 
to  heat  small  area  of  ends  to  1,400  deg.  F.  Quench  is  by  means  of  a  sprinkling  can 
using  one  pint  of  water  which  flows  through  14  holes  in  about  22  sec. 

Process  12.    Oxy-acetylene  Torch  Heating,  Air  Quench,  Mill  or  Track  Process. 
For  Rails  not  in  Track: — Single  rail  ends  are  heated  to  about  1,550  deg.  F.  with 

a  free-held  oxy-acetylene  torch  in  41  to  48  sec.  Quench  is  by  means  of  compressed 
air  at  45  lb.  pressure  through  a  special  nozzle. 

For  Rails  laid  in  Track: — Both  rail  ends  of  a  joint  are  heated  with  two  free- 
held  torches  and  quenching  is  by  means  of  compressed  air  at  45  lb.  pressure  through  a 
special  nozzle  covering  the  ends  of  both  rails. 

Laboratory  hardness  tests,  etch  tests  and  microscopic  tests  were  made  on  six  rails  from 

each  group  of  samples  received.  In  the  case  of  Process  2,  seven  sets  of  specimens  were 
received  from  the  three  mills  using  this  process.  For  each  of  the  other  processes  only  one 

lot  of  specimens  was  furnished. 

The  standard  procedure  for  determining  the  extent  of  the  heated  and  hardened  area 

consisted  of  cutting  the  rail  head  into  three  vertical  longitudinal  sections  each  approxi- 
mately one  inch  in  width.  The  middle  section,  that  is  the  one  directly  above  the  web  of 

the  rail,  was  smooth-ground  on  both  sides,  lightly  etched  with  ammonium  persulphate 
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in  order  to  show  the  extent  of  the  hardened  zone,  and  a  hardness  survey  was  made  of  the 
heated  area.  One  section  from  the  side  of  the  head  was  cut  into  transverse  pieces  to 

determine  the  shape  of  the  heated  zone  along  the  side  of  the  rail  head.  Metallographic 
tests  were  made  on  the  transverse  slice  one-half  inch  from  the  end  of  the  rail. 

In  the  Third  Progress  Report,^  Fig.  S  shows  typical  hardened  zones  for  end-hardening 
processes  Nos.  1  to  S,  which  were  all  mill  processes.  Fig.  2  of  this  fourth  report  shows 

the  shape  and  micro-structure  of  the  hardened  zone  in  a  rail  end-hardened  by  Process  12, 

which  is  quite  typical  of  several  track  end-hardening  processes.  Fig.  2(a)  also  shows 
the  impressions  made  by  the  Rockwell  hardness  tester.  Hardness  tests  were  also  made  on 

the  top  surface  of  these  sections  after  removing  0.025  in.  of  the  surface  material  by 
grinding.  In  some  cases  still  higher  hardness  readings  were  obtained  1/16  in.  below  the 
ground  surface,  indicating  that  the  surface  was  decarburized  more  than  0.025  in.  deep. 

"  Proc.,  A.R.E.A.,  Vol.  37,  page  654'  also  page  10,  Reprint  No.  11  of  the  Engineering  Experiment 
Station,  University  of  Illinois. 



S16 Investigation    of    Fissures   in    Railroad   Rails 

Fig.  2. — Structure  of  Rails  Hardened  by  Process  12. 
a  and  b.     }i  natural  size.     Etched  with  ammonium  persulphate, 
c  and  d.     ISO  X  magnification.     Etched  with  2  percent  nital. 
a.  Longitudinal  section  of  hardened  area. 
b.  Transverse  section  of  hardened  area. 
c.  Structure  near  top  of  hardened  zone. 
d.  Structure  at  junction  of  heated  zone  and  original  rail  steel. 
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Fig.  3. — Structure  of  Rails  Hardened  by  Process  11. 
a  and  b.     ̂   natural  size.     Etched  with  ammonium  persulphate. 
c.  1,500  X  magnification.    Etched  with  2  percent  nital. 
d.  ISO  X  magnification.     Etched  with  2  percent  nital. 
a.  Longitudinal  section  of  hardened  area. 
b.  Cross-section  of  hardened  area. 
c.  Martensitic  structure  of  hardened  zone. 
d.  Troostitic  structure  at  lower  edge  of  hardened  zone. 
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Fig.  3  shows  the  shape  and  micro-structure  of  the  hardened  zone  in  a  rail  end-hardened 
by  Process  11.  This  process  produced  the  highest  hardness  of  any  rails  tested  (Rockwell 

"C"  62  to  65)  and  also  the  smallest  hardened  zone.  It  should  be  noted  that  no  tempering 
treatment  was  given  these  rails  after  the  water  quench  which  produced  the  martensitic 
structure  shown  in  the  photomicrographs. 

A  summary  of  tests  of  all  12  end-hardening  processes  is  given  in  Table  3.  It  will 
be  noted  that  there  is  a  wide  variation  in  the  size  and  hardness  of  the  hardened  zone 

produced  by  the  various  methods.  Also  there  is  considerable  difference  in  the  hardness 

of  individual  rails  hardened  by  each  process.  It  should  be  stated  that  no  quenching 

cracks  have  been  found  in  any  of  the  specimens  used  in  these  tests. 

The  following  general  conclusions  can  be  drawn  from  the  tests  of  End-Hardened 
Rails. 

1.  Quenching  the  rail  end  when  the  entire  rail  is  above  the  critical  temperature 

resulted  in  a  rather  large  and  deep  hardened  zone,  otherwise  the  heat  remaining  in  the 

body  of  the  rail  might  be  expected  to  temper  the  small  volume  of  quenched  metal  to  a 
rather  low  hardness. 

2.  The  size  of  the  hardened  zone  of  rail  ends  reheated  for  hardening  depends  on  the 

rate  and  method  of  reheating.  The  electric  induction,  oxy-actylene  and  oxy-propane 
flame  methods  allowed  rapid  heating  of  a  small  volume  of  steel  to  above  the  critical 

range  while  the  producer  gas  and  natural  gas  processes  heated  the  rail  head  to  a  con- 
siderable depth  before  the  surface  metal  was  above  the  critical  range,  ready  for  the  quench. 

3.  Water  quenching  developed  maximum  hardness  in  rail  steels,  but  the  hardness 

was  controlled  over  a  considerable  range  by  varying  the  amount  and  temperature  of  the 

water  used.  In  many  cases  the  hardened  area  was  tempered  by  heat  from  the  metal 
below  the  quenched  zone  but  in  Process  9  tempering  was  done  by  reheating. 

4.  Compressed  air  quenching  has  been  used  to  produce  Rockwell  "C"  hardnesses  of 
45  when  a  comparatively  shallow  zone  of  the  rail  head  was  heated.  When  a  larger  volume 

of  metal  was  heated,  as  in  Process  2,  a  maximum  hardness  of  42  Rockwell  "C"  was 

produced,  but  for  most  rails  the  hardness  fell  within  the  range  37  to  40  Rockwell  "C". 
5.  In  Process  5  steam  was  added  to  the  compresed  air  for  quenching;  however,  it 

would  seem  that  this  addition  might  be  troublesome  due  to  condensation  of  the  steam. 

6.  Quenching  by  conduction  of  the  cold  metal  can  only  produce  appreciable  hard- 
ness when  the  heated  zone  is  quite  shallow. 

IV.    MECHANICAL  TESTS  OF  SPECIMENS  FROM  END-HARDENED  RAILS 

By  S.  W.  Lyon 

4.  End-Hardening  Processes  Studied: — Mechanical  tests  of  specimens  from 

rails  end-hardened  by  12  different  processes  have  been  made.  These  12  end-hardening 
processes  have  been  applied  to  rails  of  varying  weight,  the  majority  of  rail  samples  being 

112-  and  131-lb.  sections.  Descriptions  of  the  12  end-hardening  processes  are  given  in 

Chapter  III,  the  metallographic  section  of  this  report.  These  12  end-hardening  processes 
include  two  main  divisions  or  classifications  of  methods  as  follows: 

(1)  Mill  End-Hardened  Rails:  Processes  1  to  6,  inclusive,  are  representative  of 
end-hardening  practices  applied  at  six  different  rail  mills  during  fabrication  of  the  rails. 

(2)  Track  End-Hardened  Rails:  Processes  7  to  12,  inclusive,  are  representative 
of  rails  end-hardened  in  track. 

Subsequent  discussion  of  test  results  will  refer  to  the  above  two  general  classifications 

of  end-hardening. 
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The  mechanical  testing  program  provides  for  the  application  of  four  types  of  tests 

to  all  end-hardened  rail  samples  submitted  where  the  process  of  end-hardening  produced 
an  amount  of  end-hardened  pietal  sufficient  to  procure  the  necessary  test  specimens. 
These  four  types  of  tests  include  tests  of  unnotched  bars  on  a  Charpy  impact  machine, 

tests  of  notched  bars  on  an  Olsen-Izod  machine,  fatigue  tests  and  tension  tests.  The  six 

mill  hardening  processes  provided  sufficient  end-hardened  material  in  the  rail  samples  for 

the  four  types  of  testing;  the  six  track  hardening  processes  provided  so  little  end-hardened 
material  in  the  rail  samples  as  to  preclude,  other  than  where  noted  in  test  results,  all  but 

the  Charpy  impact  test  of  unnotched  bars. 

S.  Selection  of  Specimens: — Test  specimens  for  the  four  types  of  tests  were  cut 
from  the  end-hardened  material,  from  the  transition  zone  and  from  the  unhardened  zone 
of  rail  samples.  The  shape  and  size  of  specimens  used  are  shown  in  Fig.  4.  In  the 
specimens  from  the  transition  zone  they  were  so  machined  as  to  include  the  line  of 
demarcation  between  hardened  and  unhardened  zones  in  the  critical  sections  of  the 

specimens.  As  previously  explained  the  relatively  shallow  depth  and  short  length  of 

end-hardened  material  produced  in  the  rail  samples  by  the  various  track  hardening 
processes  precludes  obtaining  other  than  unnotched  bar  Charpy  specimens.  With  the 
exception  of  Processes  8A  and  8B,  none  of  the  track  hardening  processes  produced  even 
a  deep  enough  hardened  zone  to  afford  a  complete  Charpy  specimen.     Therefore  with  the 
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amount  of  hardened  material  varying  from  specimen  to  specimen  and  also  with  the 

process  used,  no  direct  quantitative  energy  values  could  be  obtained.  It  was  felt,  how- 
ever, that  the  Charpy  impact  test  of  unnotched  specimens  containing  a  maximum  amount 

of  end-hardened  material  available  along  with  untreated  specimens  from  the  same  rails 
would  give  at  least  a  qualitative  if  not  quantitative  comparison  between  unhardened  and 
hardened  material. 

6.  Results  of  Tests: — Fig.  S  is  a  summary  of  the  mechanical  test  results  on  the 

mill  end-hardened  rails.  Test  values  compared  for  any  one  process  are  the  average  of 

three  or  more  test  results  on  specimens  obtained  from  both  the  end-hardened  and 

unhardened  parts  of  the  heads  of  the  rails  indicated.  The  data  obtained  from  the  speci- 
mens cut  from  the  portions  of  the  rail  heads  adjacent  to  the  tread  of  the  rail  were  used 

for  comparison,  in  view  of  the  fact  that  no  unusual  test  results  were  obtained  from  other 
zones  investigated.  Hardness  values  given  are  not  maximum  values  but  are  average 

figures  for  the  zone  from  which  the  test  specimens  were  obtained. 

Fig.  6  summarizes  the  mechanical  test  results  obtained  from  tests  of  track  end- 
hardened  rails  covered  under  Processes  7  to  12,  inclusive.  No  values  are  reported  for 

Process  11  for  the  reason  that  the  length  of  the  end-hardened  zone  was  so  short,  some 
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Y^  in.,  as  to  prevent  obtaining  even  Charpy  specimens.  It  will  be  noted  that  test  results 

for  Processes  8A  and  SB  are  treated  separately.  This  presentation  was  used  because  they 

were  the  only  two  track  hardening  processes  which  provided  end-hardened  material 
sufficient  to  obtain  the  full  program  of  mechanical  testing.  They  are  also  the  only  end- 
hardened  rail  samples  which  do  not  show  uniformly  improved  mechanical  properties 
due  to  end  hardening. 

Examination  of  Figures  5  and  6  shows  that,  with  the  exception  of  rails  treated  by 

Processes  8A  and  8B,  the  effect  of  the  end-hardening  methods  resulted  in  increased 

toughness  (Charpy  impact  values)  for  material  so  treated  by  all  mill  and  track  end- 
hardening  processes.  All  mill  hardened  rails  show  increased  ductility  as  shown  by  elonga- 

tion and  reduction  of  area  values  obtained  by  tensile  tests  for  the  hardened  material. 

In  view  of  the  increased  hardness  of  the  end-hardened  material  these  are  somewhat  sur- 

prising results.  This  improvement  of  toughness  and  ductility  can  be  accounted  for  by 

improved  microstructure  brought  about  by  the  heat  treatment  imposed  by  the  processes 

of  end  hardening;  examination  of  end-hardened  microstructures  shown  in  the  metal- 
lographic  section  of  this  report  offers  substantiating  evidence.  As  might  be  expected, 

increased  tensile  and  fatigue  values  accompanied  the  increased  hardness  of  the  end- 
hardened  material. 
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Fig.  6.— Summary  of  Results  of  Mechanical  Tests  on  Track  End- Hardened  Rails. 

The  tests  of  the  rail  samples  covered  under  Processes  8A  and  8B  (Fig.  6)  show  for 

the  hardened  material  decreased  toughness  as  given  by  impact  tests  and  decreased  ductility 

as  measured  by  elongation  and  reduction  of  area  in  the  tensile  tests,  over  that  obtained 

from  the  unhardened  portions  of  the  rails.  These  results  are  in  direct  opposition  to  those 

found  for  all  other  rails  treated  by  the  other  processes.  That  these  rails  (8A  and  SB) 

had  been  subjected  to  a  considerable  amount  of  traffic  before  being  built  up  at  the  ends 

by  vi^elding,  followed  by  subsequent  end  hardening,  suggests  that  hardening  of  built-up 
rail  ends  may  not  improve  mechanical  test  properties.  It  may  be  that  the  hardness  due 
to  cold  rolling  of  the  rail  treads  tends  to  reduce  toughness  and  ductility,  while  hardness 

due  to  proper  heat  treatment  may  add  strength  without  loss  of  those  valuable  properties. 

This  phase  of  the  end-hardening  problem  calls  for  further  study.    Outside  of  these  rails 
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treated  by  Processes  8A  and  8B,  obviously  none  of  the  other  end-hardening  processes 
studied  embrittled  the  steel  in  the  specimens  tested,  but  rather  improved  toughness  and 
ductility. 

V.    EFFECT  OF  HARDNESS  ON  TENSILE  AND  IMPACT 
PROPERTIES  OF  RAIL  STEEL 

By  S.  W.  Lyon 

7.  Introductory: — Studies  were  made  with  the  purpose  of  providing  information 
to  determine,  in  part  at  least,  the  limits  to  which  the  hardness  in  the  end-hardened  rails 

might  be  carried  and  still  retain  good  strength,  ductility,  and  toughness.  These  prelim- 
inary studies  consisted  of  tension  tests  and  Charpy  impact  tests  (on  unnotched  specimens) 

of  several  series  of  specimens  of  rail  steel  heat  treated  in  the  laboratory  to  cover  the 

range  of  hardness  from  that  of  the  untreated  rail  to  a  maximum  of  65  Rockwell  "C" 
hardness.    It  was  recognized  that  certain  variables  and  other  factors   (i.e.  mass  effect) 
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Fig.  7. — Graph  Showing  Correlation  Between  Rockwell  "C"  Hardness 
and  Impact  (Energy)  Values. 

Tests  made  on  a  Charpy  machine  using  unnotched  specimens  of  heat-treated  rail  steel. 
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entered  into  these  laboratory  test  results  which  prevented  them  from  paralleling,  in  all 
phases,  results  which  might  be  obtained  from  tests  of  specimens  cut  from  rails  end 

hardened  to  varying  hardness  by  standard  processes.  However,  in  view  of  the  consider- 
able cost  and  difficulty  of  machining  specimens  from  rails  so  hardened,  the  laboratory 

tests  were  undertaken  as  a  means  of  providing  preliminary  information  regarding  proper 
hardness. 

8.  Methods  of  Testing  and  Test  Specimens: — The  specimens  for  test  were 
machined  from  Rail  1105  as  this  rail  by  previous  etch  test  was  known  to  be  free  from 

shatter  cracks,  and  by  analysis  to  be  in  the  mid-carbon  range. 

Fig.  7  shows  the  type  of  unnotched  specimen  used  in  the  Charpy  tests  and  Fig.  8, 
the  tensile  specimen  used  to  determine  values  of  tensile  strength,  percent  elongation,  and 

/?OCKW£LL  *C  "MaPONCSS 

Fig.  8. — Graph  Showing  Correlation  Between  Rockwell  "C"  Hardness  and 
Tensile  Strength,  Percent  Elongation,  and  Percent  Reduction  of  Area. 

Tests  made  on  specimens  of  heat-treated  rail  steel,  » 
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percent  reduction  of  area.  The  general  procedure  of  heat  treatment  was  to  quench  all 

specimens  to  obtain  maximum  hardness,  followed  by  suitable  draw  to  obtain  the  desired 
hardness.  All  plotted  points  on  the  curves  are  the  average  test  values  obtained  on  three 

or  more  test  specimens.    Hardness  determinations  were  obtained  before  testing  specimens. 

9.  Results  of  Tests: — Fig.  8  gives  the  results  obtained  from  the  tension  tests. 
Examination  of  the  curves  will  show  that  maximum  values  of  tensile  strength  were 

obtained  at  approximately  Rockwell  "C"  52  (or  Brinell  483).  Values  for  reduction  of 
area  also  fell  off  rapidly  when  the  hardness  of  52  was  exceeded  whDe  elongation  values 
decreased  more  gradually. 

The  results  obtained  from  testing  unnotched  specimens  of  varying  hardness  in  a 
Charpy  impact  machine  are  shown  in  Fig.  7.  Due  to  the  reason  that  the  unnotched 

specimens  between  the  approximate  hardness  ranges  of  28  to  S3  Rockwell  "C"  developed 
strength  beyond  the  range  of  the  testing  machine,  the  limits  of  the  envelope  are  not  com- 
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Fig.  9. — Derived  Curve  Showing  Relation  Between  Rockwell  "C  Hardness  and  the 
Product  of  the  Tensile  Strength  and  Percent  Elongation,  as  Obtained  from  Tension  Tests 
of  Heat-Treated  Rail  Steel. 
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plete  in  that  portion.  This  curve  does  show  the  significant  fact  that  for  hardness  values 

above  Rockwell  "C"  53  the  energy  values  decrease  very  rapidly  and  indicate  that  little  or 
no  toughness  remains  in  the  steel  after  this  hardness  is  exceeded. 

Fig.  9  is  a  derived  curve  constructed  by  plotting  the  product  of  tensile  strength  and 

percentage  of  elongation  against  Rockwell  "C"  hardness  as  obtained  from  the  tension  test 
results  given  in  Fig.  8.  It  is  felt  that  this  offers  a  means  of  defining  the  trend  of  that 

section  of  the  curve  of  Fig.  7  which  is  bounded  or  limited  by  values  given  as  in  excess 

of  the  Charpy  testing  machine  capacity.  Impact  tests  give  a  measure  of  toughness, 

which  property  is  related  to  both  tensile  strength  and  ductility.  Therefore,  the  derived 
curve  of  Fig.  9  was  constructed.  Examination  of  this  curve  shows  that  the  maximum 

value  is  attained  at  a  hardness  of  approximately  40  Rockwell  "C".  Comparison  with  the 
Charpy  curve  of  Fig.  7  indicates  that  this  is  a  reasonable  value  and  an  indication  of  the 

trend  of  the  Charpy^  curve  in  that  region  above  the  testing  machine  capacity. 
Summarizing  the  results  of  tensile  tests,  impact  tests,  and  values  derived  therefrom, 

it  appears  that  the  usable  hardness  of  rail  steel  is  exceeded  beyond  a  value  of  Rockwell 

"C  '  52  (Brinell  483)  and  that  maximum  toughness  occurs  at  a  hardness  of  approximately 
Rockwell  "C"  40  (Brinell  368).  While  the  test  party  is  still  not  ready  to  make  recom- 

mendations for  hardness  ranges  allowable  in  end-hardening  practice,  the  values  given 

may  be  used  as  a  guide,  and  probably  the  maximum  value  of  Rockwell  "C"  52  should 
not  be  exceeded. 

VI.    ROLLING-LOAD  TESTS  FOR  BATTER  OF  RAILS 

By  H.  R.  Thomas  and  N.  J.  Alleman 

10.  Rolling-Load  Tests: — In  the  Third  Progress  Report  of  the  Investigation  of 

Fissures  in  Railroad  Rails"  descriptions  were  given  of  the  rolling-load  machines  used  for 
producing  batter  of  rail  ends  and  of  the  method  of  measuring  the  batter,  together  with  a 

few  preliminary  results. 

During  the  past  year  rolling-load  tests  have  been  made  on  a  number  of  joints  made 

up  of  rails  whose  ends  had  been  hardened  by  various  end-hardening  processes,  with  tests 
on  companion  unhardened  rails.  As  a  result  of  preliminary  tests  all  of  the  rails  are  now 

being  rolled  under  a  wheel  load  of  40,000  lb.,  and  instead  of  the  simple-beam  support 
used  in  the  earlier  tests  an  additional  support  directly  under  the  joint  is  being  used.  This 
solid  support  avoids  some  uncertainties  in  the  effects  of  the  joint  bars. 

In  the  Third  Progress  Report,  Fig.  14,  it  was  indicated  that  the  method  used  for 

determining  the  amount  of  batter  was  to  consider  that  the  slope  of  a  line  drawn  through 

points  away  from  the  end  of  the  rail  was  a  measure  of  the  wear  on  the  rail,  and  the 
batter  was  taken  as  the  distance  from  such  a  line  to  the  batter  curve  at  the  end  of  the 

rail.  This  method  seemed  not  unreasonable,  and  gave  consistent  values  for  comparing 
batter  of  hardened  and  unhardened  rail  ends  in  the  earlier  tests  in  which  the  hardened 

zones  extended  beyond  the  wheel  path  in  the  rolling-load  machine.  When  tests  were 
made  on  rails  having  a  relatively  short  hardened  zone,  however,  it  was  found  that  such  a 

method  of  measuring  batter  could  not  be  used.  On  encountering  the  above  difficulty  it 

was  decided  to  make  a  careful  study  of  all  of  the  batter  test  data  in  an  effort  to  obtain 

*  By  using  an  altered  type  of  Charpy  test  specimen  and  testing  procedure,  tests  are  now  in  progress 
which  give  promise  of  supplying  test  data  to  directly  complete  the  curve  of  Fig.  7  in  the  range  beyond 
the  testing  machine  capacity.     Preliminary  results  indicate  a  maximum  somewhat  above  Rockwell  "C"40. 

"Proc,  A.R.E.A.  Vol.  38,  1937,  page  659;  also  Reprint  No.  11  of  the  Engineering  Experiment Station,  University  of  Illinois. 
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a  method  of  interpreting  the  batter  curves  which  could  be  used  regardless  of  the  length 
of  the  hardened  zone  in  the  end-hardened  rails. 

At  the  beginning  of  the  tests  for  batter  of  rail  ends,  it  was  thought  by  members  of 
the  test  party  that  the  batter  curves  obained  by  the  method  used  in  this  investigation 
would  be  made  up  of  the  effects  of  the  following  factors: 

4    1.     Actual  batter. 

2.  Wear  of  the  rail  such  as  occurs  in  track  at  points  away  from  joints. 

3.  Plastic  yielding  of  the  rail  and  joint  bars  due  to  the  wheel  load  and  bending 
stresses. 

4.  Wear  of  joint   bars   and   of   rail   at   the   points  of   contact   between   them,   and 
particularly  at  the  rail  ends. 

It  has  been  found  by  careful  measurements  both  on  the  rail  and  on  the  bars  that 

item  3,  plastic  yielding,  was  not  detected  under  the  loads  and  bending  moments  used  in 

these  tests.  There  is  evidence  in  the  test  results  showing  that  the  wear  indicated  under 
item  4  does  occur  to  a  small  extent.  However,  this  factor  is  readily  eliminated  from  the 

batter  results  by  making  use  of  the  measurements  on  the  unworn  ground  surface  of 
the  rail. 

Now  considering  items  1  and  2,  it  has  been  found  that  any  attempt  to  separate  the 

amount  of  wear  from  the  amount  of  batter  seems  impracticable  under  the  present  test 

I 
Cori/ff 

■*^\Lr         '  "Max/mo f^  3j^Tr£/r 

cc/=  ah. 

Fig.  10. — Showing  Method  of  Determining  Batter 
from  Wear  Measurements. 

method,  using  a  rolling-load  machine  having  a  relatively  short  stroke.  Possibly  some 

future  study  of  this  relation  may  be  included  if  tests  can  be  made  on  a  long-stroke 
machine.  For  the  present,  however,  we  should  remember  that  this  unknown  wear  is 
included  in  the  batter  curves. 

As  stated  above,  it  has  been  found  possible  to  make  corrections  of  the  batter  curves 

to  take  account  of  the  small  amount  of  wear  between  rails  and  joint  bars.  This  correc- 
tion is  based  on  the  small  change  in  slope  of  the  rails  due  to  wear  (between  rail  and 

bars)  as  indicated  by  readings  on  the  ground  surface  of  the  rail  outside  of  the  rolling- 
load  path.     By  this  means  the  various  points  on  the  batter  curves  are  corrected  in  such 
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a  way  that,  in  effect,  the  batter  (including  the  wear)  at  various  points  within  the  wheel 
path  is  measured  from  this  sloping  line  produced  back  to  the  rail  end.  In  general  this 

correction  of  the  maximum  batter  readings  is  small,  amounting  at  most  to  a  few  thou- 
sandths of  an  inch. 

In  making  a  detailed  study  of  the  batter  curves  it  was  found  that  in  some  cases  the 

batter  curves  at  the  ends  of  the  rails  dropped  down  so  sharply  that  it  was  impossible 

for  the  wheel  to  have  made  contact  at  the  lowest  point  where  measurements  were  made 
unless  there  were  some  slight  relative  vertical  movement  of  one  or  both  of  the  rail  ends 
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Fig.  12. — Growth  of  Batter  with  Cycles  of  Wheel  Load, 
Wheel  Load  40,000  lb. 

as  the  wheel  passed  over  the  joint."  Diagrams  illustrating  the  revised  method  of  measur- 
ing batter  and  the  method  of  correcting  batter  measurements  for  the  effect  of  the  relative 

vertical  movement  of  rail  ends  are  shown  in  Fig.  10. 

In  Fig.  11  are  shown  typical  batter  curves  at  the  various  numbers  of  cycles  of  wheel 
load  indicated,  for  both  end-hardened  and  unhardened  rails.  In  plotting  these  curves, 
the  corrections  for  "sag"  in  the  joints  have  been  applied  as  described  above.  The  shape 
of  a  33-in.  wheel  to  the  scale  of  ordinates  used  for  these  curves  is  indicated.  Correfpond- 
ing  hardness  curves  are  shown  at  the  bottom  of  the  figure. 

In  Table  4  there  are  given  values  of  the  batter  at  the  rail  ends  for  various  numbers 

of  cycles  of  applied  load,  for  both  hardened  and  unhardened  rail  ends.  These  values 

have  been  taken  from  curves  to  which  the  corrections  have  been  made  for  "sag"  due  to 
wear  between  rail  and  joint  bars,  and  corrections  have  also  been  made  for  relative 

movement  of  rail  ends  by  a  consideration  of  the  shape  of  the  wheel.  A  brief  description 

of  the  end-hardening  processes  used  for  these  rails  is  included  in  the  Metallographic  sec- 
tion of  this  report. 

In  Fig.  12  there  have  been  plotted  from  Table  4  the  values  of  the  batter  at  the  ends 

of  the  rails,  using  the  number  of  cycles  of  applied  wheel  load  as  abscissas.    For  each 

*  Deflection  measurements  on  joints  in  the  rolling-load  machine  indicate  that  such  relative  movements of  the  rail  ends  actually  occur. 
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Fig.  13.— Relation  of  Batter  to  Hardness  at  1,000,000 
Cycles  of  40,000-lb.  Wheel  Load. 

end-hardening  process,  the  curves  for  the  corresponding  hardened  and  unhardened  rails 
have  been  plotted  from  the  same  origin  for  comparison. 

11.  Relation  of  Batter  to  Hardness:— In  Fig.  13  there  have  been  plotted  points 

showing  the  amount  of  batter  after  1,000,000  cycles  of  wheel  load  against  Rockwell  "C" 
hardness  (measured  on  the  top  surface  of  the  rail  near  the  end  before  rolling),  the  values 

being  taken  from  Table  4.  Lines  have  been  drawn  connecting  the  points  for  the  end- 
hardened  and  the  corresponding  unhardened  rails.  The  hardness  values  in  this  figure  are 
only  approximate,  since  in  some  cases  there  was  considerable  variation  within  a  short 
distance.  In  general,  similar  curves  would  be  obtained  if  the  batter  had  been  plotted 

for  some  other  number  of  cycles. 

From  a  study  of  the  results  given  in  Table  4  and  those  plotted  in  Fig.  13,  it  will 

be  noted  that  in  general  there  is  a  marked  decrease  in  the  amount  of  batter  with  increase 

in  hardness  due  to  the  end-hardening  treatments.  It  is'  not  possible  at  the  present  time  to 
explain  why  in  two  cases  there  is  but  little  difference  between  the  batter  for  hardened  and 
for  unhardened  rails.  Some  factors  which  may  be  involved  are:  (1)  The  amount  of 

decarburization  of  the  rail  surface;  (2)  a  possible  difference  in  the  amount  of  work- 
hardening  due  to  wheel  loads  and  (3)  the  possibility  that  some  types  of  grain  structure 
offer  better  resistance  to  wear  than  others,  even  when  the  hardnesses  are  the  same.  That 

surface  decarburization  frequently  exists  in  rails  is  well  known,  but  the  effect  of  grain 

structure  and  of  work-hardening  ability  will  need  to  be  investigated. 

In  Fig.  14  the  amount  of  batter  for  end-hardened  and  unhardened  rails  has  been 

plotted  for  1,000,000  cycles  of  wheel  load  for  each  of  the  end-hardening  processes  and 
weights  of  rails  given  in  Table  4.  It  is  evident  from  this  figure  that  in  general  the  batter 
for  end-hardened  rails  is  much  less  than  for  the  unhardened  ones.  In  the  case  of  joint 

No.  2042-^3  the  end-hardened  rail  had  slightly  more  batter  than  the  unhardened;  for 
No.  2093-93A  the  batter  for  the  end-hardened  and  the  unhardened  rails  was  the  same. 
In  both  of  these  cases  the  hardness  of  the  end-hardened  rails  was  low. 

12.  Conclusion  and  Warning :— Attention  is  called  to  the  fact  that  with  one 

exception   the   results  given  in   this  report  cover  only  one  sample  of  each  of  the  end- 
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Fig.  14.— Batter  After  1,000,000  Cycles  of  40,000-lb.  Wheel  Load. 
Hardness  measured  on  top  of  head,   y^  in.  from  end. 

hardening  methods  and  for  that  reason  no  attempt  should  be  made  to  evaluate  the  rela- 
tive merits  of  the  various  end-hardening  methods  until  more  results  are  available.  At 

this  time  the  only  conclusion  which  may  be  drawn  from  the  rolling-load  tests  is  that 

end-hardening  is  an  effective  method  of  reducing  batter  of  rail  ends  provided  the  proper 

hardness  is  attained.  However,  the  results  from  the  rolling-load  tests  are  in  general 

harmony  with  one  field  service  report  received  from  a  railroad  to  the  effect  that  end- 
hardening  is  not  effective  unless  the  hardness  is  greater  than  300  Brinell  (appro.ximately 

31  Rockwell  "C") . 

VII.    NON-DESTRUCTIVE  TESTS 

By  J.  L.  BiSESi 

With  the  assistance  of  J.  C.  Mace,  Jr.  and  R.  S.  Jensen 

13.  Vibration  of  Rails: — Previous  attempts  to  determine  by  vibration  and  damp- 
ing, whether  a  rail  is  shatter-cracked  or  free  from  shatter  cracks  served  to  indicate  that 

two  requirements  were  to  be  met  before  success  could  be  achieved.  One  was  that  a 

constant  source  of  excitation  was  needed  to  give  the  rail  a  vibration  at  natural  frequency 
before  the  damping  cycle  was  started.  The  other  was  that  an  improved  method  was 

necessary  to  record  the  indication  of  damping. 

A  regenerative  method  of  vibrating  the  rail  was  therefore  devised.  By  this  method 

electro-mechanical  vibrators  were  designed  one  of  which  was  attached  to  each  end  of  the 
rail.  The  principle  of  these  vibrators  is  similar  to  that  of  a  telephone  receiver.  The  rail 

was  set  into  vibration  by  a  light  tap  and  a  voltage  was  generated  in  one  of  the  trans- 
formers, known  as  the  receiver  or  pickup.  The  receiver  voltage  was  then  brought  through 

an  amplifier  to  the  other  transformer,  called  the  driver,  which  transformed  the  electrical 
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energy  to  mechanical  energy  to  sustain  the  rail  vibrations.  Several  types  of  transformers 
were  designed  and  tried  before  a  pair  were  found  to  be  suitable.  This  system  of  vibration 

was  controlled  by  the  natural  period  of  the  rail  and  all  extraneous  frequencies  were 
allowed  to  die  out  before  the  damping  data  were  taken. 

The  oscillograph  recording  was  eliminated  by  a  novel  condenser  charging  method. 
When  the  rail  had  reached  the  desired  amplitude  a  system  of  relays  was  operated  which  cut 
off  the  driving  force  and  at  the  same  time  connected  the  receiver  to  a  system  of  condensers. 

After  a  fixed  time  interval  during  this  damping  cycle  the  charging  current  is  cut  off  and 

the  amount  of  charge  on  the  condenser  is  read  on  a  meter.  The  sensitivity  of  this  method 

was  greatly  increased  by  a  vacuum-tube  control  circuit  which  amplified  small  charging 
voltages  above  a  certain  threshold  value. 

There  were  two  methods  of  comparing  the  results  of  these  tests.  In  the  first,  a  rail 

was  chosen  as  the  arbitrary  standard  of  clear  rails,  then  the  readings  of  the  condenser 

charge  due  to  the  vibration  of  this  rail  was  compared  with  that  of  the  other  rails.  In 

the  tests  so  far  made  this  method  correctly  indicated  the  condition  of  at  least  two-thirds 
of  the  rails  tested  (in  all  22  out  of  33).  It  was  noted  however  that  some  of  the  rails 

were  harder  to  vibrate  than  others  and  it  was  thought  that  a  consideration  of  the  ampli- 
tude of  vibration  would  be  of  some  assistance.  A  series  of  curves  was  drawn  of  the 

amplitude  versus  damping  factor'  as  read  from  the  condenser  charge.  These  curves 
failed  to  show  any  better  results  than  had  the  previous  determinations. 

In  view  of  the  above  results  it  became  apparent  that  a  more  accurate  criterion  than 

the  damping  factor  was  necessary.  It  has  been  noticed  from  the  oscillograph  method  of 

recording  the  damping  cycle  that  there  was  actually  a  very  small  change  in  the  damping 
factor  of  any  rail  during  the  cycle.  It  has  further  been  noted  that  this  rate  of  change  of 

damping  factor  is  greater  over  the  damping  cycle  for  the  shatter-cracked  rail  than  it  was 
for  the  clear  rail.  A  scheme  has  therefore  been  devised  for  measuring  the  change  without 

the  use  of  the  oscillograph  and  the  time  consuming  method  of  determining  the  damping 

factor.  In  applying  this  scheme,  the  current  from  the  receiver  is  sent  through  an  ampli- 
fier and  then  rectified.  This  system  gives  a  gradually  decreasing  direct  current  which  is 

impressed  on  the  primary  of  a  transformer  with  a  high  mutual  inductance.  The  voltage 
induced  in  the  secondary  is  proportional  to  the  product  of  the  damping  factor  and  the 

current  in  the  primary.  If  an  external  balancing  voltage  is  applied  to  the  secondary  of 
the  transformer  which  will  produce  a  current  proportional  to  the  current  in  the  primary, 

the  resultant  voltage  will  be  a  value  proportional  to  the  damping  factor.  By  this  method 

it  is  expected  that  a  difference  between  the  changes  in  damping  factor  will  be  more  easily 
shown.     Such  tests  are  now  in  progress. 

VIII.     MISCELLANEOUS  TEST  RESULTS 

14.  Detector  Car  Runs  at  Test  Locations: — Durinc  the  past  year  detector- 
car  runs  have  been  made  at  the  following  locations: 

(1)  Atchison,  Topeka  and  Santa  Fe  Railroad:  Elinor  to  Matfield  Green,  Kan. 
6.293  rails  which  had  carried  76,000,000  tons  of  traffic  up  to  February  12,  1938.  No 
fissures. 

(2)  Baltimore  &  Ohio  Raikoad,  Pittsburgh  division:  Layton  to  St.  James. 
1,018  rails  after  having  carried  47,000,000  tons  of  traffic.     No  fissures. 

Cumberland  division,  between  Kessler's  Bridge  and  Okonoko.  1,625  rails  after 
having  carried  52,000,000  tons  of  traffic.     No  fissures. 

Cumberland  division  at  Hansrote  51  rails  after  having  carried  52,000,000  tons 
of  traffic.     No  fissures. 

'  Damping   factor   at  any   instant   is   equal    to    the   change   of   amplitude   of   vibration   per   unit    time, 
divided  by  the  amplitude  at  that  instant. 
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Cumberland  division,  Patterson  Creek  Cut-off.  142  rails  after  having  carried 
1,500,000  tons  of  traffic.     No  fissures. 

Cumberland  division,  between  Bardane  and  Kearneysville.  371  rails  after  having 
carried  67,000,000  tons  of  traffic.    No  fissures. 

Toledo  division.  North  Dayton  to  Vandalia.  Before  detector  car  tests  were  made 
this  year,  two  rails  broke  under  traffic,  showing  transverse-fissure  fractures.  These 
were  both  in  rails  from  heats  for  which  etch  tests  had  shown  shatter  cracks.  (Heat 
43118  and  Heat  50110).  The  broken  rails  were  sent  to  the  University  of  Illinois, 
and  etch  tests  on  a  specimen  from  one  rail  showed  100  longitudinal  and  20  transverse 
shatter  cracks,  and  a  specimen  of  the  other,  26  longitudinal  and  1  transverse  shatter 
cracks.  Detector  car  tests  were  later  run  and  6  additional  fissured  rails  were  discov- 

ered, all  from  Heats  43,118  and  50,110.  All  the  fissured  rails  from  Heat  50,110  were 
from  Ingot  3. 

On  the  Sante  Fe  the  tests  were  made  with  the  railroad's  detector  car  while  on  the 
Baltimore  &  Ohio  they  were  made  by  the  Sperry  service. 

15.  Fatigue  Failures  of  Rails  at  Bolt  Holes: — The  investigation  has  received 

during  the  past  year  the  ends  of  three  127-lb.  end-hardened  rails  which  had  developed 
web  failures  at  the  third  bolt  hole  from  the  rail  end  after  being  in  service  a  few  months. 

Metallographic  and  etch  tests  of  these  rails  showed  a  number  of  fatigue  cracks  starting 
at  bolt  holes.  The  effect  of  bolt  holes  as  stress  raisers  in  starting  cracks  in  the  web 

obvTously  must  be  considered.  These  rails  had  been  end-hardened  at  the  mill,  but  there 
was  no  indication  that  the  end  hardening  was  responsible  for  the  failures,  which  seemed 

to  be  fatigue  failures  starting  in  a  segregated  streak  in  the  web,  and  aided  by  stress 
intensification  at  the  hole. 

In  the  laboratory,  web  failures  at  bolt  holes  have  been  developed  in  the  rolling-load 
machine  in  the  case  of  rails  built  up  by  welding  and  then  end  hardened.  Here  too,  no 

definite  cause  for  failure  other  than  high  shearing  stress  and  segregation  in  the  web 
was  found. 

16.  Web  Failures  in  Rails  Cut  With  the  Cold  Saw: — Specimens  of  rails 
for  one  of  the  batter  tests  had  been  cold  sawed  to  length  at  the  rail  mill.  The  cold 

sawing  operation  apparently  raised  the  temperature  of  the  steel  in  the  path  of  the  saw 

almost  to  the  melting  point.  The  hardness  in  the  thin  layer  of  metal  on  the  ends  of  the 

cold-sawed  rails  ranged  from  60  to  69  Rockwell  "C",^ — about  the  hardness  of  high-speed 
cutting  tools.  This  thin  layer  developed  many  cracks  during  cooling.  These  cracks 

acted  as  stress  raisers  and  led  to  web  failures  in  rail  specimens  in  the  rolHng-load  test. 

There  was  no  evidence  that  the  end-hardening  process  was  a  cause  of  the  web  failures 
which  occurred. 

17.  Effect  of  Cracks  in  Reducing  the  Primitive  Endurance  Limit  of  Rail 

Steel  Under  Repeated  Shearing  Stress : — This  was  a  relation  studied  by  means  of 

torsion  tests  under  cycles  of  stress  varying  from  zero  to  a  maximum  on  fatigue  speci- 
mens cut  from  Rail  741.  One  specimen  was  subjected  to  cycles  of  stress  varying  from 

0  to  65,000  lb.  per  sq.  in.  until  a  visible  fatigue  crack  had  developed.  Then  the  maximum 
stress  in  a  cycle  was  lowered  to  44,800  lb.  per  sq.  in.,  the  minimum  stress  remaining  at 
zero.  The  endurance  limit  of  the  uncracked  steel  was  found  to  be  56,000  lb.  per  sq.  in., 

and  the  maximum  stress  for  the  cracked  specimens  was  80  percent  of  the  primitive 

endurance  limit.    Under  this  stress  the  specimen  fractured  at  770,800  cycles. 

In  the  same  way  a  second  specimen  was  cracked  by  repeated  overstress  and  was  then 

subjected  to  repeated  cycles  of  a  stress  of  36,000  lb.  per  sq.  in.,  which  is  65  i>er  cent  of 

the  primitive  endurance  limit  of  the  steel  under  repeated  torsion.  This  specimen  with- 
stood 86,957,900  cycles  of  stress  without  failure.  The  crack  grew  slightly  in  length  up  to 

about  40,000,000  cycles,  after  which  no  further  increase  was  detected.    It  would  seem 
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therefore  that  the  reduction  of  shearing  strength  by  a  small  crack  might  be  placed  some- 
where between  25  and  35  percent,  or  a  little  more  than  one-half  the  50  percent  reduction 

found  for  cracked  rail  steel  under  stresses  of  repeated  bending. 

APPENDIX  A— FORMULAS  AND  DIAGRAMS  FOR  COMPUTING  SHEARING 
STRESSES  IN  RAIL  HEAD  WHICH  ARE  DUE  TO  DIRECT 

ACTION  OF  THE  WHEEL  LOAD 

By  H.  R.  Thomas 
Engineer  of  Tests,  Rails  Investigation 

18.  In  previous  progress  reports  of  the  Rails  Investigation''  attention  has  been  called 
to  the  importance  of  the  shearing  stress  in  the  head  of  the  rail  at  the  level  of  the  shatter 
cracks  as  a  cause  of  the  spread  of  cracks  to  transverse  fissures.  In  calculating  such 

stresses,  use  has  been  made  of  the  method  developed  in  Bulletin  212,  University  of  Illinois." 
However,  in  that  bulletin  the  methods  were  primarily  concerned  with  computing  the 
maximum  theoretical  shearing  stress  under  a  wheel  load.  In  general,  such  maximum 

theoretical  stresses  occur  relatively  near  the  top  of  the  head  {%  to  3/16  in.  below  the 

tread),  but  transverse  fissures  apparently  are  due  to  the  fact  that  shatter  cracks  act  as 

"stress  raisers"  in  the  depth  of  the  head  where  the  nominal  shearing  stresses  are  much  less 
than  the  maximum. 

19.  Calculations  of  Shearing  Stresses: — The  use  of  methods  developed  in  Bul- 
letin 212  for  the  calculations  of  shearing  stresses  at  the  level  where  shatter  cracks  usually 

occur  is  a  rather  laborious  process,  and  it  has  been  thought  worth  while  to  present  a  set 

of  curves  from  which  it  is  possible  to  obtain  the  shearing  stresses  due  to  wheel  loads  for 

the  usual  range  of  diameters  of  wheel,  of  radii  of  rail  heads,  of  magnitudes  of  wheel 

*  For  example  Proc.  A.R.E.A.,  Vol.  35,  1936,  p.  1067. 
'Bulletin  212,  Eng.  Exp.  Sta.,  Univ.  of  III. 
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loads,  and  depths  below  the  surface.  The  method  used  in  obtaining  such  curves  will 
be  given  in  some  detail  so  that  it  will  be  possible  to  extend  such  calculations  to  include 
other  values  if  desired. 

Assuming  a  wheel  of  radius  R*  and  load  P  resting  on  a  rail  head  having  a  radius  r*, 

the  contact  area  will  be  an  ellipse  having  a  semi-major  axis  a  and  a  semi-minor  axis  ft. 

If  the  modulus  of  elasticity  equals  30,000,000  lb.  per  sq.  in.  and  Poisson's  ratio  equals  0.25 
for  both  wheel  and  rail  we  have: 

0.625 

^={A  +  B)  W   (1) 

m  which  A  =  yn";  B  =  —  and  A  is  simply  a  quantity  used  in  calculating  the  shearing 
stresses. 

If  we  compute  B/A**,  then  by  the  use  of  the  curves  of  Fig.   15  we  can  obtain AP 

k  and  F,  where  F  =  — t",  and  k From  F : 

AP 

we  can  solve  for  a,  thus 

3/  A/> 

(2) 

from  which  the  length  of  the  semi-axes  (a  and  b)   of  the  ellipse  of  contact  can  be  com- 
puted.    The   value   of  a   also   may  be   obtained   from   Fig.    16   by   reading   the   ordinate 

*  /J  is  always  the  larger  radius,  whether  it  is  wheel  or  rail  head. 
•*  B/A  =  R/r  and  B/A  =  1 . 

> 
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SO 

opposite  the  intersection  of  the  curves  for  the  two  radii,  then  multiplying  this  quantity 
3    . 

by  the  cube  root  of  the  load,  P .     For  convenience  a  table  of  values  of    V  P  for  several 
values  of  wheel  load  is  given  on  this  figure. 

Value  of  c/A  may  be  taken  from  Fig.  17,  or  calculated  from  equations  (1)  and  (2) 
if  Fig.  17  does  not  include  the  desired  radii.  This  quantity  is  needed  for  computing 
shearing  stresses  from  values  obtained  from  curves  described  below. 

In  Fig.  18  there  is  given  a  series  of  curves  for  various  values  of  BlA  (or  i?/r), 

in  which  the  depth  below  the  surface  is  expressed  in  terms  of  zja  (z  being  the  vertical 

distance  from  the  contact  surface)  and  the  ordinates  represent  the  corresponding  values  of 
A 

— (Z« — Yy).     In  this  expression  Zz  is  the  principal  stress  in  the  2-direction   (vertical) 

and  Yy  is  the  principal  stress  in  the  y-direction.  In  the  usual  case  the  y-direction  is 
along  the  length  of  the  rail  (except  where  the  radius  of  rail  head  is  greater  than  the  wheel 

radius,  in  which  case  the  y-direction  is  across  the  rail) .  At  any  depth  the  maximum 

shearing  stress  is  on  a  45  deg.  plane,  and  is  equal  to  one-half  of  Zz  —  Yy. 

In  general,  the  above  curves  are  not  convenient  to  use  because  the  values  of  B/A 
given  for  these  curves  will  not  be  the  exact  ones  in  which  we  are  interested.     In  Fig.  19 

A 

the  values  of — (Zz  —  Yy)  have  been  replotted  as  a  group  of  curves  with  B/A  as  abscissas. 

each  curve  giving  the  values  of—  (Z»  —  Yy)  for  depths  below  the  surface  in  terms  of  z/a. 



838 Investigation    of    Fissures   in    Railroad   Rails 

axis   of  the  eff/p*e   of  corrtwcf,   or,  J 

A 

Fig.  18. — Curves  Showing  Values  of  —  (Zz  —  Yy)  at  Depths  z/a  for  Various  Values  of  Bl  A. 

3  ^  S 
yof/oes    of  B/a 

Fig.  19. — Curves  Showing  Values  of—  (Zz —  Yi)  for  Various 
Values  of  zla  and  Bl  A. 
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In  using  Fig.  19  to  compute  the  shearing  stress  in  a  rail  at  various  depths  below  the 
surface,    for    a    given    wheel    radius,     rail    radius    and    wheel    load,    first     determine 

a 

B/A    {B/A  z=  R/r)  and  then  calculate  a  and -^  as  previously  described.     (Eq.   (1),  Eq. 
A 

(2)  or  Fig.  17).     For  this  B/A  tabulate  from  Fig.  19  the  values  of—  (Z.  —  ¥>)  for  the 

various  depths,  z/a.     Multiplying-—  by  a  will  give  depths  z,  in  inches.     The  shearing 
1       fl      A 

stress  at  any  depth  is  equal  to  ~T  '  ~A  '  ̂   ̂^'' —  ̂ '^  ̂ "'^  ̂ ^^^  point.     If  desired,  a  curve 
may  be  plotted  showing  how  the  shearing  stress  varies  with  depth  for  these  assumed 
conditions. 

In  Fig.  20  there  have  been  plotted  three  groups  of  curves  showing  the  shearing  stress 

at  various  depths  below  the  head  for  the  following  conditions: 

Wheel  diameters — 33,  56  and  80  in. 
Rail-head  radii — 12,  14  and  24  in. 
Wheel  loads— 20,000,  30,000,  40,000,  60,000  and  80,000  lb. 

In  order  to  avoid  having  to  plot  a  complete  group  of  curves  for  each  wheel  load,  the 

horizontal  and  vertical  scales  for  these  curves  have  been  made  to  vary  according  to  the 

cube  root  of  the  wheel  load.  In  determining  the  shearing  stress  at  a  given  depth  from 
these  curves,  it  is  necessary  to  make  use  of  the  proper  wheel  load  scale.  Interpolation  of 

values  of  depths  or  shearing  stresses  for  intermediate  wheel  loads  will  not  be  accurate. 
However,  if  it  is  desired  to  obtain  the  shearing  stress  for  some  intermediate  load,  say 

35,000  lb.,  it  is  only  necessary  to  multiply  the  shearing  stress  obtained  for,  say,  a  load  of 
3  /3S,000 

30,000  lb.  by  the  cube  root  of  the  ratio  of  loads:     that   is,  by  y  rr-^=:  l.OS.     The 
values  of  z  for  intermediate  loads  may  be  calculated  in  the  same  manner.  It  will  be 

noted  that  the  horizontal  and  vertical  co-ordinate  lines  for  this  figure  are  drawn  for 
values  corresponding  to  a  wheel  load  of  30,000  lb. 

20.  Effect  of  Hollow-worn  Wheels: — The  above  calculations  are  based  on  the 

assumption  that  the  wheels  are  cylindrical  (the  variation  in  diameter  in  the  contact  area 

for  coned  wheels  can  be  neglected);  but  since  all  wheels  tend  to  wear  hollow  it  is  desir- 
able to  discuss  the  method  to  be  used  in  taking  account  of  this  condition.  So  far  as  the 

method  of  calculation  is  concerned,  the  effect  on  the  shearing  stresses  of  a  hollow-worn 
wheel  is  exactly  the  same  as  if  the  radius  of  the  head  of  the  rail  were  increased  to  an 

equivalent  value,  R'r,  given  by  the  equation 
Rr     jgh ^'^=  R.-Rr  ' 

in  which  Rr  is  the  radius  of  rail  head,  Rf  is  the  radius  of  the  hollow-worn  groove  at  the 
point  where  it  makes  contact  with  the  rail.  In  general  the  hollow  worn  radius  will  be 

greater  than  the  rail-head  radius.  After  calculating  the  equivalent  head-radius,  all  calcu- 
lations may  be  made  as  previously  described,  using  this  radius  instead  of  the  actual  radius 

of  rail  head. 

It  will  be  noted  that  if  Rh  =  Rr,  the  value  of  R'v  becomes  infinite.  That  is,  the 
stresses  must  then  be  computed  by  the  formulas  applying  to  the  condition  where  a 

cylindrical  wheel  rests  on  a  flat  surface.  Of  course  any  such  exact  equality  between  the 
two  radii  is  improbable,  but  it  may  be  worth  while  to  indicate  the  method  of  calculation 
for  this  condition  since  it  represents  the  minimum  possible  shearing  stress  due  to  a  wheel 
load  on  a  rail. 
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21.  Stresses  for  Cylinder  on  a  Plane: — Assume  that  a  cylindrical  wheel  having 
a  radius  of  R  and  load  P  rests  on  a  flat  surface  where  the  length  (parallel  to  the  axis  of 
the  cylinder)  of  the  area  of  contact  is  equal  to  L,  the  width  of  the  area  of  contact  =  2b. 

We  have'" 
6  =  0.000282  V pR 

b    

-;;^=:  2,256  V/*//? 

Shearing  stress  =  1,128  \'  p/R  i  (Z/.  —  Fy)  -^  I      (3) 
Where  p  is  the  load  per  linear  inch,  =  P/L. 

By  the  use  of  the  following  equations"  it  is  possible  to  compute  the  various  stress 

A 

components  (and  hence  the  value  of  (Zz —  Yy)  -r  in  the  above  equation): 

A   1 

b    '~   VI  +  {z/bY 
A    .   

-^Xx  =  2tr(Vl+  {z/b)-  —  z/b) 

A^  Y^  ̂     (Vl+  {z/bf—jz/br
)"- b  VI  +  {z/by 

in  which  <r  is  Poisson's  ratio  (which  may  be  taken  as  equal  to  ̂ 4)  and  z/b  is  the  depth 
below  the  surface  in  terms  of  one  half  the  width  of  contact. 

In  order  to  simplify  the  computation  of  shearing  stresses,  the  above  stress  component 
factors  have  been  calculated  for  various  assumed  values  of  z/b  and  are  plotted  in  Fig.  21. 

A 

In  this  figure  there  is  also  plotted  a  curve  for  v-  (Zz  —  F.v)  from  which  may  be  obtained 
the  shearing  stresses  at  the  various  depths  by  substituting  in  equation  (3)  in  the  previous 

paragraph.     All  of  the  above  stress  components  are  compressive. 

22.  Shearing  Stress  One-Half  Inch  Below  Surface: — It  may  be  desirable  to 
indicate  something  of  the  effect  of  variation  in  wheel  load,  wheel  diameter  and  rail-head 
radius  on  the  computed  shearing  stress  at  a  depth  of  0.5  in.  below  the  surface  of  the  rail 
head.  This  particular  depth  was  chosen  because  it  has  been  found  that  shatter  cracks  are 

practically  never  closer  to  the  surface  than  this. 

Assuming  a  wheel  load  of  30,000  lb.,  we  find  from  Fig.  20  that  the  computed  shearing 
stresses  0.5  in.  below  the  surface  of  the  rail  have  the  values  tabulated  below: 

Diameter  Radius  of  Rail  Head 

of  Wheel    '  12  in.  14  in.  24  in. 
33        23,700         22,700         22.000 
56        22,200         21,600         20,500 
80        20,800         20,700         1Q,700 

This  indicates  quite  clearly  that  at  this  depth  in  the  rail  head,  shearing  stresses  are  only 

slightly  affected  by  variations  in  radius  of  rail  head  and  diameter  of  wheel.  Changes  in 
wheel  loads  produce  effects  proportional  to  the  cube  root  of  the  wheel  loads.  As  can  be 
seen  from  the  curves,  shearing  stresses  vary  rapidly  with  changes  in  depth  below  the 
surface. 

'"Bulletin  212,  Eng.  Exp.  Sta.,  Univ.  of  111.,  page  38. 
"  Bulletin  212,  Eng.  Exp.  Sta.,  Univ.  of  111.,  page  28,  equation  (85). 
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Fig.  21. — Stress-Component  Factors  for  a 
Cylinder  on  a  Plane. 

In  Fig.  5  of  the  first  progress  report  of  the  Rails  Investigation"  it  was  indicated  that 
in  order  to  cause  a  shatter  crack  to  spread  to  a  transverse  fissure,  a  minimum  computed 

shearing  stress  at  the  level  of  the  shatter  cracks  of  about  25,000  lb.  per  sq.  in.  is  required. 

If  the  rail  is  subjected  to  a  high  bending  stress  under  the  wheel  load,  the  computed 

shearing  stress  due  to  the  wheel  load  is  decreased  by  an  amount  equal  to  one-half  of  the 
compressive  bending  stress  at  the  level  of  the  shatter  crack. 

Attention  is  called  to  the  curve  for  a  33-in.  wheel,  radius  of  rail  head  24  in.,  in  Fig.  20. 
For  this  condition,  the  direction  of  the  shearing  stress  is  across  the  rail,  which  would  tend 
to  cause  cross  flow  of  the  metal  in  the  head  if  wheel  loads  are  sufficiently  high. 

All  of  the  above  calculations  apply  to  stresses  in  both  rail  and  wheel,  and  at  a  given 

distance  from  the  surface  of  contact  shearing  stresses  in  the  two  are  equal.  The  maximum 

intensity  of  vertical  pressure  between  wheel  and  rail  has  not  been  computed,  since  at  this 

point  the  shearing  stresses  are  relatively  low,  and  hence  failure  can  not  occur.  This  low 

shearing  stress  is  due  to  the  fact  that  high  compressive  stress  components  in  the  .r-  and 

y-directions  occur  simultaneously  with  the  vertical  compressive  stress. 

'- Proc   Am.  Ry.  Eng.  Assoc,  Vol.  36,  1935,  page  1072. 
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APPENDIX  B— THE  EFFECT  ON  WHEEL  LOADS  OF  IRREGULARITIES 
OF  WHEELS  AND  TRACK 

By  H.  R.  Thomas  and  N.  H.  Roy 

23.  Introduction: — The  importance  of  the  problems  concerning  the  effect  on  the 
cfynamic  augment  of  wheel  loads  of  irregularities  in  wheels  of  cars  and  locomotives  and 

of  non-uniformity  of  rail  support  makes  it  seem  desirable  at  this  time  to  bring  together 
various  discussions  of  this  subject,  some  of  which  have  been  presented  in  previous  progress 

reports.  In  addition,  there  is  given  a  difference-equation  method  which  may  be  applied 

in  cases  where  the  "flat"  spot  on  a  wheel  or  the  equivalent  "low"  spot  in  track  can  not 
be  defined  as  a  simple  continuous  curve.  There  is  also  included  some  discussion  of  the 
action  of  flat  wheels  at  high  si>eeds. 

24.  The  Timoshenko  Method  of  Analysis : — The  following  method  of  comput- 
ing the  effect  of  a  low  spot  on  a  rail  on  the  dynamic  increase  in  wheel  load  and  rail 

depression  is  based  on  a  mathematical  analysis  by  Timoshenko."     It  applies  not  only  to 

U   L/^,   >\ 

L   Fig.  21. — Shape  of  Low  Spot  Assumed  by  Timoshenko. 

a  low  spot  in  the  rail,  but  also  to  a  flat  spot  on  a  wheel  or  to  a  spot  in  the  track 

where  there  is  unequal  "play"  between  rail  and  ties.  It  does  not  apply  to  the  low  spot 
at  the  rail  ends  due  to  batter,  because  of  the  abrupt  change  in  the  stiffness  of  the  rail  at 

this  point. 

Assume  that  a  wheel  is  traveling  at  a  uniform  velocity,  v,  (ft.  per  sec.)  on  a  rail 

resting  on  elastic  supports  and  that  it  encounters  a  "low"  spot  in  the  rail  as  shown  in 
Fig.  22. 

If  the  length  of  the  low  spot  is  L  and  the  depth  at  the  center  is  h,  and  if  the  shape 
h  X 

of  the  low  spot  is  given  by  the  equation  u  =^—  (1  —  cos  2  •t-j-)  ,  then  it  has  been  calculated" 
that  the  additional  dynamic  depression,  y,  of  the  rail  due  to  the  low  spot  is 

hi                           t                     t 

y  =  J  j^^T^jT^yyT  (cos  2  7r— —  coi  2  Try)      (1) 
where    r  =  natural  period  of  vibration  of  unsprung  weight  of  wheel  on  rail, 

Ti  =  L/v  =  the  time  it  takes  the  wheel  to  cross  the  low  spot,  and 

t  ̂   the  time  required  for  the  wheel  to  move  from  the  beginning  of  the  low  spot 

to  any  point  x,   (that  is,  t=:x/v;  and  when  x  =  L,  t=^Ti.)     In  solving  equation   (1), 
t  t 

-Tp    is  to  be  taken  as  varying  between  0  and  1,  or  the  angle  2  t  ̂ r  varies  from  0  to  2t 

"  See   "Stresses   in   Railroad  Track,"  by  Timoshenko  and  Langer,   in  Transactions  Am.   Soc.  Mech. 
Engrs.,  Applied  Mechanics  Section,  December  IS,   1932,   (Vol.  54,  No.   23)  p.  282. 

"  See  reference  above. 
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t 
radians.     The  values  of  v  ran  be  computed  for  anv  value  of^  if  we  know  h,  L,  T  and 

if  we  assume  a  ratio  TJT. 

In  order  to  calculate  the  natural  period  of  vibration,  T,  of  the  wheel  on  the  rail  it  is 

necessary   first  to  compute   the  depression   of  the   rail    (considered   as  resting   on  elastic 

supports)  due  to  the  unsprung  weight,  P,  for  the  wheel,  {P  includes  part  of  the  weight  of 
the  axle,  as  well  as  part  of  the  weight  of  the  truck  frame  in  case  of  car  wheels).     The 

depression,  z,  is  given  by  the  equation'' 
P  P 

z  =  ^  -=   ^   ,  if  E  =  30,000,000   (2) 
V  64  EI  e-      209  V  /  e' 

where    /  is  the  moment  of  inertia  of  the  rail, 

E  L  the  modulus  of  elasticity  of  rail  steel,  and 

e  is  the  modulus  of  elasticity  of  track  support. 

This  equation  applies  not  only  to  the  unsprung  weight,  but  also  to  any  single  wheel  load. 

The  value  of  z,  substituted  in  the  ordinary  equation  for  free  vibration,'"  gives  the  period 
desired : 

T  =  0.319  Vz  ,  seconds  per  cycle   (3) 

For  the  usual  range  of  values  found  in  practice,  P  may  vary  from  1,000  to  8,000  lb., 

/  from  30  in.'  to  130  in.^  e  from  1,000  to  6,000  lb.  per  sq.  in.,  and  hence  T  may  vary 
from  0.014  to  0.096  sec. 

As  the  wheel  progresses  along  the  "low"  spot,  the  value  of  the  additional  dynamic 
depression  due  to  the  low  spot  will  vary  as  shown  by  equation  (1).  Values  of  y  have 

been  computed  for  a  number  of  values  of  the  ratio  of  T,/T  and  are  plotted  in  Fig.  23, 

the  abscissas  being  the  values  of  x  (in  terms  of  t/Ti)  measured  along  the  low  spot.  It 

will  be  noted  from  this  figure  that  for  a  value  of  TJT  —  2/3  (that  is,  when  the  time  it 
takes  the  wheel  to  cross  the  low  spot  is  equal  to  two-thirds  of  the  natural  period  of 
vibration  of  the  unsprung  weight  of  the  wheel  on  the  rail)  the  value  of  y  is  a  maximum 

and  is  practically  equal  to  1.5  h.  That  is,  at  the  speed  corresponding  to  T^/T'r^  2/3,  the 
additional  dynamic  depression  due  to  the  low  spot  is  equal  to  1.5  times  the  depth  of  the 
low  spot.  For  speeds  above  or  below  the  speed  producing  the  maximum  effect,  (that  is, 

for  ratios  of  TJT  greater  than  or  less  than  2/3)  the  additional  dynamic  depression  will 
be  less,  as  shown  by  the  curves  of  Fig.  23  for  other  values  of  Ti/J. 

25.  Difference-Equation  Method: — (by  N.  H.  Roy) — It  was  stated  by  Profes- 

sor S.  Timoshenko  and  Mr.  B.  F.  Langer  in  the  previously  cited  paper,  that  "calculations 
made  for  low  spots  of  several  different  contours  show  that  the  ratio  y  —  max./h  does  not 
depend  substantially  on  the  contour  of  the  low  spot,  provided  it  is  represented  by  a 

continuous  curve." 

The  large  majority  of  flat  or  low  spots  in  railroad  service  probably  are  continuous 

curves  and  do  not  vary  greatly  from  the  shape  assumed  by  Timoshenko  and  Langer  and 

shown  in  Fig.  22.  However,  there  may  be  some  cases  in  which  there  is  a  radical  departure 
in  the  shape  of  the  spot  from  the  one  assumed  and  such  shape  may  not  be  continuous. 

Therefore  an  analysis  has  been  made  of  the  dynamic  effects  produced  by  a  flat  or  low  spot 

having  an  arbitrarily  chosen  shape.  The  same  method  may  be  applied  to  practically  any 
shape. 

'^  See    paper   by    Timoshenko    and    Lander   referred    to    previously    or    Sixth    Progress    Report.    Special 
Committee  on  Stresses  in  Railroad  Track,  A.R.E.A.,  1934,  p.  280. 

'*  See  Mechanical  Vibrations, — Den  Hartog,  or  Vibration  Problems  in  Engineering, — Timoshenko. 
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So  far  as  possible  using  the  same  nomenclature  used  by  Timoshenko  and  Langer,  i.e. 

u  =  variable  depth  of  the  low  spot,  but  in  this  case  an  arbitrarily  chosen  function 
of  X. 

h  =  maximum  depth  of  low  spot. 
L  =  length  of  low  spot. 

W/g  =  unsprung  mass  per  wheel. 
a  ̂   the  vertical  load  necessary  to  produce  a  deflection  of  the  rail  equal  to  unity. 
y  =  additional  deflection  of  the  rail  under  the  wheel  due  to  the  dynamic  effect 

of  the  low  spot. 

y -f  ;<=  vertical  displacement  of  the  wheel  due  to  the  dynamic  deflection  of  the  rail 
and  to  the  low  spot. 

The  differential  equation  of  motion  of  the  wheel  in  the  vertical  direction  is 

7   df   +«y  =  0   (4) d'y      <fy 

If  V  is  the  speed  of  the  locomotive  or  car,  and  ̂ ^'1T2~'73  V  -  (4)  becomes, 

d'y       "■  g  y  ,  (fu 

'~W^~w~^~^  lb?   ^^^ 
tPy        agy  (fu 

""'        l^'+vW^—d?-   ^^^ 

Now  writing  this  equation  in  the  form  of  a  difference  equation 

yk-i  — 2yfc  + jk..  ,     «g  d'u 

A?  +1^^"  =  -  dx'^^    ^^^ 

a  g  d'u 
or  yk-1  — 2yk  +  y\^^  +  y^  J^  ̂  x'  —  —-^)v.  ̂   x?    (8) 

yK.i  =  yk-.+  (2-  -^  ̂x')y^—-^)^^x'      (9) 

Let    r^=  27r  i/   ,  natural  period  of  vibration  of  wheel  on  the  rail, 

let    Ti  =  time  required  for  wheel  to  cross  flat  or  low  spot  =  L/V . 
let      x  =  L/S  where  S  ̂   number  of  increments  into  which  L  is  divided, 
then 

y...  =  -y,..+  [2-^[^)]y.-^).^:^      ( 

10) 

Considering  the  curvature  of  the  low  spot  to  be  parabolic  for  any  three  adjacent 

points  close  together,  we  may  write 

d'U.       _/    ?<k-t    2Mk  +  Mkil  \ 

Where  la-i,  Mk,  Mkn  are  successive  values  of  «. 

Then  equation  (10)  becomes; 

yk+i  =  —  yk-i  +  I  2  —  ~52~(  Y" )   !>'''—  («"-!  —  «k  H-  Wk+i)       (U) 

Equation  (11)  may  be  used  to  determine  the  values  for  additional  dynamic  deflections, 

(ykii),  at  any  point  A;  +  1  for  any  shape  of  flat  or  low  spot. 
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Fig.  24. — Shape  of  Low  Spot  Used  for  Example  of  Difference-Equation 
Method  of  Calculation. 

This  equation  must  be  solved  for  a  given  ratio  of  (  "j^  I  i^nd  by  the  use  of  arbi- 
trarily assigned  or  otherwise  known  values  of  u  in  terms  of  h. 

26.    Example  Illustrating  Extended  Method: — 

Let  L  =  length  of  a  spot  whose  shape,  shown  in  Fig.  24,  is  about  that  of  a  bad  "shell  out". 
h  =:  depth  at  center  of  spot. 

L ^^  =  ir 
M  =:  values  of  ordinates  in  terms  of  h  known  from  the  shape  of  the  flat  spot  as  shown 

in  Fig.  24  and  also  given  in  column  2,  Table  5. 
7", 

If  -jT  =:2/i,  then  equation  (11)  becomes 
Jk+i  =  —  yk-i  +  1.946  jk  —  (J<k-i  —  2Mk  +  Wk+i)       (IIA) 

Computations   of   values   of    {tu-i  —  2uk-\-u^ii),  in   terms   of   h,   may   be   made   in   the 
following  manner: 

When  k  —  Q,  (0  —  2  X  0  +  .1)  A  =  Q.\h 
k=\,  (0  —  2  X   1  +  -5)  A  —  0.3/1 
k=2,  (.1  —  2  X  -5  4-  .8)  A  =:  —  0.1/i 
k  —  Z,  (.5  —  2  X  -8  +  1.0)  h  =  —  O.lh 
k  =  4,  (.8  —  2Xl-0+lO)h  =  —0.2h 
k  =  5,  (1.0  — 2  X  1-0  4- 1.0)  A  =  0.0/?  etc. 

These  values  are  given  in  Column  3,  Table  5  for  all  values  of  u.    Computations  of 

ykHi  may  be  made  in  the  following  manner,  beginning  with  y:=0  for  ̂   =  0. 

For  k  =  l,  y=yM  =  —  0+  1.946  XOh  — .lh  =  —  0.lh 
For  k  =  2,  y  =  yt,i  =  —  0.+  lM6{-.l)h  —  .3h  =  —0A95h 
For  k  =  3,  y  =  yK,i  —  —  {—-l)h+  1.946  {— .495)  h  —  (— .1)  h-. 

0.763  It,  etc. 

The  values  of  y  are  tabulated  in  Column  4,  Table  5,  and  are  the  values  of  the  additional 

dynamic  augment  in  deflection  (or  load)  for  the  various  positions  of  the  wheel  along  the 
flat  spot. 

It  may  be  observed  that  the  maximum  additional  deflection  in  terms  of  the  depth  of 
the  spot,  h,  is  1.782  as  compared  with  1.47  in  the  case  of  a  spot  with  the  shape  shown  in 

Fig.  22. 
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Table  S 

Computed  Values  of  y,  for  Flat  Spot  Shown  in  Fig.  24 

k 

u* 

(Wk-i   2«k  +  «k+i) y 

1 2 3 4 

0   0 

.1  A 

.5  A 

.8  A 1.0  A 
1.0  A 

1.0  A 
1.0  A 
1.0  A 
1.0  A 
1.0  A 
1.0  A 
1.0  A 
1.0  A 
1.0  A 
.8  A 

.5  A 

.lA 
0 

.lA 

.3  A 

—  .lA 
—  .lA 
—  .2  A 

0 
0 
0 
0 
0 
0 
0 
0 
0 

—  .2  A 
—  .lA 
—  .lA 

.3  A .lA 

.0 

1    
—  .100  A 

2    

—  .495  A 

3    

—  .763  A 

4    

—  .890  A 

S    

—  .769  A 

6   

—  .606  A 

7    

—  .410  A 

8    

—  .192  h 

9    

+  .036  A 10   
4-  .262  A 

11    4-  .474  A 
12    

+  .660  A 
13    

+  .810  A 
14   

+  .916  A 
+  1.173  A 
+  1.467  A 
+  1.782  A 
+  1.700  A 

IS    
16    
17    
18    

Values  as  shown  in  Fig.  24. 

27.    Comparison   of  Timoshenko's   Method   and   Difference   Method: — In 
order   to    compare   the   results   obtained   by    the   two   methods,   the   difference-equation 

T 

method  of  analysis  was  applied  to  the  shape  of  flat  spot  shown  in  Fig.  22  using-^=  2/3. 
The  computed  values  of  the  additional  dynamic  deflection  are  shown  in  Column  4,  Table  6, 

and  are  plotted  in  Fig.  25.  In  Fig.  25  there  is  also  shown  the  corresponding  curve  from 

Fig.  23  computed  by  Timoshenko's  method.  A  very  close  agreement  between  the  two  is 
noted.    In  Fig.  25  there  are  given  dynamic  deflection  curves  for  the  flat  spot  shown  in 

Fig.  24  for  other  values  of- The  length  of  the  spot  was  divided  into  18  parts  in 

applying  the  extended  or  difference-equation  method.  It  has  been  found  that  dividing 
the  length  of  the  spot  into  more  than  18  parts  is  unnecessary  as  it  adds  little  to  the 
accuracy. 

28.    Effects  of  Shape  of  Flat  Spot  on  the  Dynamic  Deflection  of  Rails: — 

For  a  given  ratio  of  -jr,  if  we  compare  the  dynamic  deflection  curve  of  Fig.  23  (based  on 
the  shape  of  a  flat  spot  shown  in  Fig.  22)  with  the  corresponding  curve  of  Fig.  25 

(based  on  a  flat  spot  of  the  shape  shown  in  Fig.  24),  it  will  be  seen  that  there  is  a 

marked  difference  in  the  shapes  of  the  curves  and  an  appreciable  difference  in  the  maxi- 
mum positive  and  negative  dynamic  deflections  for  the  two  types  of  flat  spots  chosen. 

T 

For-yr  =  2/3,  the  flat  spot  shown  in  Fig.  24  gives  about  20  per  cent  greater  downward 
deflection  than  for  the  shape  of  flat  shown  in  Fig.  22. 
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Table  6 

CoMPUTLu  Values  of  y  kor  Flat  Spot  as  Shown  in  Fig.  22. 
Dlfference-Equation  Method 

L  r, 

Let  -r  =  ~.  5  =  18  or  L  =  ISx,  y~ 

2/3 

jik,,  =  —  yk-i -f  1.946  ̂ k — "T^^*"     ̂ ^^*^  values  in  Col.  3  below.) 

Let  M  —  h/2  (1  —  cos — y— ) 

k u Mk-i  —  2ttk  +  «k.i y 

0   0 
.030 

.117 

.250 

.413 

.587 

.750 

.883 

.970 
1.00 

.970 

.883 
.750 

.587 

.413 

.250 

.117 

.030 
0 

.03 
.057 
.046 

.03 

.011 
—  .011 —  .03 

—  .046 
—  .057 —  .06 

—  .057 

—  .046 —  .03 

—  .011 

.011 

.03 

.046 
.057 

.03 

0 

1    

—  .03 

2     
3     

—  .113 
—  .236 

4     

—  .376 

5    

-.507 

6   

—  .598 

7    

—  .626 

8   

—  .575 

9    

—  .437 

10   

—  .215 

11     

+  .076 

12    

4-  .409 13     •   

+  .750 

14   

+  1.062 
15    

+  1.309 
16    

+  1.458 17     

+  1.485 18    

+  1.385 

29.    Types  of  Irregularities  in  Wheels  and  Track: — (by  N.  H.  Roy) 

(a)  Car  Wheel  Irregularities : — Some  of  the  kinds  of  irregularities  in  the  shape  of 

car  wheels  encountered  in  service  are:  (1)  So-called  "slid  flats",  (2)  "shell  out"  spots, 

(3)  "comby  spots",  (4)  worn-through-chill  on  cast  iron  wheels,  and  (5)  "Out-of-round" 
wheels. 

The  first  four  types  represent  changes  in  shape  of  the  treads  of  the  wheels.  Out-of- 
round  wheel,  (S),  may  be  due  to  a  distorted  periphery  or  eccentric  hub  boring.  A  wheel 

may  be  "out-of-round"  within  the  whole  of  its  circumference  or  within  half  of  its  cir- 
cumference, or  within  some  other  fraction  of  its  circumference  and  is  the  equivalent  of  a 

rather  long  spot.  Type  (4)  may  be  a  long  spot  and  might  be  viewed  as  approaching 
type  (5)  in  some  instances.  However  the  method  of  computing  the  dynamic  effect  of 
either  (4)  or  (5)  is  the  same,  and  the  classification  is  of  minor  importance. 

The  method  outlined  in  Section  24  for  computing  the  dynamic  effect  of  a  "fiat  spot" 

is  applicable  when  the  shape  of  the  "flat  spot"  is  a  continuous  curve  and  is  therefore 

applicable  to  types  (1),  (4),  and  (5)  and  to  type  (2)  after  the  edges  of  the  "shelled-out" 
spot  have  been  rounded  off  by  service.  (This  rounding  of  the  edges  must  also  occur  for 

type  (1)  before  the  method  of  calculation  may  be  applied).  By  definition  of  a  "comby 
spot"  (a  region  in  which  the  metal  has  been  shattered  but  has  not  fallen  out),  there  is 
presumably  no  departure  from  the  normal  curvature  of  the  wheel  and  hence  no  cause  for 

dynamic  augment.  However,  if,  or  as  soon  as,  the  metal  falls  out,  this  type  of  spot  may 
be  similar  in  action  to  type  (2). 
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Assuming  any  set  of  conditions  of  track  and  unsprung  weight:  The  depths  of  the 

"spots"  or  departures  from  the  original  curvatures  of  the  wheels  determine  the  maximum 
dynamic  effects  possible;  the  lengths  of  the  spots  determine  the  speed  necessary  for  maxi- 

mum dynamic  augments.  The  maximum  measureable  depths  and  lengths  of  spots  (see 

h  and  L,  Figs.  22  and  24)  for  types  (1),  (4)  and  (5)  should  usually  be  considered  to 

govern  in  computing  dynamic  augment.  A  t>pe  (2)  spot  may  sometimes  have  a  measur- 
able depth  greater  than  the  depth  which  is  actually  effective  in  producing  dynamic  effects. 

The  effective  depth  of  such  a  spot  would  be  the  distance  from  the  chord  drawn  across 
the  spot  to  the  original  contour  of  the  wheel,  but  since  in  this  case  the  wheel  and  rail 

would  not  make  contact  at  all  points  along  the  length  of  this  spot  the  method  of 
calculation  would  not  apply. 

(b)  Locomotive  Wheels: — Flat  spots,  tire  wear  and  out-of-roundness  are  the  usual 
types  of  irregularities  on  locomotive  wheels  and  should  be  treated  in  the  same  manner  as 

car  wheels.  For  a  given  length  of  flat  spot,  the  speed  at  which  the  maximum  dynamic 

wheel  load  occurs  will  be  less  than  for  car  wheels,  due  to  the  greater  unsprung  weight. 

However,  there  usually  are  changes  in  the  magnitude  of  a  driving  wheel  load  of  a 
locomotive  due  to  the  counterweight  effects,  and  just  how  this  change  will  affect  the 

dynamic  augment  is  not  readily  determined. 

(c)  Low  Spots  on  Rails: — A  '"low  spot"  on  a  rail  whose  shape  is  a  continuous 
curve  (Fig.  22)  is  treated  in  the  same  way  as  for  a  flat  spot  of  the  same  length  and  depth 
on  a  wheel 

(d)  Track  Irregularities: — Non-uniform  support  of  ties  and  ballast  from  point  to 

point  in  track  may  result  in  an  equivalent  "low  spot"  or  "depression".  If  there  are  ties 
that  are  well  tamped  on  each  side  of  one  or  more  ties  that  are  not  well  tamped,  so  that 

there  is  lack  of  contact  ("play")  between  the  rail  and  ties  or  between  ties  and  ballast, 
there  will  exist  a  depression  or  low  spot  that  may  cause  dynamic  effects.  The  amount  of 

"play"  between  rails  and  ties  or  ties  and  ballast  will  determine  the  magnitude  of  the 

possible  dynamic  effect  (equivalent  to  the  depth  of  a  "flat  spot")  and  the  length  of  the 
"depression"  (usually  long)  will  determine  the  speed  necessary  for  maximum  dynamic 
effect.  This  type  of  irregularity  has  the  same  kind  of  effect  as  a  low  spot  in  the  rail. 
The  length  is  much  greater  however  than  lengths  of  flat  spots  on  wheels  and  hence  a 

much  higher  speed  is  necessary  to  develop  maximum  dynamic  effects. 

30.    Application  of  Method: — 

(a)  Flat  Spot  on  Car  Wheel:— As  an  example  of  the  use  of  the  equations  of  Section 
24,  take  the  case  of  a  car  wheel  having  a  load  of  25,000  lb.,  unsprung  weight  2,000  lb., 

on  130-lb.  R.E.  rail  (/:=  77.4),  track  modulus  2,500  lb.  per  sq.  in.,  and  running  at  such 
a  speed  that  TjT  =  2/3  for  a  flat  spot  2K'  in-  long.  Depth  of  the  flat  spot,  /?  =  0.047 
in.  for  a  33-in.  wheel. 

From  equation  (2),  depression  of  rail  due  to  a  single  25,000-lb.  load, 
25,000 

z—   ■   =  0.114  in. 

209  V  77.4  X  (2,500)- 

For  the  speed  for  which  Ti/T  ̂   2/3,  the  flat  spot  0.047  in.  deep  will  cause  an  additional 

dynamic  depression  of  the  rail  (and  proportionate  dynamic  wheel  load)  of  0.047  X  1.5  = 

0.070  in.     That  is,  the  total  depression  is  increased  to  0.114 -(-  0.070*  =  0.184  in.,  and  the 
0.184 

dynamic  wheel  load  becomes  q  ,14  X  25,000  =  40,400  lb. — an  increase  of  61*  percent. 

*  In   case  of  a  flat  spot  of  this  same  length  and  depth,   but  having  the  shape  shown   in   Fig.   24, 
these  values  will  be  increased  about  20  percent. 
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The  value  of   T  for  this  case,  taking   the  depression  due   to   unsprung   weight  as 

proportional  to  the  ratio  of  unsprung  weight  to  the  wheel  load,  is — 

/2
  00

0 

Yj^
^  

X  0.11
4  =  0.03

03  sec. 

Speed  of  train  for  the  value  of  r,/r— 2/3  must  be  such  that  it  travels  lYz  in.  (or 
0.208  ft.,  length  of  flat  spot)  in  2/3  (0.0303)  =  0.0202  seconds,  or  the  speed— 

0.208  10.3 

S  =  'WrnQl   ̂ ^  ̂^'^  ̂ ^'  P^"^  ̂ *'"         \  4fi7  ̂ ^  "^ '^  miles  per  hour. 
The  above  example  was  based  on  a  flat  spot  on  the  wheel.  However,  the  method  of 

calculation  is  exactly  the  same  for  a  low  spot  on  a  rail  or  for  play  between  rail  and  tie 

plates. 

(b)  Flat  Spot  on  Locomotive  Driver: — As  another  example,  assume  a  locomotive 

having  a  driver  load  of  33.000  lb.,  unsprung  weight  7,000  lb.  and  a  "flat"  spot  3  ft.  long 
and  14,  in.  deep  (such  a  flat  might  be  caused  by  "quarter-point  slip").  As  before, 
assuming  track  modulus  of  2,500  lb.  per  sq.  in.,  130-lb.  R.E.  rail  (7  =  77.4  in.')  and 
assume  that  speed  of  locomotive  is  such  that  T,/T  -=^2/2). 

Depression  of  rail  due  to  single  33,000-lb.  load, 

33,000  •     ' z  =   :   =  0.150  in. 

209  V  77.4  (2,500)' 
For  the  speed  at  which  Ti/T:=2/3,  a  flat  spot  ̂   in.  deep  will  cause  additional 

dynamic  depression  of  1.5  X  Vs  =  3/16  in.     That  is,  the  total  depression  will  be  0.150  4- 
0.187  =r  0.337  in.,  an  increase  of  125  percent. 

/  7,000 T=  .319  Y    -^^QQQ  X  0.150  =  0.0565  sec. 

For  T,/T  ̂   2/3,  speed  of  train  must  be 

3 

5=2/3  V  0  0565  ~  ̂^'^  ̂ ^'  ̂^^  sec.  =  54.3  mi.  per  hour 

For  other  lengths  of  flat  spots,  the  speed  of  train  for  maximum  dynamic  augment  will  be 
proportional  to  the  length  of  the  flat  spot. 

31.  Wheel  and  Track  Irregularities  at  High  Speed: — For  the  ordinary  flat 
?pot  on  a  wheel  it  will  be  noted  that  the  maximum  dynamic  augment  of  wheel  load 

occurs  at  relatively  low  speeds — 7.0  mi.  per  hr.  for  a  2J^-in.  flat  on  a  wheel  having  an 
unsprung  weight  of  2,000  lb.,  and  3.8  mi.  per  hr.  for  an  equal  flat  on  a  wheel  having  an 
unsprung  weight  of  7,000  lb.,  for  the  weight  of  rail  and  track  modulus  used  in  the  above 

equations.  As  may  be  seen  from  Fig.  23  as  the  speed  is  increased  above  that  for  maximum 
effect  (that  is,  for  values  of  Ti/T  less  than  2/3)  there  is  a  relatively  rapid  decrease  in 
the  augment. 

This  whole  analysis  of  the  behavior  of  flat  spots  assumes  the  wheel  at  all  times 

makes  contact  with  the  rail.  However,  there  is  no  doubt  that  for  some  high  speeds — 

probably  within  the  normal  running  speeds  of  trains — wheels  having  flat  spots  on  them 
actually  leave  the  rail.  That  is,  in  the  short  time  required  to  travel  the  length  of  the  flat 

spot  the  wheel  can  not  drop  fast  enough  nor  can  the  elastic  force  of  the  rail  support 
cause  the  rail  to  rise  fast  enough  to  maintain  contact  between  the  wheel  and  the  rail.  No 

information  is  available  concerning  the  effective  mass  of  rail,  ties  and  ballast  or  of  the 

rapidity  of  response  of  the  elastic  support  of  the  rail,  but  it  is  possible  to  establish  some 

sort  of  limits  concerning  the  vertical  movement  of  the  wheel  as  affected  by  gravity  and  by 

the  spring-borne  load. 
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In  order  to  discuss  possible  vertical  movements  of  the  wheel  we  will  use  the  following 

elementary  equations  for  an  unbalanced  force: 
F  ̂   ma 
V  =  at 

s  =  Yi  at' W 
Where  F  is  the  unbalanced  force  acting  on  a  body,  m  its  mass  (=:—),  a  is  the  accelera- 

tion, V  the  velocity  and  s  the  distance  it  moves  in  the  time  t. 

As  an  example  of  the  application  of  the  above  equations: 

(1)  Assume  a  33-in.  wheel,  unsprung  weight  2,000  lb.,  total  wheel  load  25,000  lb. 
traveling  at  35  m.p.h.  (=  51.3  ft.  per  sec.)  A  2J/^-in.  flat  spot  on  this  wheel  will  have  a 
nominal  depth  of  0.047  in. 

The  time  required  for  the  wheel  to  move  one  half  of  the  length  of  the  flat  spot, 

'^2X12X51.3   -000203  sec. 

25,000 
F=ma   or  a  —  -  „„„  X  32.2  =  402  ft.  per  sec' 

j=:  ̂   af'  =  i^  X  402  X  12  (0.00203)''=:  0.0099  in. 

That  is,  if  we  completely  neglect  any  upward  reaction  of  the  rail  against  the  wheel, 
the  wheel  can  move  downward  only  0.01  in.  in  the  time  required  for  the  wheel  to  travel 

one  half  of  the  length  of  the  low  spot. 

(2)  Now  assume  a  passenger  car  wheel  with  a  total  load  of  15,000  lb.,  unsprung 

weight  1,500  lb.,  train  speed  100  m.p.h.,  the  wheel  33  in.  in  diameter  having  a  flat  spot 

1  in.  long  (nominal  depth  of  flat  =  0.0076  in.) 

Time  to  travel  J4  in.  (half  the  length  of  flat) 

'  ̂  U  X  lOO^X  1.467  ̂   °-^284  sec. 
Neglecting  any  pressure  between  rail  and  wheel,  in  this  time  the  wheel  will  drop  a 

distance 

32  2         IS  000 

s  =  y,  at'=  12  X-^X  -^^(0.000284)' 
i  =  .000156  in. 

That  is,  the  wheel  can  drop  only  about  1/50  of  the  depth  of  the  flat  spot  in  the 
time  indicated. 

(3)  Assume  a  locomotive  driver  72  in.  in  diameter,  unsprung  weight  7,000  lb.,  total 

load  33,000  lb.,  having  a  lyi  in.  flat  spot  (0.0217  in.  deep)   and  traveling  35  mi.  per  hr. 

Time  to  travel  one-half  of  length  of  the  flat  spot 

/  =  0.00203  seconds,  as  indicated  above 

F        33,000 

"  =''^  ~  ~7;000"  X  32 .2  =  1 52  ft.  per  sec' 
152 

s=y2  at'  —-^X  12  (0.00203)-  =  0.00375  m. 

That  is,  on  account  of  the  greater  mass  and  only  slightly  greater  total  load  the 

driver  can  not  drop  as  far  as  the  car  wheel  in  a  given  length  of  time. 




