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NATIONAL TRANSPORTATION SAFETY BOARD 

WASHINGTON, D.C. 

Adopted by t h e  N A T I O N A L  TRANSPORTATION SAFETY BOARD 
a t  i t s  o f f i c e  i n  Washington, 0.  C .  
on the 11 th  day of A p r i l  1973 

FORWARDED TO: ) 
Honorable John W. Ingram ) 
Admin i s t r a to r  ) 

Washington, D.C. 20590 ) 
) 

Federa l  Railraad Admin i s t r a t ion  ) 

SAFETY RECOMMENDATION R-73-13 I. 14 

The Na t iona l  T r a n s p o r t a t i o n  S a f e t y  Board developed evidence a t  t h e  
pub l i c  h e a r i n g  i n  Chicago, I l l i n o i s ,  dur ing  t h e  week of December 4-8, 1972, 
concerning t h e  des ign  of  t h e  h i g h l i n e r  c a r s .  
f a c t u r e d  by t h e  S t .  Louis Car Div i s ion  of  t h e  General  S t e e l  I n d u s t r i e s  Inc. ,  
and are owned by t h e  Chicago South Suburban Mass T r a n s i t  District. 
Mass T r a n s p o r t a t i o n  Admin i s t r a t ion  made a c a p i t a l  g r a n t  f o r  a p o r t i o n  of t h e  
cost  of  t h e s e  c a r s .  

An a n a l y s i s  s i n c e  t h e  hear i l tg  i n d i c a t e s  t h a t  t h e  ma in  v e r t i c a l  members 

The c a r s  r e f e r r e d  t o  were manu- 

The Urban 

( c o l l i s i o n  p o s t s )  i n  t h e  h i g h l i l t e r  c a r  involved i n  t h e  c o l l i s i o n  of  two commuter 
t r a i n s  i n  Chicago, on October 30, 1972, d i d  not meet t h e  requi rements  of  the 
F e d e r a l  r e g u l a t i o n s .  The c o n d i t i o n s  found i n d i c a t e  t h a t  the  c r a s h  r e s i s t a n c e  of 
one c o l l i s i o n  pos t  was  reduced below t h e  s t r e n g t h  r equ i r ed  by 49 CFR 230.457 
and t h a t  t h i s  c o n d i t i o n  may exist i n  a number of o t h e r  h i g h l i n e r  cars. 
Board b e l i e v e s ,  however, t h a t  t h i s  cond i t ion  can be  co r rec t ed .  

The 

It was d i sc loeed  a t  t h e  h e a t i n g  t h a t  t h e r e  was incomplete  f u s i o n  i n  about  
75 percent  of t h e  weld a t t a c h i n g  one c o l l i s i o n  pos t  t o  t h e  underframe. 
c o l l i s i o n  pos t  was secu red  t o  t h e  underframe by a k- inch- th ick  at tachment  
p l a t e ,  t h e  bottom edge of which was beveled a t  a 450 ang le  f o r  welding purposes .  
The depth  of t h e  beve l  w a s  on ly  5/16th of  an inch  i n s t e a d  of  t h e  f u l l  %-inch 
t h i c k n e s s  of the p l a t e  as o r i g i n a l l y  designed and shown on the drawing. The 

The 
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I 
depth  of t h e  b e v e l  d i d  not  provide  a c c e s s  t o  permit  welding over  t h e  I 

a c c e s s i b l e  a r e a .  I 

f u l l  
?pinch th i ckness .  In a d d i t i o n ,  on ly  25-percent  f u s i o n  w a s  achieved  i n  t h e  

The p o s s i b i l i t y  of  not ach iev ing  a good weld w i t h  fu l l  p e n e t r a t i o n  was 
q u i c k l y  determined dur ing  t h e  c o n s t r u c t i o n  of t h e  cars by t h e  p roduc t ion  de- 
partment of  S t .  Louis Car Divis ion .  The b e v e l  was reduced i n  depth  and an  
a d d i t i o n a l  weld a d j a c e n t  t o  t h e  weld i n  t h e  beveled area was added i n  a n  e 
t o  compensate f o r  any d e f i c i e n c i e s  of p e n e t r a t i o n .  This  e f f e c t i v e  des ign  
change was n o t ,  however, changed on t h e  drawing. These f a c t o r s  a r e  i l l u s t r a  
by t h e  a t t a c h e d  ske tches  based upon e x h i b i t s  i n  evidence. The added weld i s  
v i s i b l e  in t h i s  e x h i b i t .  

The added weld d i d  not  s o l v e  t h e  problem. F i r s t ,  a s  can be  s e e n  i n  t h e  
ske tch .  t h e  added weld m a t e r i a l  was d i s t a n t  from t h e  l o c a t i o n  a t  which it 
could  add t o  t h e  s t r e n g t h  of t h e  weakest s e c t i o n .  This  s e c t i o n  was l i m i t e d  
by t h e  5/16-inch beve l .  
not be c o r r e c t e d  by me ta l  added t o  t h e  o u t s i d e  of t h e  p l a t e .  

Second, t h e  poor f u s i o n  a t  t h e  weakest  s e c t i o n  could  

Fusion t o  t h e  f u l l  depth  of t h e  p l a t e  was  assumed i n  t h e  c a l c u l a t i o n s  
f o r  t h e  c o l l i s i o n  p o s t s  based on t h e  o r i g i n a l  drawing. 
c r o s s  s e c t i o n ,  such a s  t h a t  produced by t h e  s m a l l e r  beve l  o r  poor f u s i o n ,  would 
reduce t h e  s h e a r  s t r e n g t h  of  t h e  c o l l i s i o n  pos t  t o  below t h e  r e q u i r e d  300,000 
pounds 

Any r e d u c t i o n  of  

It a l s o  appears  t h a t  t h e  welding des ign  f o r  t h e  at tachment  o f  t h e  c o l l i -  
s i o n  pos t  t o  t h e  underframe r e l i e d  upon assumptions not  j u s t i f i e d  by documents 
of  t h e  c u r r e n t  eng inee r ing  p r a c t i c e ,  S p e c i f i c a l l y ,  t h e  weld s t r e n g t h  c a l c u l a -  
t i o n s  made i n  a l l e g e d l y  meeting t h e  Fede ra l  requi rements  assumed i d e a l  welding 
c o n d i t i o n s ,  whereas weaknesses of  t h e  a c t u a l  c o n d i t i o n s  had been warned a g a i n s t  
i n  t h e  Amer ican  Welding S o c i e t y ' s  Welding Handbook, S i x t h  E d i t i o n ,  S e c t i o n  One, 
Paragraph 8.14. This  paragraph s t a t e s  t h a t  j o i n t s  made w i t h  s i n g l e - b e v e l  
welds from one s ide :  

"1. Are d i f f i c u l t  t o  o b t a i n  a sound weld due t o  one 
pe rpend icu la r  groove face .  Vee and U grooves are 
p re fe r r ed .  

* * * should n o t  be  used when t e n s i o n  due t o  bending 
is  concen t r a t ed  a t  t h e  r o o t  of the weld o r  when s u b j e c t  
t o  f a t i g u e ,  impact loading  o r  service a t  low tempera ture .  

2. 

* * 9< >$ * 
4. S t r e n g t h  depends on degree  of  j o i n t  p e n e t r a t i o n ,  

which i s  u s u a l l y  less than  t h e  depth of chamfering. * * *" 
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The r e i n f o r c i n g  p l a t e  of t h e  c o l l i s i o n  p o s t s  i s  a t t a c h e d  t o  t h e  under- 
frame by  welds  o f  t h e  t y p e  c i t e d  i n  t h e  American Welding S o c i e t y  Handbook. 
A sound weld was not  ob ta ined  i n  t h i s  case. The impact of  a c o l l i s i o n  
can s u b j e c t  t h e s e  welds  t o  s e v e r e  bending stresses, as w e l l  as impact load-  
ing ,  b o t h  of  which are warned a g a i n s t .  The c a l c u l a t i o n s  assumed j o i n t  
p e n e t r a t i o n  t o  the f u l l  4 i nch  depth  of  chamfering,  a l though  t h i s  i s  not  
suppor ted  by the  handbook, 

It appea r s  t h a t  t h e  reduced b e v e l  o f  t h e  a t tachment  p l a t e  and t h e  use 
o f  a s i n g l e - b e v e l  welds  from one s i d e  were f e a t u r e s  of  t h e  method employed 
i n  welding t h e  c o l l i s i o n  pos t  a t tachment  p l a t e  t o  t h e  underframe i n  many of 
the H i g h l i n e r  cars. The Board has  examined samples of  w e l d s  t aken  from 
ano the r  H i g h l i n e r  car and found t h e  smaller b e v e l  i n  one of  two welds. 

I n  surmnary, because  of  t h e  des ign  of  t h e  a t tachment  w e l d ,  incomplete  
f u s i o n  i n  t h e  weld ing  process  and a reduced c r o s s  s e c t i o n  of  weld are  
l i k e l y  t o  be  p r e s e n t  i n  o t h e r  cars.  Fu r the r ,  t h e  assumptions as t o  t h e  
s t r e n g t h  o f  t h e  weld,  even i f  p rope r ly  fused ,  cou ld  n o t  b e  f u l f i l l e d  by  
t h e  b e v e l  a c t u a l l y  used i n  c o n s t r u c t i o n .  The added weld d i d  not  s o l v e  
e i t h e r  t h e  reduced dimension of  t h e  b e v e l  or the poor fus ion .  The assump- 
t i o n  t h a t  t h e  o r i g i n a l  des ign  w e l d  would be  fu l lyee f fec t ive  does not  appear 
j u s t i f i e d ,  s i n c e  competent welding manuals have warned a g a i n s t  the s i n g l e  
b e v e l  w e l d  i n  j o i n t s  s u b j e c t  t o  bending o r  impact c o n d i t i o n s .  

The effect  of  t h e s e  shortcomings i n  terms of  f a t a l i t i e s  and i n j u r i e s  
i n  t h i s  a c c i d e n t  has  not  been determined.  Th i s  c r a s h  a l s o  involved  a 
mismatch between t h e  p h y s i c a l  f e a t u r e s  o f  t h e  o l d e r  and newer cars, and 
t h e  c o l l i s i o n  p o s t s  might have c a r r i e d  away, even i f  a t  f u l l  s t r e n g t h ,  
However, t h e r e  should be  a s su rance  t h a t  a l l  c o l l i s i o n  p o s t s  meet c u r r e n t  
FRA requ i r emen t s ,  which are a t  p re sen t  t h e  on ly  d e f i n e d  form of  c r a s h  pro-  
t e c t i o n .  T h i s  a s su rance  probably cannot  be  provided by v i s u a l  i n s p e c t i o n  
because t h e  o r i g i n a l  d e s i g n  assumptions were d e f i c i e n t  ~ However, i t  appears 
t h a t  r e t r o f i t t e d  changes such as t h e  a d d i t i o n  of  welded re inforcement  could  
a s s u r e  t h a t  t h e  requi rements  are m e t .  

The S a f e t y  Board has  not  determined whether  compliance w i t h  c u r r e n t  
F e d e r a l  r e g u l a t i o n s  would have  provided s t r e n g t h  s u f f i c i e n t  t o  resist t h i s  
c r a sh .  The a n a l y s i s  of  t h e  ev idence  i n  t h a t  r e g a r d  and any r e s u l t i n g  re- 
commendations w i l l  be inc luded  i n  t h e  Board ' s  f i n a l  r e p o r t .  

The problem of  the inadequa te ly  a t t a c h e d  c o l l i s i o n  p o s t s  does not  imply 
t h a t  t h e  cars a r e  unsa fe  t o  be  ope ra t ed  i n  t h e  sense t h a t  a c r a s h  would be  
caused. It does ,  however, imply t h a t  c r a s h  r e s i s t a n c e  of  many c o l l i s i o n  
p o s t s  would be  found s u b s t a n t i a l l y  below t h a t  in tended  t o  be provided by 
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Federal requirements, and that crash resistance could be inadequate, sho 
a crash occur. 

The hearing disclosed that the FRA relies on the railroad compani 
to comply with the requirements dealing with the strength design of loco- 
motives and MU cars. This accident raises the question of whether this 
reliance is effective and suggests tha 
FRA to insure that regulations are complied with may be necessary. 

The National Transportation Safety B 
Railroad Administration: 

1. Review the current design of collision posts used on 
highliner cars and determine whether the attachments 
comply with the requirements of 49 CFR 230.457. 

Take the necessary enforcement action to assure that highliner 
cars meet the requirements of 49 CFR 230.457. 

2. 

These recommendations will be released to the public on the issue 
date shown above. 
document should be made prior to that date. 

No public dissemination of the contents of this 

Reed, Chairman, McAdams, Thayer, Bu embers, concurre 
in the above recommendations. 
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END OF BUFFER HOIJSING 

ELEVATION OF COLLISION POSTS 
ILL INOIS  CENTRAL GULF R R  CAR NO. 1509 

Figure 1 
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SECTION OF COLLISION P O S T S  
LOOKING TOWARD CENTER OF CAR 
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SECTION B-B 
Figure 3 


