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UNITED STATES OF AMERICA i 
NATIONAL TRANSPORTATION SAFETY BOARD 

WASHINGTON, D.C. 

ISSUED: A p r i l  25,  1973 

Adopted by the 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, D .  C .  
on the 1 1 t h  day o f  A p r i l  1973 

Honorable Frank C. He r r inge r  
A d m i n i s t r a t o r  
Urban Mass T r a n s p o r t a t i o n  
A d m i n i s t r a t i o n  
Washington, D.C. 20590: 
L______________I - I______________ 

SAFETY R E C O M M E N D A T I O N  R-73-15 t h r u  18 

A f t e r  t h e  c o l l i s i o n  of  t h e  two I l l i n o i s  C e n t r a l  Gulf Ra i l road  suburban 
t r a i n s  i n  Chicago, on October  30, 1972, the  S t a t e  of I l l i n o i s  and the Urban 
Mass T r a n s p o r t a t i o n  Admin i s t r a t ion  h e l d  up funds f o r  t h e  15 a d d i t i o n a l  h igh -  
l i n e r  c a r s  f o r  use  on t h e  I l l i n o i s  C e n t r a l  Gulf  Ra i l road .  S e c r e t a r y  B r i n e g a r  
announced on February  20 a F e d e r a l  g r a n t  o f  t w o - t h i r d s  funding  f o r  t h e  Chicago 
South Suburban Mass T r a n s i t  Dis t r ic t  t o  buy 15 new double-deck e lec t r ic  com- 
muter  c a r s  s u b j e c t  t o  t h e  fo l lowing  c o n d i t i o n :  

"Approval of  s p e c i f i c a t i o n s  f o r  the 15 new b i - l e v e l  
commuter cars w i l l  b e  h e l d  i n  abeyance by t h e  Urban 
Mass T r a n s p o r t a t i o n  A d m i n i s t r a t i o n  pending r e s u l t s  
o f  t h e  N a t i o n a l  T r a n s p o r t a t i o n  S a f e t y  Board i n v e s t i g a -  
t i o n  of  t h e  above mentioned a c c i d e n t  and any subsequent  
s a f e t y  recommendations which may follow." 

The N a t i o n a l  T r a n s p o r t a t i o n  S a f e t y  Board a g r e e s  w i t h  W A ' s  a c t i o n .  For  
good r eason ,  the  u s e  of c a r s  a l l  of t h e  same t y p e  would improve the  s a f e t y  
of  t h e  commuters on t h e  I l l i n o i s  C e n t r a l  Gulf  Rai l road .  Testimony a t  t h e  pub- 
l i c  h e a r i n g  and t h e  B o a r d ' s  a n a l y s i s  i n d i c a t e  t h a t  t h e  o v e r r i d i n g  of  t h e  frame 
of  the new car and t h e  r e s u l t a n t  t e l e s c o p i n g  which produced most of  t h e  f a t a l i -  
t i e s  were i n f l u e n c e d  by t h e  i n c o m p a t i b i l i t y  of  t h e  h i g h l i n e r  and t h e  o l d e r  c a r .  
The b a s i c  d e s i g n  s t r e n g t h  of  t h e  o l d e r  car was i n f e r i o r  t o  tha t  o f  t h e  newer 
car. However, t h e  unsecured t r u c k s  o f  the  o l d e r  car and a n  incompa t ib l e  a n t i -  
c l imbing  arrangement  c o n t r i b u t e d  t o  the o l d e r  car ' s  o v e r r i d i n g  t h e  new h i g h l i n e r .  
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The r e s u l t  was t h a t  t h e  s t r o n g e s t  p a r t  of t h e  o l d e r  c a r ,  i t s  frame, s t r u c k  
r e l a t i v e l y  weaker p a r t s  of t h e  newer c a r ,  above i t s  frame, The Board he- 
l i e v e s  t h a t  a c o l l i s i o n  between two h i g h l i n e r  c a r s  i n  good c o n d i t i o n  would 
have r e s u l t e d  i n  l e s s  i n t r u s i o n  i n t o  t h e  passenger  compartments of t h e  c a r s .  
A s  long a s  t h e  o l d e r  c a r s  c o n t i n u e  i n  s e r v i c e ,  t h e r e  i s  a p o s s i b i l i t y  of 
s i m i l a r  r e s u l t s  should a c o l l i s i o n  occur  a t  t h e  same speeds .  

Other s a f e t y  b e n e f i t s  a l s o  may b e  r e a l i z e d  through t h e  rep lacement  of 
t h e  o l d e r  c a r s  w i t h  new h i g h l i n e r  c a r s .  The d i f f e r e n c e s  between t h e  b rak ing  
c h a r a c t e r i s t i c s  of t h e  two t y p e s  of equipment,  d e s c r i b e d  a t  t h e  p u b l i c  h e a r -  
i n g ,  would be e l i m i n a t e d .  
w i t h  two-way r a d i o s  and speedometers ,  o p e r a t i n g  s a f e t y  would be improved, 

I n  a d d i t i o n ,  because  t h e  new c a r s  would be equipped 

The Board has  a l r e a d y  made i n t e r i m  recommendations t o  t h e  I l l i n o i s  C e n t r a l  
Gulf R a i l r o a d  concern ing  t h e  v i s i b i l i t y  of t h e  r e a r  ends o f  t r a i n s  and marker 
l i g h t s  which could ,  w i t h  s t u d y  by UMTA, be  conve r t ed  i n t o  s p e c i f i c a t ' i o h s  f o r  
t h e  15  a d d i t i o n a l  h i g h l i n e r  c a r s .  The Board i s  a l s o  aware of agreements be-  
tween t h e  I l l i n o i s  Commerce Commission and t h e  I l l i n o i s  C e n t r a l  Gulf R a i l r o a d  
t o  make r a d i o  and in t e rcom a v a i l a b l e  t o  t ra inmen on t h e  r e a r  ends of t r a i n s ,  
t o  make c o n d u c t o r ' s  b rake  v a l v e  a v a i l a b l e  on r e a r  ends of t r a i n s ,  and t o  make 
b rake  v a l v e s  a c c e s s i b l e  t o  conduc to r s  w h i l e  t h e y  a r e  a t  t h e  c o n t r o l  panel  i n  
t h e  v e s t i b u l e .  These m a t t e r s  could a l s o  be  conve r t ed  i n t o  s p e c i f i c a t i o n s  f o r  
t h e  15 a d d i t i o n a l  h i g h l i n e r  c a r s .  

The Board has  a l s o  made recommendations t o  t h e  F e d e r a l  R a i l r o a d  Adminis t ra -  
t i o n  concern ing  d e s i g n  adequacy of a c e r t a i n  weld used t o  a t t a c h  t h e  c o l l i s i o n  
p o s t s  t o  t h e  underframe i n  h i g h l i n e r  c a r s .  It was recommended t h a t  FRA d e t e r -  
mine whe the r  t h e  c u r r e n t  d e s i g n  of t h e  a t t achmen t  of c o l l i s i o n  p o s t s  used on 
o t h e r  h i g h l i n e r  c a r s  comply w i t h  t h e  r e g u l a t i o n s  and t h a t  enforcement a c t i o n  
be t a k e n  t o  a s s u r e  t h a t  t h e  r e q u i r e m e n t s a r e  m e t .  

I n  making t h e s e  recoinmendations, t h e  Board po in ted  out  t h a t  it had not  
de te rmined  whether  the c u r r e n t  Federal. r e g u l a t i o n s ,  even  .if m e t ,  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  p a r t i c u l a r  c r a s h .  Study of t h e  
c r a s h  has  made it c l e a r  t h a t  t h e  e x i s t i n g  r equ i r emen t s  based on t h e  Locomotive 
I n s p e c t i o n  Act do not a d d r e s s  many of t h e  f a c t o r s  i n  c r a s h - r e s i s t a n t  des ign  of 
r a i l r o a d  passenge r -ca r ry ing  equipment. The Board b e l i e v e s  t h a t  UMTA i s  capab le  
of improving, th rough changes t o  newer c a r s ,  some o t h e r  weaknesses  of c r a s h  
r e s i s t a n c e  which were n o t  c o n t r o l l e d  by t h e  e x i s t i n g  F e d e r a l  r e g u l a t i o n s .  
recommended s p e c i f i c a t i o n  a r e a s  a r e  meant t o  p rov ide  improvements w i t h i n  t h e  
same g e n e r a l  des ign .  

The 
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The weaknesses which can be improved i n c l u d e :  

1) The p resen t  co l l i s ion  p s t s ,  made of channel  members, 
a r e  a t t a c h e d  to the underframe, on on ly  one s i d e ,  i n  a n  
unbalanced manner SO t h a t  a n  impact f o r c e  a l o n g  the axis 
O f  t h e  c a r  can be converted i n t o  a t w i s t i n g  f o r c e  ( to rque )  
a t  t h e  pos t  attachment point .  The a t tachment  p o i n t  i s  not  
o p t i m a l l y  designed t o  r e s i s t  t o rque ,  and i s  on ly  minimally 
a b l e  t o  resist  l a t e r a l  bending which i s  produced by t w i s t i n g  
o r  by any def lec t ion  of impact t o  l e f t  o r  r i g h t .  

2 )  The underframe design c o n t a i n s  a number of s i n g l e  b e v e l  
welds  which do not develop t h e  f u l l  t h e o r e t i c a l  s t r e n g t h ,  
a r e  unpredic tab le ,  and not  i n t ended  t o  resist impact 
op t ima l ly .  
c u r r e n t  e d i t i o n  of the Welding Handbook of  t h e  American 
Welding Soc ie ty  f o r  impac t - r e s i s t i ng  purposes .  

So-ca l led  "skip welds" were used  i n  t h e  a t t achmen t  o f  t h e  
s i d e  s h e e t s  of  t h e  car t o  t h e  underframe i n  t h e  car involved  
i n  t h i s  acc ident .  The welds developed on ly  about  one - th i rd  
of the s t r e n g t h  of a f u l l y  welded j o i n t .  F u l l  welded j o i n t s  
would not  have s t rengthened t h e  walls s u f f i c i e n t l y  t o  p reven t  
t h e  pene t r a t ion  by the  opposing c a r  i n  t h e  c r a s h ,  bu t  t h e  
d e s t r u c t i o n  of f u l l  welds would have absorbed  more c r a s h  
energy  and probably somewhat reduced t h e  d i s t a n c e  of  te les-  
coping pene t r a t ion .  The l a t e r  c a r s  i n  t h e  p rev ious  h i g h l i n e r  
series included 100 percen t  weld ing  o f  the  s i d e  sheets t o  under- 
frame, and t h e  f u l l  welding is t e c h n i c a l l y  f e a s i b l e .  

S ingle  bevel welds  a r e  warned a g a i n s t  i n  t h e  

3 )  

For t h e s e  reasons  t h e  Sa fe ty  Board recommends t h a t  t h e  f o l l o w i n g  a r e a s  
b e  inc luded  i n  s p e c i f i c a t i o n s  f o r  t h e  15 a d d i t i o n a l  h i g h l i n e r  c a r s  t o  b e  
funded by UMTA: 

1. Design s p e c i f i c a t i o n s  t o  r e q u i r e  t h a t  a l l  weld d e s i g n s  i n  t h e  c e n t e r  
s i l l  a r e a  and i n  t h e  underframe a t  ends of  c a r s  comply w i t h  s p e c i f i e d  
c u r r e n t  recommendations o f  eng inee r ing  pract ices ,  and t h a t  s i n g l e  
b e v e l  welds  not  be employed. 

2. Design s p e c i f i c a t i o n s  t o  r e q u i r e  t h a t  we lds ,  or o t h e r  f a s t e n e r s  
which j o i n  s i d e  w a l l s  t o  underframe and s i d e  walls t o  r o o f ,  deve lop  
a h igh  p ropor t ion  of t h e  s t r e n g t h  o f  t h e  p a r e n t  metal. 
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3 .  Design s p e c i f i c a t i o n s  t o  in su re  t h a t  t h e  c o l l i s i o n  pos ts  r e s i s t  ', 

more adequate ly  t h e  i m p a c t  loads which are l i k e l y  t o  be appl ied  by 1 
c r a sh  fo rces  gene ra l ly  a long t h e  axis of t h e  car.  
not permit such impact loads t o  produce torque o r  l a t e r a l  bending 
when appl ied  a t  t h e  l o g i c a l  po in ts  by an end t o  end c o l l i s i o n .  
C o l l i s i o n  pos ts  and o t h e r  s t r u c t u r e s  should be designed t o  res i s t  
torque  and bending e f f i c i e n t l y .  

The des ign  shoula  

There is  a l s o  a lesson  t o  be learned from an  ear l ie r  coIXsion of  two 
h i g h l i n e r  cars a t  95th S t r e e t  dur ing  t h e  acceptance t e s t i n g  per iod ,  which was 
descr ibed  i n  evidence. 
a t  speeds of 15 t o  18 m.p.h., r e s u l t i n g  i n  c o s t l y  damage t o  both cars. There 
was smal l - sca le ,  bu t  gene ra l i zed ,  pexmanent d i s t o r t i o n  of  s t r e s s e d  s k i n  caused 
by wr ink l ing  and buckl ing of  t h e  underframe. The s t r u c t u r e  served e f f e c t i v e l y  
from an  in jury-prevent ion  poin t  of view, i n  t h a t  no over r ide  occurred,  and t h e r e  
w a s  no i n t r u s i o n  i n t o  t h e  passenger area. 
damage, which requi red  complete s t r u c t u r a l  replacement f o r  both cars, are d i s -  
q u i e t i n g  from t h e  vi&poitit of long-term ope ra t iona l  cos t s .  
t h a t  i t  i s  t e c h n i c a l l y  unnecessary t o  sus t a in . such  broad-scale  damage i n  order  
t o  p r o t e c t  passengers ,  

I n  t h a t  acc ident ,  two cars of cu r ren t  design crashed 

However, t h e  impl ica t ions  of t h e  

The Board be l i eves  

The S a f e t y  Board t h e r e f o r e  recommends: 

4 .  That W A  r e q u i r e  s p e c i f i c  s ta tements  of  intended c a p a b i l i t y  of 
cars t o  res i s t  low-speed c o l l i s i o n  damage i n  s p e c i f i c a t i o n s  fox 
newly designed cars which are candida tes  f o r  Federa l  c a p i t a l  g r a n t s .  
Such s p e c i f i c a t i o n s  should be coordinated wi th  i n j u r y  r e s i s t a n c e  
s p e c i f i c a t i o n s  which may a r i s e  from cur ren t  funded research .  

These recommendations w i l l  be  r e l eased  t o  t h e  publ ic  on t h e  i s s u e  d a t e  
shown above. No publ ic  disseminat ion of t h e  conten ts  of t h i s  document should 
be made p r io r  t o  t h a t  da te .  

Reed Chairman, McAdams, Thayer, Burgess , concurred i n  
t h e  above recommendations. 
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