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This report  is a s t a t i s t i c a l  study of accidents  involving l a r g e  t rucks,  
based primarily on pol ice reported data  from several  s t a t e s  supplemented by c a r r i e r  
repor t s  submitted to  the Bureau of Motor Carr ier  Safety. Accident da ta  from t h e  
Indiana, Ohio, and Pcnnsylvdnio Turnpikes was co~nplerne~lted by t r a f f i c  flow infor- 
mation furnislied by the turnpikt1 a u t l i o r i t i ~ s ,  thus allowing computation of acci-  ' 

dent experience r e l a t i v e  t o  exposure. 
By several measures, accident sevcr i ty  is greater  when triicks a r e  involved 

' 

than when cars  only a r e  involved i n  a co l l i s ion .  The average number of f a t a l i t i e s  
f o r  the former category is approximately that  of the l a t t e r .  The r e l a t i v e  seve- 
r i t y  of truck accidents  is  even greater  when the consequences t o  passenger car 
occupants alone a r e  considered. The number of f a t a l i t i e s  per passenger car i n  . 
a c o l l i s i o n  with a truck is  nearly ten times grea te r  than f o r  a c o l l i s i o n  with 
another car.  

The turnpike accident f i l e s ,  which permit exposure computations t o  be made, 
g ive  involvement r a t e s  ( i n  t e n s  of accidents  per mile  of t rave l )  which a r e  appro- 
xiruately the sane f o r  c a r s  and trucks. A new measure of exposure, which incorpo- 
r a t e s  parameters concerning the t rave l  charac te r i s t i cs  of both cars  and trucks, was 
developed t o  inves t iga te  the  r e l a t i v e  probabi l i ty  of var ious accident configura- 
tions. By t h i s  measure, trucks on turnpikes a r e  involved a s  the s t r i k i n g  vehicle  
( i n  rear-end co l l i s ions)  more than twice as of ten  a s  expected. 

Although mass accident data  seldom provides much d e t a i l  about causative f a c t o r s ,  
two such fac tors  do stand out i n  the data  avai lable  f o r  t h i s  study. These a r e  the 
frequency with which truck dr ivers  a r e  reported t o  be fatigued or  asleep,  and the 
frequency of vehicle  defects .  Both of these notat ions occur frequent ly enough to 
be considerecl problems requiring act ion.  
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1. INTRODUCTION 

The main o b j e c t i v e  of t h i s  s t udy  i s  t o  o b t a i n  a  d e t a i l e d  
s t a t i s t i c a l  d e s c r i p t i o n  of t r u c k  a c c i d e n t  i nvo lvemen t ,  i n c l u d i n g  
v a r i a t i o n s  of t h e  f r equency  and c i r cums tances  w i t h  t r u c k  c h a r a c t e r -  
i s t i c s ,  and t o  compare t h e  t r u c k  a c c i d e n t  s t a t i s t i c s  w i t h  t h o s e  
of  s m a l l e r  v e h i c 1 . e ~ .  T h e  emphas i s  i s  on l a r g e r  t r u c k s ;  p i ckups  
and  p a n e l  t r u c k s  have g e n e r a l l y  been d e l e t e d  o r  i g n o r e d  i n  t h e s e  
a n a l y s e s .  Exposure i n f o r m a t i o n ,  i . e . ,  t h e  number of v e h i c l e s  and 
v e h i c l e  miles by c l a s s ,  h a s  been o b t a i n e d  where p o s s i b l e ,  and 
a p p l i e d  t o  t h e  a c c i d e n t  s t a t i s t i c s .  F i n a l l y ,  a  s t a t e d  o b j e c t i v e  of 
t h i s  program was t o  de t e rmine  promis ing  counte rmeasures  o r  a r e a s  
of i n v e s t i g a t i o n  t h a t  might l e a d  t o  a  r e d u c t i o n  i n  t r u c k  a c c i d e n t s  
o r  t h e i r  s e v e r i t y .  With a p p r o p r i a t e  c a u t i o n s ,  some s u g g e s t i o n s  
a r e  made i n  t h i s  a r e a .  

By d e s i g n  t h i s  s t u d y  is based  on e x i s t i n g  s e t s  of a c c i d e n t  
data--some of which were a v a i l a b l e  i n  d i g i t a l  form,  and some of 
which were conve r t ed  t o  t h a t  form f o r  t h i s  program. The s t a t i s t i c a l  
d e s c r i p t i o n  of some p a r t s  of  t h e  highway a c c i d e n t  p o p u l a t i o n  is 
pe rhaps  more a r t  t h a n  s c i e n c e - - i t  r e s u l t s  i n  a  s o r t  of p a i n t i n g  of 
t h e  s i t u a t i o n  f o r  t h e  r e a d e r  t o  view.  T h i s  ana logy  can be c a r r i e d  
f u r t h e r ,  because  t h e  i n t e r p r e t a t i o n  of t h e  p a i n t i n g  depends on 
bo th  t h e  a r t i s t ' s  method and t h e  e x p e r i e n c e  of t h e  v i ewer .  We have 
a t t e m p t e d  t o  p r e s e n t  t h e  d a t a  a s  o b j e c t i v e l y  a s  p o s s i b l e ,  f i r s t  a s  
raw a c c i d e n t  s t a t i s t i c s ,  and second  a s  mod i f i ed  by c o n s i d e r a t i o n s  
of exposu re .  

The raw s t a t i s t i c s ,  f o r  example,  i n d i c a t e  t h a t  t h e r e  a r e  a  
l a r g e  number of c a r - i n t o - t r u c k  r ea r - end  c o l l i s i o n s ,  and t h a t  such  
c o l l i s i o n s  r e s u l t  i n  more s e r i o u s  i n j u r i e s  t han  ( f o r  example)  
t r u c k - i n t o - c a r  r ea r - end  c o l l i s i o n s .  When t h i s  d a t a  is a d j u s t e d  f o r  
t h e  number of v e h i c l e  miles ( f o r  c a r s  and t r u c k s ) ,  t h e  c a r - i n t o -  
t r u c k  c o l l i s i o n s  a r e  more f r e q u e n t  t han  would be e x p e c t e d  from 
a c c i d e n t s  a l o n e .  But when an  a d d i t i o n a l  exposu re  f a c t o r  i s  intiro- 
duced,  t a k i n g  accoun t  of t h e  r e l a t i v e  s p e e d s  of c a r s  and t r u c k s - -  
i . e .  t h e  number of p o t e n t i a l  o v e r t a k i n g  c o n f l i c t s - - t h e  a p p a r e n t  
over involvement  is much r educed .  N e v e r t h e l e s s ,  t h i s  t ype  of a c c i -  
d e n t  is f r e q u e n t l y  s e v e r e ,  and t h e  exposu re  c o n s i d e r a t i o n s  may 
p o i n t  t h e  way toward a  w i s e r  c h o i c e  of coun te rmeasu re s .  

The a c c i d e n t  d a t a  used i n  t h i s  s t u d y  was t a k e n  from two r a t h e r  
d i f f e r e n t  s o u r c e s .  One r e p r e s e n t s  a l l  r e p o r t e d  a c c i d e n t s  o c c u r r i n g  
w i t h i n  a  j u r i s d i c t i o n ,  and i n v o l v e s  a l l  k i n d s  of v e h i c l e s  and a l l  
k i n d s  of  r o a d s ;  t h i s  i n c l u d e s  d a t a  from t h e  N a t i o n a l  Acc iden t  Sum- 
mary, from t h e  S t a t e  of Texas ,  and from s e v e r a l  s m a l l e r  j u r i s d i c t -  
i o n s  t h roughou t  t h e  Un i t ed  S t a t e s .  The o t h e r  i n c l u d e s  a c c i d e n t  
d a t a  t a k e n  from t h r e e  t u r n p i k e s ;  and t h i s  i n v o l v e s  a  very  r e s t r i c t e d  
set  of v e h i c l e s .  B u t  i t  p e r m i t s  some d e t a i l e d  d e t e r m i n a t i o n  of 
t r a f f i c  by t ype  of v e h i c l e  and by time which c o u l d  not  be o b t a i n e d  
i n  t h e  more g e n e r a l  s e t s  of d a t a .  And a l t h o u g h  t h e  t u r n p i k e  s i t -  
u a t i o n  is r e s t r i c t e d ,  i t  i s  comparable t o  much of t h e  p lanned  
42 ,500  m i l e s  of i n t e r s t a t e  highway which c a r r y  a s u b s t a n t i a l  f r a c -  
t i o n  of t h e  l a r g e  t r u c k  mi l eage .  



I t  i s  p o s s i b l e  t o  draw c o n c l u s i o n s  from t h e s e  d a t a  s o u r c e s  
r e g a r d i n g  t h e  frequency of c e r t a i n  k i n d s  of a c c i d e n t s ,  and t o  sug- 
g e s t  p o s s i b l e  countermeasures .  I t  is not  g e n e r a l l y  p o s s i b l e ,  how- 
e v e r ,  t o  dec ide  which of s e v e r a l  countermeasures  is most c o s t -  
e f  I e c t i v e .  For example,  i n  t h e  ca se  of c a r - i n t o - t r u c k  rear-end 
c o l l i s i o n s  one might i n t r o d u c e  r e a r  bumpers f o r  t r u c k s ,  a  d i f f e r e n t  
s p a c i n g  of r e a r  running  L igh t s  f o r  t h e  t r u c k s ,  more c l imbing  l a n e s  
f o r  s lower  v e h i c l e s  ( o r  s i g n s  i n d i c a t i n g  "slow t r a f f i c  ahead" ) ,  
b i g g e r  eng ines  f o r  t r u c k s ,  b e t t e r  t r a i n i n g  f o r  c a r  d r i v e r s ,  o r  even 
s e p a r a t e  roads  f o r  t r u c k s .  While some thought  has  been g iven  t o  
such countermeasures  i n  t h e  cou r se  of t h i s  s t udy  i t  has  g e n e r a l l y  
not  been p o s s i b l e  t o  e v a l u a t e  t h e i r  r e l a t i v e  e f f i c a c y .  

The p i c t u r e  of t r u c k  a c c i d e n t  involvement which i s  p r e s e n t e d  
h e r e  is  of n e c e s s i t y  p a i n t e d  w i t h  impe r f ec t  t o o l s .  We have ob- 
s e r v e d  r e p o r t i n g  b i a se s - - fo r  example t h e  BMCS r e p o r t s  i nc lude  a c c i -  
d e n t s  w i t h  i n j u r y ,  l i r e ,  o r  more t han  $250 i n  p r o p e r t y  damage; t h e  
s t a t e  f i l e s  g e n e r a l l y  i n c l u d e  a c c i d e n t s  w i t h  l e s s e r  amounts of 
damage. There a r e  a lmos t  a s  many sys tems  o f  t r u c k  c l a s s i f i c a t i o n  
a s  t h e r e  a r e  s o u r c e s  of d a t a ,  and i t  is o f t e n  necessary  t o  group  
types  of v e h i c l e s  i n  o r d e r  t o  p r e s e n t  d a t a - - r e s u l t i n g  i n  l o s s  of 
d e t a i l  and an i n a b i l i t y  t o  compare i n fo rma t ion  from s e v e r a l  s o u r c e s .  
On t h e  o t h e r  hand,  d e t a i l e d  i n fo rma t ion  is important--cement mixers  
cou ld  be i d e n t i f i e d  i n  Texas,  t h e  damage t o  t h e  v e h i c l e  i n  Colodado, 
and t h e  c o s t  of f i r e s  i n  the  BMCS f i l e .  

W i t h  t h e  above r e s e r v a t i o n s ,  i t  i s  sugges t ed  t h a t  d a t a  from 
t h e  s e v e r a l  s t a t e  s o u r c e s  (and t h e  BMCS) can be e x t r a p o l a t e d  t o  a  
n a t i o n a l  p i c t u r e  of t r u c k  a c c i d e n t s .  And t h e  d a t a  from t h e  turri- 
p i k e s  can be cons ide red  a s  r e p r e s e n t a t i v e  of a c c i d e n t s  on t h e  i n t e r -  
s t a t e  sys tem,  Accordingly,  some i n f e r e n c e s  t o  t h e  n a t i o n a l  acci .dent  
p i c t u r e  have been drawn i n  t h e  t e x t .  w i t h  a p p r o p r i a t e  c a u t i o n s .  

T h e  remainder  of t h i s  r e p o r t  is p r e s e n t e d  i n  S e c t i o n s  2 through 
5 .  Conclus ions  and recommendations a r e  p r e s e n t e d  i n  S e c t i o n  2 .  
S e c t i o n  3 c o n t a i n s  a  d i s c u s s i o n  of the  methodology fol lowed i n  this 
s t u d y ,  emphasizing t h e  modeling t echn ique  i n  t h e  a p p l i c a t i o n  of 
exposu re  d a t a .  S e c t i o n  4 c o n t a i n s  a  d e s c r i p t i o n  of t h e  s e v e r a l  d a t a  
s o u r c e s  used i n  t h i s  a n a l y s i s .  S e c t i o n  5 p r e s e n t s  t h e  d e t a i l e d  
a n a l y s e s  i n  two par t s - -an  overview of t r u c k  a c c i d e n t s  d e r i v e d  from 
t h e  s t a t e  and n a t i o n a l  d a t a  s o u r c e s ,  and an exposure  a d j u s t e d  s t a -  
t i s t i c a l  d e s c r i p t i o n  of t u r n p i k e  a c c i d e n t s .  The appendices  c o n t a i n  
supplementary i n fo rma t ion  on BMCS d a t a  and exposure modeling. 



2 .  CONCLUSTONS AND RECOMMENDATIONS 

Trucks  a r e  consp i cuous  i n  t h e  a c c i d e n t  p o p u l a t i o n  by t h e i r  
s i z e ,  by t h e  damage and i n j u r y  i n v o l v e d ,  and by t h e  o b s t r u c t i o n  of 
t r a f f i c  r e s u l t i n g  from bo th  t h e  v e h i c l e  weight  and o f t e n  from de- 
b r i s .  I n  t h e  minds of t h e  c a s u a l  o b s e r v e r  t h e s e  c h a r a c t e r i s t i c s  
a r e  o f t e n  enhanced by newspaper a c c o u n t s  of t h e  more b i z a r r e  e v e n t s .  
On t h e  o t h e r  hand,  l a r g e  t r u c k s  a r e  t y p i c a l l y  d r i v e n  by p r o f e s s i o n a l s  
w i t h  long  e x p e r i e n c e  o p e r a t i n g  under  s t r i c t e r  r e g u l a t i o n s  ( t h a n  do 
p a s s e n g e r  c a r s )  and t hey  a r e  p r o v i d i n g  a  u s e f u l  and neces sa ry  s e r -  
v i c e  i n  d e l i v e r i n g  goods .  In  t h i s  r e p o r t  we have a t t e m p t e d  t o  p a i n t  
a  p i c t u r e  of t h e  involvement  of t r u c k s  i n  acc iden t s - -hop ing  t o  
q u a n t i f y  some of t h e s e  i n t u i t i v e  o b s e r v a t i o n s .  

T h e  g e n e r a l  methodology of t h i s  s t u d y  h a s  been t o  o b t a i n  an  
overv iew of t r u c k  a c c i d e n t s  u s i n g  n a t i o n a l ,  s t a t e ,  r e g i o n a l ,  and 
county  l e v e l  a c c i d e n t  i n f o r m a t i o n ,  and t h e n  t o  s t u d y  i n  more d e t a i l  
the t r u c k  involvement  i n  a c c i d e n t s  on t h r e e  t u r n p i k e s .  The former  
p r o v i d e  i n f o r m a t i o n  about  many k i n d s  of r o a d s ,  a  mix of u rban  and 
r u r a l  s i t u a t i o n s ,  and many k i n d s  of  commercial  v e h i c l e s .  The l a t t e r  
p r o v i d e  i n f o r m a t i o n  mainly abou t  l a r g e  t r a c t o r - t r a i l e r s  o p e r a t i n g  
on i n t e r s t a t e  t y p e  r o a d s .  The t u r n p i k e  s o u r c e s  have t h e  advantage  
t h a t  t r a f f i c  d a t a  is a v a i l a b l e  i n  a  form t o  pe rmi t  comparison w i t h  
t h e  a c c i d e n t  da t a - - t hus  g i v i n g  a  measure oP e x p o s u r e .  

A major  problem i n  t h e  conduct  of t h i s  s t u d y  is  t h e  f a c t  t h a t  
no two a g e n c i e s  seem t o  c a t e g o r i z e  t r u c k s  i n  e x a c t l y  t h e  same man- 
n e r .  W h i l e  i t  i s  p o s s i b l e  t o  i d e n t i f y  and compare a  few v a r i e t i e s  
of v e h i c l e s  c l e a r l y  between,  s a y ,  Texas and Colorado ,  t h i s  is t h e  
e x c e p t i o n  r a t h e r  t han  t h e  r u l e .  Simple d e f i n i t i o n s  such a s  " l a r g e  
t r u c k s " ,  "vans",  " s t r a i g h t  t r u c k s " ,  and " l i gh t -heavy  t r u c k s "  a r e  
a p p a r e n t l y  c l e a r  t o  t h e i r  o r i g i n a t o r ,  but  con fus ing  t o  o t h e r s .  

A second  problem conce rns  t h e  r e l i a b i l i t y  of t h e  d a t a  r e p o r t e d  
by t h e  v a r i o u s  i n v e s t i g a t i n g  a g e n c i e s .  Most of t h e  d a t a  used  h e r e  
h a s  come from p o l i c e  r e p o r t s ,  a l t h o u g h  t h e  BMCS d a t a  is f u r n i s h e d  
by t h e  c a r r i e r .  One might view this i n f o r m a t i o n  a s  being  01 sev- 
e r a l  q u a l i t i e s :  d a t a  t o  be t r u s t e d  w i t h  on ly  minor r e s e r v a t i o n s  
( t h i s  g e n e r a l l y  i n c l u d e s  d a t e  and t ime  of day ,  l o c a t i o n ,  age of t h e  
d r i v e r ,  t y p e  of v e h i c l e  and  a c c i d e n t  c o n f i g u r a t i o n ) ,  and d a t a  t o  
be u sed  w i t h  r e s e r v a t i o n .  T h i s  l a t t e r  c a t e g o r y  i n c l u d e s  q u a n t i f i e d  
i n f o r m a t i o n  because  t h e  i n v e s t i g a t i n g  o f f i c e r s  a r e  not  i n  a  p o s i t i o n  
t o  g e t  p r e c i s e  r e a d i n g s .  I t  a l s o  i n c l u d e s  t h e  s o f t e r  d a t a  such a s  
t h e  r e p o r t i n g  of c a u s a t i o n  f a c t o r s ,  which may be r e l a t e d  t o  l o c a l  
laws and law enforcement  p r a c t i c e s .  T h i s  is p a r t i c u l a r l y  con fus ing  
i n  t r y i n g  t o  compare d i f f e r e n t  d a t a  se t s - -even  i n  comparing t h e  
t h r e e  t u r n p i k e s .  The s t r u c t u r e  of d a t a  r e p o r t i n g  forms i n h i b i t s  
some i n f o r m a t i o n  by f o r c i n g  c h o i c e s  on t h e  i n v e s t i g a t o r  o r  t h e  
code r - - e . g . ,  h e  may o n l y  be a b l e  t o  r e p o r t  " j a c k k n i f i n g "  o r  " s t r u c k  
b r i d g e  abutment" ,  bu t  not  b o t h ,  and he w i l l  choose t h e  one which 
seems most impor t an t  t o  h i m  a t  t h e  moment. F i n a l l y ,  t h e  u s u a l  
p o l i c e  a c c i d e n t  r e p o r t  form is t a i l o r e d  more t o  t h e  pa s senge r  c a r  
t h a n  t o  t h e  t r u c k ,  and o f t e n  does  not  p r o v i d e  f o r  r e c o r d i n g  of  
f a c t o r s  un ique  t o  t h e  wor ld  of t r u c k s .  



In a r r i v i n g  a t  a se t  o f  c o n c l u s i o n s  t h e  a u t h o r s  have a t t empted  
t o  t a k e  account  of t h e  accuracy  and r e l i a b i l i t y  of t h e  d a t a  e l emen t s .  
While such c o n s i d e r a t i o n s  a r e  not  p r e s e n t e d  i n  t h i s  s e c t i o n ,  they 
a r e  g iven  i n  t h e  a p p r o p r i a t e  p l a c e s  i n  t h e  main s e c t i o n s  of t h i s  
r e p o r t .  

2 . 1  Gene ra l  Conclus ions  

The number of p e r s o n s  i n j u r e d  p e r  a c c i d e n t  i nvo lv ing  a  t r u c k  
is n e a r l y  t h e  same a s '  f o r  a n  a c c i d e n t  i nvo lv ing  only  pas senge r  
veh ic l e s - - app rox ima te ly  27 i n j u r i e s  p e r  100 a c c i d e n t s  i n  t h e  Texas 
d a t a .  For t u r n p i k e  a c c i d e n t s  t h e  s i m i l a r i t y  e x i s t s ,  a l t hough  t h e  
number i n j u r e d  p e r  a c c i d e n t  was 58 p e r  100 a c c i d e n t s  (when t r u c k s  
were i nvo lved )  and 65 p e r  100 a c c i d e n t s  when pas senge r  c a r s  on ly  
were invo lved .  With r e g a r d  t o  f a t a l i t i e s ,  some major d i f f e r e n c e s  
e x i s t .  In Texas t h e r e  were 2 . 3 9  f a t a l i t i e s  p e r  100 a c c i d e n t s  
i n v o l v i n g  l a r g e  t r u c k s ,  and 1 .14  f a t a l i t i e s  p e r  100 a c c i d e n t s  i n -  
v o l v i n g  only  pas senge r  c a r s .  The co r r e spond ing  t u r n p i k e  f i g u r e s  
a r e  3 . 0 1  and 1 . 7 7 .  On t h i s  b a s i s  t r u c k  a c c i d e n t s  cou ld  be cons id-  
e r e d  tw ice  a s  s e v e r e .  

The f i g u r e s  g i v e n  above a r e  d e r i v e d  from t h e  sum of s i n g l e  
and m u l t i p l e  v e h i c l e  a c c i d e n t s .  The r e l a t i v e l y  s m a l l  d i f f e r e n c e  i n  
s e v e r i t y  between a c c i d e n t s  i n v o l v i n g  t r u c k s  and t h o s e  no t  i n v o l v i n g  
t r u c k s  may be e x p l a i n e d  by t h e  lower occupancy of t r u c k s  and by t h e  
g r e a t e r  p r o t e c t i o n  a f f o r d e d  t h e  t r u c k  occupan t s  by t h e i r  v e h i c l e .  
The d i f f e r e n c e s  a r e  g r e a t e r  when c o n s i d e r i n g  t h e  i n j u r i e s  t o  occu- 
p a n t s  of c a r s  which c o l l i d e  wi th  t r u c k s  a s  compared t o  t h o s e  which 
c o l l i d e  wi th  o t h e r  c a r s .  

A f i g u r e  of merit which has  o c c a s i o n a l l y  been promulgated i n  
t h e  p a s t  is t h e  r a t i o  of pa s senge r  c a r  occupan t s  k i l l e d  t o  t h e  num- 
b e r  of t r u c k  occupan t s  k i l l e d  i n  t r u c k - c a r  c o l l i s i o n s .  For example,  
i n  t h e  1969 BMCS d a t a  t h i s  r a t i o  i s  3 3 . 6 .  In Texas ,  i t  i s  2 1 . 4 .  
I n  t h e  t u r n p i k e  f i l e s  used i n  t h i s  s t udy  i t  i s  2 1 . 0 .  Although 
t h e s e  numbers a r e  h i g h ,  they  r e a l l y  r e f l e c t  not on ly  t h e  danger  t o  
t h e  c a r  occupan t s  bu t  a l s o  t h e  p r o t e c t i o n  a f f o r d e d  t h e  t r u c k  d r i v e r  
by h i s  more rugged v e h i c l e .  I n  a  c o l l i s i o n  between a  l a r g e  t r u c k  
and a  pas senge r  c a r  t h e  c a r  may s e r v e  a s  a  mechanica l ly  a p p r o p r i a t e  
energy  a b s o r b e r ,  and reduce  t h e  s e v e r i t y  of t h e  t r u c k  c r a s h  r e l a -  
t i v e  t o  a  b a r r i e r  impac t ,  But i t  is  i n t e r e s t i n g  t o  c o n s i d e r  t h i s  
same r a t i o  w i t h  r e g a r d  t o  t h e  e x p e r i m e n t a l  s a f e t y  c a r s .  I f  they  
p r o t e c t  t h e i r  occupan t s  w e l l  i n  c a r - c a r  c o l l i s i o n s ,  t hey  may look a s  
bad a s  t y u c k s .  I t  would seem i n a p p r o p r i a t e  t o  i n t e r p r e t  a  h igh  
r a t i o  a s  a  col~delnnat ion of  t h e  s a f e t y  c a r ,  and pe rhaps  i t  should  not  
be used t o  condem~n t r u c k s  e i t h e r .  

The c a r  occupant  shou ld  be more i n t e r e s t e d  i n  h i s  chances f o r  
s u r v i v a l  w h e n  s t r i k i n g  a  c a r  o r  a  t r u c k .  Two f i g u r e s  of mer i t  a r e  
p r e s e n t e d  h e r e :  i n  Texas ,  t h e  r a t i o  of c a r  occupant  f a t a l i t i e s  i n  
c o l l i s i o n s  w i t h  t r u c k s  and i n  c o l l i s i o n  w i t h  c a r s  is  7 . 7 .  W i t h  a  
more r e s t r i c t e d  s e t  o f  two-vehic le  a c c i d e n t  t y p e s  on t h e  t u r n p i k e s  
t h i s  f i g u r e  is 1 0 . 5 .  



I n  t h e  BMCS d a t a  f o r  1969 i t  i s  p o s s i b l e  t o  compare t h e  f r e -  
quency of f a t a l  i l l j u ry  t o  c a r  occupaklls i n  two k i n d s  of r ea r - end  
c o l l i s i o n s  w i th  t r u c k s .  When t h e  c a r  s t r u c k  a  t r u c k  i n  t h e  r e a r  
t h e r e  were f a t a l  i n j u r i e s  i n  about  4% of  t h e  c a s e s .  When a  t r u c k  
s t r u c k  t h e  c a r  t h i s  was about  1%. So i t  Was f o u r  t i m e s  worse t o  run  
i n t o  a  t r u c k  t h a n  t o  be run  i n t o  by a  t r u c k .  For t h e  t u r n p i k e s  t h i s  
r a t i o  i s  2 . 7  t o  1. 

P r o p e r t y  damage i n  t r u c k  a c c i d e n t s  is o f t e n  e x t e n s i v e ,  b u t  t h e  
r e p o r t i n g  of t h i s  i n  t e rms  of d o l l a r s  is  of d o u b t f u l  a c c u r a c y .  The 
few p o l i c e  a g e n c i e s  which do r e p o r t  damage i n  t e rms  of d o l l a r s  must 
e s t i m a t e  a t  t h e  s c e n e ,  and t h e i r  a b i l i t y  t o  e v a l u a t e  ca rgo  l o s s e s  
must be q u e s t i o n e d .  The BMCS r e p o r t s  do i n c l u d e  t h e  v a l u e  of 
damaged p r o p e r t y  e s t i m a t e d  by t h e  c a r r i e r ,  and a r e  l i k e l y  more 
r e l i a b l e .  For  t h e  BMCS r e p o r t e d  a c c i d e n t s  t h e  ave rage  damage was 
app rox ima te ly  $2000 p e r  a c c i d e n t ,  a l t h o u g h  a c c i d e n t s  i n v o l v i n g  f i r e  
ave raged  $13 ,500 .  I n  o t h e r  t e r m s ,  f i r e  is invo lved  i n  on ly  1 . 5 %  of 
t h e  a c c i d e n t s  r e p o r t e d  by BMCS, bu t  a c c o u n t s  f o r  9 .2% of t h e  d o l l a r  
l o s s .  

The N a t i o n a l  S a f e t y  Counc i l  p u b l i s h e s  " F l e e t  Accident  Ra t e s f '  
a n n u a l l y ,  and t h e  1969-70 e d i t i o n  i n d i c a t e s  t h a t  i n t e r c i t y  common 
c a r r i e r  t r u c k s  a r e  i nvo lved  i n  3 . 8  a c c i d e n t s  p e r  m i l l i o n  v e h i c l e  
m i l e s .  The d e f i n i t i o n  of a n  a c c i d e n t  used  i n  t h a t  p u b l i c a t i o n  is 
somewhat b roade r  t han  e i t h e r  t h e  Texas o r  t u r n p i k e  p o l i c e  r e p o r t i n g  
r e q u i r e m e n t s .  The obse rved  r a t e s  i n  t h i s  s t udy  a r e  somewhat lower .  
For  t h e  12 t y p e s  of t r u c k s  s t u d i e d  i n  Texas ,  t h e i r  ave rage  was 2 . 9  
r e p o r t e d  a c c i d e n t s  p e r  m i l l i o n  v e h i c l e  m i l e s .  For  vans ,  t h i s  was 
2 . 0 ,  bu t  t r a n s i t  mix t r u c k s  were 9 . 2 .  

Truck a c c i d e n t  involvement  on t u r n p i k e s  v a r i e d  from s t a t e  t o  
s t a t e - - 1 . 5 8  p e r  m i l l i o n  v e h i c l e  m i l e s  i n  Ohio ( v s ,  1 .22 f o r  passen-  
g e r  c a r s ) ,  1 . 72  p e r  m i l l i o n  v e h i c l e  m i l e s  i n  Ind i ana  ( v s .  1 . 6 0  f o r  
p a s s e n g e r  c a r s ) ,  and 1 . 8 7  p e r  m i l l i o n  v e h i c l e  m i l e s  i n  Pennsy lvan ia  
( v s .  2 . 23  f o r  p a s s e n g e r  c a r s ) .  These v a l u e s  a r e  s i m i l a r  f o r  t r u c k s  
t o  t h a t  r e p o r t e d  by ~ o l o m o n l ,  1 . 8 9  p e r  m i l l i o n  v e h i c l e  m i l e s  f o r  
t r u c k s  on main r u r a l  highways;  but  he found 2 .83  a c c i d e n t s  p e r  
m i l l i o n  v e h i c l e  m i l e s  f o r  pa s senge r  c a r s ,  C'rosby2. i n  a n  a n a l y s i s  
of t r u c k  a c c i d e n t s  on t h e  New J e r s e y  Turnpike  (1952-57) repor ted!  
3 . 0  a c c i d e n t s  p e r  m i l l i o n  v e h i c l e  m i l e s  f o r  t r u c k s  v s .  1 .78  f o r  c a r s .  

For  t h e  t r u c k s  s t u d i e d  i n  t h e  Texas d a t a ,  58 .3% of t h e  i nvo lve -  
ments  o c c u r r e d  on i n t e r s t a t e s  o r  U.S. and S t a t e  t r u n k l i n e s ,  33.2y0 
on c i t y  s t r e e t s ,  and 8 .2% on county o r  secondary  r o a d s .  F i r e  t r u c k s  
had 69% of t h e i r  a c c i d e n t s  i n  t h e  c i t y  compared w i th  14% f o r  po1.e 
(and l o g )  t r u c k s .  

Time-wise, l a r g e  t r u c k  a c c i d e n t s  a r e  d i s t r i b u t e d  n e a r l y  uni,-  
formly by month--both i n  t h e  t u r n p i k e  f i l e s  and i n  t h e  BMCS d a t a .  
Truck a c c i d e n t s  a r e  r e l a t i v e l y  i n f r e q u e n t  on weekends,  and occu r  
somewhat more o f t e n  d u r i n g  d a y l i g h t  h o u r s  t h a n  a t  n igh t - -a l though  
on ly  s l i g h t l y  s o  on t h e  t u r n p i k e s .  Exposure i n f o r m a t i o n  a v a i l a b l e  
f o r  t h e  t u r n e i k e s  shows t h a t  l a r g e  t r u c k  t r a f f i c  is  n e a r l y  un i form ------------ ------ 
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p i k e ,  T r a f f i c  E n g i n e e r i n g ,  Vol. 2 9 ,  No. 5 ,  Feb.  1959,  pp.18- 
2 3 .  



o v e r  t h e  24-hour day p e r i o d ,  and s u g g e s t  t h a t  t h e  i n c r e a s e  of d!ay- 
time a c c i d e n t s  is  due t o  t h e  mix w i t h  h e a v i e r  pa s senge r  c a r  t r a f f i c  
a t  t h a t  t i m e .  

F i r e  t r u c k s  and w r e c k e r s ,  of c o u r s e ,  have n e a r l y  a s  many a c c i -  
d e n t s  on Sundays a s  d u r i n g  t h e  r e s t  of t h e  week, and t r a n s i t  mix 
t r u c k s  have a lmos t  none;  and w h i l e  vans  a r e  l i k e l y  t o  be i nvo lved  i n  
a c c i d e n t s  a t  n i g h t ,  wrecke r s  e x h i b i t  a  d e f i n i t e  l u l l  about  4  :001 a.m. 

2 . 2  S p e c i f i c  Conc lus ions  

1. Using a  measure of exposu re  which t a k e s  account  of t h e  
d i f f e r e n c e  i n  t r a f f i c  c h a r a c t e r i s t i c s  of  t r u c k s  and c a r s ,  t h e  t r u c k  - is  o v e r r e p r e s e n t e d  a s  t h e  s t r i k i n g  v e h i c l e  i n  t u r n p i k e  c a r - t r u c k  
c o l l i s i o n s ,  and u n d e r r e p r e s e n t e d  a s  t h e  s t r u c k  v e h i c l e .  But t h e  
f r equency  of f a t a l i t y  i n  c a r - i n t o - t r u c k  c o l l i s i o n s  is about  f o u r  - t i m e s  t h a t  i n  t r u c k - i n t o - c a r  c o l l i s i o n s .  

On t h e  b a s i s  of g r o s s  v e h i c l e  miles, a v a i l a b l e  i n  t h e  t u r n p i k e  
d a t a ,  t r u c k s  have been found t o  be o v e r r e p r e s e n t e d  i n  t h e  a c c i d e n t  
p o p u l a t i o n  r e l a t i v e  t o  p a s s e n g e r  c a r s  i n  Ohio and I n d i a n a ,  bu t  
u n d e r r e p r e s e n t e d  i n  P e n n s y l v a n i a .  Looking a t  s i n g l e  v e h i c l e  a c c i -  
d e n t s  a l o n e ,  a c c i d e n t  f r equency  f o r  t r u c k s  and c a r s  f o l l o w  t h e i r  
r e s p e c t i v e  t r a f f i c  d e n s i t i e s ,  t r u c k  involvement  be ing  n e a r l y  un i form 
ove r  t h e  y e a r ,  and p a s s e n g e r  c a r s  peak ing  i n  summer months.  Over 
t h e  24 hour  day ,  bo th  c a r s  and t r u c k s  a r e  somewhat o v e r  i nvo lved  i n  
s i n g l e  v e h i c l e  a c c i d e n t s  i n  t h e  e a r l y  morning hou r s - - t r ucks  by a 
f a c t o r  of 1 . 3  and p a s s e n g e r  c a r s  by a  f a c t o r  o f  3 . 3 ;  and t h e s e  
r a t i o s  a r e  c o n s i s t e n t  f o r  a l l  t h r e e  t u r n p i k e s .  Repor t ing  of causa-  
t i v e  f a c t o r s  on t h e  a c c i d e n t  r e p o r t s  i s  not  complete  enough t o  
i d e n t i f y  the r e a s o n  f o r  t h i s  d i f f e r e n c e .  

The m a ~ o r i t y  of two-vehic le  c o l l i s i o n s  on t u r n p i k e s  i nvo lved  
o v e r t a k i n g - - r e a r  end  and s i d e  swipe a c c i d e n t s .  I f  t r u c k s  c o n s t i t u t e  
20% of t h e  g r o s s  v e h i c l e  miles ( o v e r  t h e  y e a r ) ,  and pas senge r  c a r s  
80%) one might e x p e c t  c a r - c a r  c o l l i s i o n s  t o  be 64% ( . 8  x . 8 )  of t h e  
t o t a l ,  c a r  i n t o  t r u c k  and t r u c k  i n t o  c a r  c o l l i s i o n s  16% e a c h ,  and 
t r u c k - t r u c k  c o l l i s i o n s  4%. An over involvement  r a t i o  h a s  been com- 
pu t ed  by d i v i d i n g  t h e  above numbers i n t o  t h e  a c t u a l  f r a c t i o n  of 
a c c i d e n t s  by t y p e .  T h i s  f i g u r e  is p r e s e n t e d  f o r  t h e  t h r e e  t u r n -  
p i k e s  i n ' t h e  f i r s t  t r i p l e  column of  Tab l e  2-1,  and s u g g e s t s  t h a t  
c a r - i n t o - t r u c k  a c c i d e n t s  a r e  somewhat o v e r r e p r e s e n t e d  and t h a t  
t r u c k - i n t o - t r u c k  a c c i d e n t s  a r e  g r e a t l y  o v e r r e p r e s e n t e d .  



Tab le  2-1 

Comparison of Overinvolvement R a t i o s  f o r  Over tak ing  
Acc iden t s ,  by C o l l i s i o n  P a i r s  f o r  Passenger  Cars  and 

Large Trucks  

Temporal D i s -  
Gross  Annual t r i b u t i o n  of  I n t e r a c t i o n  
Veh ic l e  Miles Vehic le  Mi les  Mode 1 

I n d ,  Ohio Pa .  Ind .  Ohio Pa .  Ind .  Ohio Pa. --- --- --- 
C a r s  i n t o  Ca r s  0 .97 0 .84  0.96 0.97 0 . 8 4 0 . 9 5  1 . 0 8  0.97 1 . 0 5  

Ca r s  i n t o  t r u c k s  1 .06  1 .26  1 . 2 2  1.09 1 . 3 1 1 . 2 7  0 .50  0.59 0 .60  

Trucks  i n t o  Ca r s  0 .74  1 . 0 1  0 .74  0.78 1 . 0 5 0 . 7 7  2 .38  3 . 2 0  2 .63  

Trucks  i n t o  Trucks  2,,93 3 . 3 2  2 . 2 3  2 . 0 0  2 . 5 9 1 . 6 6  1.76 1 . 6 8  1 . 2 6  

But i f  a l l  t r u c k  t r a v e l  were performed a t  n i g h t ,  and a l l  pas-  
s e n g e r  c a r  t r a v e l  i n  day t ime ,  t h e  p r e d i c t i o n  of t r u c k - c a r  c o l l i s i o n s  
by t h e  g r o s s  annua l  mi l e  method would be q u i t e  i nadequa te .  And 
a l t hough  t r u c k  and c a r  t r a f f i c  a r e  not  a s  s e p a r a t e d  a s  t h i s ,  t hey  
a r e  q u i t e  d i f f e r e n t .  The expec t ed  a c c i d e n t  f requency  was computed 
c o n s i d e r i n g  t h e  a c t u a l  t r a f f i c  d i s t r i b u t i o n  ( t r u c k  and c a r  m i l e s )  
a s  a  f u n c t i o n  of t ime  of day ,  week, and s e a s o n .  The ove r invo lve -  
ment r a t i o s  d e r i v e d  i n  t h i s  manner a r e  shown i n  column 2 of T a b l e  
2-1. 

One o t h e r  f a c t o r  which may be t aken  i n t o  account  i s  t h a t  c a r s ,  
having a  h i g h e r  ave rage  speed ,  a r e  more l i k e l y  t o  o v e r t a k e  a  t r u c k  
t h a n  v i c e  v e r s a ,  s u g g e s t i n g  a  h i g h e r  p r o b a b i l i t y  of c a r - i n t o - t r u c k  
c o l l i s i o n s  t h a n  of t r u c k - i n t o - c a r .  A model based on t h e  observed  
d i f f e r e n c e s  i n  speed  between c a r s  and t r u c k s  has  been d e r i v e d  t o  
p r e d i c t  t h e  r e l a t i v e  number of o v e r t a k i n g  s i t u a t i o n s  of each type  
( c a r - c a r ,  c a r - t r u c k ,  e t c .  ) , and column 3  p r e s e n t s  t h e  overinvolvement  
r a t i o s  based on t h i s  model. By t h i s  measure t h e  c a r - i n t o - t l u c l i  is 

no t  a s  s i g n i f i c a n t  a problem a s  t h e  t r u c k - i n t o - c a r .  These r e s u l t s  
s u g g e s t  t h a t  t h e  p r o b a b i l i t y  of a  c o l l i s i o n  i s  t w i c e  a s  g r e a t  f o r  a  
c a r  p a s s i n g  a  c a r  t h a n  f o r  a  c a r  p a s s i n g  a  t r u c k .  

Although t r u c k - i n t o - c a r  c o l l i s i o n s  occu r  w i t h  approximate ly  
t h e  same f requency  a s  c a r - i n t o - t r u c k ,  t h e  chance of a  f a t a l i t y  is  
abou t  4 times g r e a t e r  i n  t h e  l a t t e r .  So even  though t h e  ove r invo lve -  
ment r a t i o  of c a r - i n t o - t r u c k  a c c i d e n t s  i s  low t h i s  c o l l i s i o n  con- 
f i g u r a t i o n  shou ld  not be n e g l e c t e d  i n  c o n s i d e r a t i o n  of coun te rmeasu re s .  

The p a r t i c u l a r  rear -end  c o l l i s i o n  i n  which a  pas senge r  c a r  
u n d e r r i d e s  a l a r g e  t r u c k  can produce s e v e r e  i n j u r i e s .  P o l i c e  r e -  
p o r t e d  a c c i d e n t  i n f o r m a t i o n  is seldom d e t a i l e d  enough t o  i d e n t i f y  
t h e  e x i s t e n c e  of u n d e r r i d e ,  s o  t h a t  one is f o r c e d  t o  draw i n f e r e n c e s  
about  t h i s  s imply  from t h e  f requency  of rear -end  c o l l i s i o n s .  I t  is 
e s t i m a t e d  t h a t  t h e r e  may be on t h e  o r d e r  of two hundred f a t a l i t i e s  
i n c u r r e d  i n  such c a r - t r u c k  c o l l i s i o n s  i n  t n e  Uni tea  S t a t e s  each  
y e a r .  



2 .  T rucks  a r e  o v e r r e p r e s e n t e d  a s  t h e  s t r u c k  v e h i c l e  on up- 
g r a d e s ,  and a s  -- t h e  s t r i k i n g  v e h i c l e  on downgrades i n  t h e  t u r n p i x e  -- 
d a t a .  

011 t h e  s t e e p e r  upg rades  on t u r n p i k e s  ( g r e a t e r  t h a n  2;%) t r u c k s  
a r e  s t r u c k  tw ice  a s  o f t e n  a s  t hey  a r e  on e q u i v a l e n t  s e c t i o n s  of 
l e v e l  highway. Pas senge r  c a r s  a r e  s t r u c k  1 . 4  t i m e s  a s  o f t e n  a s  
t h e s e  same upg rades .  On downgrades of  t h e  same s t e e p n e s s  truck:- 
i n t o - c a r  c o l l i s i o n s  a r e  o v e r r e p r e s e n t e d  by a  f a c t o r  of 1 . 6  (compared 
w i t h  l e v e l  r o a d ) ,  

Some of t h e s e  s t e e p e r  g r a d e s  had s low-veh i c l e  ( c l imb ing )  l a n e s ,  
and a n  a t t e m p t  was made t o  compare a c c i d e n t  expe r i ence  i n  t h o s e  
segments  w i t h  s i m i l a r  s l o p e s  not  s o  equ ipped .  The number of a c c i -  
d e n t s  i n  a  2 4  y e a r  p e r i o d  was not  s u f f i c i e n t  t o  pe rmi t  an adequa t e  
e v a l u a t i o n  of t h e  e f f e c t i v e n e s s  of such  c l imbing  l a n e s ,  a l t hough  
t h e r e  was c e r t a i n l y  no ev idence  t h a t  t hey  were not  e f f e c t i v e .  

3 .  bledian b a r r i e r s  (on t h e  Pennsjr lvania  Tu rnp ike )  kep t  the 
s t r i k i n g  v e h i c l e  -- from e n t e r i n g  t h e  oppos ing  l a n e  about  a s  ofterim- 
f o r  t r u c k s  a s  f o r  p a s s e n g e r  c a r s .  

Given t h a t  t h e  b a r r i e r  had been s t r u c k ,  s u c c e s s  was i n d i c a ~ t e d  
93.6% of t h e  time f o r  pa s senge r  c a r s ,  and 90% of  t h e  t ime  f o r  
t r a c t o r  t r a i l e r s ,  

4. F a t i g u e  o r  f a l l i n g  a s l e e p  is c i t e d  f r e q u e n t l y  enough almong 
t r u c k  d r i v e r s  i n  a c c i d e n t s  t o  be c o n s i d e r e d  a  s e r i o u s  problem---par- 
t i c u l a r l v  on t h e  t u r n w i k e s .  

Among t h e  d r i v e r  c h a r a c t e r i s t i c s  examined on ly  t h i s  f a c t o r  
p r e s e n t e d  a  c l e a r  problem f o r  t r u c k s .  I n  Texas ,  f o r  1969,  one i n  
f o r t y  d r i v e r s  of f l o a t  t r u c k s ,  vans ,  s t a k e  and t a n k  t r u c k s ,  was 
no ted  a s  be ing  f a t i g u e d  o r  a s l e e p  i n  conuec t i on  w i t h  an  a c c i d e n t .  
Truck d r i v e r s  i n  Texas were r e p o r t e d  a s l e e p  about  2 . 7  times a s  
o f t e n  a s  were pa s senge r  c a r  d r i v e r s .  On t h e  Ohio Tu rnp ike ,  t r u c k  
d r i v e r s  were r e p o r t e d  a s  f a t i g u e d  o r  a s l e e p  i n  17% of t h e i r  i nvo lve -  
ments a s  compared t o  9% f o r  passe l iger  c a r  d r i v e r s ,  

Other  t r u c k  d r i v e r  c h a r a c t e r i s t i c s  were more p o s i t  ive--use of 
a l c o h o l  is seldom r e p o r t e d  f o r  d r i v e r s  of l a r g e  t r u c k s ,  t r u c k  
d r i v e r s  t e n d  t o  be o l d e r  on t h e  a v e r a g e ,  but  t o  have a  s m a l l e r  v a r i -  
a t i o n  of a g e ,  For  b e t t e r  o r  worse ,  there a r e  few female  d r i v e r s  of 
l a r g e  t r ucks - - s ex  of  d r i v e r  i s  not  even  r e p o r t e d  i n  t h e  BMCS f i l e s .  

5 .  T rucks  a r e  a p p a r e n t l y  l e s s  a f f e c t e d  by wea ther  c o n d i t i o n s  
a s  a  c a u s a t i v e  f a c t o r  i n  a c c i d e n t s  t h a n  a r e  w a s s e w e r  c a r s .  

On t h e  Pennsy lvan ia  t u r n p i k e  c a r s  have 55% of t h e i r  a c c i d e n t s  
i n  i nc l emen t  wea ther  ( i c y ,  snowy, o r  wet pavement ) ,  whereas  t r u c k s  
have o n l y  40% of the i r  a c c i d e n t s  under  t h e  same c o n d i t i o n s ,  Although 
t h e r e  is' a  monthly v a r i a t i o n  i n  t h e  r a t i o  of c a r  t o  t r u c k  t r a f f i c ,  
p r e c i p i t a t i o n  is n e a r l y  un i fo rmly  s p r e a d  t h roughou t  t h e  y e a r  i n  t h i s  
p a r t  of Pennsy lvan i a ,  and t h i s  d i f f e r e n c e  is t a k e n  a s  s i g n i f i c a n t .  
An e x c e p t i o n  t o  t h i s  i s  t h e  c a s e  of j a c k k n i f e  a c c i d e n t s ,  60% of 
which,  i n  Texas  occu r  i n  wet wea the r .  



6 .  Large t r u c k s  a r e  i d e n t i f i e d  a s  be ing  i n d i r e c t l y  i nvo lved  
i n  3 . 1 %  of a l l  a c c i d e n t s  on t h e  main l i n e  of t h e  Ind iana  ~ u r n ~ i E .  

T h i s  i n f o r m a t i o n ,  a v a i l a b l e  o n l y  i n  t h e  Ind iana  d a t a ,  i n d i c a t e s  
t h a t  i n  a  s u b s t a s l t i a l  number of a c c i d e n t s ,  t h e  p r e sence  o r  a c t i ~ o n  
of t r u c k s ,  even though t h e  t r u c k  i t s e l f  i s  not  d i r e c t l y  jnvolved  i n  
t h e  a c c i d e n t ,  may be a c o n t r i b u t i n g  f a c t o r .  Over h a l f  of t h e s e  
a c c i d e n t s  i nvo lved  a n o t h e r  v e h i c l e  o v e r t a k i n g  o r  p a s s i n g  a  t r u c k ,  
t h e  s t a t e d  r ea son  f o r  t h e  a c c i d e n t  be ing  l o s s  of c o n t r o l  (54% of 
t h e s e ) ,  poor  o r  I.ost v i s i o n  (13%) and t h e  remainder  not s t a t e d .  
About one q u a r t e r  of  t h e s e  t r uck - induced  a c c i d e n t s  involved  l o s s  of 
o p e r a t i n g  equipment from t h e  t r u c k  (whee l s ,  mud f l a p s ,  e t c . ) .  Load 
l o s s  was g i v e n  a s  a  c a u s a t i v e  f a c t o r  i n  13% of t h e  c a s e s .  The l o s s  
of c o n t r o l  w h i l e  p a s s i n g  is t h e  dominant p rob lem,  

7 .  Trucks  were c i t e d  a s  d e f e c t i v e  ( i n  some equipment c h a r a c t e r -  
i s t i c )  4 . 5  times a s  o fken  a s  were pa s senge r  c a r s  ( i n  Texas )  and- - 
t i m e s  a s  o f t e n  on t u r n p i k e s .  

In s i n g l e  v e h i c l e  a c c i d e n t s  on t u r n p i k e s  23.570 of t h e  t r u c k s  
were no ted  a s  being d e f e c t i v e  v s .  14% of t h e  c a r s .  I n  I n d i a n a ,  f o r  
example ,  t r u c k  t i r e  f a i l u r e s  (b lowouts  and p u n c t u r e s )  were no ted  
i n  14% of t h e  a c c i d e n t s .  By c o n t r a s t  t h e  most common d e f e c t  r e p o r t e d  
i n  Texas  was brakes--dump t r u c k s  be ing  c i t e d  f o r  bad b r a k e s  i n  8% 
o i  t h e i r  a c c i d e n t s .  

An i n t e r e s t i n g  f a i l u r e  r e p o r t e d  i n  Texas  was a  wheel f a l l i n g  
o f f  t h e  v e h i c l e .  T h i s  o c c u r r e d  i n  0.7% of t h e  t r u c k  involvements  
(compared w i t h  ,0470 of p a s s e n g e r  c a r s ) ,  and o c c u r r e d  s i g n i f i c a n t l y  
more o f t e n  i n  t r u c k s  o l d e r  t han  t h r e e  y e a r s .  T h i s  0 .7% is n e a r l y  
t h e  same a s  t h e  Ind i ana  Tu rnp ike  r a t i o  of  l o s t  wheels  t o  t h e  nuinber 
of t r u c k s  i nvo lved  i n  a c c i d e n t s .  D i r e c t  involvement  of such e v e n t s  
i n  I nd i ana  was ~ o t  no t ed ,  bu t  i t  is s u g g e s t e d  t h a t  t h e s e  two fac t013  
(whee ls  f a l l i n g  o f f  and be ing  s t r u c k  by o t h e r s ,  and l o s t  wheels  
c o n t r i b u t i n g  t o  a t r u c k  a c c i d e n t )  may be mutua l ly  e x c l u s i v e .  T h e  
t o t a l  number of a c c i d e n t s  i n v o l v i n g  a  l o s t  t r u c k  wheel may t h u s  be 
t h e  sum of t h e s e  two. 

8. Lowbovs, f i r e  t r u c k s ,  and cement mixe r s  and d u m ~  t r u c k s  
a r e  consp icuous  i n  t h e  a c c i d e n t  d a t a  f o r  f a t a l i t i e s ,  i n j ; r i e s ,  i-nd - 
a c c i d e n t  r a t e  r e s p e c t i v e l y  . 

In  Texas ,  a c c i d e n t s  i n v o l v i n g  lowboys r e s u l t  i n  3 . 3  t i m e s  a s  
many f a t a l i t i e s  ( p e r  a c c i d e n t )  a s  a l l  l a r g e  t r u c k s  t a k e n  t o g e t h e r ,  
and 6 .9  t i m e s  a s  many f a t a l i t i e s  a s  a c c i d e n t s  i n v o l v i n g  on ly  pas -  
s e n g e r  c a r s .  A cu r so ry  e x t r a p o l a t i o n  of t h e  Texas  d a t a  t o  t h e  
n a t i o n  s u g g e s t s  lowboy a c c i d e n t s  might a ccoun t  f o r  a s  many a s  700 
f a t a l i t i e s  a n n u a l l y .  While t h e  e x t r a p o l a t i o n  is c r u d e ,  i t  does  
s e r v e  t o  i n d i c a t e  t h e  p o s s i b l e  magnitude of t h e  problem.  

F i r e  t r u c k  a c c i d e n t s  account  f o r  about  t w i c e  t h e  number of 
i n j u r i e s  p e r  a c c i d e n t  a s  o t h e r  v e h i c l e s  pe rhaps  because  t h i s  i s  t h e  
one t r u c k  w i t h  a  l a r g e  number of o c c u p a n t s ,  o r  because  of t h e  dan- 
g e r s  o f  t r a v e l i n g  under  emergency c o n d i t i o n s  th rough  urban  i n t e r -  
s e c t  i o n s .  

Dump t r u c k s  and cement m i x e r s ,  f o r  both t h e i r  number and their  
mi leage  i n  t h e  p o p u l a t i o n  of t r u c k s ,  a r e  o v e r r e p r e s e n t e d  i n  a c c i -  
d e n t s .  I n  360 cement mixer  c o l l i s i o n s  i n  Texas  t h e r e  were no 



f a t a l i t i e s ;  bu t  i n  1940 dump t r u c k  c o l l i s i o n s  t h e r e  were 26 f a t a l -  
i t i e s .  A major  obse rved  d i f f e r e n c e  between t h e s e  two t y p e s  of 
t r u c k s  was the  d r i v e r  age--dump t r u c k s  having d r i v e r s  r ang ing  l rom 
16 t o  80,  and  cement mixe r s  a  much narrower  age d i s t r i b u t i o n .  

9 .  Double bot tom t r a c t o r  t r a i l e r s ,  un ique ly  i d e n t i f i e d  i n  on ly  
one t u r n p i k e  f i l e ,  e x h i b i t  about  h a l f  t h e  a c c i d e n t  r a t e  ( p e r  VE- 
mile) of o t h e r  t r a c t o r  t r a i l e r s .  - 

For t h e  Ind i ana  t u r n p i k e ,  l a r g e  t r u c k s  had a n  a c c i d e n t  r a t e  of 
172 p e r  m i l l i o n  v e h i c l e  m i l e s ;  double  bot toms had 8 4 .  I n  d i s c u s -  
s i o n s  w i t h  Ohio 'Turnpike o f f i c i a l s ,  i t  was no ted  t h a t  double  bot tom 
a c c i d e n t s  on t h a t  t u r n p i k e  were c o n s i d e r e d  a  r a r i t y .  I n  Ohio t h e  
t u r n p i k e  o f f i c i a l s  pe rmi t  doub1.e bot tom o p e r a t i o n  on ly  bh e s t a b l i s h e d  
t r u c k i n g  companies ( t h o s e  w i t h  a  c r e d i t  c a r d  a c c o u n t )  and f o r  uihom 
they  have approved t h e  d r i v e r  (on t h e  b a s i s  of h i s  l i c e n s e  r e c o r d ) .  
T h i s  s u g g e s t s  t h a t  t h e  lower a c c i d e n t  r a t e  may r e s u l t  from t h e  
d r i v e r ' s  e x p e r t i s e  r a t h e r  t h a n  some p r o p e r t y  of t h e  v e h i c l e .  But 
t h e  u l t i m a t e  r e s u l t  may be b e n e f i c i a l  a s  double  t h e  l o a d  be ing  c a r -  
r i e d  w i t h  h a l f  t h e  a c c i d e n t s  makes t h e  a c c i d e n t s  p e r  t o n  m i l e  f o r  
double  bot toms a t t r a c t i v e l y  low. The r e l a t i v e  s e v e r i t y  of double  
bot tom a c c i d e n t s  c anno t  be measured from t h e  s m a l l  number of i n v o l -  
vements on t h e  Ind i ana  T o l l  Road. Data from t h e  1969 BMCS f i l e  
i n d i c a t e s  t h a t  t h e  occupan t s  of p a s s e n g e r  c a r s  t h a t  a r e  i n  c o l l i s i o n s  
w i t h  d o u b l e s  s u f S e r  app rox ima te ly  12 p e r c e n t  more c a s u a l t i e s  p e r  
a c c i d e n t  t h a n  i f  i nvo lved  w i t h  a  t r a c t o r - s e m i  t r a i l e r .  

2 . 3  Recommendat i o n s  

1. D r i v e r  f a t i g u e  s h o u l d  be r e c o g n i z e d  a s  a  major  c o n t r i b u t i n g  
f a c t o r  i n  t r u c k  a c c i d e n t s .  

F a l l i n g  a s l e e p  o r  be ing  f a t i g u e d  was no t  oliPy t h e  o u t s t a n d i n g  
d r i v e r  c h a r a c t e r i s t i c  no t ed  i n  t h e  mass a c c i d e n t  f i l e s ,  bu t  t h e  
f r equency  i n  t u r n p i k e  a c c i d e n t s  (13%) was l a r g e .  The Bureau of 
Notor C a r r i e r  S a f e t y  is c u r r e n t l y  s p o n s o r i n g  a  program of r e s e a r c h  
i n  d r i v e r  f a t i g u e ;  i ts  c o n c l u s i o n s  and recommendations w i l l  be 
i m p o r t a n t .  I t  is recommended t h a t  t h e  Department of T ranspo r t a l t i on  
c o n s i d e r  c a r e f u l l y  t h e  implementa t ion  of a p p r o p r i a t e  recommendaltions 
01 t h i s  program w i t h  d i s p a t c h .  

2 .  Accident  i n v e s t i g a t i o n  teams s h o u l d  pay p a r t i c u l a r  a t t e n -  - 
t i o n  t o  v e h i c l e  d e f e c t s  i n  t h e i r  s t u d i e s  of t r u c k  c o l l i s i o n s .  

On t h e  t u r n p i k e s  v e h i c l e  d e f e c t s  were c i t e d  i n  a  s u b s t a n t i a l  
f r a c t i o n  of s i n g l e  v e h i c l e / t r u c k  a c c i d e n t s  ( n e a r l y  2 5 % ) .  I n  Texas ,  
where t h e  a c c i d e n t  p o p u l a t i o n  was b roade r  t h a n  on t u r n p i k e s ,  t h e  
ave rage  f o r  t r u c k s  was 6 . 5 % .  In  bo th  c a s e s  t r u c k s  were c i t e d  a s  
d e f e c t i v e  more o f t e n  t h a n  were p a s s e n g e r  c a r s .  P o l i c e  acc iden t ;  
r e p o r t s  o f t e n  do iiot make c l e a r  whether  t h e  d e f e c t  was c o n t r i b u t o r y  
t o  t h e  a c c i d e n t  (no  b r a k e s )  o r  even  t h e  r e s u l t  of t h e  a c c i d e n t  ( a  
r u p t u r e d . t i r e ) ,  s o  t h a t  is d i f f i c u l t  t o  de t e rmine  i t s  e f f e c t  on 
a c c i d e n t  o c c u r r e n c e .  N e v e r t h e l e s s ,  t h e  r e p o r t i n g  f requency  j u s t i f i e s  
a f u r t h e r  e f f o r t  i n  d e f i n i n g  t h i s  a s p e c t  of t r u c k  c o l l i s i o n s .  Ob- 
j e c t i v e  e v a l u a t i o n  of t h e  i n c i d e n c e  and c a u s a l  e f f e c t  of d e f e c t s  
c anno t  be o b t a i n e d  from mass d a t a ,  bu t  must come from in-dep th  i n -  
v e s t i g a t i o n s  by p r o f e s s i o n a l  t eams .  



3 .  P h y s i c a l  s e p a r a t i o n  of t r u c k  and pas senge r - ca r  t r a f f i c  
s h o u l d  be c o n s i d e r e d  where volumes a r e  l a r g e  enough t o  warrant- 
p a r a l l e l  roadways. - 

While a  d e c i s i o n  t o  implement s e p a r a t e  r o a d s  must be based on 
more t h a n  s a f e t y  c o n s i d e r a t i o n s ,  t h e  ev idence  of t h e  a c c i d e n t  
s t a t i s t i c s  f a v o r s  t r u c k - c a r  t r a f f i c  s e p a r a t i o n .  C o l l i s i o n s  between 
v e h i c l e s  of s i m i l a r  we igh t s  produce i n j u r i e s  and f a t a l i t i e s  a t  a  
s u b s t a n t i a l l y  lower r a t e  t han  c o l l i s i o n s  between d i s s i m i l a r  v e h i c l e s .  
Recent news r e p o r t s  of t h e  v u l n e r a b i l i t y  of sub-compact c a r s  oper -  
a t i n g  i n  an  environment  w i t h  s t a n d a r d  s edans  i l l u s t r a t e s  t h i s  p o i n t ;  
t h e  s i t u a t i o n  between c o n v e n t i o n a l  pa s senge r  c a r s  and l a r g e  t r u c k s  
is worse.  

Secondly,  t h e  t r a f f i c  i n t e r a c t i o n  model developed a s  a  p a r t  of 
t h i s  s t u d y  s u g g e s t s  t h a t  ( f o r  a  g i v e n  t r a f f i c  f low r a t e )  t h e  number 
of  c o n f l i c t s  is a  max,imum a t  a  t r u c k - c a r  mix of about  30% t r u c k s  
and 70% c a r s .  J u s t  because  of t h e  s m a l l e r  d e v i a t i o n  of speed ,  t h e  
road  c a r r y i n g  a  s i n g l e  t ype  of v e h i c l e  s h o u l d  have fewer  c o n f l i c t s .  
And a l t hough  c o n f l i c t s  a r e  not n e c e s s a r i l y  l i n e a r l y  r e l a t e d  t o  
a c c i d e n t s ,  some p o s i t i v e  r e l a t i o n s h i p  can be presumed t o  e x i s t .  

T r a f f i c  s e p a r a t i o n  might be accompl i shed  i n  any of s e v e r a l  
ways. Tu rnp ikes  cou ld  encourage  t r u c k s  t o  t r a v e l  a t  c e r t a i n  times 
of t h e  day by a d j u s t i n g  t h e  r a t e  s c h e d u l e s ;  c a r s  cou ld  be d i s cou raged  
a t  t h e  same t i m e ,  N e w  l a n e s  added t o  e x i s t i n g  highways cou ld  be 
p h y s i c a l l y  s e p a r a t e d  from t h e  o l d ,  and t r a f f i c  of d i f f e r e n t  t y p e s  
channe led  a p p r o p r i a t e l y .  Or complete  r o a d s  might be c o n s t r u c t e d  t o  
s e r v e  j u s t  c a r  o r  t r u c k  t r a f f i c .  T h i s  s i t u a t i o n  e x i s t s  t o  some 
e x t e n t  i n  New J e r s e y  where p o r t i o n s  of t h e  Garden S t a t e  Parkway a r e  
r e s t r i c t e d  t o  pa s senge r  v e h i c l e s ,  and t h e  t u r n p i k e  c a r r i e s  heavy 
t r u c k  t r a f f i c .  Pennsy lvan ia  Turnpike  o f f i c i a l s  have i n f o r m a l l y  d i s -  
cus sed  t h e  c o n s t r u c t i o n  of a  p a r a l l e l  t r uck -on ly  highway, and i t  may 
be  t h a t  i n c r e a s i n g  volume ove r  t h e  y e a r s  would make t h i s  a p p r o p r i a t e .  

The BMCS f i l e  c u r r e n t l y  does  not  r e p r e s e n t  a  n a t i o n a l  census  of 
t r u c k  a c c i d e n t s .  Among o t h e r  r e a s o n s ,  t h i s  is t r u e  because t h e  
r e p o r t i n g  is r e s t r i c t e d  t o  r e g u l a t e d  c a r r i e r s  i n  i n t e r s t a t e  com- 
merce.  T h i s  f i l e  shou ld  be expanded t o  i n c l u d e  more of t h e  t o t a l  
t r u c k  community; and t h i s  might b e t t e r  be accomplished under  t h e  
a u s p i c e s  of NHTSA. Unde r r epo r t i ng  of r e p o r t a b l e  a c c i d e n t s ,  wh i l e  
not s p e c i f i c a l l y  de te rmined  i n  t h e  p r e s e n t  s t u d y ,  is a  p o s s i b l e  
e x p l a n a t i o n  f o r  t h e  d i s p a r i t y  between s t a t e  t r u c k  a c c i d e n t  r e c l ~ r d s  
and t h e  BMCS f i l e .  T h i s  f a c to r - - r epo r t i . ng  b i a s - -de se rves  c los13 
a t t e n t i o n  i n  t h e  development of an expanded f i l e .  

The d a t a  e l e m e n t s  now i n c l u d e d  i n  t h e  BMCS r e p o r t i n g  form,  and 
i n  t u r n  i n  t h e  d i g i t a l  f i l e ,  a r e  minimal f o r  s a f e t y  r e l a t e d  s t u d i e s .  
T h i s  shou ld  be expanded t o  i n c l u d e  more d e t a i l  on t h e  s i z e  and 
weight  of v e h i c l e s  a t  t h e  t ime  of t h e  a c c i d e n t ,  more d e s c r i p t i v e  
m a t e r i a l  on t h e  a c c i d e n t  c o n f i g u r a t i o n ,  and more d e t a i l  about  equ ip -  
ment f a u l t s .  I n  p a r t i c u l a r  d e t a i l s  of f a i l u r e  mechanisms i n  b r a k e s ,  
t i r e s ,  and whee1.s would p r o v i d e  u s e f u l  i n f o r m a t i o n  t o  s a f e t y  p l a n n e r s .  



5.  The Blult i d i s c i p l i n a r y  Accident  I n v e s t i g a t i o n  Teams shoilld - 
be asked  T a j G c h  f o r  and i n v e s t i g a t e  lowboy a c c i d e n t s .  --- -- -- 

The i a t a l i t y  r a t e  f o r  t h i s  c l a s s  01 a c c i d e n t s  observed  i n  Texas 
was s u f f i c i e n t l y  g r e a t e r  t h a n  f o r  any o t h e r  s i n g l e  c l a s s  t o  war ran t  
a f u r t h e r  d e l i n i t i o ~ i  of t h e  problem,  I t  is not  c l e a r  from t h e  mass 
a c c i d e n t  d a t a  what c ause s  t h e  f a t a l  i n j t l r i e s  i n  such c o l l i s i o n s ,  alrt 
i t  i s  expec t ed  t h a t  a  modest number oP f u l l y  i n v e s t i g a t e d  c a s e s  
would p rov ide  t h e  i n f o r m a t i o n  t o  b e t t e r  unde r s t and  t h e  unique a s p e c t s  
of t h e s e  a c c i d e n t s  and might l e a d  t o  an  a p p r o p r i a t e  counte rmeasure .  

There  a re  p r e s e n t l y  no NHTSA-sponsored teams which have t r u c k  
a c c i d e n t s  a s  t h e i r  pr imary a r e a  of i n t e r e s t .  The unique mechanical 
c h a r a c t e r i s t i c s  of t r u c k s ,  a s  w e l l  a s  t h e  s p e c i a l  c h a r a c t e r i s t i c s  
of t r u c k  d r i v e r s ,  cou ld  be more adequa t e ly  r e p o r t e d  by a  team 
s p e c i a l i z i n g  i n  t h i s  a.rea. For t h i s  r e a son  i t  is sugges t ed  t h a t  
NHTSA c o n s i d e r  deve lop ing  one oP i t s  teams t o  cover  p r i m a r i l y  l a r g e  
t r lucks  a c c i d e n t  involvements .  Such a  team could  complement t h e  
p r e s e n t  e l f a r t s  of t h e  Bureau of Motor C a r r i e r  S a f e t y  which does  
conduct in-depth i n v e s t i g a t i o n s  i n t o  a  s e l e c t e d  group of i n t e r s1 ; a t e  
c a r r i e r  c o l l i s i o n s .  

6 .  An i n t e r m e d i a t e  l e v e l  a c c i d e n t  d a t a  c o l l e c t i o n  e f f o r t  shou ld  
be i n s t i t u t e d  i n  connec t i on  wi th  one o r  more t u r n p i k e s .  

The  v a l u e  of t u r n p i k e  a c c i d e n t  d a t a  would be g r e a t l y  enhanced 
w i t h  t h e  a d d i t i o n  of d e t a i l e d  i n fo rma t ion  a p p r o p r i a t e  t o  t r u c k s ,  
and by i deu t i fy i . ng  v e h i c l e  c h a r a c t e r i s t i c s  i n  a  manner more e a s i l y  
compared w i t h  t h e  t r a f f i c  d a t a .  Conversely t h e  t r a f f i c  d a t a  cou ld  
he improved f o r  t h e  same pu rpose .  B i - l eve l  i n v e s t i g a t i v e  e f f o r t s  
shou ld  be i n s t i t u t e d  on s e v e r a l  t u r n p i k e s  by adding  pnov i s ions  f o r  
t r u c k - r e l a t e d  f a c t o r s  t o  t h e  normal a c c i d e n t  i n fo rma t ion  and r e p o r t -  
i ng  p rocedu re s .  The requi rement  f o r  a d d i t i o n a l  t r a f f i c  d a t a  does  
not imply a  need f o r  a  change i n  t o l l  s t r u c t u r e s ,  but  may invo lve  
added i n s t r u m e n t a t i o n  o r  s l i g h t  m o d i f i c a t i o n  of t h e  d a t a  r e c o r d i n g  
schemes. 

T h i s  program might b e s t  be accomplished by c o n t r a c t  d i r e c t l y  
w i t h  a  t u r n p i k e  commission, o r  w i t h  a  Highway P a t r o l  Agency. T h i s  
s e t  of i n v e s t i g a t i o n s  would complement t h e  o t h e r  a c c i d e n t  i n v e s t i -  
g a t i o n  a c t i v i t i e s  d i s c u s s e d  above by p rov id ing  d a t a  on a  s u b s t a n t i a l  
number of a c c i d e n t s  f o r  which good exposure  i n fo rma t ion  is a v a i l a b l e .  

I n  l i e u  of c r e a t i n g  a  s p e c i a l i z e d  a c c i d e n t  i n v e s t i g a t i o n  pro-  
gram on t u r n p i k e s ,  NHTSA might c o n s i d e r  t h e  c o n t i n u a l  upda t i ng  of  
s e v e r a l  t u r n p i k e  f i l e s  u s i n g  on ly  t h e  d a t a  p r e s e n t l y  coded by t h e  
s t a t e  o r  t u r n p i k e  a u t h o r i t i e s .  While a  s i n g l e  a d d i t i o n a l  y e a r  of 
d a t a  is not  l i k e l y  t o  be of much v a l u e  by i t s e l f ,  t h e  r e c o r d  ove r  
s e v e r a l  y e a r s  sho111d show t r e n d s  i n  t r a v e l  and a c c i d e n t  r a t e s  a t  
r e l a t i v e l y  low c o s t .  I f  t h i s  i s  done,  t h e  Ohio and Ind iana  f i l e s  
a r e  p r e f e r r e d  t o  Pennsy lvan ia - -pr imar i ly  because t h e  e x i s t i n g  d a t a  
e l e m e n t s  a r e  more p e r t i n e n t  t o  a c c i d e n t  s t u d i e s .  



7 .  I t  is recommended t h a t  NHTSA deve lop  a  p l a n  f o r  c o n t r o l l e d  
e x p e r i m e n t a t i o n  w i t h  s p e c i f i c  t r u c k - a c c i d e n t  countermeasures ,  u s i n g  
t e c h n i q u e s  ana logous  t o  t h e  c o n f l i c t  measures  p r e s e n t l y  be ing  em- - 
p loyed  by t h e  F e d e r a l  Highway A d m i n i s t r a t i o n .  

S e v e r a l  p o s s i b l e  countermeasures  aimed a t  r educ ing  e i t h e r  t h e  
f requency  o r  t h e  s e v e r i t y  of c a r - i n t o - t r u c k  r e a r  end c o l l i s i o n s  
have been widely d i s c u s s e d  r e c e n t l y .  These i n c l u d e  i n c r e a s i n g  t h e  
horsepower t o  weight  r a t i o n  f o r  commercial  v e h i c l e s ,  enhanced r e a r  
l i g h t i n g  sys t ems ,  and u n d e r r i d e  p r o t e c t i o n  d e v i c e s .  I t  is d i f f i c u l t  
i u  e v d l u d i e  iLe e l i i ~ a ~ y  u i  chese countermeasures  Dy looking  a t  t h e  
p r e s e n t  mass a c c i d e n t  d a t a  because :  e i t h e r  t h e  d a t a  do not e x i s t  
( e . g . ,  weight t o  horsepower r a t i o  is  not  r eco rded  i n  any of t h e  
d a t a  sets)  o r  t h e r e  is l i t t l e  o r  no v a r i a t i o n  i n  performance ( a s  i n  
t h e  c a s e  of r e a r  l i g h t i n g  s y s t e m s ) ,  

Looking f o r  s u r r o g a t e s  of t h e s e  f a c t o r s  i n  t h e  a c c i d e n t  d a t a  
l e a d s  t o  some mixed c o n c l u s i o n s .  I nc reased  horsepower might a s s i s t  
t r u c k s  i n  ma in t a in ing  speed  up g r a d e s ;  bu t  t r u c k s  a r e  o v e r r e p r e s e n t e d  
i n  s t r i k i n g  c a r s  i n  t h e  r e a r ,  and i t  is p o s s i b l e  t h a t  i n c r e a s e d  
horsepower might make t h i s  s i t u a t i o n  worse.  Trucks  a r e  indeed  
s t r u c k  on upgrades  more o f t e n  t h a n  might be e x p e c t e d ;  but  s o  a r e  
c a r s .  And t r u c k s  a r e  s t r u c k  more o f t e n  i n  t h e  dayt ime a s  w e l l  a s  
a t  n i g h t .  I t  is p o s s i b l e  t h a t  dayt ime use  of l i g h t s  might improve 
t n i s  s i t u a t i o n ,  but some o t h e r  communication t echn ique  might do an 
even  b e t t e r  j ob .  

Countermeasures  w i l l  c o n t i n u e  t o  be sugges t ed  by people  wi th  
i d e a s .  While t h i s  r e p o r t  h a s  a t t e m p t e d  t o  no t e  peaks i n  t h e  a c c i -  
d e n t  and i n j u r y  d a t a ,  i t  h a s  not  dwel led  upon t h e  i n v e n t i o n  of 
c u r e s  f o r  these peaks .  I t  is hoped t h a t  it  w i l l  f u r n i s h  m a t e r i a l  
Irom which o t h e r s  can s u g g e s t  s p e c i f i c  remedies  t o  be t r i e d .  

We no te  he re  t h a t  t h e  body of d a t a  used i n  t h i s  s t u d y  was 
q u i t e  l a r g e .  Texas a c c o u n t s  f o r  about  6% of t h e  n a t i o n ' s  a c c i d e n t s ,  
and w h i l e  i t  may be r e g i o n a l l y  b i a s e d ,  t h i s  is l a r g e  enough t o  make 
one t a k e  n o t i c e  of peaks  i n  t h e  d a t a .  The t h r e e  t u r n p i k e  f i l e s  
r e p r e s e n t  on ly  about  1000 miles of c o n t r o l l e d  a c c e s s  highway, but  
t h e r e  i s  an ave rage  of n e a r l y  f o u r  y e a r s  of t h i s  d a t a .  Thus i t  is  
e q u i v a l e n t  t o  some 10% of t h e  i n t e r s t a t e  sys tem f o r  one y e a r  ( i n  
m i l e a g e ) ,  and because of i ts  heavy t r a f f i c  d e n s i t y  h a s  more than  10% 
of  a  y e a r ' s  a c c i d e n t s  f o r  t h e  n a t i o n  on t h i s  t ype  of road .  

The p o i n t  t o  be made h e r e  is t h a t  mass a c c i d e n t  d a t a ,  a t  l e a s t  
i n  i ts  p r e s e n t  form,  is  j u s t  not  capab le  of e v a l u a t i n g  such coun te r -  
measures  a s  l a r g e r  e n g i n e s ,  r e a r  bumpers, o r  r e a r  l i g h t i n g  sys tems  
t o  any deg ree  off accu racy .  

The t e c h n i q u e s  of c o n f l i c t  measurement have been developed t o  
s t u d y  t h e  e f f e c t  of changes i n  t h e  highway--changes i n  s i g h i n g ,  
geometry,  o r  t r a f f i c  c o n t r o l .  W h i l e  t h e s e  t e c h n i q u e s  have not  been 
a p p l i e d  t o  t h e  e v a l u a t i o n  of v e h i c l e  m o d i f i c a t i o n  b e f o r e ,  i t  is 
sugges t ed  t h a t  t hey  a r e  a p p r o p r i a t e  t o  t h e  d e t e r m i n a t i o n  of va lue  
of l i g h t i n g  s y s t e m s ,  and horsepower t o  weight  r a t i o ,  and pe rhaps  t o  
new countermeasures  y e t  t o  be promulga ted .  



Many p o s s i b l e  countermeasures  dese rve  more t han  a  paper  eva lu -  
a t i o n ,  and t h e  on ly  chance f o r  c o n t r o l l e d  expe r imen ta t i on  would 
seem t o  l i e  i n  t h e  measurement of i n t e r m e d i a t e  v r ' a b l e s  such a s  
is done i n  t h e  c o n f l i c t  measurement t e c h n i q u e .  1 9 %  15 
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3 .  METHODOLOGY 

The  g e n e r a l  o b j e c t i v e s  o f  t h i s  s t u d y  a r e  t o  d e s c r i b e  t h e  c h a r s -  
c t e r i s t  ics  o f  t r u c k  a c c i d e n t s  a s  m e n t i o n e d  i n  t h e  I n t r o d u c t i o n  a n d  
t o  d e t e c t  o u t s t a n d i n g  f a c t o r s  a n d  u n i q u e f e a t u r e s w h i c h  c o u l d  l e a d  t o  
i d e n t i f i c a t i o n  o f  a r e a s  a p p r o p r i a t e  f o r  c o u n t e r m e a s u r e s ,  U l t i m a t e l y  
t h e  g o a l  is t o  e i t h e r  d e t e r m i n e  a p p r o p r i a t e  c o u n t e r m e a s u r e s  o r  t o  
d e f i n e  a r e a s  wh ich  mus t  be i n v e s t i g a t e d  f u r t h e r  b e f o r e  n e c e s s a r y  
c o u n t e r m e a s u r e s  c a n  b e  s p e c  i f  i e d .  

The  s t u d y  is b a s e d  on  s t a t i s t i c a l  a n a l y s i s  o f  a c c i d e n t  d a t a  
c o n t a i n e d  i n  s e v e r a l  'If i les"  o f  r e p o r t s  o f  p o l i c e  a c c i d e n t  i n v e s t  i g a -  
t i o n s .  The  i n d i v i d u a l  f i l e s  a r e  d e s c r i b e d  i n  t h e  f o l l o w i n g  s e c t i o n .  
S e v e r a l  were i n  e x i s t e p c e  a n d  h a v e  b e e n  i n  u s e  f o r  g e n e r a l  a c c i d e n t  
s t u d y  f o r  some time. O t h e r s  were o b t a i n e d  o r  c o n s t r u c t e d  s p e c i f i c a l l y  
f o r  t h i s  p r o j e c t .  The  f i l e s  o f  p o l i c e  r e p o r t s  i n  a g g r e g a t e  c o n t a i n  
r e c o r d s  o f  a c c i d e n t s  i n v o l v i n g  2 7 , 0 0 0  t r u c k s .  To t h i s  b a s e  was a d d e d  
s e v e r a l  y e a r s  o f  a c c i d e n t  d a t a  o f  t h e  BMCS w i t h  1 5 8 , 0 0 0  a c c i d e n t s ,  
n e a r l y  a l l  o f  wh ich  i n v o l v e  t r u c k s .  I n  a d d i t i o n  t o  t h e  1 8 5 , 0 0 0  
t r u c k s  i n  t h e s e  f i l e s ,  t h e  N a t i o n a l  A c c i d e n t  Summary f i l e  was a v a i l -  
a b l e  w i t h  2 1 8 , 0 0 0  t r u c k s .  

l'l'te d a t a  i n  t h e  t e n  a v a i l a b l e  f i l e s  v a r i e s  g r e a t l y  f rom s o u r c e  
t o  s o u r c e  i n  d e t a i l  a n d  s t r u c t u r e ,  Thus  none  o f  t h e  a n a l y s e s  u t i l i -  
zed a l l  o f  t h e  f i l e s .  O f t e n  o n l y  a  f ew c o u l d  b e  u s e d  f o r  a  s p e c i f i c  
q u e s t i o n .  The  l a c k  o f  u n i f o r m i t y  b e t w e e n  a c c i d e n t  d a t a  b a n k s  is b o t h  
a c u r s e  a n d  a  b l e s s i n g .  The  d i s a d v a n t a g e s  a r e  o b v i o u s .  S i n c e  no  
q u e s t i o n  c a n  b e  i n v e s t i g a t e d  u s i n g  a l l  f i l e s ,  n o r  w i t h  e q u a l  v i g o r  
f r o m  s e v e r a l  a p p l i c a b l e  f i l e s ,  many s u b j e c t s  c a n n o t  be  e x t e n d e d  t o  
r e p r e s e n t a t i o n  o f  a  n a t i o n a l  p i c t u r e  i n  s p i t e  o f  t h e  l a r g e  t o t a l  
s a m p l e .  On t h e  o t h e r  h a n d ,  t h e  d i v e r s i t y  o f  t h e  f i l e s  means t h a t  
t h e  i n v e s t i g a t i o n  is n o t  l i m i t e d  t o  a  l e a s t  common d e n o m i n a t o r ,  
And o f t e n ,  a  q u e s t i o n  t h a t  c a n  n o t  be s t u d i e d  w i t h  f t t y p i c a l T 1  f i l e s  
c a n  be s t u d i e d  w i t h  a  s p e c i f i c  d a t a  b a n k .  

The  t r u c k s  i n  t h e s e  f i l e s  a r e  o f  a l l  t y p e s  a n d  s i z e s ,  w i t h  de -  
s c r i p t i o n  a n d  c l a s s i f i c a t i o n  a l s o  v a r y i n g  f r o m  s o u r c e  t o  s o u r c e .  I n  
o r d e r  t o  e x c l u d e  v e h i c l e s  w i t h  o p e r a t i n g  c h a r a c t e r i s t i c s  s i m i l a r  t o  
t h o s e  o f  p a s s e n g e r  c a r s ,  t h i s  s t u d y  g e n e r a l l y  h a s  n o t  c o n s i d e r e d  
p i c k u p  a n d  p a n e l  t r u c k s .  Emphas i s  was p l a c e d  on t r a c t o r - t r a i l e r s ,  b u t  
where  i n f o r m a t i o n  was a v a  i l a  b l e  on  i n t e r m e d i a  te-s i z e d  t r u c k s  t h e y  
h a v e  b e e n  i n c l u d e d .  

The  a n a l y s i s  o f  t h e  m a j o r i t y  o f  t h e  f i l e s  o f  p o l i c e  d a t a ,  t h e  
N a t i o n a l  A c c i d e n t  Summary a n d  the BMCS d a t a  is b a s e d  on f r e q u e n c y  
o r  i n c i d e n c e  o f  a c c i d e n t s .  T h i s  g e n e r a l  a p p r o a c h ,  b o t h  h e r e  a n d  i n  
p r e v i o u s  t r u c k  a c c i d e n t  s t u d i e s ,  c a n  b e  o f  r e w a r d i n g  v a l u e ,  b u t  d o e s  
n o t  a l l o w  a d j u s t m e n t  o f  i n c i d e n c e  f o r  r e l a t i v e  e x p o s u r e ,  t h u s  EI l l o w i n g  
o r  e v e n  f o s t e r i n g  m i s c o n c e p t i o n s .  

S i n c e  few i f  a n y  r e c e n t  s t a t i s t i c a l  s t u d i e s  o f  t r u c k  a c c i d e n t s  
w i t h  w i d e  a p p l i c a b i l i t y  h a v e  i n c l u d e d  e x p o s u r e  d a t a ,  p a r t i c u l a r  
e m p h a s i s  h a s  b e e n  p l a c e d  on i n c o r p o r a t i n g  e x p o s u r e  m e a s u r e s  i n  t h i s  
s t u d y .  



T o l l  roads  were s e l e c t e d  a s  an i d e a l  "c losed  systemff  f o r  s t u d y ,  
i n  - that  complete  a c c i d e n t  d a t a  can be ob ta ined  from a s i n g l e  agency,  
a l o n g  w i t h  a t r a f f i c  'lcensus" de r ived  from t o l l  d a t a .  Thus a  r a t h e r  
p r e c i s e  measure of exposure is a v a i l a b l e  a long  w i t h  complete  a c c i d e n t  
coverage f  rorn an  e n t i r e  popu la t ion .  For . th i s  r ea son ,  t h e  Pennsylva- 
n i a  and Ohio t u r n p i k e s  and t h e  Indiana T o l l  Road were s e l e c t e d ,  
Nearly a l l  t h e  a n a l y s i s  of a c c i d e n t  d a t a  from t h e s e  highways is com- 
pared ' w i t h  cor responding  exposure measures .  The primary measure of 
exposure used is v e h i c l e  mi l e s  of t r a v e l .  I n  a d d i t i o n ,  a  t r a f f i c  
f low model based on freq,uency of p o t e n t i a l  c o n f l i c t  s i t u a t i o n s  was 
de.veloped, and it proved v a l u a b l e  f o r  s t u d y i n g  a  mixture  of v e h i c l e  
t y p e s ,  p a r t i c u l a r l y  f o r  a n a l y s i s  of involvements of a  minor i ty  vehi -  
c l e ,  i , e .  t r u c k s .  

The t u r n p i k e  d a t a  c e r t a ~ i n l y  does not  r e p r e s e n t  a l l  environments  
i n  which t r u c k s  o p e r a t e ,  and t h e  o t h e r  f i l e s  a r e  v a l u a b l e  f o r  t h i s  
r e a s o n .  However, t u r n p i k e s  a r e  s i m i l a r  i n  des ign  philosophy and use 
t o  t h e  system of i n t e r s t a t e  highways. The r e s u l t s  of t h e  I1 turnpikew 
a n a l y s e s  a r e  important  i n  t h a t  they  a r e  r e p r e s e n t a t i v e  of both t h e  
i n t e r s t a t e  highway system of t h e  county and of many o t h e r  c o n t r o l l e d  
a c c e s s  highways, 

With t h e  excep t ion  of t h e  BMCS f i l e  and a  f i l e  of Texas t r u c k  
a c c i d e n t s ,  a l l  of t h e  f i l e s  used i n  t h i s  s tudy  c o n t a i n  not  on ly  
a c c i d e n t s  i nvo lv ing  t r u c k s ,  but a l l  motor v e h i c l e  t r a f f i c  a c c i d e n t s  
i n  t h e  j u r i s d i c t i o n  of t h e  r e p o r t i n g  agency. Ttiese predominantly 
passenger  c a r  a c c i d e n t s  have been inc luded  i n  t h e  a n a l y s i s , n o t  a s  t h e  
s u b j e c t  of the  s t u d y ,  but  f o r  comparison purposes .  Cars  a r e  not  
compared wi th  t r u c k s  a s  an a p p r o p r i a t e  y a r d s t i c k  of t ruck  a c c i d e n t  
e x p e r i e n c e ,  which they  c e r t a i n l y  do not  p rov ide .  Nor a r e  t h e  com- 
p a r i s o n s  used t.o condemn o r  acc l a im t r u c k s .  In a d d i t i o n  t o  provid ing  
a  r e l a t i v e  measure of t h e  magnitude of t h e  s a f e t y  problems, c a r  
involvements  a r e  inc luded  f o r  two s p e c i f i c  r ea sons  : 

(1) Trucks r e p r e s e n t  a  minor i ty  v e h i c l e  type  on n e a r l y  a l l  high- 
way sys tems.  A s  such ,  t h e  i n t e r s e c t i o n  of c a r  a c c i d e n t s  and 
t r u c k  a c c i d e n t s  i nc ludes  almost  a l l  of t h e  t r u c k  a c c i d e n t s  but  
few of t h e  passenger  c a r  a c c i d e n t s .  The world of t r u c k s  is csom- 
posed l a r g e l y  of c a r s ,  and e x c l u s i o n  of c a r s  from an a n a l y s i s  of 
t h e  s o r t  done here--even those  a c c i d e n t s  i nvo lv ing  only  passenger  
cars--would not  a l l ow examinat ion of t h e  whole p i c t u r e .  

( 2 )  The second r eason  f o r  i nc lud ing  passenger  c a r  a c c i d e n t s  is 
c l o s e l y  r e l a t e d  t o  t h e  de t e rmina t ion  of countermeasures  o r  t o  t h e  
d e t e c t i o n  of problem arews f o r  which countermeasures  a r e  appro- 
p r i a t e .  If a  countermeasure is t o  be a p p l i e d  uniquely  t o  t r u c k s ,  
i t  should  be addressed  t o  a  problem unique t o  t r u c k s  o r  t o  t ruck  
a c c i d e n t s ;  i . e ,  , t h e  g r e a t e s t  p o t e n t i a l  f o r  reducing  t h e  consce- 
quences of t r u c k  a c c i d e n t s  would probably be r e a l i z e d  by d e t e c t i n g  
and responding  t o  d i f f e r e n c e s  i n  t h e  a c c i d e n t  expe r i ence  of t h e  
two v e h i c l e  t y p e s .  

Much of t h e  informat ion  a v a i l a b l e  from p o l i c e  r e p o r t s  is f lha rd l l  
o r  o b j e c t i v e  d a t a  t h a t  has  h igh  r e l i a b i l i t y  and accuracy .  Th i s  
c a t e g o r y  inc ludes  d a t e ,  t ime ,  l o c a t i o n ,  g r o s s  v e h i c l e  d e s c r i p t i o n ,  
e t c .  Other  d a t a  is h igh ly  s u b j e c t i v e  o r  "sof t I f  . Thi s  ca t egory  in-  
c l u d e s  much of t h e  c a u s a t i v e  in fo rma t ion  and sometimes t h e  s e v e r i t y  
of n o n - f a t a l  i n j u r y .  Speed of v e h i c l e s  a t  and be fo re  impact,  and 
p rope r ty  damage l o s s e s  a r e  a l s o  examples of t h e  l a t t e r .  



A s  much a s  p o s s i b l e ,  t h e  a n a l y s e s  u s i n g  o b j e c t i v e  and s u b j e c t i v e  
i n fo rma t ion  have been s e p a r a t e d .  N e v e r t h e l e s s  s u b j e c t i v e  d a t a  can  
be v a l u a b l e  and such  d a t a  has  no t  been o m i t t e d ,  bu t  on ly  subordl inated 
and d i s c u s s e d  independen t ly .  



4 .  DATA DESCRIKTION 

T h i s  s t u d y  i s  concerned w i t h  t h e  c o m p i l a t i o n  o f ,  and t h e  draw- 
i n g  of i n f e r e n c e s  from d e s c r i p t i v e  d a t a  r e l a t i v e  t o  t h e  involvement 
of t r u c k s  i n  highway a c c i d e n t s  i n  t h e  Uni ted  S t a t e s .  A number of 
s e t s  of a c c i d e n t  d a t a  have been used  i n  t h i s  work, most of t l h e m  
d e r i v i n g  from p o l i c e  o f f i c e r  i n v e s t i g a t i o n s ,  One c o l l e c t i o n  of 
i n f o r m a t i o n  r e s u l t s  from c a r r i e r  r e p o r t s ,  and a n o t h e r   result,^ from 
a  s m a l l  number of very d e t a i l e d  a c c i d e n t  i n v e s t i g a t i o n s  conducted 
by p r o f e s s i o n a l  i n v e s t i g a t o r s .  

Some a r e  n a t i o n a l  i n  c h a r a c t e r ,  some cover  a  s i n g l e  s t a t e ,  
and some cove r  s m a l l e r  j u r i s d i c t i o n s ;  and they  vary  i n  c o n t e n t  
from be ing  e n t i r e l y  t r u c k  r e l a t e d  t o  g e n e r a l  coverage of a l l  a c c i -  
d e n t s  w i t h i n  a  g i v e n  a r e a .  

W h i l e  i t  would be d e s i r a b l e  f o r  t h e  purpose  of drawing i n f e r -  
e n c e s  about  t h e  n a t i o n a l  p o p u l a t i o n  t o  have s e l e c t e d  d a t a  s e t s  
which cou ld  be s t a t i s t i c a l l y  r e l a t e d  t o  t h e  e n t i r e  c o u n t r y ,  d a t a  
s e t s  were chosen i n s t e a d  f o r  t h e i r  a v a i l a b i l i t y  and c o n t e n t .  
G e n e r a l l y ,  t h e n ,  i n f e r e n c e s  t o  t h e  n a t i o n a l  p i c t u r e  must be made 
wi th  c a u t i o n ;  i n  t h e  a n a l y s e s  p r e s e n t e d  t h i s  c a u t i o n ;  w i l l  
o c c a s i o n a l l y  be made e x p l i c i t .  

Two n a t i o n a l  s e t s  of d a t a  have been used :  t h a t  of  t h e  N a t i o n a l  
Acc ident  Summary p r e p a r e d  by t h e  N a t i o n a l  Highway T r a f f i c  S a f e t y  
A d m i n i s t r a t i o n  and t h a t  of t h e  Bureau of Motor C a r r i e r  S a f e t y .  
Even t h e s e  a r e  not  f u l l y  r e p r e s e n t a t i v e  of n a t i o n a l  s t a t i s t i c s ,  
and some a n a l y s e s  w i l l  be p r e s e n t e d  t o  q u a l i f y  t h e s e .  

In  t h i s  s e c t i o n  t h e  p r i n c i p a l  s o u r c e s  of d a t a  w i l l  be d e s c r i b e d  
b r i e f l y ,  emphas iz ing  t h e i r  s t r e n g t h s  and weaknesses  w i t h  r e f e r e n c e  
t o  d e f i n i n g  t r u c k  a c c i d e n t  involvement .  The s o u r c e s  a r e  summarized 
i n  Tab le  4-1. 

Each of t h e  s e t s  of d a t a  d e f i n e d  i n  t h e  t a b l e  h a s  been p l a c e d  
i n  a  common d i g i t a l  form f o r  a n a l y s i s .  With t h e  e x c e p t i o n  of t h e  
Ind iana  and Oakland County f i l e s  a l l  were i n  d i g i t a l  form when they  
were a c q u i r e d .  For  t h e  Ind iana  T o l l r o a d ,  d a t a  were o b t a i n e d  i n  
ha rd  copy form,  coded,  and keypunched l o c a l l y .  The Oakland County 
d a t a  was p a r t i a l l y  d i g i t i z e d ,  bu t  some d e t a i l s  were added l o c a l l y .  

The DENVER a c c i d e n t  f i l e  was d e r i v e d  from r e c o r d s  o b t a i n e d  
th rough  t h e  S t a t e  of Colorado Department of Revenue, and c o n s i s t s  
of a l l  r e p o r t e d  a c c i d e n t s  o c c u r r i n g  i n  1969 i n  Denver, Washington, 
J e f f e r s o n ,  and Arapahoe Count i e s - - g e n e r a l l y  d e s c r i b e d  a s  t h e  g r e a t -  
e r  Denver a r e a .  There  is l i t t l e  d e t a i l  on type  of t r uck - - these  
v e h i c l e s  be ing  d e s c r i b e d  a s  (1) t r u c k s  ( 2 )  t r u c k  t r a c t o r s  and ( 3 )  
t r u c k  s e m i t r a i l e r s .  In a d d i t i o n  p ickup  t r u c k s  and pickup t r u c k s  
w i t h  camper bod ie s  a r e  s e p a r a t e l y  i d e n t i f i e d .  

The unique f e a t u r e  of t h e  Denver d a t a  i s  t h e  e x i s t e n c e  of a  
damage s c a l e  s i m i l a r  t o  t h e  TAD s c a l e .  T h i s  p e r m i t s  i d e n t i f i c a t i o n  
of damage t o  t h e  v e h i c l e  body on a  16 p o i n t  compass c e n t e r e d  on t h e  
v e h i c l e .  I t  h a s  been used  i n  t h i s  s t u d y  t o  compare t h e  damage 
i n c u r r e d  by v a r i o u s  c l a s s e s  of v e h i c l e s  i nvo lved  i n  a c c i d e n t s .  



T a b l e  4-1 

Summary o f  P r i n c i p a l  Data S o u r c e s  

NAME DESCRIPTION TIME NUMBER OF 
PERIOD CASES 

Denver Four  c o u n t y  a r e a  4 5 , 0 0 0  a c c i d e n t s  
i n c l u d i n g  Denver ,  6 2 , 0 0 0  veh i c l e s  
C o l o r a d o  1969 2 , 3 0 0  t r u c k s  

T e x a s  A 5% sample  of a l l  1 8 , 8 3 7  a c c i d e n t s  
Sample r e p o r t e d  a c c i d e n t s  3 2 , 2 2 4  v e h i c l e s  

i n  t h e  s t a t e  o f  T e x a s  4 , 7 4 7  t r u c k s  
f o r  one y e a r  1969 

Texas ,  A f i l e  o f .  a l l  t r u c k  1 1 , 5 9 0  a c c . i d e n t s  
T r u c k  a c c i d e n t s  o c c u r r i n g  2 0 , 6 4 1  v e h i c l e s  

i n  T e x a s  i n  o n e  y e a r  1969 1 3 , 4 1 3  t r u c k s  

Oakland A f i l e  o f  a l l  r e p o r t e d  2 9 , 2 6 5  a c c i d e n t s  
County a c c i d e n t s  o c c u r r i n g  i n  4 8 , 0 0 0  v e h i c l e s  

Oak1,and County ,  Michigan 2 , 1 0 0  t r u c k s  
i n  one y e a r  1969 

N a t i o n a l  A f i l e o f  2 . 5 m i l l i o n  6  2 . 5  x 1 0  v e h i c l e s  
A c c i d e n t  i n v o l v e m e n t s  f rom 26  2  1 8 , 0 0 0  t r u c k s  
Summary s t a t e s  1968 

Bureau of A f i l e  of i n v o l v e m e n t s  1966 1 6 3 , 9 3 8  v e h i c l e s  
Motor o f  i n t e r - s t a t e  c a r r i e r  ( l a s t  1 5 7 , 8 9 8  t r u c k s  
C a r r i e r  v e h i c l e s ,  r e p o r t e d  by h a l f )  
S a f e t y  t h e  c a r r i e r  t o  BMCS t h r o u g h  

1969 

Michigan A f i l e  o f  a l l  Michigan 1964- 1 3 , 4 5 8  a c c i d e n t s  
F a t a l  f a t a l  a c c i d e n t s  197 0  2 0 , 1 5 3  v e h i c l e s  

2 , 3 9 2  t r u c k s  

P e n n s y l v a n i a  A f i l e  of a l l  a c c i d e n t s  1967- 1 1 , 4 9 2  a c c i d e n t s  
~ u r n ~ i k e *  o c c u r r i n g  on t h e  Penn- June  1 6 , 4 2 6  v e h i c l e s  

s y l v a n i a  T u r n p i k e  1969 3 , 1 2 2  t r u c k s  

Ohio * A f i l e  of a l l  a c c i d e n t s  1966 - 6 , 1 8 9  a c c i d e n t s  
T u r n p i k e  o c c u r r i n g  on t h e  Ohio June 8 , 2 9 3  v e h i c l e s  

T u r n p i k e  197 0  2 , 0 3 5  t r u c k s  

I n d i a n a  , A f i l e  o f  a l l  a c c i d e n t s  1966- 5 , 7 4 4  a c c i d e n t s  
T o l l  Road o c c u r r i n g  on t h e  1970 7 , 6 1 6  v e h i c l e s  

I n d i a n a  T o l l  Road 1 , 6 4 2  t r u c k s  

* F i l e s  o b t a i n e d  s p e c i f i c a l l y  f o r  t h i s  s t u d y .  



The TEXAS SAMPLE f i l e  is a  sy s t e rna t i c  sample drawn from a  
complete s e t  of a c c i d e n t s  r e p o r t e d  i n  Texas du r ing  t h e  yea r  1969. 
S ince  i t  encompasses khe same t ime  p e r i o d  and geog raph i c  a r e a  a!; 
t h e  TEXAS TRUCK f i l e  i t  has  been used t o  compare c h a r a c t e r i s t i c s  
of t r u c k  a c c i d e n t s  wi th  t hose  of t h e  g e n e r a l  o r  passenger  c a r  
pspu l a  t i o n .  

The TEXAS TRUCK f i l e  c o n t a i n s  r e p o r t s  of approximate ly  12 ,000  
a c c i d e n t s  i nvo lv ing  l a r g e  t r u c k s  i n  Texas du r ing  1969. S p e c i f i - -  
c a l l y  exc luded  were p ickup  and pane l  t r u c k s ,  and they  appear  i n  
t h i s  d a t a  on ly  when they  have been involved  i n  c o l l i s i o n  wi th  a  
l a r g e r  t r u c k .  

The p a r t i c u l a r  advantage of t h e  TEXAS d a t a  is t h e  d e t a i l e d  
i d e n t i f i c a t i o n  of t r u c k s  by t y p e ,  a  f e a t u r e  not  found i n  most of 
t h e  o t h e r  sou rce s  of f n fo rma t ion .  And because t h i s  d e t a i l  is not  
a v a i l a b l e  e l sewhere  some c a u t i o n  must be e x e r c i s e d  i n  e ~ t r a p o l a t ~ i n g  
f i n d i n g s  he re  t o  t h e  n a t i o n a l  p o p u l a t i o n .  With t h i s  warning,  how- 
e v e r ,  some of t h e  f r e q u e n c i e s  observed  i n  Texas w i l l  be m u l t i p l i e d  
by t h e  r a t i o  of p o p u l a t i o n s  i n  t h e  U.S. and Texas t o  sugges t  t h e  
n a t i o n a l  e x t e n t  of p a r t i c u l a r  problems. 

The OAKLAND COUNTY f i l e  c o n t a i n s  p o l i c e  recorded  informatioln 
f o r  a l l  r e p o r t e d  a c c i d e n t s  o c c u r r i n g  i n  t h e  county.  A second 
p a s s  a t  t h e  o r i g i n a l  r e p o r t  forms gene ra t ed  more d e t a i l e d  d a t a  i n  
t h e  d i g i t a l  f i l e - - s p e c i f i c a l l y  i n j u r y  by s e a t e d  p o s i t i o n ,  Vehic le  
I d e n t i f i c a t i o n  Numbers, and a  more complete d e s c r i p t i o n  of t h e  a c c i -  
den t  c o n f i g u r a t i o n ,  a f a i r l y  p r e c i s e  geog raph i c  coo rd ina t e  f o r  
each  ca se .  Truck t ypes  a r e  no t  i d e n t i f i e d  i n  t h e  d e t a i l  of e i t h e r  
t h e  BbICS o r  Texas d a t a  s e t s ,  a l t hough  s i n g l e  bottoms and double  
bot toms can be s e p a r a t e l y  i d e n t i f i e d .  

The NATIONAL ACCIDENT SUMMARY f i l e  was developed from d i g i t a l  
r e c o r d s  of a c c i d e n t s  from 26 s t a t e s  by t h e  Na t iona l  Highway T r a f f i c  
S a f e t y  Admin i s t r a t i on .  I t  i d e n t i f i e s  a11  t r u c k s  w i t h  a  s i n g l e  code,  
and a d e t a i l e d  e x p l a n a t i o n  of t h e  t y p e s  of v e h i c l e s  inc luded  i n  
t h i s  c a t ego ry  is not a v a i l a b l e .  Based on t h e  r a t i o  of t r u c k s  t o  
t o t a l  v e h i c l e s  i n  t h i s  d a t a  s e t  a s  compared wi th  o t h e r s  i t  seems 
l i k e l y  t h a t  p ickup  t r u c k s  and pane l  t r u c k s  a r e  i nc luded .  S ince  
t h i s  s tudy  is addressed  p r i m a r i l y  t o  l a r g e r  t r u c k s ,  t h i s  d a t a  is  
not d i r e c t l y  comparable wi th  t h e  o t h e r  s e t s  but some o b s e r v a t i o n s  
have been i nc luded  i n  t h e  d e s c r i p t i v e  s t a t i s t i c s .  

The BUREAU OF MOTOR CARRIER SAFETY f i l e  was developed from 
t h r e e  and one-half  y e a r s  of d i g i t a l  d a t a  p rov ided  by BMCS. The 
coded i n fo rma t ion  is developed from t h e  BMC-50 a c c i d e n t  r e p o r t  
form f u r n i s h e d  t o  t h e  Bureau by t h e  c a r r i e r .  There  i s  good d e t a i l  
on ca rgo ,  body s t y l e ,  and type  of a c c i d e n t ,  a l though  t h e s e  i t ems  
of i n fo rma t ion  a r e  not o f t e n  d i r e c t l y  comparable t o  t h e  same d a t a  
i n  o t h e r  f i l e s .  The BMCS f i l e  h a s  t h e  advantage t h a t  i t  r e p o r t s  a  
s u b s t a n t i a l  f r a c t i o n  (pe rhaps  one - th i rd  t o  one -ha l f )  of t h e  l a r g e  
t r u c k  f a t a l  a c c i d e n t s  i n  t h e  c o u n t r y .  I t  ha s  t h e  d i sadvantage  t h a t ,  
being r e s t r i c t e d  t o  t h e  i n t e r s t a t e  c a r r i e r  a c c i d e n t s  t h e r e  a r e  
r e p o r t i n g  b i a s e s  which seem t o  vary  from s t a t e  t o  s t a t e ;  i t  i s  
l i k e l y  t h a t  i t  i s  not a  t r u e  r e p r e s e n t a t i o n  of t h e  n a t i o n a l  t r u c k  
p o p u l a t i o n .  



The MICHIGAN FATAL f i l e  c o n t a i n s  t h e  r e c o r d s  of a l l  Michigan 
F a t a l  a c c i d e n t s  from 1964 th rough  1970,  bu t  i t  l a c k s  d e t a i l  on 
t h e  t y p e  of v e h i c l e .  For t h e  y e a r s  1964 th rough  1967 a l l  t r u c k s  
a r e  lumped i n  a  s i n g l e  ca t ego ry  ( i n c l u d i n g  p i ckups  and p a n e l  t r u c k s ) .  
For  t h e  y e a r s  1968 th rough  1970 t r a c t o r  t r a i l e r s ,  s t r a i g h t  t r u c l t s ,  
and p i ckups  a r e  s e p a r a t e l y  i d e n t i f i e d .  T h i s  s e t  i s  l a r g e  enough 
t o  compare t r u c k  and pas senge r  c a r  f a t a l  a c c i d e n t s  i n  a  number of 
ways,  

The PENNSYLVANIA TURNPIKE f i l e  was developed from d i g i t a l  
r e c o r d s  p rov ided  by t h e  Pennsy lvan ia  Department of T r a n s p o r t a t i o n .  
The p e r i o d  covered  by t h e  f i l e  is  s h o r t e r  t h a n  f o r  t h e  o t h e r  t u r n -  
p i k e s ,  bu t  i t  i n c l u d e s  a l l  r e c o r d s  t h a t  had been coded a t  t h e  t ime .  

The f i l e  was o r i g i n a 1 . l ~  c r e a t e d  by t h e  Pennsy lvan ia  Highway 
Department b e f o r e  o r g a n i z a t i o n  of t h e  s t a t e  Department of Trans-  
p o r t a t i o n .  Consequent ly ,  t h e  f i l e  was not  t a i l o r e d  t o  t u r n p i k e  
a c c i d e n t s ,  and many of t h e  174 v a r i a b l e s  were not  a p p l i c a b l e  t o  
t h e s e  c r a s h e s .  I n fo rma t ion  on t h e  r e g i s t r a t i o n , d r i v e r s ,  and a r r e s t  
d a t a  were i nc luded  on up t o  9  v e h i c l e s  u s i n g  75  v a r i a b l e s .  S ince  
involvement  d a t a  was i n c l u d e d  on ly  t h e  two p r i n c i p a l  v e h i c l e s ,  many 
of t h e s e  v a r i a b l e s  were d e l e t e d .  S e v e r a l  a d d i t i o n a l  v a r i a b l e s  were 
d e r i v e d  from e x i s t i n g  v a r i a b l e s  t o  i n c r e a s e  t h e  u s e f u l n e s s  of t h e  
f i l e  f o r  a c c i d e n t  a n a l y s i s  o r  t o  make a n a l y s i s  e a s i e r  t o  accompl.ish. 
The r e s u l t i n g  f i l e  c o n t a i n s  124 v a r i a b l e s .  

Highway geome t r i c  i n f o r m a t i o n  was o b t a i n e d  from t h e  t u r n p i k e  
a u t h o r i t y ,  i n c l u d i n g  t h e  g r ade  of  t h e  highway a t  each  one - t en th  
m i l e p o s t ,  t h e  same c o o r d i n a t e  sys tem used t o  l o c a t e  a c c i d e n t s .  
The g r a d e  d a t a  was coded t o  t h e  n e a r e s t  t e n t h  d e g r e e ,  and merged 
w i th  t h e  a c c i d e n t  f i l e .  

While t h e  Pennsy lvan ia  f i l e  c o n t a i n s  3122 t r u c k s ,  663 of t h e s e  
a r e  s t r a i g h t  t r u c k s  (sing1.e u n i t )  and i n c l u d e  an  ullknown number of 
pick-ups which a r e  no t  a s u b j e c t  of  t h i s  s t u d y ,  Hence many of 
t h e  a n a l y s e s  a r e  r e s t r i c t e d  t o  t h e  remain ing  2459 t r u c k s  t o  p r e v e n t  
con t amina t i on  by i n c l u s i o n  of v e h i c l e s  wi th  s i z e  and performance 
c h a r a c t e r i s t i c s  s i m i l a r  t o  pa s senge r  c a r s .  

The OHIO TURNPIKE f i l e  c o n t a i n s  a l l  a c c i d e n t s  on t h e  Ohio 
Tu rnp ike ,  from 1966 th rough  t h e  f i r s t  h a l f  of 1970, w i th  t o t a l  
e s t i m a t e d  p r o p e r t y  damage ove r  one hundred d o l l a r s .  The f i l e  was 
o b t a i n e d  from t h e  Ohio Turnpike  A u t h o r i t y  on punched c a r d s  w i t h  a  
r e c o r d  of 49 v a r i a b l e s  f o r  e ach  of 8663 v e h i c l e s ,  From t h e s e  
c a r d s  a  " v e h i c l e "  f i l e  was g e n e r a t e d  by c o n c a t e n a t i n g  t h e  r e c o r d s  
f o r  t h e  p r i n c i p a l  two v e h i c l e s  i n  t h e  same a c c i d e n t  wh i l e  d ropping  
redundant  i n f o r m a t i o n .  T h i s  r e s u l t e d  i n  a n  a c c i d e n t  f i l e  of 6189 
c a s e s  w i t h  87 v a r i a b l e s  p e r  c a s e .  Data i s  i n c l u d e d  on 8293 v e h i c l e s .  
The d i f f e r e n c e  of  370 between t h e  number of v e h i c l e s  i n  t h e  
" v e h i c l e "  and a c c i d e n t  f i l e s  is t h e  number of v e h i c l e s  i n  a c c i d e n t s  
w i th  t h r e e  o r  more involvements  t h a t  were d e l e t e d  by r e s t r i c t i n g  
t h e  a c c i d e n t  f i l e  t o  two v e h i c l e s .  Highway g rade  d a t a  was ob- 
t a i n e d  from t h e  t u r n p i k e  a u t h o r i t y  a s  d e s c r i b e d  f o r  Pennsy lvan i a ,  
and i n c l u d e d  i n  t h e  f i l e .  



The a c c i d e n t  f i l e  was a r r anged  s o  t h a t  v e h i c l e  ' t l " . o f  mult , i -  
v e h i c l e  c r a s h e s  is t h e  s t r i k i n g  v e h i c l e  when i t  was p o s s i b l e  t o  
nake &he d i s t imc ' t i on .  T h i s  was p o s s i b l e  i n  82% of t h e  a c c i d e n t s  
i nvo lv ing  two o r  more v e h i c l e s .  

The INDIANA TOLL ROAD f i l e  was gene ra t ed  by coding t h e  o r i g i n a l  
hard  c o p i e s  of t h e  a c c i d e n t  r e p o r t s  f o r  a l l  r e p o r t e d  a c c i d e n t s  on 
t h e  t o l l  road from 1966 through 1970. The r e p o r t s  were made 
a v a i l a b l e  f o r  coding of t h e  non-personal in format ion  by arrangement 
wi th  t h e  T o l l  Road Author i ty  and t h e  Indiana S t a t e  P o l i c e .  

Although coding t h e  r e p o r t s  on 5744 a c c i d e n t s  was a  l a r g e  
t a s k ,  i t  al lowed complete freedom of s t r u c t u r i n g  and p lanning  t h e  
f i l e .  The f i l e  was gene ra t ed  t o  be compatible  w i t h  t h e  Ohio 
Turnpike f i l e - - t h e  I i rst  of t h e  t h r e e  obtained--with a d d i t i o n a l  
v a r i a b l e s  t o  i n c r e a s e  + t h e  u t i l i t y  and va lue  of the f i r s t  f o r  
a n a l y s i s  of t r u c k  involvements .  For example, i d e n t i f i c a t i o n  of t h e  
type of v e h i c l e  inc luded  unique codes f o r  double bottoms and 
r e c r e a t i o n a l  v e h i c l e s .  W h i l e  not  a  s p e c i f i c  s u b j e c t  of t h i s  s t u d y ,  
t h e  b a t t e r  a r e  of c o n s i d e r a b l e  c u r r e n t  i n t e r e s t  and a r e  not  iden-  
t i f i e d  i n  most a c c i d e n t  d a t a  f i l e s .  Three d i s t i n c t  f i l e s  were 
c r e a t e d  from t h e  Ind iana  d a t a .  The "Master" f i l e  c o n t a i n s  inf0.r- 
mation on t h e  p r i n c i p a l  two v e h i c l e s  of a l l  5744 a c c i d e n t s ,  with 
t h e  s t r i k i n g  v e h i c l e  coded a s  v e h i c l e  "1". T h i s  f i l e  c o n t a i n s  145 
v a r i a b l e s  on each a c c i d e n t ,  A s u b f i l e  of a l l  a c c i d e n t s  i nvo lv ing  
more than  two v e h i c l e s  was c r e a t e d  w i t h  346 v a r i a b l e s  on up t o  6 
v e h i c l e s .  Th i s  "mul t i  v e h i c l e "  P i l e  c o n t a i n s  197 c a s e s .  The 
p r i n c i p a l  two v e h i c l e s  of each case  a r e  inc luded  i n  t h e  mas te r  Pile. 

While coding t h e  a c c i d e n t  r e p o r t s ,  i t  was noted t h a t  occas ion-  
a l l y  a  l a r g e  t r u c k  was mentioned i n  t h e  r e p o r t  a s  a  p o s s i b l e  con- 
t r i b u t o r  o r  c a u s a t i v e  f a c t o r  wi thout  being d i r e c t l y  involved ,  
These c a s e s  (128) were coded w i t h  s i x  e x t r a  v a r i a b l e s  d e s c r i b i n g  
t h e  i n d i r e c t  involvement of t h e  t r u c k  and were used t o  c r e a t e  a  
"Trucks I n d i r e c t l y  Involved' '  f i l e  . Again, t h e  p r i n c i p a l  two vehi-  
c l e s  of t h e s e  cases--without t h e  unique s i x  va r i ab l e s - - a r e  inc luded  
i n  t h e  mas te r  f i l e .  



5 .  ANALYSIS AND RESULTS 

In  t h i s  s e c t i o n  an overview of t r u c k  a c c i d e n t  d a t a  t a k e n  from 
s e v e r a l  l a r g e  and g e n e r a l  f i l e s  is p r e s e n t e d .  T h i s  is fo l l owed  by 
p r e s e n t a t  ion  of t h e  in format io l l  d e r i v e d  Prom t h e  s e v e r a l  tu rnp i l re  
f i l e s ,  a p p r o p r i a t e l y  modi f ied  o r  a n n o t a t e d  f o r  exposure  consideir- 
a t i o n s .  Research f i n d i n g s  a r e  i nc luded  among t h e  r e s u l t s  of t h e s e  
a n a l y s e s ,  bu t  t h e  i n t e r p r e t a t  i o n  01 t h e s e  i n t o  t h e  c o ~ ~ c l u s i o n s  of 
t h e  s t udy  were g e n e r a l l y  g i v e n  i n  S e c t i o n  2 .  

T h i s  s e c t i o n  c o n t a i n s  a l l  of t h e  d e t a i l e d  d a t a  t a b u l a t i o n s  of 
t h e  r e p o r t ,  and a s  such  can be used by t h e  s e r i o u s  r e a d e r  t o  r each  
c o n c l u s i o n s  i n  a r e a s  not s p e c i f i c a l l y  a d d r e s s e d  i n  t h i s  s t u d y .  

5 . 1  An Overview of Truck Accident  Data--Incidence and Loss 

A t r u c k  o r  no t  a  t r u c k ,  t h a t  is  t h e  q u e s t i o n .  T h i s  pa r aph ra se  
is i n d i c a t i v e  of t h e  problem of g e n e r a t i n g  and comparing d e s c r i p t i v e  
s t a t i s t i c s  about  t r u c k  a c c i d e n t s ,  and of a c q u i r i n g  exposure  i n f o r -  
mat ion w i t h  which t o  i n t e r p r e t  t h e  a c c i d e n t  i n f o r m a t i o n .  I n  thie 
many s e t s  of d a t a  a v a i l a b l e  f o r  t h i s  s t u d y  t h e r e  i s  almost  no con- 
s i s t e n t  d e f i n i t i o n  of a  t r u c k  o t h e r  t h a n  t o  conc lude  t h a t  any th ing  
which is not  a  c a r ,  b u s ,  o r  motorcyc le  must be a  t r u c k .  

T h i s  i s  not t o  s ay  t h a t  d e t a i l  is not  a v a i l a b l e .  I n  t h e  Bureau 
of Motor C a r r i e r  S a f e t y  f i l e s  i t  is p o s s i b l e  t o  i d e n t i f y  ''a t r a c t o r  
s e m i - t r a i l e r  carr!,rLng l i v e  an ima l s  f o r  b i o l o g i c a l  c o n t r o l  work--such 
a s  screw worm I l i c s " .  And i n  Texas i t  is p o s s i b l e  t o  i d e n t i f y  
t r a n s i t  mix t r u c k s  and f i r e  t r u c k s .  I n  t h e  U.S. Department of 
Commerce's t r a n s p o r t a t i o n  census  it is p o s s i b l e  t o  i d e n t i f y  beverage 
t r u c k s  and i n s u l a t e d  non-ref r i g e r a t e d  vans .  R e g i s t r a t  i on  r e c o r d s  
a r e  t y p i c a l l y  kep t  by we igh t ,  bu t  a c c i d e n t  r e c o r d s  a r e  more l i k e l y  
t o  be kep t  by some v i s u a l  d e s c r i p t i o n  of t h e  v e h i c l e .  

I n  this overview three p r i n c i p a l  d a t a  s o u r c e s  a r e  u sed ,  sup- 
plemented by s e v e r a l  secondary  ones .  The p r i n c i p a l  s o u r c e s  a r e  
t h e  N a t i o n a l  Accident  Summary, t h e  Bureau of Motor C a r r i e r  S a f e t y  
f i l e s ,  and t h e  f i l e s  of t r u c k  a c c i d e n t s  r e p o r t e d  by p o l i c e  d e p a r t -  
ments  i n  t h e  s t a t e  of Texas .  These a r e  l i s t e d  i n  t h e  o r d e r  of 
i n c r e a s i n g  d e t a i l . '  The f i r s t  d e f i n e s  t r u c k s  very b road ly - - ev iden t ly  
i n  the common u s e  of "a p r o p e r t y  c a r r y i n g  motor v e h i c l e  used on 
p u b l i c  highways and s t r e e t s 1 ' . *  The second c o i ~ s i s t s  e n t i r e l y  of 
i n t e r s t a t e  c a r r i e r  t r u c k s  and buses  ( a l t hough  f o r  most pu rposes  i n  
t h e s e  a n a l y s e s  t h e  bus d a t a  h a s  been d e l e t e d  o r  n e g l e c t e d ) .  The 
t h i r d ,  t h e  Texas f i l e ,  c o n s i s t s  of a c c i d e n t  r e c o r d s  f o r  j u s t  12 
body s t y l e s  of t r u c k s ,  s p e c i f i c a l l y  e l i m i n a t i n g  pick-up and p a n e l  
t r u c k s  from c o n s i d e r a t i o n .  

* 
1967 Census of T r a n s p o r t a t i o n ,  Vol. 11, Truck Inventory 
and Use Survey ,  U.S. Department of Commerce, Bureau of 
t h e  Census.  



Truck a c c i d e n t s  a r e  c h a r a c t e r i z e d ,  t h e n ,  u s i n g  t h e s e  i n f o r -  
mat ion s o u r c e s .  The overview is p r e s e n t e d  i n  f o u r  s u b - s e c t i o n s :  
The Accident  (when, where,  how, e t c .  ) , t h e  I n j u r i e s  and P rope r ty  
Damage, The D r i v e r ,  and The Veh ic l e .  A modest a t t empt  a t  an expo- 
s u r e  measure u s i n g  t h e  Census of T r a n s p o r t a t i o n  and t h e  Texas d a t a  
is made, but--mostly because of t h e  d i f f i c u l t y  of i d e n t i f y i n g  t r u c k  
t y p e s  from d a t a  sou rce  t o  d a t a  source- - the  r e a d e r  is adv i sed  t o  
i n t e r p r e t  t h e s e  r e s u l t s  w i th  c a u t i o n .  

5 . 1 . 1  The Accident  

When Do Truck Acc iden t s  Happen? - 
T h i s  q u e s t i o n  may be cons ide red  r e l a t i v e  t o  any s t a n d a r d  t ime  

pe r iod - -yea r ,  month, qay of week, hour of day--or by combina t ions  
t h e r e o f .  

F igu re  5-1 shows t h e  monthly d i s t r i b u t i o n  of a c c i d e n t s  from 
t h e  Bureau of Motor C a r r i e r  S a f e t y  f i l e s ,  and s u g g e s t s  t h a t  i n t e r -  
s t a t e  t r u c k  a c t i v i t y  v a r i e s  l i t t l e  from month t o  month, a l th .ough 
t h e r e  is a  c o n s i s t e n t l y  low A p r i l  f o r  a l l  t h r e e  y e a r s  and a  f a i r l y  
s t a b l e  December-January peak .  

Accident  i n c i d e n c e  by day of t h e  week is shown i n  F i g u r e s  5-2 
th rough 5-4 f o r  pa s senge r  c a r s  ( f rom t h e  Texas s ample ) ,  l a r g e  t r u c k s  
(from t h e  Texas t r u c k  f i l e ) ,  and I n t e r s t a t e  C a r r i e r s  (from BMCS-1969). 
Some t r u c k  t y p e s  a r e  seldom i n  a c c i d e n t s  (and by i n f e r e n c e  on t h e  
r o a d )  on Sundays--only about  1% of t h e  t r a n s i t  mix and dump t r u c k  
a c c i d e n t s  occu r  on t h a t  day.  F i r e  t r u c k s  and wrecke r s ,  a r e  s p r e a d  
more even ly  through t h e  week. A p l o t  of t h e  i nc idence  of t r u c k  
a c c i d e n , t s  by t y p e  of t r u c k  and day of , the week, t aken  from BMCS 
1968 f i l e s ,  is shown i n  F igu re  5-5. 

Hour of t h e  day i n f o r m a t i o n  i.s p l o t t e d  i n  F i g u r e s  5-6 th rough 
5-11, The inc idence  of pa s senge r  c a r  and t r u c k  involvement shown 
is  grouped i n  th ree-hour  t ime p e r i o d s  i n  F i g u r e s  5-6 and 5-7' 
r e s p e c t i v e l y .  F i g u r e s  5-8 and 5-9 show t h e  Texas t r u c k  and Bureau 
of Motor C a r r i e r  S a f e t y  hou r ly  d i s t r i b u t i o n s .  Two s p e c i f i c  v e h i c l e  
hou r ly  d i s t r i b u t i o n s  a r e  shown i n  F i g u r e s  5-10 and 5-11, f o r  vans 
and wreckers  r e s p e c t i v e l y .  These a r e  t h e  most widely d i f f e r e n t  , 
vans  showing only  a t h r e e  t o  one r a t i o  of i n c i d e n c e  from t h e  max- 
imum t o  minimum hour and wreckers  having a  d e f i n i t e  middle  of  t h e  
n i g h t  lul .1.  

Where Do Truck Acc iden t s  Hawwen? 

The N a t i o n a l  Accident  Summary d a t a  t a b u l a t e s  l o c a t i o n  a s  a  
two l e v e l  v a r i a b l e - - r u r a l  v s .  u rban .  T h i s  i s  g iven  f o r  t r u c k s  v s .  
p a s s e n g e r  c a r s  i n  Table  5-1. 

Table  5-1 

D i s t r i b u t i o n  of Involvements  by Accident  Loca t ion ,  
N a t i o n a l  Accident  Summary 
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Figure 5-3 

NUMBER OF ACCIDENTS BY DAY OF THE WEEK 
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NATIONAL ACCIDENT SUMMARY 
ACCIDENT INVOLVEMENTIN 1 0 0 ' 5  6 Y  TIME OF DAY 
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NATIONAL ACCIDENT SUMMARY 
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NUMBER OF A C C I D E N T S  BY HOUR OF T H E  D A Y  
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I t  can be s e e n  t h a t  t r u c k s ,  a s  d e f i n e d  i n  t h e  NAS, have the i r  
a c c i d e n t s  s p l i t  abou t  e v e n l y  between r u r a l  and u rban ,  whereas  pas -  
s e n g e r  c a r s  have abou t  t w i c e  a s  many urban  a s  r u r a l  a c c i d e n t s .  

The Bureau of Motor C a r r i e r  S a f e t y  f i l e  p r o v i d e s  a  s u r r o g a t e  
:for t h e  u r b a n / r u r a l  c l a s s i f i c a t i o n  of t h e  N a t i o n a l  Acc iden t  Summary : 
a c c i d e n t s  a r e  coded a s  i n v o l v i n g  " l o c a l f 1  o r  " i n t e r - c i t y "  t r a v e l .  
S i n c e  t h i s  f i l e  c o n s i s t s  p r i m a r i l y  of d a t a  about  i n t e r s t a t e  c a r r i e r s ,  
i t  c o u l d  be e x p e c t e d  t h a t  t h e  bu lk  of t h e  a c c i d e n t s  occu r  i n  t h e  
" i n t e r - c i t y 1 '  c a t e g o r y ,  and indeed  about  80% do.  

Again somewhat more d e t a i l  is a v a i l a b l e  i n  Texas d a t a .  Tab l e  
5-2 shows t h e  s e v e r a l  t y p e s  of t r u c k s  a s  w e l l  a s  pa s senge r  v e h i c l e s  
r e l a t i v e  t o  t h e  l o c a t i o n  of t h e i r  a c c i d e n t s .  Although t h e  percen-  
t a g e s  a r e  somewhat d i f f e r e n t  t h e  pa s senge r  c a r s  have a  s i m i l a r l y  
l a r g e r  u rban  a c c i d e n t  r a t e  t h a n  do t r u c k s .  Of p a r t i c u l a r  no t e  i n  
t h i s  t a b l e  is t h e  o v e r r e p r e s e n t a t i o n  of f l o a t  t r u c k s  and p o l e  t r u c k s  
on U.S. and S t a t e  t r u n k l i n e s  and on secondary  r o a d s .  T h i s ,  coupled 
w i t h  t h e  o b s e r v a t i o n  t h a t  f l o a t  t r u c k s  a r e  much o v e r i n v o l v e d  i n  
f a t a l  a c c i d e n t  p r o d u c t i o n  s u g g e s t s  t h a t  t h e i r  p r e sence  on ( p r i m a r i l y )  
two l a n e  r o a d s  may be a  hazard .  

F i r e  t r u c k s ,  u n d e r s t a n d a b l y ,  seem o v e r r e p r e s e n t e d  on c i t y  
s t r e e t s ,  and a r e  fo l l owed  i n  t h i s  r e g a r d  by b o b - t a i l s ,  wrecke r s ,  
and t r a n s i t  mix t r u c k s - - a l l  u rban  v e h i c l e s  by n a t u r e .  

The l a s t  row of Tab l e  5-2 i n d i c a t e s  t h e  p e r c e n t a g e  of a l l  a c c i -  
d e n t s ,  by c l a s s  of r o a d ,  which i n v o l v e  t r u c k s .  I n  t h i s  (Texas)  
d a t a ,  t r u c k s  of t h e  t y p e s  shown a r e  i nvo lved  i n  4 .52% of t h e  i n t e r -  
s t a t e  a c c i d e n t s ,  a s  compared w i t h  on ly  1 .63% i n  urban  a r e a s .  

How Do Truck Acc iden t s  Happen? 

The N a t i o n a l  Acc iden t  Summary t a b u l a t e s  e i g h t  k i n d s  01 cal l -  
l i s i o n s .  Tha t  d a t a  f o r  p a s s e n g e r  c a r s  and t r u c k s  i s  shown i n  
T a b l e  5-3. Note p a r t i c u l a r l y  t h a t  t r u c k s  a r e  o v e r i n v o l v e d  i n  ove r -  
t u r n  and run-of f - the- road  a c c i d e n t s .  T h i s  d a t a  is from a l a r g e  
enough set t h a t  a l l  obse rved  d i f f e r e n c e s  a r e  s t a t i s t i c a l l y - a l t h o u g h  
p e r h a p s  no t  p r a c t i c a l l y - s i g n i f i c a n t .  

Of  Texas  t r u c k  a c c i d e n t s  4% invo lved  o v e r t u r n s ,  bu t  t h e s e  
r e p r e s e n t  l a r g e r  t r u c k s  whereas  t h e  N a t i o n a l  Accident  Suinmary i n -  
c l u d e s  many v e h i c l e s  used  more l i k e  p a s s e n g e r  c a r s .  Another h igh  
f r equency  e v e n t  i n  t h e  Texas  d a t a  was t h e  j a c k k n i f e ,  which o c c u r r e d  
i n  1 . 7 %  of a l l  t h e  t r u c k  a c c i d e n t s  t a b u l a t e d ;  however t h i s  r e p r e -  
s e n t s  4 . 2 %  of t h e  a r t i c u l a t e d  v e h i c l e s  i nvo lved  i n  a c c i d e n t s .  
Unders tandably  j a c k k n i f i n g  o c c u r s  more f r e q u e n t l y  and a t  lower  
s p e e d s  on wet r o a d s  (60% of t h e  j a c k k n i f e  a c c i d e n t s  o c c u r r e d  on wet 
r o a d s ) .  

T h e  Bureau of  Motor C a r r i e r  S a f e t y  t a b u l a t i o n s  p rov ide  a c c i d e n t  
t ype  i n  more d e t a i l  t h a n  t h e  N a t i o n a l  Acc iden t  Summary, bu t  i t  is 
no t  p o s s i b l e  t o  show these a s  a  common s e t  of d a t a .  The N a t i o n a l  
Acc iden t  Summary e v i d e n t l y  i n c l u d e s  s i d e  swipe a c c i d e n t s  w i t h i n  some 
o t h e r  c a t e g o r y  (pe rhaps  r ea r - end  o r  head-on depending on d i r e c t i o n ,  
o r  p e r h a p s  a n g l e ) .  Thus t h e  a c c i d e n t  c o n f i g u r a t i o n  d a t a  from BMCS 
is p r e s e n t e d  s e p a r a t e l y  i n  Tab l e  5-4. 



Tab le  5-2 

Loca t ion  of Acc iden t ,  by Road Type and Vehic le  Type P e r c e n t s ,  
Texas Truck and Texas Sample 

I n t e r -  li:.S. and 
S t a t e  S t a t e  Secondary County C i t : y  

Highways T r u n k l i n e s  Roads Roads S t r e e t s  

B o b t a i l  1.3. 0 36 .2  3 . 2  1 .8  45.5 

Dump 1.1.6 36.7 8.4 5 .8  37.:3 

F i r s  2 . 1  23.8 3 .5  1 . 4  69.2 

F l a t b e d  1.3.0 4 3 . 1  5 . 0  3 . 5  3 5 . 0  

F l o a t  1.4 .9 . 60 .5  9.0 4.5 16 . !3 

T r a n s i t  -mix 1 2 . 5  3 6 . 1  7.2 6.4 37.13 

Po le  1 . 9  63.5 14.7 5.8 14.11 

R e f r i g .  

S t a k e  

Ta nlc 

Va 11 

Wrecker 

TOTAL 

P a s s .  Cars  

% Truck 
Acc iden t s  

NOTE: A s m a l l  number of a c c i d e n t s  on t h e  Texas Turnpike  
h a v e  been dropped from t h i s  t a b u l a t i o n ,  and a l l  
rows do not  q u i t e  t o t a l  100% 



Table  5-3 

Type of  Accident  f o r  Cars  and Trucks- 
Na t iona 1 Accident  Summary 

Type of Number 
Accident  of P a s s .  Nunbe r 

@a r s Pe rcen t  of Trucks  Pe rcen t  

P e d e s t r i a n  41 ,700  1 .96  3 , 9 0 0  1 .78  

Mon -mo t o r  
ve1.1icle 32 ,900  1 . 5 5  4 , 1 0 0  1 .87  

Fixed Objec t  117 ,000  5.52 11 ,400  4.57 

Run o f f  
road  183 ,100  8 .63  25 ,000  11.43 

Over turned  8 , 4 0 0  0 . 4 0  3 , 2 0 0  1 .46  

Head-on 110 ,300  5 . 2 0  13 ,300  6 .08  

Angle 
C o l l i s i o n  908 ,200  42 .83  88 ,000  45.72 

Tab le  5-4 

Truck Accident  C o n f i g u r a t i o n s ,  BMCS-1969 

C o n f i g u r a t i o n  

Rear-End 

Head-on 

S ide  Swipe 

Angle 

S k i d .  

Ba ck i ng 

RR Cros s ing  

Stopped Vehic le  

Other  

Nlirnhpr o.f 
Acc iden t s  Pe rcen t  



A t  What Speeds Do Truck Accidents  Happen? - --- 
Speed i s  an i t em of d a t a  which has  been inc luded  i n  t h e  a c c i -  

d e n t  r e p o r t s  of many s t a t e s  f o r  a  number of yea r s - -u sua l ly  i n t ended  
t o  i n d i c a t e  t h e  speed  a t  which t h e  v e h i c l e  was t r a v e l i n g  b e f o r e  t h e  
a c c i d e n t  s t a r t e d .  In  t h a t  s ense  i t  is a s u r r o g a t e  f o r  o t h e r  s e v e r i t y  
measures ,  and indeed  i t  does  c o r r e l a t e  w e l l  wi th  t h e  number of pe r -  
s o n s  i n j u r e d  o r  k i l l e d  p e r  a c c i d e n t .  

I n  i t s  r e c e n t  i n s t r u c t i o n s  t o  t h e  s t a t e s  which f u r n i s h  d a t a  t o  
i t  t h e  N a t i o n a l  S a f e t y  Counci l  d e l e t e d  t h e  requi rement  f o r  speed 
i n f o r m a t i o n ;  consequent ly  many s t a t e s  have now s topped  r e p o r t i n g  
t h i s  i t em.  I n  s p i t e  of t h e  s u b j e c t i v e  n a t u r e  of t h i s  measurement, 
i t  seems p o s s i b l e  t o  compare t h e  d i s t r i b u t i o n  f o r  passenger  c a r s  
wi th  t h a t  of t r u c k s .  I n  F i g u r e s  5-12 and 5-13 t h i s  ha s  been done 
u s i n g  d a t a  from t h e  ~ b x a s  sample and Texas t r u c k  f i l e s .  

The r e l a t i o n s h i p  between speed  and i n j u r y  p r o b a b i l i t y  is shown 
g r a p h i c a l l y  i n  F igu re  5-14. The back row of t h i s  p l o t  shows t h e  
d i s t r i b u t i o n  of t ruc l r s  involved  i n  a c c i d e n t s  by speed ,  t h e  c e n t e r  
row t h e  d i s t r i b u t i o n  of t h e  number of pe r sons  i n j u r e d ,  and t h e  f r o n t  
row t h e  number k i l l e d .  Note t h a t  t h e  number i n j u r e d  p e r  a c c i d e n t  
i n c r e a s e s  r e g u l a r l y  w i th  speed ,  but  t h a t  approximate ly  t h e  same 
number of pe r sons  a r e  i n j u r e d  i n  each  speed  range ove r  most of t h e  
d i s t r i b u t i o n .  

5 .1 .2  The I n j u r i e s  and P r o p e r t y  Damage 

What is t h e  S e v e r i t v  of I n . i u r i e s  i n  Truck Accidents?  

The Texas Truck f i l e  c o n t a i n s  d a t a  on 11 ,839  t r u c k  a c ~ c i d e n t s  
i nvo lv ing  t r u c k s  i d e n t i f i e d  a s  l i s t e d  i n  Table  5-5. These coun t s  
a r e  a c , t u a l l y  d e r i v e d  from a f i l e  of v e h i c l e s  involved  i n  a c c i d e n t s ,  
and s t r i c t l y  speaking  r e p r e s e n t  "invol.vements" r a t h e r  t han  a c c i -  
d e n t s .  I n  t h e  a n a l y s e s  p r e s e n t e d  h e r e ,  however, double  coun t s  
would occur  on ly  i f  two t r u c k s  of t h e  same type  c o l l i d e  wi th  each 
o t h e r - - i , e ,  , two t r a n s i t  mix t r u c k s ,  two p o l e  t r u c k s ,  e t c .  O v e r a l l  
t r u c k - t r u c k  a c c i d e n t s  account  f o r  about  1 .5% of t h e  t o t a l ,  and t h e  
o v e r l a p  f o r  t h e  inclivid.ua1. t ype  t r u c k s  is negl.ected. 

I n j u r y  and f a t a l i t y  s t a t i s t i c s  f o r  t h e  v a r i o u s  t y p e s  of t r u c k s  
and f o r  pa s senge r  c a r s  a r e  g iven  i n  Table  5-5. In  each row is 
p r e s e n t e d  t h e  number of pe r sons  k i l l e d  o r  i n j u r e d  i n  t h e  i n d i c a t e d  
t ype  of v e h i c l e ,  motor v e h i c l e s  c o l l i d i n g  wi th  t h e  i n d i c a t e d  t ype  
of v e h i c l e ,  and t h e  t o t a l .  

Although truclcs talren a s  a  group invo lve  about  double  t h e  num- 
be r  of f a t a l i t i e s  p e r  a c c i d e n t  a s  do p a s s i n g  c a r s ,  they  a r e  about  
even wi th  r e s p e c t  t o  n o n - f a t a l  i n j u r i e s .  The one t r u c k  which s t a n d s  
ou t  i n  f a t a l i t y  p roduc t ion  is t h a t  i d e n t i f i e d  a s  a  f l o a t  t ruck- -  
i . e . ,  a  low f l a t - b e d  equipment c a r r i e r .  F i r e  t r u c k s ,  whi le  not a  
l a r g e  p r o p o r t i o n  of t h e  t o t a l  number of a c c i d e n t s ,  t e n d  toward 
m u l t i p l e  i n j u r y  p r o d u c t i o n .  They s c o r e  second h i g h e s t  i n  f a t a l i t i e s  
( a l t hough  t h e  sample i s  s o  s m a l l  a s  t o  be n o n - s i g n i f i c a n t ) ,  and 
they s c o r e  h i g h e s t  i n  i n j u r i e s - - b o t h  t o  occupants  of t h e  f i r e  t r u c k s  
and t o  o t h e r s .  



Figure 5-12 

DISTRIBUTION O F  PPE-ACCIDENT TRAVELING SPEED 
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Figure 5-14 D i s t r i b u t i o n  of Truck Involvements by Speed and 
Accident S e v e r i t y ,  Texas Truck 





A f u r t h e r  a n a l y s i s  of t h e  f l o a t  t r u c k  shows t h a t  i t  is d i s -  
p r o p o r t i o n a t e l y  r e p r e s e n t e d  i n  no-passing zones ,  and has  t h e  bu lk  
of  i t s  a c c i d e n t s  on s t a t e  t r u n k l i n e s  and i n t e r s t a t e  highways, w i t h  
ve ry  few a c c i d e n t s  i n  c i t i e s .  F i r e  t r u c k s ,  of c o u r s e ,  have most of 
t h e i r  a c c i d e n t s  (70%) on c i t y  s t r e e t s  w i t h  n e a r l y  a l l  t h e  r e s t  on 
U.S. and S t a t e  t r u n k l i n e s .  These o b s e r v a t i o n s  may, of c o u r s e ,  be 
more an i n d i c a t i o n  of exposure  t han  a c c i d e n t  p r o p e n s i t y .  

F l o a t  t r u c k s  i n  t h e  y e a r  1969 i n  Texas accounted  f o r  ( i . e . ,  
they were i nvo lved  i n  a c c i d e n t s  r e s u l t i n g  i n )  47 f a t a l i t i e s .  Taki lg  
t h e  l i b e r t y  of e s t i m a t i n g  t h e  n a t i o n a l  f a t a l i t i e s  from t h i s  k ind  of 
a c c i d e n t  by mul . t ip lyfng by t h e  U.S. t o  Texas p o p u l a t i o n  r a t i o  sug- 
g e s t s  t h a t  t h e r e  may be more t han  700 f a t a l i t i e s  i nvo lv ing  f l o a t  
t r u c k s .  Such a  c rude  e x t r a p o l a t i o n  is s u s p e c t  for1 a  number of r e a -  
sons  ( t h i s  may have been a  p a r t i c u l a r l y  bad y e a r  f o r  lowboys i n  
Texas,  Texas may have more lowboys t han  o t h e r  s t a t e s  because of t h e  
h a u l i n g  of w e l l - d r i l l i n g  equipment ,  e t c .  ) . N e v e r t h e l e s s ,  c o n s i d e r i n g  
t h a t  t h e  m a j o r i t y  of t h e  lowboy a c c i d e n t s  ( f a t a l  and n o n - f a t a l )  
occu r r ed  i n  no p a s s i n g  z o n e s ,  i t  would seem p r o p i t i o u s  t o  t a k e  a  
c l o s e r  look a t  t h e s e  g i a n t s  of t h e  highway. 

A t  t h e  bottom of Tab l e  5-5 d a t a  from t h e  Na t iona l  Accident  
Summary a r e  p r e s e n t e d  f o r  comparison w i t h  t h a t  of Texas .  In  t h e  
N a t i o n a l  Accident  Summary a l l  t r u c k s  a r e  lumped t o g e t h e r ,  i n c l u d i n g  
p ickup  t r u c k s .  A s  t h e s e  a r e  c l o s e r  t o  pa s senge r  c a r s  i n  weight 
t han  t o  t h e  t r u c k s  l i s t e d  from t h e  Texas d a t a ,  i t  could  be expec t ed  
t h a t  t h e i r  i n j u r y  and f a t a l i t y  d a t a  would not cor respond .  F u r t h e r ,  
t h e  c r i t e r i a  f o r  i n c l u d i n g  a c c i d e n t s  i n  t h e  r e p o r t i n g  p r o c e s s  vary  
from s t a t e  t o  s t a t e  i n  a  r e l a t i v e l y  unknown way. There  a r e  some 
appa ren t  d i s c r e p a n c i e s  between t h e  n a t i o n a l  and Texas d a t a ,  and 
some l i k e l y  e x p l a n a t i o n s  can be o f f e r e d :  NAS o b t a i n s  d a t a  from 
many s t a t e s ,  and some may u n d e r r e p o r t  "proper ty  damage on ly"  a c c i -  
d e n t s ;  t h e  passenger  c a r s  i n  t h e  Texas d a t a  p r e s e n t e d  he re  were 
i nvo lved  i n  on ly  " s i n g l e  v e h i c l e "  and "o ther  pa s senge r  c a r "  a c c i -  
d e n t s .  Passenger  c a r s  i n  NAS i n  some i n s t a n c e s  s t r u c k  t r u c k s .  
F i n a l l y ,  t h e  i n c l u s i o n  of p ickups  i n  t h e  NAS d a t a  would f a v o r  t h e  
h i g h e r  number of i n j u r i e s  ( t o  t h e  t r u c k  occupant )  p e r  a c c i d e n t ,  

The l a s t  row of d a t a  i n  Table  5-5 is t aken  from t h e  Bureau o~f 
Motor C a r r i e r  S a f e t y  f i l e s  f o r  1969, and i n d i c a t e s  a  r e l a t i v e l y  
h i g h e r  number of i n j u r i e s  and f a t a l i t i e s  p e r  a c c i d e n t .  Rules  f o r  
a c c i d e n t  i n c l u s i o n  i n  t h e  BMCS f i l e  a r e  more s e v e r e  and t h i s  is 
e v i d e n t l y  t h e  r ea son  f o r  t h e  d i f f e r e n c e  between t h e s e  f i g u r e s  and 
t h e  o t h e r s  i n  t h e  t a b l e .  

The t r u c k  a c c i d e n t ,  i n j u r y ,  and f a t a l i t y  i n fo rma t ion  from 
Texas 1969 is summarized i n  F i g u r e  5-15. The back row r e p r e s e n t s  
t h e  number of involvements  by t h e  i n d i c a t e d  type  of t r u c k ,  t h e  
middle  row t h e  number of i n j u r i e s ,  and t h e  f r o n t  row t h e  number of 
f a t a l i t i e s .  Note p a r t i c u l a r l y  t h e  i n v e r s i o n  f o r  r e f r i g e r a t o r  
t r u c k s  (bo th  i n  i n j u r i e s  and f a t a l i t i e s )  and t h e  l a r g e  pe rcen t age  
of f l o a t  t r u c k s  i nvo lv ing  f a t a l i t i e s .  

R e l a t i v e  s e v e r i t i e s  of t r u c k  c o l l i s i o n s  compared w i t h  pa s senge r  
c a r  c o l l i s i o n s - - f o r  v a r i o u s  c o l l i s i o n  types--can be used t o  i d e n t i f y  
some of  t h e  broad problem a r e a s  of t r u c k  a c c i d e n t  involvement .  011 
t h i s  b a s i s ,  Table  5-6 was c o n s t r u c t e d  from d a t a  d e r i v e d  from t h e  



Figure  5-15 D i s t r i b u t i o n  of Truck Involvements  by Acc ident  
S e v e r i t y  and Truck Type,  Texas  Truck 
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Texas  sample and Texas  f a t a l  f i l e s .  I t  shows t h e  number of v e h i c l e s  
of each  of two t y p e s  i nvo lved  i n  a l l  a c c i d e n t s ,  t h e  number i nvo lved  
i n  f a t a l  a c c i d e n t s ,  and t h e  number of f a t a l i t i e s  a s s o c i a t e d  w i t h  
t h o s e  c o l l i s i o n s .  The two v e h i c l e  t y p e s  a r e  pas senge r  c a r s  and l a r g e  
t r u c k s ;  p i ckup  and p a n e l  t r u c k s  have been d e l e t e d  from t h e  d a t a  t o  
a c c e n t u a t e  d i f f e r e n c e s  i n  v e h i c l e  s i z e .  Acc iden t s  a r e  d iv ided  i n t o  
s i n g l e  v e h i c l e  c o l l i s i o n s ,  a n g l e  c o l l i s i o n s ,  same d i r e c t i o n  c o l l i s i o n s  
( r e a r  end  and s i d e s w i p e ) ,  and o p p o s i t e  d i r e c t i o n  c o l l i s i o n s  (head 
on and s i d e s w i p e ) .  Because t h e  sample f i l e  r e p r e s e n t s  on ly  5% of 
t h e  s t a t e ' s  r e p o r t e d  a c c i d e n t s ,  t h e  numbers from t h e  sample f i l e  
were m u l t i p l i e d  by 20  f o r  t h e  " t o t a l  involvement"  columns. 

P e r c e n t a g e s  g i v e n  i n  t h e  ce l l s  of  t h e  t a b l e  a r e  t h e  column pe r -  
c e n t a g e s ,  and they  show t h e  r e l a t i v e  involvement i n  t h e  d i f f e r e n t  
c a t e g o r i e s  of a c c i d e n t s .  The v a l u e s i n  double  p a r e n t h e s e s g i v e  100 
times r a t i o  of t h e  va lue  i n  t h a t  column t o  t h e  " involvements  i n  a l l  
a c c i d e n t s "  p reced ing  i t ,  and may be i n t e r p r e t e d  a s  t h e  number of 
f a t a l  involvements  add t h e  number of f a t a l i t i e s  p e r  100 involvements  
r e s p e c t i v e l y  . 

The two i n d i c e s  g i v e n  i n  t h e  l a s t  two columns show t h e  over -  
r e p r e s e n t a t i o n  (by s e v e r i t y )  of t r u c k s  a s  compared t o  c a r s  i n  t h e  
s e v e r a l  k i n d s  of a c c i d e n t s .  They a r e  d e f i n e d  i n  t h e  fo l l owing  way: 

no. of t r u c k s  i n v o l v e d l  no. of t r u c k s  i nvo lved  
i n  f a t a l  a c c i d e n t s  / i n  a l l  a c c i d e n t s  

Index = c ~ f  c a r s  i nvo lved  / no. of c a r s  involved  
i n  f a t a l  a c c i d e n t s  / i n  a l l  a c c i d e n t s  

no,  of f a t a l i t i e s  i n  / no. of t r u c k s  i nvo lved  
t r u c k  f a t a l  a c c i d e n t s /  i n  a l l  a c c i d e n t s  

Index X2 = no. of f a t a l i t i e s  i n  no. of c a r s  i nvo lved  
c a r  a c c i d e n t s  / i n  a l l  a c c i d e n t s  

Because t h e  t a b l e  c o n t a i n s  s o  much i n f o r m a t i o n ,  i t  must be 
s t u d i e d  c a r e f u l l y  w i t h  r e s p e c t  t o  involvement f r e q u e n c i e s ,  i nvo lve -  
ment s e v e r i t i e s ,  r e l a t i v e  s e v e r i t i e s  f o r  each v e h i c l e  t y p e ,  and 
r e l a t i v e  s e v e r i t i e s  between v e h i c l e  t y p e s .  The most common t y p e  of 
involvement  i s  i n  t h e  r ea r - end  o r  s ame-d i r ec t i on  s ideswipe  c o l l i s i o n ,  
f o r  bo th  c a r s  and t r u c k s .  The most s e v e r e  s i n g l e  ca t ego ry  of  a c c i -  
d e n t  is t h e  head-on c o l l i s i o n ,  f o r  both c a r s  and t r u c k s .  The in -  
d i c e s  can be i n t e r p r e t e d  a s  t h e  r e l a t i v e  p r o b a b i l i t y  of be ing  k i l l e d  
i n  a  c a r - t r u c k  c o l l i s i o n  a s  compared wi th  a  c a r - c a r  c o l l i s i o n  01 
each  i n d i c a t e d  t y p e .  There a r e ,  i n  f a c t ,  a  few t r u c k - t r u c k  co l ! l i s i ons  
i n  t h e  t r u c k  columns, bu t  t h e s e  can be n e g l e c t e d  i n  t h e  p r e s e n t  
a n a l y s i s .  The mean index  # 1  of 3 . 3  can be i n t e r p r e t e d  t o  mean t h a t  
t h e  chance of be ing  invo lved  i n  a  f a t a l  c o l l i s i o n  (g iven  a  c o l l i s i o n )  
w i t h  a  t r u c k  is 3 . 3  times g r e a t e r  t h a n  i f  i t  were a  c o l l i s i o n  w i t h  
a  c a r .  For s i n g l e  v e h i c l e  c o l l i s i o n s ,  c a r s  and t r u c k s  a r e  about  
a l i k e .  But f o r  r i g h t - a n g l e  and same-d i r ec t i on  c o l l i s i o n s  t h e  c a r -  
t r u c k  c o l l i s i o n s  a r e  much more dangerous  (6 .6  and 8 .6  t i m e s  r e -  
s p e c t i v e l y ) .  Index #2 i s  weighted by t h e  number of f a t a l i t i e s  p e r  
involvement ,  and shows a  s l i g h t  i n c r e a s e  i n  a n g l e  and roar-end c o l -  
l i s i o n s  a t  t h e  expense of t h e  o t h e r s .  

I f  one were s e e k i n g  a  countermeasure  t o  apply  t o  t r a f f i c  ,gen- 
e r a l l y ,  one might a d d r e s s  t h e  c e l l  w i t h  t h e  most f r e q u e n t  numbler of 
f a t a l i t i e s - - h e a d - o n  c o l l i s i o n s .  But i f  one were seek ing  a  coun te r -  
measure t o  apply  t o  t r u c k s ,  one might f o c u s  on t h e  c o l l i s i o n  t,ype 
w i t h  the g r e a t e s t  d i f f e r e n c e  between t r u c k s  and ca r s - - i n  t h i s  c a s e  
t h e  r ea r - end  c o l l i s i o n s  fo l l owed  by t h e  r i g h t - a n g l e  c o l l i s i o n s .  



What i s  t h e  Cost of P r o p e r t y  Damage i n  Truck Accidents?  

Accident  c o s t  is r e p o r t e d  by t h e  p o l i c e  i n  s e v e r a l  s e t s  of d a t a ,  
and by t h e  c a r r i e r  i n  t h e  Bureau of Motor C a r r i e r  S a f e t y  f i l e s .  
The p o l i c e  r e p o r t e d  c o s t  i n f o r m a t i o n  h a s  been g e n e r a l l y  i ncomple t e ,  
and a l t hough  t h e r e  is some d a t a , t h e  b i a s e s  i n t r o d u c e d  by mi s s ing  
d a t a  make i t  s u s p e c t .  On t h e  o t h e r  hand,  damage c o s t  is r e p o r t e d  
r a t h e r  f a i t h f u l l y  i n  t h e  BMCS d a t a ,  and s i n c e  i t  is  based on t h e  
c a r r i e r ' s  p o s t  a c c i d e n t  a p p r a i s a l ,  h a s  some f a c e  v a l i d i t y .  

The average  p r o p e r t y  l o s s  of each  ca t ego ry  of a c c i d e n t  i n  t h e  
BMCS 1969 f i l e  has  been computed f o r  month, day of week, t ype  of 
s e r v i c e  ( l oca l .  v s .  i n t e r c i t y ) ,  s e v e r i t y  of i n j u r y  ( f a t a l ,  i n j u r y ,  
o r  p r o p e r t y  damage o n l y ) ,  f i r e  o r  d e f e c t ,  t ype  of v e h i c l e ,  c l a s s  of 
a c c i d e n t  and c o n f i g u r a t i o n .  With t h e  e x c e p t i o n  of month t h e r e  was 
obvious  v a r i a t i o n  w i t h i n  each  of t h e  o t h e r  c a t e g o r i e s .  The 
more n o t a b l e  e x t r e m e s e a r e  d i s c u s s e d  h e r e .  

On t h e  a v e r a g e b a n  a c c i d e n t  r eco rded  i n  t h e  BMCS f i l e s  is e s t i -  
mated t o  have i n c u r r e d  $2184 i n  p r o p e r t y  damage. The t o t a l  damage 
r e p o r t e d  f o r  50 ,609  a c c i d e n t s  was $110,500,000 i n  t h e  y e a r  1969,  

The s i n g l e  most expens ive  ca t ego ry  is t h e  c a s e  of a  f i r e  on 
t h e  r e p o r t i n g  veh ic l e - - ave rag ing  $16 ,588  i n  405 a c c i d e n t s .  T h i s  
is  only  0 .8% of a l l  a c c i d e n t s ,  but  accoun t s  f o r  6 .1% of a l l  d o l l a r  
l o s s .  A f i r e  on e i t h e r  v e h i c l e  i n  t h e  a c c i d e n t ,  o r  e l s ewhere  i n  
connec t ion  w i t h  t h e  a c c i d e n t ,  l e a d s  t o  a  c o s t  of $13,447 pe r  a c c i -  
den t  . . .  f o r  747 a c c i d e n t s .  T h i s  d i s t r i b u t i o n  is compared wi th  t h a t  
f o r  a l l  a c c i d e n t s  i n  F i g u r e s  5-16 and 5-17. I n  t h i s  c a s e  t h i s  is 
1 . 5 %  of a l l  r e p o r t e d  a c c i d e n t s  i n  t h e  f i l e ,  bu t  9 .2% of t h e  d o l l a r  
l o s s .  

F a t a l  a c c i d e n t s ,  which may i n c l u d e  f i r e s ,  come t o  3 . 4 %  of t h e  
a c c i d e n t s  ($8642 each  f o r  1729 a c c i d e n t s )  and 13.5% of t h e  d o l l a r s  
f o r  t h e  y e a r .  And r a i l r o a d  c r o s s i n g  acc iden t s - -on ly  206 o r  0 .4% 
of t h e  a c c i d e n t s  account  f o r  1 . 2 %  of  t h e  c o s t  wi th  206 a c c i d e n t s .  

Also expens ive  a r e  head-on c o l l i s i o n s  ($4336) ,  double  bot toms 
($3374) ,  and i n j u r y  a c c i d e n t s  ($3179) .  On t h e  o t h e r  end of t h e  
s c a l e  b i c y c l e ,  p e d e s t r i a n ,  and backing a c c i d e n t s  average  $196,  $232, 
and $549 r e s p e c t i v e l y .  

5 .1 .3  The Dr iver  

Dr ive r  c h a r a c t e r i s t i c s  a v a i l a b l e  i n  t h e  mass d a t a  a r e  l i m i t e d .  
Most p o l i c e  a c c i d e n t  r e p o r t s  r e c o r d  d r i v e r  age and s e x ,  whether  o r  
not  t h e  d r i v e r  had been d r i n k i n g ,  i n j u r y  and v i o l a t i o n s  a s s i g n e d  
t o  t h e  d r i v e r .  In Texas t h e  d r i v e r ' s  r e s i d e n c e  ( i n  o r  ou t  of s t a t e )  
and h i s  l i c e n s e  s t a t u s  ( v a l i d  o r  revoked)  is r e c o r d e d .  The BMCS 
f i l e s  p rov ide  on ly  d r i v e r  age and i n j u r y ,  and t h e  Na t iona l  Accident  
Summary p r o v i d e s  on ly  age and s e x .  

C h a r a c t e r i z i n g  t r u c k  d r i v e r s  from t h e s e  s o u r c e s  of i n fo rma t ion  
r e q u i r e s  some e x p l a n a t i o n  of t h e  c o n d i t i o n s  under  which t h e  d a t a  
were t a k e n .  In  t h e  N a t i o n a l  Accident  Summary, which i n c l u d e s  p i ck -  
ups  and p a n e l  t r u c k s  a s  well a s  t h e  l a r g e r  v a r i e t y ,  about  26% of 
t h e  t r u c k  d r i v e r s  a r e  i n  t h e  range  25-34 y e a r s  of a g e ,  compared with 
20% of t h e  passenger  c a r  d r i v e r s .  In  t h e  Texas t r u c k  f i l e s ,  r e -  
s t r i c t e d  t o  12 r e l a t i v e l y  l a r g e  t y p e s  of t r u c k s ,  28.4?h of t h e  d r i v e r s  
l i e  i n  t h i s  age r ange .  I n  t h e  BMCS d a t a ,  33 .2% of t h e  d r i v e r s  a r e  
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be tween  2 5  and  3 4 .  F i g u r e s  5-18 t h r o u g h  5-22 show t h e s e  d i s t r i -  
b u t i o n s  i n  comparab le  fo rm.  F i g u r e s  5-23 t h r o u g h  5-35 show t h e  
a g e  d i s t r i b u t i o n  f o r  d r i v e r s  of  t h e  t w e l v e  t r u c k  t y p e s  i d e n t i f i e d  
i n  t he  Texas d a t a  s e p a r a t e l y .  

L i c e n s e  s t a t u s  is g i v e n  on t h e  a c c i d e n t  r e p o r t  i n  T e x a s ,  and  
f o r  a l l  t r u c k  d r i v e r s  t a k e n  a s  a  g r o u p  3 .87% (o f  t h o s e  i n v o l v e d  i n  
a c c i d e n t s )  were  u n l i c e n s e d  a t  t h e  time. F i r e  t r u c k  d r i v e r s  were 
n e v e r  u n l i c e n s e d ,  and  t r a n s i t  mix d r i v e r s  se ldom ( o n l y  2  o u t  of  360) .  
But s t a k e  t r u c k  d r i v e r s  r e a c h  2 . 9 % ,  and  t a n k  t r u c k  d r i v e r s  2 . 1 % ,  
Of the t a n k  a n d  s t a k e  t r u c k s  i n  t h e  T e x a s  d a t a  more t h a n  h a l f  a r e  
s i n g l e  u n i t s ,  and t h e  i n v a l i d  l i c e n s e s  t e n d  t o  be a s s o c i a t e d  w i t h  
t h o s e .  

D r i v e r  r e s i d e n c e  is v e r y  much a  % u n c t i o n  o f  t h e  t y p e  of  t r u c k .  
I n  T e x a s  a c c i d e n t s  some 25% of  t h e  van d r i v e r s  r e s i d e  o u t s i d e  t h e  
s t a t e ,  v e r y  few dump t r u c k  d r i v e r s ,  and  no one d r i v i n g  a  f i r e  o r  
t r a n s i t  mix t r u c k .  

One d r i v e r  c h a r a c t e r i s t i c  o f  i n t e r e s t  i n  t h e  T e x a s  d a t a  is a  
r e c o r d  of f a l l i n g  a s l e e p ;  188 of  1 1 , 8 3 9  t r u c k  d r i v e r s  were r e p o r t e d  
a s  " f a t i g u e d  o r  a s l e e p 1 '  i n  t h e  a c c i d e n t  r e p o r t ,  none i n  f i r e  t r u c k s  
o r  p o l e  ( l o g )  t r u c k s ,  b u t  o v e r  1 i n  40 d r i v e r s  o f  f l o a t  t r u c k s ,  
v a n s ,  s t a k e  and t a n k  t r u c k s .  

S u r p r i s i n g l y  t r u c k  d r i v e r s  who a r e  n o t e d  a s  b e i n g  f a t i g u e d  o r  
a s l e e p  a r e  se ldom c h a r g e d  w i t h  any v i o l a t i o n - - o n l y  25% r e c e i v e d  a  
c i t a t i o n  a s  compared w i t h  67% of  t h e  p a s s e n g e r  c a r  d r i v e r s  i n  t h e  
same s i t u a t i o n .  T h i s  s u g g e s t s  t h a t  f a t i g u e  i s  a  s o r t  of a c c e p t a b l e  
o c c u p a t i o n a l  h a z a r d  f o r  t r u c k  d r i v e r s ,  and t h a t  t h e  law e n f o r c e m e n t  
f r a t e r n i t y  r e c o g n i z e s  t h i s .  

T r u c k  d r i v i n g  a p p e a r s  t o  l i e  i n  t h e  p r o v i n c e  of t h e  m a l e s .  
Even i n  t h e  c a s e  of  t h e  N a t i o n a l  A c c i d e n t  Summary, which i n c l u d e s  
many s m a l l e r  t r u c k s ,  t h e  p e r c e n t a g e  o f  f e m a l e s  is s m a l l .  The 
T e x a s  t r u c k  d a t a ,  f o r  12  l a r g e  t r u c k  t y p e s ,  i n d i c a t e s  t h a t  f e w e r  
t h a n  4% of  t h e  d r i v e r s  i n  a c c i d e n t s  were f e m a l e .  And t h e  BhES f i l e s  
d o  n o t  b o t h e r  t o  r e c o r d  d r i v e r  sex,  p resumably  b e c a u s e  o f  t h e  low 
i n c i d e n c e  of  f e m a l e s .  A b r i e f  t a b u l a t i o n  of t h i s  i n f o r m a t i o n  is; 
g i v e n  i n  T a b l e  5 - 7 .  

T h e r e  a r e  two p o s s i b l e  c o n c l u s i o n s  one  might  draw f rom t h i s  
d a t a :  f i r s t  t h a t  t h e r e  a r e  v e r y  few f e m a l e  t r u c k  d r i v e r s ,  o r  s e c o n d  
( s i n c e  this is  a c c i d e n t  d a t a ) ,  t h a t  f e m a l e s  d r i v e  t r u c k  v e r y  c a r e -  
f u l l y .  The c o r r e c t  c o n c l u s i o n  may i n d e e d  be some c o m b i n a t i o n  of 
t h e  two ,  b u t  w i t h o u t  a n  i n d e p e n d e n t  measure  of  e x p o s u r e  t h e  q u e s t  i o n  
c a n n o t  be r e s o l v e d .  

A n  i n t e r e s t i n g  v a r i a t i o n  w i t h  d r i v e r  a g e  i s  shown i n  F i g u r e s  
5-36 t h r o u g h  5-39.  P r e - a c c i d e n t  s p e e d  i s  g i v e n  f o r  T e x a s  a c c i d e n t s  
i n  1 0  mile p e r  h o u r  g r o u p s ,  and  d r i v e r  a g e  h a s  been g rouped  i n  f i v e  
y e a r  i n t e r v a l s .  The s e v e r a l  v i e w s  o f  t h i s  d a t a  show t h i s  r e l a t i o n -  
s h i p  f o r  b o t h  t r u c k  d r i v e r s  ( t a k e n  f o r  t h e  12 t y p e s  of  t r u c k s  f rom 
t h e  T e x a s  t r u c k  f i l e )  and p a s s e n g e r  c a r  d r i v e r s  ( t a k e n  from t h e  
T e x a s  sample  f i l e ) .  I t  can  be s e e n  t h a t  the  l a r g e  t r u c k s  have  
p r e d o m i n a n t l y  low s p e e d  a c c i d e n t s ,  and  v e r y  few young ( a g e  16-20) 
d r i v e r s .  There  is a  n o t i c e a b l e  d i p  i n  t h e  s p e e d  r e p o r t i n g  f o r  11- 
2 0  miles p e r  h o u r  f o r  b o t h  c a r s  and t r u c k s  which may s i m p l y  be a 
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TEXAS TRdCK F I L E S (  ILCLbOES POLICE REPORTED ACCIDENTS FOR 
12  LA?GE TRUCK TYPES) 
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Figure 5-23 
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F I R E  T R U C K  A C C I D E N T S  O l l T R I B U T E D  B V  A C E  O F  D R I V E R  
T E X A S  T R U C K  P I L E ,  1 9 6 9  
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Figure 5-87 

F L A T B E D  T R U C K  A C C I D E N T S  D I S T R I B U T E D  B V  A G E  OP D R I V E R  
T E X A S  T R U C K  FILL. 9 1 6 9  
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Figure 5 4 8  

FLOAT TRUCK PCCIDENTS DISlRlBUTED BY AGE OF DRIVER 
TEXAS lRUCK PILE 1969 
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Flgure 5-29 

TRANSIT TRUCK lCClDENTS DISTRIBUTED BY AGE O F  DRIVER 
TEXAS TRUCK FILE ~ 1 9 6 9  
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Figure 5-30 

POLE T R U C K  A C C I D E N T S  O l S T R l S U T E D  BY A G E  D F  D R I V E R  
T E X A S  T R U C K  P I L E .  1969 
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Figure 5-31 

R E F R I G E R A T O R  T R U C L  l C C I O E H T S  D I S T R I B U T I D  B Y  AGE O F , O R I V E R  
TEXAS TRUCK 1 9 6 9  
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Figure 5-31 

VAN T Y P E  TRUCK ACCIPEHTS DISTRI8UlED BY 166 W DRIVER 
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Figure 5-39 

WRECKER T R U C K  ACCIDENTS DISTRIBUTED 1'1 AEE W DRIVER 

T E X A S  TRUCK FILE. 1 9 6 9  



Figure 5-36 Speed of Travel  before Accident vs. Age o f  Driver 
( V i e w  l), 12 Large Truck Types, Texas Truck F i l e  



Figure 5-38 Speed of Travel Before Accident vs. Age of Dri 
(View 1), A l l  Passenger Vehicles, Texas Sample 

Figure 5-39 Speed of Travel before Accident vs .  Age of Driver 
(View 2 ) ,  All Passenger Vehicles, Texas Sample 



r e f l e c t i o n  of t h e  exposu re  s i t u a t i o n ,  i . e . ,  not  many v e h i c l e s  a r e  
t r a v e l i n g  i n  t h a t  speed  range  a t  any time. 

Table  5-7 

Percen t  Female D r i v e r s  i n  Accident  Data Sources  

Source % Female D r i v e r s  

N a t i o n a l  Accident  Summary 
(pas senge r  c a r s )  

Texas Sample ( p a s s  c a r s )  

N a t i o n a l  Accident  Summary 
( t r u c k s )  

Texas Sample (p ickup  t r u c k s )  7 . 6  

Texas Truck f i l e s  
(12 l a r g e  t r u c k  t y p e s )  

Texas Sample ( p a n e l  t r u c k s )  5 . 7  

BMCS f i l e s  no t  recorded  

5 . 1 . 4  The Vehic le  

What Are t h e  R e l a t i v e  Accident  Involvements  of Veh i c l e  T v ~ e s ?  

A s  d i s c u s s e d  i n  t h e  i n t r o d u c t i o n  t o  t h i s  s e c t i o n ,  i t  i,s ex- 
ceed ing ly  d i f f i c u l t  t o  compare t r u c k s  from one s e t  of d a t a  w i t h  
t h o s e  from a n o t h e r ,  a s  t h e r e  is l i t t l e  c o n s i s t e n c y  i n  t h e  c a t e g o r i -  
z a t i o n .  For a  s m a l l  s u b s e t  of Texas a c c i d e n t s  an a t t empt  has  been 
made t o  i d e n t i f y  e q u i v a l e n t  v e h i c l e s  i n  t h e  Na t iona l  Census of 
T r a n s p o r t a t i o n  (op.  c i t . ) .  T h i s  comparison is p r e s e n t e d  h e r e  w i t h  
t h e  fo l l owing  r e s e r v a t i o n s :  The census  had t a b u l a t e d  v e h i c l e s  and 
v e h i c l e  miles by r e g i o n ;  t h e  d a t a  f o r  t h e  S t a t e  of Texas a l o n e  is 
not  d e t a i l e d  enough f o r  t h i s  comparison,  So t h e  d i s t r i b u t i o n ,  of 
t r u c k s  and t r u c k  m i l e s  (by t y p e )  f o r  a  r e g i o n  of which Texas com- 
p r i s e s  55% of  t h e  t r u c k  p o p u l a t i o n  is compared wi th  a c c i d e n t  d a t a  
from Texas i t s e l f .  F u r t h e r ,  t h e r e  is t h e  p o s s i b i l i t y  t h a t  wh,at t h e  
one r e p o r t  views a s  a  van ,  may not  be p r e c i s e l y  t h e  same a s  t h e  
o t h e r .  With t h e s e  c a u t i o n s ,  t h e  d a t a  is p r e s e n t e d  i n  Table  51.8. . . 

The f i n a l  two columns i n  t h i s  t a b l e  show t h e  r e l a t i v e  involve-  
ment r a t i o ,  by number of v e h i c l e s  and by number of v e h i c l e - m i l e s ,  
f o r  t h e s e  f i v e  t y p e s  of t r u c k s .  The r e a d e r  is encouraged t o  s e e k  
h i s  own e x p l a n a t i o n s  of t h e  r e s u l t s ,  a l t hough  i t  is sugges ted  he re  
t h a t  dump t r u c k s  and cement mixers  a r e  g e n e r a l l y  t r a v e l l i n g  i n  
conges ted  a r e a s ,  a t  peak t r a f f i c  h o u r s ,  and have more o p p o r t u n i t i e s  
p e r  mi l e  f o r  c o l l i s i o n s .  Vans and t a n k  t r u c k s ,  on the o t h e r  hand, 
would be more l i k e l y  t o  be on open highways a t  o f f  peak hour s .  Even 
w i t h  t h e  s m a l l  sample,  t h e  t r a n s i t  mix t r u c k  may bea r  f u r t h e r  i nves -  
t i g a  t i o n .  
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What is t h e  E f f e c t  of Vehic le  C o n d i t i o n ?  -. 

P o l i c e  r e p o r t s  o f t e n  p r o v i d e  f o r  t h e  l i s t i n g  of equipment 
f a c t o r s  which may have been i n v o l v e d  i n  t h e  a c c i d e n t .  The i n f o r -  
mat ion  f o r  t h i s  i t e m  may come from t h e  o f f i c e r ' s  o b s e r v a t i o n  ( e . g . ,  
he can o b s e r v e  t h a t  a wheel f e l l  o f f  t h e  v e h i c l e )  o r  from t h e  d r i -  
v e r ' s  e x p l a n a t i o n  of t h e  a c c i d e n t  ( " I  p u t  on t h e  b r a k e s ,  bu t  t h e y  
w o u l d n ' t  h o l d " ) ,  There  may i n  f a c t  be some tendency i n  t h e  r e p o r t -  
i n g  sys tem which would o v e r r e p o r t  f a i l u r e s  f o r  t r u c k s  a s  compared 
w i t h  p a s s e n g e r  c a r s .  And of  c o u r s e  %he o p p o s i t e  i s  p o s s i b l e .  Not 
knowing a n y  b e t t e r ,  we p r o p o s e  t o  % r e a t  t h i s  d a t a  a s  i f  i t  were un- 
b iased- - s imply  warning t h e  r e a d e r  t h a t  t h e  v a l i d i t y  is n o t  e s t a b -  
l i s h e d .  

Texas  f i l e s  l i s t  s e p a r a t e l y  d e f e c t s  hav ing  t o  do w i t h  t h e  
b r a k e s ,  s t e e r i n g ,  l i g h t s ,  t i r e s ,  t r a i l e r ,  s t o p  o r  t u r n  s i g n a l s ,  and 
"wheel came o f f " .  Of + h e  t w e l v e  t y p e s  of t r u c k s  s t u d i e d  h e r e  t h e  
one most f r e q u e n t l y  e x h i b i t i n g  some d e f e c t  i s  t h e  p o l e  o r  l o g  t r u c k  
and a l t h o u g h  t h e  sample  s i z e  is s m a l l ,  i t  is s i g n i f i c a n t l y  worse 
( a t  the  a = . 0 3  l e v e l )  t h a n  t h e  nex t  t o  w o r s t  t y p e .  T a b l e  5-9 shows 
t h e  p e r c e n t  of v e h i c l e s  by t y p e  which were found t o  be d e f e c t i v e  i n  
some manner a t  t h e  time of t h e  a c c i d e n t .  

T a b l e  5-9 

P e r c e n t a g e s  of V e h i c l e s  Found D e f e c t i v e  a t  
Time of Acc iden t  

S o u r c e :  Texas  Truck Sample F i l e s  

B o b t a i l  4 .8% *Passenger  C a r s  1.5% 
Dump t r u c k s  8 .0% *Pickup t r u c k s  2 .2% 
F i r e  Trucks  2 .1% *Pane l  t r u c k s  2  - 4 %  
F l a t b e d s  7.6% 12 t r u c k  a v e r a g e  6  - 7 %  
F l o a t  t r u c k s  9 .2% 
T r a n s i t  mix 7 . 8 %  
P o l e  ( l o g )  t r u c k s  14 .1% 
R e f r i g e r a t o r  6.870 
S t a k e  t r u c k s  7 .3% 
Tank t r u c k s  5 .9% 
Vans 5 .5% 
Wreckers  7 .1% *From Sample F i l e  

The most f r e q u e n t l y  l i s t e d  d e f e c t  was b r a k e s ,  dump t r u c k s  
l e a d i n g  w i t h  5 .3%.  F l o a t  t r u c k s  were nex t  w i t h  4 .2% P a s s e n g e r  
c a r s  a r e  l i s t e d  w i t h  d e f e c t i v e  b r a k e s  0 .8% of  t h e  t i m e .  T i r e s  were 
l i s t e d  a s  d e f e c t i v e  c o n t r i b u t i n g  f a c t o r s  i n  9 5  c a s e s  (0 .8% of 1 1 , 8 3 9 )  
and  "wheels came o f f "  i n  79 c a s e s  ( 0 . 7 % ) .  A l l  e x c e p t  t h e  f i r e  
t r u c k s  s h a r e d  n e a r l y  e q u a l l y  i n  t h e  problem of hav ing  whee l s  come 
o f f .  By comparison whee l s  f e l l  o f f  p a s s e n g e r  c a r s  o n l y  9  t i m e s  i,n 
a sample  o f  2 5 , 0 9 5  a c c i d e n t  v e h i c l e s ,  0.04% of t h e  t i m e .  

I n  t h e  coding of d a t a  f o r  t h e  I n d i a n a  Turnp ike  s p e c i a l  n o t e  
was made o f  a c c i d e n t s  induced  by t r u c k s ,  bu t  n o t  i n v o l v i n g  t h e  t r u c k  
i t s e l f .  Of some 5 , 7 4 4  a c c i d e n t s ,  128 c o u l d  be s o  i d e n t i f i e d ,  abou t  
t w o - t h i r d s  of t h e s e  b e i n g  t r a c t o r  t r a i l e r s .  I n  23 c a s e s  i t  was a  
wheel which had f a l l e n  from a  t r u c k  which caused  t h e  a c c i d e n t .  



Twelve of t h e s e  were working whee l s ,  and 11 were s p a r e  whee l s ,  
Although t h e  t r u c k  was not o t h e r w i s e  i nvo lved  i n  t h e  a c c i d e n t ,  t h e s e  
23 i n c i d e n t s  r e p r e s e n t  abou t  1 .5% of t h e  t r u c k  a c c i d e n t s  on t h e  
t u r n p i k e .  

The l o s s  of a  working wheel from a  t r u c k  s u g g e s t s  a  d ry  o r  
f r o z e n  b e a r i n g ,  and t h e r e b y  i m p l i e s  a  need f o r  maintenance o r  p e r -  
haps  s e l f - l u b r i c a t i n g  b e a r i n g s .  T h i s  problem of whee ls  f a l l i n g  o f f  
is s i g n i f i c a n t l y  more f r e q u e n t  i n  o l d e r  t r u c k s  a s  shown i n  Tab l e  5-10, 

Tab l e  5-10 

Truck A c c i d e n t s  i n  Which Wheels F e l l  Off 

Veh ic l e  Age Wheels d i d  not  Wheels d i d  
f a l l  o f f  f a l l  o f f  

C t o  3  y e a r s  o l d  ' 9,356  
4 t o  10 y e a r s  o l d  1 0 , 3 9 1  

1. Data from Texas Truck  f i l e s ,  1969-1970 Combined. 
2 .  C h i  s q u a r e  s i g n i f i c a n t  a t  . 0 1  l e v e l .  

What a r e  t h e  P a t t e r n s  of  Damage i n  Truck Acc iden t s?  

T r u c k s ,  by v i r t u e  of t h e i r  mass,  might be e x p e c t e d  t o  come o u t  
of an a c c i d e n t  w i t h  a  pa s senge r  c a r  w i t h  l e s s  damage and fewer  i n -  
j u r i e s .  Truck damage i n  comparison t o  pa s senge r  c a r  damage has  
been ana lyzed  w i t h  r e f e r e n c e  t o  a c c i d e n t s  o c c u r r i n g  i n  t h e  Denver,  
Colorado  a r e a  i n  1969 ,  

The S t a t e  of Colorado a c c i d e n t  r e p o r t  form p r o v i d e s  f o r  Lhe 
r e c o r d i n g  of damage t o  each  v e h i c l e  i nvo lved  i n  a  c o l l i s i o n  i n  more 
d e t a i l  t han  most p o l i c e  r e p o r t i n g  sys t ems .  A somewhat modi f ied  TAD 
r a t i n g  s c a l e  i s  c u r r e n t l y  used  t o  r e c o r d  damage t o  each  of 20  a r e a s  
on t h e  v e h i c l e ,  a s  shown i n  F igu re  5-40. The s c a l e  b e a r s  a  d i . rec t  
cor respondence  t o  t h e  TAD r a t i n g  a s  f o l l o w s :  

Tab l e  5-11 

R e l a t i o n s h i p  between Veh ic l e  Damage S c a l e s  of TAD 
and Colorado Acc iden t  Report  Form 

TAD COLORADO FORM 

The p o l i c e  o f f i c e r s  have been g i v e n  photographs  of a c c i d e n t  
i nvo lved  v e h i c l e s  r e p r e s e n t i n g  s e v e r a l  l e v e l s  of t h i s  s c a l e ,  a,nd 
have been i n s t r u c t e d  t o  code t h e i r  r e p o r t s  a c c o r d i n g l y .  

One y e a r  of a c c i d e n t  d a t a  from t h e  four -county  a r e a  h a s  been 
a n a l y z e d  t o  p r o v i d e  a  damage p a t t e r n  f o r  e ach  of f o u r  t y p e s  of 
veh i c l e s - -pa s senge r  c a r s ,  p ick-up t r u c k s ,  s t r a i g h t  t r u c k s ,  and 
t r a c t o r  t r a i l e r s .  While t h e  damage d iagram is s p e c i f i c a l l y  d e t a i l e d  



f o r  pa s senge r  v e h i c l e s  ( e . g . ,  i n d i c a t i n g  t h e  deg ree  of damage i n  
t h e  l e f t  r e a r  d o o r ) ,  t h e  c u r r e n t  p r a c t i c e  i s  t o  code damage t o  
t r u c k s  by t h e  same a n g u l a r  p o s i t i o n .  The d a t a  a r e  t h u s  d i s p l a y e d  
i n  a  s e r i e s  of p o l a r  d iagrams r e f e r e n c e d  t o  t h e  geome t r i c  c e n t e r  of 
t h e  v e h i c l e .  

In  F i g u r e s  5-41 through 5-44 t h e  p l o t t e d  p o i n t s  i n d i c a t e  t h e  
p e r c e n t a g e  of v e h i c l e s  (of t h e  g iven  c l a s s )  which s u s t a i n e d  damage 
of any l e v e l  (1, 2 o r  3 )  a t  t h a t  l o c a t i o n  on t h e  v e h i c l e .  There i s  
l i t t l e  d i f f e r e n c e  t o  no t e  between t h e  pas senge r  c a r s  and t h e  p ickup  
t r u c k s ,  excep t  t h a t  t h e s e  t r u c k s  e x h i b i t  a  s l i g h t l y  lower o v e r a l l  
damage. In  a d d i t i o n ,  t h e  r i g h t  f r o n t  c o r n e r s  of  p i ckups  a r e  r e l a -  
t i v e l y  more s u s c e p t i b l e  t o  damage. 

The co r r e spond ing  p ro tube rance  i s  c o n s i d e r a b l y  more pronounced 
f o r  s t r a i g h t  t r u c k s ,  and a  most d e f i n i t e  d i p  a t  t h e  f r o n t  of  t h e  
, t r a c t o r  t r a i l e r  p l o t  ' s u g g e s t s  t h a t  t hey  a r e  w e l l  p r o t e c t e d  ait t h a t  
po in t - - a s  opposed t o  pas senge r  c a r s .  I t  had been observed  i n  a  
p r e v i o u s  s t u d y *  t h a t  t r u c k s  were more f r e q u e n t l y  damaged on t h e  
r i g h t  s i d e ,  whereas  pas senge r  v e h i c l e s  r e c e i v e d  damage more sym- 
m e t r i c a l l y .  T h i s  s u g g e s t s ,  a t  l e a s t ,  a  p o s s i b l e  v i s i b i l i t y  problem 
on t h e  r i g h t  s i d e  of  t h e  l a r g e r  v e h i c l e s .  

F i g u r e  5-45 shows t h e  p a t t e r n s  f o r  pa s senge r  c a r s  and t r a c t o r  
t r a i l e r s  on t h e  same s c a l e ;  t h e  d i f f e r e n c e  i n  damage s e v e r i t y  be- 
tween t h e s e  two t y p e s  of v e h i c l e s  is  a p p a r e n t ,  a l t hough  t h e  p r e s e n t  
d a t a  can only  s u g g e s t  t h a t  t h e  cause  of t h e  d i f f e r e n c e  is t h e  rel-  
a t i v e  c r u s h a b i l i t y  of t h e  two s t r u c t u r e s .  

The i n t e g r a l  of t h e  damage t o  t r u c k s  is n o t i c e a b l y  l e s s  t han  
o r  pas senge r  c a r s .  Assuming t h a t  a l l  v e h i c l e s  i n c u r  some damage 
n  r e p o r t e d  a c c i d e i ~ t - ; !  t h e  i n t e g r a l  may s t i l l  be d i f f e r e n t  because 
ach pas senge r  c a r  may be damaged a t  many p o i n t s ,  whereas each  t r u c k  

may be damaged on only  one o r  two p o i n t s  on t h e  compass s c a l e ,  I t  
i s  not  p o s s i b l e  t o  pu t  t h e  Colorado d a t a  i n  t h e  same d e t a i l e d  form 
a s  i s  a v a i l a b l e  i n  Texas-- thus t h e  lumping of t r u c k s  i n t o  t h e  t h r e e  
c a t e g o r i e s  g iven  h e r e .  

5 . 1 . 5  Use of Accident  F i l e s  f o r  S p e c i a l  I n v e s t i g a t i o n s  

E a r l i e r  p a r t s  of t h i s  s e c t i o n  a d d r e s s e d  t h e  d e s c r i p t i o n  of 
t r u c k  a c c i d e n t s  and compared them t o  a c c i d e n t s  i nvo lv ing  pas senge r  
v e h i c l e s  i n  a  g e n e r a l  f a s h i o n .  T h i s  i n f o r m a t i o n  was t a b u l a t e d  wi th  
r e f e r e n c e  t o  t o p i c s  thought  t o  be of g e n e r a l  i n t e r e s t .  A number 
of s p e c i f i c  q u e s t i o n s ,  such a s  t h e  over /under  involvement of com- 
m e r c i a l  v e h i c l e s  i n  p a r t i c u l a r  k i n d s  of a c c i d e n t s ,  o r  i n  p a r t i c u l a r  
l o c a t i o n s  were a  Lso c o n s i d e r e d ,  

A no t  uncommon e x p e r i e n c e  i n  beginning  a  new i n v e s t i g a t i o n  is 
t o  f i n d  t a b u l a t i o n s  i n  t h e  l i t e r a t u r e  which do no t  q u i t e  f i t  t h e  
problem a t  hand. Perhaps  some o t h e r  s tudy  h a s  p rov ided  an age and 
s e x  d i s t r i b u t i o n  of d r i v e r s ,  f o r  example,  but  h a s  grouped t h e  a g e s  
i n  a  manner no t  comparable t o  t h e  o r i g i n a l  t a b u l a t i o n s .  Resor t  t o  
t h e  o r i g i n a l  d a t a  would o f t e n  answer t h e  q u e s t i o n ,  bu t  i t  is u s u a l l y  
no t  a v a i l a b l e .  The d a t a  s e t s  used  i n  t h i s  s t udy  program c o n t a i n  s o  

* 
Damage P a t t e r n s  f o r  Pas senge r  Sedans and Trucks ,  Robert  E .  

S c o t t ,  HITLAB R e p o r t s ,  November 1970. 





many p o s s i b l e  combina t i ons  of  o u t p u t  t h a t  on ly  a  s m a l l  pe r cen t age  
can be p r e s e n t e d  i n  t h i s  r e p o r t .  But t h e  d a t a  remain a v a i l a b l e ,  
and i n  t h i s  s e c t i o n  an examp1.e of t h e  man ipu l a t i on  of t h e  d a t a  w i l l  
be given--impl.ying t h a t  s i m i l a r  a n a l y s e s  can be performed readi:Ly i n  
t h e  f u t u r e ,  

A n a l y s i s  of Data F i l e s  R e l a t i v e  t o  Car- into-Truck Rear - 
End Under r ide  C o l l i s i o n s  

A set of a c c i d e n t s  i n v e s t i g a t e d  d u r i n g  t h e  p e r i o d  1967 t o  d a t e  
have been r e p o r t e d  on t h e  C o l l i s i o n  Performance and I n j u r y  Repor t ,  
commonly known a s  t h e  Gene ra l  Motors Long Form. T h i s  form p r o v i d e s  
f o r  t h e  d e t a i l e d  t a b u l a t i o n  of s e v e r a l  hundred f a c t o r s  a s s o c i a t e d  
wi th  t h e  a c c i d e n t ,  most of which a r e  s p e c i f i c  t o  i n j u r y  d e t e r -  
m i n a t i o n  and t o  t h e  de fo rma t ion  of t h e  v e h i c l e .  The o r i g i n a l  
r e p o r t s  c o n t a i n  f a i r l y  comprehensive d e s c r i p t i o n s  of t h e  c r a s h  
p r o c e s s ,  and a r e  accompanied by numerous photographs  of t h e  v e h i c l e  
and s c e n e ,  One group  of t h e s e  a c c i d e n t  r e p o r t s !  d e r i v i n g  p r i m a r i l y  
f rom work done by UCLA and t h e  U n i v e r s i t y  of Michigan,  was s e a r c h e d  
(by computer)  t o  de t e rmine  how many and which c a s e s  i nvo lved  a  
p a s s e n g e r  v e h i c l e  s t r i k i n g  t h e  r e a r  of a t r u c k .  Of 700 t o t a l  c a s e s  
i n  t h e  f i l e ,  t h e r e  were n i n e t e e n  c a r - i n t o - t r u c k  r e a r  end c o l l i s i o n s .  
By r e f e r e n c e  t o  t h e  pho tog raphs  i t  cou ld  be de te rmined  t h a t  t h e r e  
were f o u r  f a t a l i t i e s .  I t  seems u n l i k e l y  t h a t  t h i s  would r e p r e s e n t  
t h e  n a t i o n a l  f r equency  of  such  f a t a l  a c c i d e n t s - - i . e . ,  4 o u t  of 700 
cases - -bu t  t h e  c a s e s  d i d  p r o v i d e  a  c l e a r  p i c t u r e  of t h e  n a t u r e  of 
t h e  u n d e r r i d e  problem,  and ev idence  of how s e v e r e  i t  can be on 
o c c a s i o n .  

I n  t h e  1969 BMCS f i l e  a r e  3 , 8 1 4  c a s e s  i n  which a  t r u c k  s t r u c k  
a  c a r  i n  t h e  r e a r  ( abou t  1% of which i nvo lved  a  f a t a l i t y )  and 3178 
c a s e s  i n  which a  c a r  s t r u c k  a  t r u c k  from t h e  r e a r  (about  4% of 
which i nvo lved  a  f a t a l i t y ) .  F a t a l i t i e s  were 56 and 165 r e s p e c t i v e l y  
f o r  a  t o t a l  o f  2 2 1 .  There  is no d i r e c t  i n d i c a t i o n  of u n d e r r i d e  o r  
non-under r ide  i n  t h e s e  c a s e s .  W h i l e  pa s senge r  v e h i c l e s  ( i . e . ,  
b u s e s  and t a x i c a b s )  have been e l i m i n a t e d  from t h i s  f i l e ,  i t  d o e s  
i n c l u d e  some s t r a i g h t  t r u c k s  i n  a d d i t i o n  t o  t r a c t o r  t r a i l e r s .  On 
t h e  o t h e r  hand,  i t  does  not  r e p r e s e n t  a l l  of t h e  l a r g e  t r u c k  a c c i -  
d e n t s  i n  t h e  c o u n t r y .  An a n a l y s i s  p r e s e n t e d  i n  Appendix A of t h i s  
r e p o r t  s u g g e s t s  t h a t  t h e  BMCS f i l e  may r e p r e s e n t  about  h a l f  of t h e  
l a r g e  t r u c k  f a t a l  a c c i d e n t s .  

In  t h e  Ohio Turnpike  f i l e  of 8 , 0 0 0  v e h i c l e  involvements  o v e r  a  
p e r i o d  o f  f o u r  y e a r s  t h e r e  were 158 c a s e s  01 c a r  s t r i k i n g  t r u c k  
i n  t h e  r e a r  ( i n v o l v i n g  15 f a t a l i t i e s  and 114 i n j u r i e s ) ;  and t h e r e  
were 139 c a s e s  of t r u c k  s t r i k i n g  c a r  i n  t h e  r e a r  ( i n v o l v i n g  133 
i n j u r i e s  and s i x  f a t a l i t i e s ) .  One can conc lude  t h a t  f a t a l i t i e s  a r e  
somewhat more l i k e l y  i n  t h e  c a r - h i t s - t r u c k  c a s e s ,  bu t  cannot  r e a l l y  
i d e n t i f y  unde r - r i de  o t h e r  t h a n  by t h e  i m p l i c a t i o n  of t h e  GM long 
form f i l e .  I t  was a l s o  p o s s i b l e  i n  t h e  Ohio d a t a  t o  look  a t  t h e  
e s t i m a t e d  c o l l i s i o n  ( d i f f e r e n t i a l )  s p e e d .  There  a r e  on ly  f i v e  cases  
i n  which a  t r u c k  h i t  a  c a r  w i t h  a  d i f f e r e n t i a l  speed  of more t han  
17  miles p e r  hour (ou t  of t h e  139 t r u c k - c a r  c o l l i s i o n s )  whereas  
t h e r e  were 67 c a s e s  of c a r s  s t r i k i n g  t r u c k s  (of  158 )  i n  t h i s  speed  
r a n g e .  

I n  t h e  Denver f i l e  a l l  r e p o r t e d  a c c i d e n t s  i n  a  f o u r  county  
a r e a  of Colorado  were s e a r c h e d - - r e s u l t i n g  i n  73 c a s e s  i n  which a 
r ea r - end  c o l l i s i o n  between a  t r a c t o r - t r a i l e r  and a  c a r  o c c u r r e d , ,  



Approximately h a l f  of t h e s e  were c a r  s t r i k i n g  t r u c k ,  and h a l f  t h e  
o t h e r  way around.  There  were no f a t a l i t i e s  i n  t h i s  s e t  of d a t a ,  
and only  t e n  s e r i o u s  ( " A "  o r  ' ' c a r r i e d  from scene")  i n j u r i e s .  'I'l~ere 
were on ly  two c a s e s  i n  which t h e  au tomobi le  hood damage was 
s e v e r e - - i n d i c a t i n g  p o s s i b l e  u n d e r r i d e .  The Denver f i l e  r e p r e s e n t s  
t h e  a c c i a e n t s  i n  an  a r e a  wrtn a  p o p u l a t i o n  o t  s l i g h t l y  more t han  
one m i l l i o n  p e r s o n s  ($% of t h e  U.S. p o p u l a t i o n ) .  

A s e a r c h  was made of t h e  Oakland County, Michigan f i l e s  f o r  
t h e  same t h i n g .  I t  was no t  e a s v  t o  d i f f e r e n t i a t e  between t h e  two 
t y p e s  o i  a c c i d e n t s ,  but  t h e  t o t a l  number of a c c i d e n t s  was 194 
( i n v o l v i n g  a  t r a c t o r - t r a i l e r  and a  pas senge r  ca r - r ea r - end ) ,  anti 
t h e r e  was one f a t a l i t y .  The p o p u l a t i o n  of Oakland County i s  of t h e  
same o r d e r  a s  t h a t  i n  t h e  Colorado a c c i d e n t  f i l e .  The l a r g e  d i f -  
f e r e n c e  i n  t h e  t o t a l  number of t r u c k - c a r - r e a r  end a c c i d e n t s  between 
Oakland County and Denver may be due t o  a  d i f f e r e n t  r e p o r t i n g  method, 
a  d i f f e r e n t  coding scheme, o r  more t r u c k  t r a f f i c  i n  t h e  v i c i n i t y  of 
D e t r o i t .  The l a t t e r  is s u s p e c t e d  a s  there a r e  two major i n t e r -  
s t a t e  r o u t e s  go ing  through Oakland County. 

If t h e  BMCS f i l e s  indeed  r e p r e s e n t e d  a  l a r g e  pe rcen tage  of t h e  
f a t a l  c a r  t o  t r u c k  r e a r  end  c o l l i s i o n s  i n  t h e  United S t a t e s ,  t :here  
would be approximate ly  one f a t a l  a c c i d e n t  p e r  y e a r  f o r  each  m i l l i o n  
r e s i d e n t s  of t h e  c o u n t r y .  The e x p e c t e d  number of such a c c i d e n t s ,  
t h e n ,  would be about  one i n  Denver and one i n  Oakland County. So 
i t  i s  not  s u r p r i s i n g  t o  f i n d  a  one and a  z e r o .  And i t  is not  s u r -  
p r i s i n g  t h a t  UCLA i n v e s t i g a t o r s  found f i v e  such a c c i d e n t s  t o  i nves -  
t i g a t e  i n  t h e  Los Angeles a r e a  ove r  a  p e r i o d  of  s e v e r a l  y e a r s .  I n  
f a c t ,  i f  t h e  BMCS d a t a  r e p r e s e n t s  on ly  h a l f  of t h e s e  f a t a l  a c c i d e n t s  
t h e  l i k e l i h o o d  of t h e  r e s u l t s  observed  i n  Denver,  Oakland County, 
and Los Angeles would be about  t h e  same. 

The p r o b a b i l i t y  of a  y e a r  w i thou t  a f a t a l  t r a c t o r - t 1 1 a i l e r 4 - c a r  
r e a r  end c o l l i s i o n  ( w i t h i n  some j u r i s d i c t i o n )  can be comnLit~d a s  
f o l l o w s  : 

Where 0 .99  = ( I  - 0 . 0 1 )  and 

0 . 0 1  = t h e  p r o b a b i l i t y  of a  f a t a l i t y ,  g iven  an 
a c c i d e n t  of t h i s  t y p e .  

and N = t h e  number of a c c i d e n t s  of t h i s  t ype  o c c u r r i n g  
i n  t h e  j u r i s d i c t i o n  i n  one y e a r .  

For  Oakland County 

P ( 0 )  = ( 0 . 9 9 )  lg4 = 0.14 ,  

t h e  p r o b a b i l i t y  of a  y e a r  wi th  no f a t a l  a c c i d e n t s  of t h i s  t ype  i n  
Oakland County. 

For Denver w i t h  73 a c c i d e n t s ,  P ( 0 )  = 0 .48 .  



For Los Angeles ,  wi th  an  e s t i m a t e d  p o p u l a t i o n  of 8 , 0 0 0 , 0 0 0 ,  
t h e  exponent  shou ld  be about  e i g h t  t i m e s  a s  l a r g e  a s  D e t r o i t ' s .  
The p r o b a b i l i t y  of a  y e a r  w i t h  no f a t a l s  of t h i s  t ype  i n  Los Angeles  
is  t h u s  n e a r l y  z e r o .  

The a v a i l a b l e  d a t a  s u g g e s t  t h a t  t h e  f r equency  of car- . in to-  
t r u c k  r e a r  end  f a t a l .  c o l l i s i o n s  is o f  t h e  o r d e r  of one p e r  m i l l i o n  
p o p u l a t i o n  p e r  y e a r .  And t h e  c a s e s  r e p o r t e d  on t h e  C o l l i s i o n  Per-  
formance and I n j u r y  Report  p rov ide  ev idence  t h a t  u n d e r r i d e  does  
occu r  ( a l t hough  t h e  sample is t o o  s m a l l  and pe rhaps  t o o  b i a s e d  t o  
i n f e r  much about  t h e  n a t i o n a l  f requency  of t h i s  e v e n t ) ,  and t h a t  on 
o c c a s i o n  f a t a l i t i e s  r e s u l t  from t h e  u n d e r r i d e .  

One i s  tempted t o  s p e c u l a t e  about  t h e  number of f a t a l i t i e s  
which might be p r e v e n t e d  s h o u l d  some form of u n d e r r i d e  pro tec i t ion  
be employed on l a r g e  t r u c k s .  I t  seems Like ly  t h a t  t h i s  would be 
fewer  than 200,  o r  1 p e r  m i l l i o n  p o p u l a t i o n  p e r  y e a r ,  because t h e  
u n d e r r i d e  p r o t e c t i o n  d e v i c e  would no t  p r e v e n t  f a t a l  i n j u r i e s  i n  
e v e r y  c a s e .  Whether t h i s  s a v i n g  is  c o s t  e f f e c t i v e  must be a rgued  
by t h o s e  w i t h  a  f u l l e r  unde r s t and ing  of t h e  c o s t s  i nvo lved .  

5 . 2  Anal.ysis of Turnpike  Data 

5 . 2 . 1  Turnpike  Accident  Exper ience  

The a c c i d e n t  d a t a  i n  t h e  f i l e s  from t h e  t h r e e  t u r n p i k e s  i n c l u d e s  
a c c i d e n t s  on t h e  main l i n e  a s  w e l l  a s  t h o s e  i n  s e r v i c e  a r e a s  and a t  
to1. l  p l a z a s ,  S ince  t h e  s e r v i c e  a r e a s  a r e  unique t o  a  minor c l lass  
of l i m i t e d  a c c e s s  highways and a r e  not  un i form i n  f requency  o r  de- 
si.gn t h e  a n a l y s i s  of t u r n p i k e  a c c i d e n t s  p r e s e n t e d  h e r e  h a s  been 
r e s t r i c t e d  t o  t h o s e  i n c i d e n t s  t h a t  o c c u r r e d  on t h e  main l i n e  where 
t r a v e l  i s  a t  normal highway speeds  under  c o n d i t i o n s  t h a t  a r e  r e p r e -  
s e n t a t i v e  of t h e  I n t e r s t a t e  sys tem and most o t h e r  l i m i t e d  a c c e s s  
highways. The t h r e e  t u r n p i k e  f i l e s  c o n t a i n  a  t o t a l  of 23 ,425  a c c i -  
d e n t s ,  of which 20 ,155  o r  86% were on t h e  main Line.  The remain ing  
3 , 2 7 0  a c c i d e n t s  a r e  i n  g e n e r a l  l e s s  s e v e r e  t h a n  t h e  m a i n l i n e  c r a s h e s  
because  of t h e  lower speeds  i n  s e r v i c e  a r e a s .  They do i n c l u d e  a  
number of g e r i o u s  a c c i d e n t s  however, p a r t i c u l a r l y  a t  t o l l  g a t e s  on 
t h e  m a i n l i n e  a t  t h e  t e r m i n a l s  of t h e  highways. The r e l a t i v e  number 
of t h e s e  s e r i o u s  c r a s h e s  was s m a l l  however,  and s i n c e  t h e y  d i d  not  
o c c u r  i n  c i r cums tances  which a r e  r e p r e s e n t a t i v e  of most l i m i t e d  
a c c e s s  r o a d s ,  t hey  were not  i n c l u d e d  i n  t h e  a n a l y s i s .  

The c l a s s i f i c a t i o n  of t y p e  of  v e h i c l e s  d i f f e r  s l i g h t l y  i n  each  
of t h e  f i l e s .  S txa i .gh t  t r u c k s  ( s i n g l e  u n i t s ) ,  t r a c t o r  t r a i l e r s ,  and 
t r u c k s  w i th  f u l l  t r a i l e r s  a r e  i d e n t i f i e d  i n  a l l  t h r e e .  Only i n  t h e  
Ind i ana  f i l e  can piclrup and parlel t r u c k s  be s o  i d e n t i f i e d .  :In t h e  
Ohio and Pennsy lvan ia  f i l e s  t h e s e  v e h i c l e s  a r e  i n c l u d e d  w i th  s t r a i g h t  
t r u c k s .  Sma l l e r  t r u c k s ( g e n e r a l 1 y  t h o s e  under  20 ,000  l b .  g r o s s  
v e h i c l e  we igh t )  have been o m i t t e d  from c o n s i d e r a t i o n  i n  t h i s  s t u d y .  
Emphasis h a s  been p l a c e d  on c a t e g o r i e s  of  v e h i c l e s  which could  be 
i d e n t i f i e d  a s  l a r g e  t r u c k s  i n  a l l  t h e  a c c i d e n t  f i l e s ,  t h u s  minimizing 
t h e  ambigui ty  of i n t e r p r e t a t i o n  of t r a f f i c  d a t a  by t o l l  c l a s s . 1  
___O____ll .m-l-- lY-------  

A d e s c r i p t i o n  of t h e  t o l l  c l a s s e s  i s  i n c l u d e d  i n  Appendix C .  



The d i s t r i b u t i o n  of t h e  major c l a s s e s  of v e h i c l e s  i n  t h e  t h r e e  t u r n -  
p i k e  f i l e s  is shown i n  Tab l e  5-12. 

Tab l e  5-12 

D i s t r i b u t i o n  of  Acc iden t - Involved  Veh ic l e s  by Type 
i n  t h e  Three Turnpike  F i l e s  

T o t a l  Number of Veh ic l e s  = 32 ,700  

Vehic le  Type - -- - - Frequency i n  P e r c e n t  

Passenger  Cars  
( i n c l u d i n g  t h o s e  w i th  t r a i l e r s )  77 .5  

S t r a i g h t  Trucks  ( s i n g l e  u n i t s )  4 . 6  

Large Trucks  (combina t ion  u n i t s )  16 .5  

The v e h i c l e s  not i n c l u d e d  i n  t h e  t a b l e  a r e  a s s o r t e d  t y p e s  such a s  
mo to rcyc l e s ,  b u s e s ,  e t c .  and account  f o r  on ly  1.4% of t h e  t o t a l . .  
S i n g l e  u n i t  t r u c k s  r e p r e s e n t  on ly  4 .6% of t h e  v e h i c l e s  i n  t h e  f i l e s .  
I n  t h e  Ind iana  f i l e  where p i ckups  can  be s e p a r a t e l y  i d e n t i f i e d ,  t hey  
c o n s t i t u t e  26% of t h e  s t r a i g h t  t r u c k s .  

I n  t h e  e a r l y  months of t h e  s t u d y ,  c o n s i d e r a b l e  i n t e r e s t  i l l  

r e c r e a t i o n a l  v e h i c l e s  became e v i d e n t .  S ince  many a c c i d e n t  d a t a  
banks do not i d e n t i f y  such v e h i c l e s ,  t h e s e  v e h i c l e s  were a s s i g n e d  
un ique  codes  i n  c o n s t r u c t i o n  of t h e  Ind iana  Turnpike  f i l e  wi th  t h e  
thought  t h a t  t h e  d a t a  might be of g e n e r a l  i n t e r e s t .  The numbers of 
r e c r e a t i o n a l  v e h i c l e s  i n  t h e  Ind iana  f i l e  a r e  s m a l l  however, and not 
s u f f i c i e n t  f o r  meaningful  a n a l y s i s .  The i n c i d e n c e  i s  g i v e n  i n  Tab l e  
5-13, 

Tab l e  5-13 

R e c r e a t i o n a l  Veh ic l e s  i n  t h e  Ind iana  
T o l l  Road Accident  F i l e  

Veh ic l e  T o t a l  Number 

Mobile Home/Travel t r a i l e r  
(towed by v e h i c l e  o t h e r  
t han  t r a c t o r )  

P ickup  Camper 3 2  

Motor Home 12 

The t o t a l  number of p i ckups  w i t h  campers is 20% of a l l  p ickups  
i n  t h e  f i l e .  The number of t r u c k  campers s o l d  i n  1969 were on ly  
9% of t h e  number of p i ckups  s o l d . '  However, t h e  t r a f f i c  p a t t e r n s  
on t h e  t u r n p i k e s  a r e  t y p i c a l  of r e c r e a t i o n a l  t r a v e l  ove r  much of 

I 1970 Motor Truck F a c t s ,  Automobile Manufac ture rs  A s s o c i a t i o n ,  
320 New Cente r  B u i l d i n g ,  D e t r o i t ,  Michigan. 



t h e  y e a r ,  and t h e  d i s t r i b u t i o n  of t h e  two v e h i c l e s  i n  t h e  a c c i d e n t  
p o p u l a t i o n  may not  be s i g n i f  i c a n t , l y  d i f f e r e n t  t h a n  t h e  t r a f f i c  
popu l a  t i o n ,  

The t o t a l  number of pa s senge r  c a r s  and l a r g e  t r u c k s  i nvo lved  
i n  c o l l i s i o n s  i s  shown i n  Table  5-14, f o r  s i n g l e  v e h i c l e  and m u l t i -  
v e h i c l e  c o l l i s i o n s .  

Tab le  5-14 

Number of Veh ic l e s  Involved  i n  Acc iden t s  
on Main l ine  of Tu rnp ikes  

Passenger  Cars  Large Trucks 
N % N '% 

PENNSYLVANIA 
S i n g l e  v e h i c l e  53 52 45 .4  563 27 .6  
Mult i v e h i c l e  6444 54 .6  1477 72 .4  

T o t a l  11796 100 .0  2  04 0  100 .0  

OHIO 
S i n g l e  v e h i c l e  2878 50.3 667 42 .4  
Mult i v e h i c l e  2848 4 9 . 7  905 57.6 

T o t a l  5726 100 .0  1572 1100.0 

1 N D  IANA 
S i n g l e  v e h i c l e  2285 54 .4  4 04 46 .7  
Mult i v e h i c l e  1912 4 5 . 6  462 53.3 

T o t a l  4  197 100 .0  866 100 .0  

On a l l  t h r e e  highways approximate ly  50% of pas senge r  c a r  i n -  
volvements  were i n  s i n g l e  v e h i c l e  a c c i d e n t s .  In  t h e  c a s e  of l a r g e  
t r u c k s  t h e  r e s u l t  is somewhat d i f f e r e n t .  I n  both t h e  Ohio and 
I n d i a n a ,  s l i g h t l y  less than  h a l f  t h e  t r u c k  involvements  were s i n g l e  
v e h i c l e  a c c i d e n t s .  In  Pennsylvania  however, on ly  28% were s i n g l e  
v e h i c l e .  The r e a s o n  f o r  t h e  d i f f e r e n c e  on t h e  l a t t e r  highway is 
not y e t  a p p a r e n t .  In a l l  c a s e s  a  s m a l l e r  f r a c t i o n  of t r u c k s  were 
involved  i n  s i n g l e  v e h i c l e  t h a n  pas senge r  c a r s .  The p r o p o r t i o n  of 
a l l  involvements  which a r e  s i n g l e  v e h i c l e  is c o n s i d e r a b l y  h i g h e r  on 
t h e  t u r n p i k e s  t h a n  i n  n a t i o n a l  e x p e r i e n c e  a s  r e p o r t e d  by t h e  Naitional 
S a f e t y  Counci l .  N a t i o n a l  f i g u r e s  f o r  a l l  a c c i d e n t s  i n d i c a t e  t h a t  
on ly  about  11% of a l l  motor v e h i c l e  involvements  a r e  s i n g l e  v e h i c l e .  1 
However, about  36% of  a l l  a c c i d e n t s  a r e  i n t e r s e c t i o n  r e l a t e d ,  and 
t h e  absence of such c o n f l i c t s  on t h e  t o l l  r o a d s  would g r e a t l y  i n c r e a s e  
t h e  r e l a t i v e  i n c i d e n c e  of s i n g l e  v e h i c l e  involvements .  

When t h e  r e s u l t s  of t h e  t h r e e  highways a r e  combined, t h e  pro-  
p o r t i o n  of s i n g l e  v e h i c l e  involvements  is 36% f o r  l a r g e  t r u c k s  and 
48% f o r  c a r s .  Such a  combina t ion  is d i f f i c u l t  t o  i n t e r p r e t  however, 
because t h e  d a t a  was c o l l e c t e d  ove r  d i f f e r e n t  p e r i o d s  on highways 
of d i f f e r e n t  l e n g t h s .  Thus a  s i n g l e  combinat ion i s  a  weighted  ave r -  
a g e ,  w i t h  impl ied  weight ing  f a c t o r s  which a r e  l i k e l y  i n a p p r o p r i a t e .  
_____-P-s--- l - - - - - -  

Accident  F a c t s ,  1970 E d i t i o n ,  N a t i o n a l  S a f e t y  Counc i l ,  
Chicago ,  I l l i n o i s  



Modi f i ca t i on  of  t h e  we igh t ing  i s  p o s s i b l e ,  but d i f f i c u l t  t o  
accomplish w i thou t  i n t r o d u c i n g  confounding f a c t o r s  because t h e  high-  
ways a r e  not  i d e n t i c a l  i n  d e s i g n  nor  envi ronment ,  and t h e  a n n u a l  
v e h i c l e  m i l e s  over  each  is not  t h e  same. Most of t h e  r e s u l t s  p r e -  
s e n t e d  h e r e ,  p a r t i c u l a r l y  t hose  r e l a t i n g  t o  r e l a t i v e  exposu re ,  w i l l  
be g i v e n  s e p a r a t e l y  f o r  each  highway wi thout  combina t ion .  Combin- 
a t i o n  t o  s i m p l i f y  p r e s e n t a t i o n  is very t empt ing ,  but  should  on ly  be 
done w i t h  c a u t i o n .  Most of  t h e  r e s u l t s  based on t h e  t u r n p i k e  f i l e s  
w i l l  be g iven  i n d i v i d u a l l y  f o r  each  t u r n p i k e ,  even though t h e  tem- 
p t a t i o n  t o  combine t h e  f i g u r e s  is s t r o n g .  

The t o t a l  v e h i c l e  miles t r a v e l l e d  by t h e  two major t y p e s  of 
v e h i c l e s  i n  t h e  a c c i d e n t  d a t a  p e r i o d s  is g i v e n  i n  Tab le  5-15. 

Tab le  5-15 

T o t a l  Vehic le  Miles ove r  t h e  
Accident  Data Pe r iod  

Pennsylvania  
Passenger  Cars  Large Trucks  

52 .98  x 108 10 .93  x  108 

Ohio 46 .84  x l o8  9.96 x  1 0  
8  

Ind iana  26.26 x 10' 5.04 x  10  
8  

The d i s t r  l b u e  ~ u u  u i  t h e  s e v e r i t y  of s i n g l e  v e h i c l e  c o l l i s i o n s  
is shown i n  Table  5-16. With t h e  e x c e p t i o n  of Ohio, t h e  r e l a t i v e  
f r equency  o i  f a t a l .  involvements  was s l i g h t l y  h i g h e r  i n  t r u c k  a c c i -  
d e n t s  t h a n  i n  t h o s e  of pa s senge r  c a r s .  

Tab le  5-16 

S e v e r i t y  and Casua l ty  Ra te s  of S i n g l e  Vehic le  
Accidents  on t h e  Mainl ine 

Car Large Truck 
Pe 11 11 . Ohio Itld. Penn. Ohio - Ind .  

53 52 r8? 2285 563 66 1 
-- 

T o t a l  Acc iden t s  4  04 
W F a t a l  1 . 3 1  1 .32  1 .14  1 .96  1 . 0 6  2 .23  
P/o I l l ju ry  3 1 . 5  3 3 . 4  20.5 2 7 . 1  27 .2  1 8 . 1  
% P.D. 6 7 . 2  65 .3  78.3 7 0 . 9  7 1 . 7  7 9 . 7  

F a t a l i t  i e s /Acc .  0.014 0.016 0.014 0 ,020  0 .011  0.022 

The f requency  of in , ju ry  a c c i d e n t s  was s l i g h t l y  less f o r  l a r g e  t r u c k s .  
The number of i n j u r i e s  p e r  a c c i d e n t  was a l s o  less,  but  d i f f e r e d  from 
c a r s  by a  g r e a t e r  f a c t o r  t h a n  t h e  f requency  of  such a c c i d e n t s .  T h i s  
phenomena l i k e l y  r e f l e c t s  a  g r e a t e r  number of occupan t s  p e r  v e h i c l e  
i n  c a r s ,  t h u s  i n c r e a s i n g  t h e  number 01 i n j u r i e s  p e r  i n j u r y  a c c i d e n t  
t o  1 . 6 5  f o r  c a r s  a s  opposed t o  1 .13 f o r  t r u c k s .  The f r a c t i o n  o:!? 
occupan t s  i n j u r e d  cannot  be examined e x p l i c i t l y  because  none of t h e  
f i l e s  l i s t  t h e  t o t a l  number of occupan t s  i n  a  v e h i c l e .  



Approximately 60% of a l l  l a r g e  t r u c k  involvements  on t h e  main- 
l i n e  were i n  m u l t i v e h i c l e  c o l l i s i o n s .  The c a s u a l t y  r a t e s  of t h e  
major  c a t e g o r i e s  of m u l t i v e h i c l e  a c c i d e n t s  a r e  shown i n  Table  5-17. 
'The a c c i d e n t s  i n  , the t a b l e  have been c l a s s i f i e d  i n t o  " c o l l i s i o n .  
p a i r s "  by t y p e s  of v e h i c l e s  i nvo lved .  Gene ra l l y  t h e  f i r s t  v e h i c l e  
of a n y  p a i r  denoted  i n  t h e  t a b l e  can be i n t e r p r e t e d  a s  t h e  s t r i k i n g  
v e h i c l e .  T h i s  r e p r e s e n t a t i o n  i s  most r e l i a b l e  i n  rear -end  and s i d e -  
swipe a c c i d e n t s  of v e h i c l e s  t r a v e l i n g  i n  t h e  same d i r e c t i o n ,  and 
c o l l i s i o n s  w i t h  s t opped  o r  parked  v e h i c l e s .  

The p r o p o r t i o n  of t h e  a c c i d e n t s  which a r e  f a t a l s  is h i g h e r  f o r  
t h e  mu l t i veh i  c l e  involvements ,  a l t hough  t h e  a b s o l u t e  numbers of 
f a t a l s  were s m a l l  and t h e  p r o p o r t i o n s  a r e  s u b j e c t  t o  s u b s t a n t i a l  
change wi th  a  change of on ly  a  few f a t a l  c o l l i s i o n s .  S i m i l a r l y ,  
t h e  p r o p o r t i o n  is  h i g h e r  f o r  c r a s h e s  i n v o l v i n g  t r u c k s ,  a  s u b j e c t  
t h a t  w i l l  be e x a m i n e d * f u r t h e r  i n  l a t e r  pa rag raphs .  

I n j u r y  a l s o  occu r r ed  more f r e q u e n t l y  i n  m u l t i v e h i c l e  a c c i d e n t s ,  
however, t h e  r e l a t i v e  fnequency a s  a f u n c t i o n  of t h e  c o l l i s i o n  p a i r s  
i s  not  c o n s i s t e n t  f o r  a l l  t u r n p i k e s .  Fur thermore ,  many of t h e  d i f -  
f e r e n c e s  between columns i n  t h e  t a b l e  a r e  not  s t a t i s t i c a l l y  s i g n i f -  
i c a n t .  

The number of f a t a l i t i e s  p e r  a c c i d e n t  was h i g h e r  f o r  m u l t i -  
v e h i c l e  a c c i d e n t s  t h a n  f o r  s i n g l e  v e h i c l e  involvements ,  and was a l s o  
h i g h e r  f o r  m u l t i v e h i c l e  c o l l i s i o n s  i nvo lv ing  t r u c k s  when each t u r n -  
p i k e  is c o n s i d e r e d  s e p a r a t e l y .  S i m i l a r  c o n s i s t e n c i e s  a r e  not appar -  
e n t  i n  comparisons of t h e  numbers of i n j u r i e s  p e r  c o l l i s i o n .  

The t a b l e  does  l e n d  some s u p p o r t  t o  t h e  hypotheses  t h a t  i nvo lve -  
ment of a  l a r g e  t r u c k  r e s u l t s  i n  g r e a t e r  d i s s i p a t i o n  of energy  and 
more damage w i t h  i n c r e a s e d  l i k e l i h o o d  of i n j u r y ,  and t h a t  mu l t i -  
v e h i c l e  involvements  i n c r e a s e  t h e  number of i n j u r i e s  p e r  a c c i d e n t  
because  t h e  ave rage  number of occupan t s  i s  g r e a t e r  when more t h a n  
one v e h i c l e  is invo lved .  I t  shou ld  be noted however t h a t  many of 
t h e  s i n g l e  v e h i c l e  a c c i d e n t s  d i d  no t  i nvo lve  c o l l i s i o n s  wi th  a t t e n d -  
a n t  h igh  a c c e l e r a t i o n s ,  bu t  were ran-of f - the- road  t y p e s  wi th  g r a d u a l  
and r e l a t i v e l y  ha rmles s  d i s s i p a t i o n  of e n e r g y .  

An i n c r e a s e  i n  t h e  number of  i n j u r i e s  i n  m u l t i v e h i c l e  c r a s h e s  
r e s u l t i n g  from t r u c k  involvements  may be o f f s e t  somewhat by a  lower 
ave rage  t o t a l  number of occupan t s  i n  t r u c k s .  T h i s  i s  sugges t ed  by 
t h e  s m a l l  d i f f e r e n c e s  between c o l l i s i o n  p a i r s  i n  t h e  p r o p o r t i o n  
of  a c c i d e n t &  t h a t  r e s u l t  i n  i n j u r y  and t h e  number of i n j u r i e s  p e r  
a c c i d e n t .  

The h y p o t h e s i s  t h a t  involvement of a  l a r g e  t r u c k  i n c r e a s e s  t h e  
s e v e r i t y  of an a c c i d e n t  can a l s o  be examined by summarizing t h e  
c a s u a l t y  r a t e s  f o r  such a c c i d e n t s  and comparing t h e  r e s u l t  w i th  
c r a s h e s  i n  which t r u c k s  a r e  not  i nvo lved .  

Tab le  5-18 compares t h e  r a t e  of both f a t a l i t i e s  and i n j u r i e s  
( i n d i v i d u a l  v i c t i m s )  i n  m u l t i v e h i c l e  a c c i d e n t s  i nvo lv ing  t r u c k s  w i t h  
t h o s e  i n v o l v i n g  only  pas senge r  c a r s .  Data from t h e  Texas f i l e s  ha s  
been i n c l u d e d  t o  r e p r e s e n t  a  wider  c l a s s  of a c c i d e n t  t y p e s  and high-  
way env i ronmen t s .  I t  shou ld  be no ted  t h a t  t h e  number of f a t a l i t i e s  
p e r  one hundred a c c i d e n t s  is h i g h e r  when a  t r u c k  is involved  f o r  a l l  
t h e  d a t a  s e t s ,  I n  Texas ,  t h e  r a t i o  of f a t a l i t i e s  f o r  t r u c k  and non- 
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t r u c k  a c c i d e n t s  i s  2 . 1 ,  wh i l e  t h e  t u r n p i k e s  range from 1.1 i n  Penn- 
s y l v a n i a  t o  4 , 5  i n  I n d i a n a .  When a l l  t h r e e  t u r n p i k e s  a r e  combined 
t h e  f a t a l i t y  r a t e s  a r e , 4 . 0 0  p e r  one hundred a c c i d e n t s  i nvo lv ing  t r u c k s  
and .  2 ,48  p e r  one hu,ndred a c c i d e n t s  i nvo lv ing  pas senge r  c a r s  o n l y ,  o r  
a r a t i o  of X.6. The inc idence  of in , ju ry  among a c c i d e n t s  wi th  and 
wi thout  t r u c k  inval.veinent is r e v e r s e d ,  w i th  107 i n j u r i e s  p e r  one 
hundred a c c i d e n t s  involv i l lg  c a r s  on ly  opposed t o  81 p e r  one hundred 
a c c i d e n t s  i n v o l v i n g  t r u c k s  o r  a  r a t i o  of 1 .3  f o r  c a r s  ove r  t r u c k s .  

Tab le  5-18 

Number of C a s u a l t i e s  p e r  One Hundred Acc iden t s  
Number of Number of 

Number of  F a t a l i t i e s  p e r  I n j u r i e s  p e r  
Data S e t  --- Acc iden t s  100 Acc iden t s  100 Acc iden t s  - 
Texas  : 

Truck Involved  12 ,000  2 .39  
No Truck Involved 16 ,000  1.14 

Pennsylvania  : 
Truck  Involved 1 , 1 8 3  2 .96  
No Truck Involved 2 ,568  2 . 6 0  

Ohio : 
Truc11 Wnvolved 6  52 5 .98  
No Truck Involved  973 3 . 8 1  

Ind iana  : 
Truck Involved 43 7 2 .98  
No Truck Involved  765 0.654 

The d i f f e r e n c e  between f a t a l i t y  r a t e s  of t r u c k  and non-truck 
a c c i d e n t s  is not  a s  g r e a t  on t h e  t u r n p i k e s  a s  i n d i c a t e d  i n  t h e  Texas 
d a t a .  T h i s  may r e f l e c t  a  g r e a t e r  p r o p o r t i o n  of minor a c c i d e n t s  i n  
t h e  g e n e r a l  environment r e p r e s e n t e d  by t h e  Texas d a t a .  On t h e  o t h e r  
hand,  t h e  r a t i o  of i n j u r y  r a t e s  f o r  c a r s  over  t r u c k s  was h i g h e r  f o r  
t h e  t u r n p i k e s .  Whether t h i s  r e s u l t s  from a  h i g h e r  ave rage  number of 
occupan t s  i n  t h e  r e c r e a t i o n a l  pa s senge r  c a r  t r a f f i c  on t h e  t u r n p i k e s  
o r  from some o t h e r  f a c t o r  is not  e v i d e n t .  Both i n  Texas,  and on t h e  
t u r n p i k e  however, t h e  f a t a l i t y  r a t e  i s  s u b s t a n t i a l l y  h i g h e r  i n  a c c i -  
de i i t s  which invo lve  l a r g e  t r u c k s  t han  i n  t h o s e  which only  i nvo lve  
p a s s e n g e r  c a r s .  

5 . 2 . 2  Turnpike Involvement Ra te s  

The d i s c u s s i o n  of t u r n p i k e  a c c i d e n t s  i n  p receed ing  pa rag raphs  
was l i m i t e d  t o  t h e  r e l a t i v e  i n c i d e n c e  of a c c i d e n t s  by t y p e  of  v e h i c l e s  
i nvo lved  and by s e v e r i t y  a s  d e f i n e d  by i n j u r y  and f a t a l i t y .  These 
s t a t i s t i c s  can be d e r i v e d  from n e a r l y  any l a r g e  body of a c c i d e n t  
d a t a .  The o u t s t a n d i n g  f e a t u r e  of  t h e  t u r n p i k e  d a t a  l i e s  i n  t h e  
a v a i l a b i l i t y  of companion t r a f f i c  o r  exposure  d a t a .  Such d a t a  a l l o w s  
computa t ion  of a b s o l u t e  r a t e s  based on v e h i c l e  miles, t h e  most corn- 
monly used  measure of exposu re .  



T r a f f i c  d a t a  was a v a i l a b l e  f o r  a l l  t h r e e  t u r n p i k e s  which would 
a l l o w  computa t ion  of v e h i c l e  m i l e s  by t o l l  c l a s s  l o r  t h e  same p e r i o d s  
r e p r e s e n t e d  by t h e  a c c i d e n t  d a t a .  For  t h e  a n a l y s i s  p r e s e n t e d  h e r e ,  
t h e  mi leage  was computed f o r  a  dichotomy of v e h i c l e s ,  The f i r s t  
g roup  is pas senge r  c a r s ,  and f o r  t h i s  g roup  t h o s e  t o l l  c l a s s e s  from 
each  t u r n p i k e  which i n c l u d e  a l l  p a s s e n g e r  c a r s  and a r e  composed a l -  
most e n t i r e l y  of p a s s e n g e r  c a r s  were i n c l u d e d .  The second  group  is 
l a r g e  t r u c k s ,  p r i m a r i l y  t r a c t o r  t r a i l e r s .  The s e l e c t i o n  of appro-  
p r i a t e  t o l l  c l a s s e s  t o  r e p r e s e n t  t h e s e  v e h i c l e s  is not  a s  s t r a i g h t  
f o rward  a s  f o r  p a s s e n g e r  c a r s ,  and is d e s c r i b e d  i n  Appendix C .  

Use of v e h i c l e  miles a s  a measure of exposu re  i m p l i e s  t h a t  a c c i -  
d e n t  e x p e r i e n c e  is somehow, s ay  l i n e a r l y ,  r e l a t e d  t o  t h e  d i s t a n c e  
t r a v e l l e d .  When c o n s i d e r i n g  a  dichotomy of  v e h i c l e s  such a s  t r u c k s  
and c a r s ,  we might e x p e c t  t h a t  t h e  p r o b a b i l i t y  t h a t  a v e h i c l e  i n -  
vo lved  i n  a n  a c c i d e u t  i s  from e i t h e r  c l a s s  is  e q u a l  t o  t h e  propor -  
t i o n  of t h e  t o t a l  v e h i c l e  miles on t h e  highway t h a t  is accumulated 
by t h a t  p a r t i c u l a r  c l a , s s .  Thus,  i f  t r u c k s  accoun t  f o r  a  propor1;ion 
pt of a l l  v e h i c l e  miles on a  t u r n p i k e ,  we might e x p e c t  t h e  p r o b a b i l i t y  
t h a t  a v e h i c l e  i n  a  c o l l i s i o n  is a t r u c k  is a l s o  p t .  Cons ide r ing  
on ly  two-vehic le  c o l l i s i o n s ,  namely c a r / c a r ,  c a r / t r u c k  ( c a r  i n t o  
t r u c k  and t r u c k  i n t o  c a r ) ,  and t r u c k / t r u c k  i nvo lvemen t s ,  and assum- 
i ng  t h a t  t h e  l i k e l i h o o d  of involvement  a s  e i t h e r  p a r t y  t o  t h e  c o l -  
l i s i o n  is independent  ot t h e  v e h i c l e  t y p e ,  t h e  p r o p o r t i o n  o f 2 a l l  
a c c i d e n t s  i n  which a t  l e a s t  one t r u c k  is invo lved  is (2Pt-Pt ) . The 
r a t i o  of t h e  p r o p o r t i o n  of a c c i d e n t s  i n  which t r u c k s  a r e  i nvo lved  t o  
t h e  p r o p o r t i o n  of a l l  mi leage  which is  due t o  t r u c k s  is then  2 ( 1 - P t ) .  
Thus,  i f  t r u c k s  t r a v e l  a  s m a l l  p r o p o r t i o n  of t h e  mi leage  t hey  
a p p e a r  t o  be ove r  r e p r e s e n t e d  i n  t h e  a c c i d e n t  p o p u l a t i o n  by a  f a c t o r  
app roach ing  2 .  The same l o g i c  can be a p p l i e d  t o  any dichotomy which 
i n c l u d e s  a  m i n o r i t y  c l a s s  of v e h i c l e s .  

The p r o p o r t i o n  of a l l  v e h i c l e s  i nvo lved  i n  t h e  two-vehic le  
a c c i d e n t s  c o n s i d e r e d  above t h a t  a r e  t r u c k s  i s  P t .  The r a t i o  of 1;he 
p r o p o r t i o n  of v e h i c l e s  i nvo lved  t h a t  a r e  t r u c k s  t o  t h e  p r o p o r t i o n  
o f  mi leage  t r a v e l l e d  by t r u c k s  i s  P t / P t = l ,  a  r e l a t i v e  involvement  
c o n s i s t e n t  w i t h  t h e  a s sumpt ions  r e g a r d i n g  exposure  and involvements .  

Because of t h e  phenomena d e s c r i b e d  above ,  r a t e s  based  on t h e  
f r equency  of a c c i d e n t s  i n  which t r u c k s  a r e  i nvo lved  is a  m i s l e a d i n g  
index  which t e n d s  t o  o v e r s t a t e  t h e  r e l a t i v e  involvement  of t r u c k s ,  
which a r e  t h e  m i n o r i t y  c l a s s .  R a t e s  based  on involvenients-where 
each  v e h i c l e  c o u n t s  a s  a  s i n g l e  i nvo lvemen t - i s  a  much more u s e f u l  
i ndex .  Fu r the rmore ,  t h e  u se  of involvements  a l l o w s  examina t i on  of 
a c c i d e n t  con f igu ra t i . ons  by t y p e  of v e h i c l e s  i nvo lved .  For t h e s e  
r e a s o n s ,  a l l  of t h e  succeed ing  a n a l y s e s  and d i s c u s s i o n  of t u r n p i k e  
d a t a  a r e  based  on involvements  r a t h e y  t h a n  a c c i d e n t s .  

Involvement r a t e s  ( i n  involvements  p e r  one hundred m i l l i o n  miles) 
f o r  each  of t h e  t h r e e  t u r n p i k e s  a r e  g i v e n  i n  Tab l e  5-19, f o r  l a r g e  
t r u c k s  and p a s s e n g e r  c a r s .  The t o t a l  number of involvements  and t h e  
t o t a l  number of  v e h i c l e  m i l e s  is g i v e n  f o r  e ach  t y p e  of  v e h i c l e  a t  
t h e  bot tom of t h e  t a b l e .  The t a b l e  is based  on both s i n g l e  and 
muEt iveh i c l e  a c c i d e n t s  on t h e  main l i n e ,  and e x c l u d e s  i n c i d e n t s  i n  
s e r v i c e  p l a z a s ,  t o l l  booth a r e a s ,  e t c .  On both t h e  Ind iana  T o l l  
Road and t h e  Ohio Turnpike  t h e  involvement  r a t e  is h i g h e r  f o r  
t r u c k s  t han  f o r  p a s s e n g e r  c a r s .  The r a t i o  of t h e  t r u c k  r a t e  t o  c a r  
r a t e  i s  1 .3  i n  Ohio and 1.1 i n  I n d i a n a .  The r a t i o  i n  Pennsy lvan ia  



on t h e  o t h e r  hand is only  0 . 8 ,  wi th  a  lower involvement r a t e  f o r  
t r u c k s .  The l a s t  two columns of Table  5-19 g i v e  t h e  r e s u l t s  f o r  
t h e  combinat ion (sum) of t h e  t h r e e  t u r n p i k e s ,  and i n d i c a t e  t h a t  t h e  
a g g r e g a t e  involvement r a t e s  f o r  c a r s  and l a r g e  t r u c k s  a r e  n e a r l y  
e q u a l .  The same c a u t i o n s  and r e s e r v a t i o n s  on i n t e r p r e t a t i o n  of t h e  
combined r e s u l t  which were g iven  e a r l i e r  apply h e r e ,  a l though t h e  
f i g u r e s  do i n d i c a t e  l a c k  of a  c o n s i s t e n t  d i f f e r e n c e  i n  r a t e s  f o r  t h e  
t y p e s  of v e h i c l e s .  

Table  5-19 

Involvement Rates  on Turnpikes  
number of involvements  p e r  one 

hundred m i l l i o n  v e h i c l e  m i l e s  

Ind iana .  Oh io Pennsylvania  'Tot a  1 
Cars  Trucks  Cars Trucks  Cars  Trucks Cars  Trucks  

Involvement 
Rate 

S i n g l e  veh. 8 7 . 0  80 .2  61 .4  6 7 . 0  101 .0  51 .5  83.4 63 .0  
Mul t i  veh.  72.8 91 .6  6 0 . 8  90 .9  121.6 135 .1  88 .9  109 .7  
T o t a l  159.8 171.8 122.2 157.8 222 .7  186 .6  172.3 172.7 

Number of 
Involve - 
ments 4  197 866 5726 1572 11796 2040 21719 4478 

Vehic le  
hli l e  s8 
( X  10  26.26 5.04 46.84 9 .96  52.98 10.93 126.08 2 5 , 9 3  

I t  should  a l s o  be no ted  t h a t  t h e  d i f f e r e n c e s  i n  r a t e s  between 
Ind i ana  and Ohio f o r  c a r s  and f o r  t r u c k s  a r e  a s  g r e a t  a s  t h e  d i f -  
f e r e n c e s  between c a r s  and t r u c k s  on e i t h e r .  T h i s  d i f f e r e n c e  between 
t u r n p i k e s  was e v i d e n t  e a r l y  i n  t h e  p r o j e c t  but ha s  not been exp la ined  
I t  might be hypothes ized  t h a t  t h e  involvement r a t e  on a  p a r t i c u l a r  
segment of highway is a  non - l i nea r  f u n c t i o n  of t r a f f i c  d e n s i t y ,  
w i th  h i g h e r  d e n s i t i e s  r e s u l t i n g  i n  h ighe r  r a t e s .  S ince  t h e  t r a f f i c  
on t h e  wes te rn  p o r t i o n  of t h e  Ind iana  t u r n p i k e  is much h e a v i e r  t han  
on t h e  e a s t e r n  p o r t i o n ,  such a  non- l inear  r e l a t i o n  might e x p l a i n  
t he  h ighe r  involvement r a t e s  on t h e  Ind iana  T o l l  Road. 

A l i m i t e d  comparison of involvement r a t e  a s  a  f u n c t i o n  of t r a f -  
f i c  on each highway f a i l e d  t o  s u b s t a n t i a t e  e i t h e r  t h e  h y p o t h e s i s  o r  
d i s t r i b u t i o n  of d e n s i t y  on t h e  two a s  an e x p l a n a t i o n  f o r  t h e  d i f f e r -  
e n c e s  i n  involvement r a t e s .  A l i n e a r  r e g r e s s i o n  was o b t a i n e d  of 
t h e  t o t a l  involvement r a t e  ( t r u c k s  and c a r s )  on each segment of t h e  
highway ( i . e . ,  i n t e r v a l  between i n t e r c h a n g e s )  a g a i n s t  t h e  agg rega t e  
t r a f f i c  over  each segment.  T r a f f i c  d e n s i t y  would have been t h e  
a p p r o p r i a t e  index of t r a f f i c  but  e x p l i c i t  d a t a  was not a v a i l a b l e  on 
d e n s i t y .  I n s t e a d  t h e  count  of v e h i c l e s  which t r a v e r s e d  each seg-  
ment,  which i s  p r o p o r t i o n a l  t o  d e n s i t y ,  was used a s  t h e  independent  
v a r i a b l e  i n  t he  r e g r e s s i o n .  The r e s u l t s  01 t h e  r e g r e s s i o n s  wi th  

6  Pour y e a r  t r a f f i c  coun t s  from 3 x lo6  t o  9  x 10 v e h i c l e s  p e r  seg-  
ment f o r  both Indiana and Ohio a r e  g iven  i n  Table  5-20. 



Tab le  5-20 

Linear  Regress ion  of Involvement Rate 
Agains t  Segment T r a f f i c  Count 

OHTO 
IR - 54.4  4- 0.0125M 

C o r r e l a t i o n  = 0 .81  
S tandard  E r r o r  = 16 .6  

INDIANA 
XR = 109 -t 0.0122N 

C o r r e l a t i o n  = 0.67  
S tandard  E r r o r  = 57 .3  

where I R  = Involvement r a t e  i n  involvements  p e r  hundred m i l l i o n  
m i l e s ,  and . 

N = Number of thousands  of v e h i c l e s  ove r  each segment i n  
f o u r  year  p e r i o d .  

While t h e  c o r r e l a t i o n s  were on ly  moderate ,  t h e r e  is no i n d i c a t i o n  
t h a t  t h e  involvement r a t e s  a r e  e x p o n e n t i a l l y  r e l a t e d  t o  t r a f f i c  
c o u n t s .  The modest c o r r e l a t i o n  r e s u l t e d  from s c a t t e r  r a t h e r  t han  
a  non- l inear  r e l a t i o n .  Fur thermore ,  a s  impl ied  by t h e  s i m i l a r i t y  
of t h e  s l o p e s ,  t h e  involvement r a t e s  were h i g h e r  i n  Ind iana  t han  
i n  Ohio th roughout  t h e  range of t r a f f i c .  Both of t h e s e  obse r -  
v a t i o n s  f a i l  t o  s u b s t a n t i a t e  t h e  h y p o t h e s i s  t h a t  t h e  d i f f e r e n c e s  
between highways is r e l a t e d  t o  geograph ic  d i s t r i b u t i o n  of t r a f f i c .  
Although t h e  s l o p e s  of t h e  r e g r e s s i o n  l i n e s  a r e  n e a r l y  t h e  same t h e  
s t a n d a r d  e r r o r  of t h e  e s t i m a t e  is l a r g e  i n  each c a s e ,  i n d i c a t i n g  
t h a t  l i t t l e  s i g n i f i c a n c e  shou ld  be a t t a c h e d  t o  t h e  s i m i l a r  s l o p e s .  

The Pennsylvania  Turnpike was not i nc luded  i n  t h e  computat ions 
d e s c r i b e d  above,  but  s i m i l a r  f a i l u r e  s f  d e n s i t y  a s  an e x p l a n a t i o n  
could  be expec ted  t h e r e .  The passenger  c a r  r a t e  was g r e a t e r  i n  
Pennsylvania  even though t h e  f r a c t i o n  of v e h i c l e  m i l e s  by l a r g e  
t r u c k  v a r i e d  on ly  from 16 .1% i n  Ind iana  t o  17.1% i n  Pennsylvania  
and 17 .5% i n  Ohio, When t h e  t o t a l  v e h i c l e  m i l e s  i n  each d a t a  s e t  
is a d j u s t e d  f o r  t h e  l e n g t h  of each  highway and t h e  d u r a t i o n  of t h e  
measuring i n t e r v a l s ,  t h e  appa ren t  r e l a t i v e  d e n s i t i e s  vary by l e s s  
t han  37% from highway t o  h igh  a y ,  w i t h  t h e  Pennsylvania  d e n s i t y  
n e a r l y  e q u a l  t o  t h a t  i n  Ohio. 'fl 

The r e p o r t i n g  c r i t e r i a  of Ohio and Ind iana  t u r n p i k e  d a t a  were 
a l s o  cons ide red  a s  a  r ea son  f o r  t h e  d i f f e r e n c e s  i n  involvement r a t e s .  
While a l l  f a t a l  o r  i n j u r y  a c c i d e n t s  must be r e p o r t e d  by s t a t u t e  i n  
both s t a t e s ,  t h e  c r i t e r i a  f o r  p r o p e r t y  damage a c c i d e n t s  d i f f e r s .  
Ohio r e q u i r e s  a  r e p o r t  i f  t h e  damage exceeds  100 d o l l a r s  whi le  
Ind i ana  r e q u i r e s  a  r e p o r t  of t h o s e  c r a s h e s  w i t h  ove r  50 d o l l a r s  dam- 
a g e .  On both t u r n p i k e s  t h e  a g e n c i e s  p o l i c i n g  t h e  highways submit  
a  r e p o r t  f o r  a l l  a c c i d e n t s  they cover  r e g a r d l e s s  of t h e  d o l l a r  dam- 
a g e .  A l l  such r e p o r t s  were i nc luded  i n  c o n s t r u c t i o n  of t h e  Ind iana  
T o l l  Road f i l e ,  The punched c a r d  d a t a  o b t a i n e d  from t h e  Ohio Turn- 
p i k e  A u t h o r i t y ,  however, exc luded  a l l  c a s e s  i n  which t h e  t o t a l  dam- 
age was l e s s  t han  100 d o l l a r s .  Thus,  i n c l u s i o n  of minor damage c a s e s  ------------------- 

I Uniformity of both average  t r i p  l e n g t h  and average  speed 
is i m p l i c i t  t o  t h i s  s t a t e m e n t .  



i n  t h e  Ind iana  f i l e  would be r e f l e c t e d  i n  a  h i g h e r  involvement  r a t e  
t h a n  i n  t h e  Ohio f i l e .  Examinat ion of  t h e  i n c i d e n c e  of c a s e s  w i th  
l e s s  t han  100 d o l l a r s  damage i n d i c a t e d  f a r  t o o  few such c a s e s  t o  
accoun t  f o r  any s i g n i f i c a n t  d i f f e r e n c e  i n  involvement  r a t e .  

While t h e  involvement  of t r u c k s  r e l a t i v e  t o  c a r s  is q u i t e  d i f -  
f e r e n t  on t h e  t h r e e  highways,  t h e  d i f f e r e n c e  is  due l a r g e l y  t o  
v a r i a t i o n  i n  t h e  r a t e s  f o r  c a r s .  The involvement  r a t e  f o r  l a r g e  
t r u c k s  was more un i form.  Tab l e  5-19 i n d i c a t e d  t h a t  t h e  r a t i o  of  t h e  
t r u c k  r a t e  i n  Pennsy lvan ia  (186 .6 )  t o  t h e  r a t e  i n  Ohio (157 .8)  is 
only  1 . 2 ,  w i t h  Ind iana  i n  t h e  middle  ( 1 7 1 . 8 ) .  Pa s senge r  c a r  r a t e s  
however, v a r i e d  from 2 2 2 , 7  i n  Pennsy lvan i a  t o  on ly  122.2 i n  Ohio, a  
r a t i o  of l . 8 .  

The involvement  r a t e  d a t a  g i v e n  i n  Tab l e  5-19 can be compared 
w i t h  two noteworthy s t u d i e s  o f  t h e  mid 1 9 5 0 ' s .  Computation of r a t e s  
from d a t a  g i v e n  by Solomon f o r  main r u r a l  r o a d s  from 1954-1958 (be-  
f o r e  s u b s t a n t i a l  i n t e r s t a t e  highway c o n s t r u c t i o n )  g i v e s  189 i nvo lve -  
ments  p e r  hundred m i l l i o n  v e h i c l e  miles f o r  t r u c k s  and 283 f o r  pa s -  
s e n g e r  c a r s . '  Data from t h e  New J e r s e y  t u r n p i k e  from 1952-1957 i n -  
d i c a t e s  involvement  r a t e s  of 300  f o r  t r u c k s  and 178 f o r  p a s s e n g e r  
c a r s . 2  The r a t e s  f o r  c a r s  i n  both s e t s  of d a t a  vary  by a  f a c t o r  of 
ove r  1 . 5 ,  a  g r e a t e r  f a c t o r  t h a n  was obse rved  i n  t h e  p r e s e n t  s t u d y .  
While t h e  r e s u l t  of Solomon g i v e s  a  g r e a t e r  involvement  r a t e  f o r  
p a s s e n g e r  c a r s  on main r u r a l  r o a d s ,  t r u c k s  had a  h i g h e r  r a t e  on t h e  
New J e r s e y  t u r n p i k e .  The t r u c k  involvement  r a t e s  observed  i n  t h e  
p r e s e n t  s t udy  a r e  s i m i l a r  t o  t h o s e  of Solomon and much lower  t h a n  
t h o s e  of Crosby. T h i s  is i n t e r e s t i n g  s i n c e  we might e x p e c t  t h e  
r e s u l t s  r e p o r t e d  h e r e  t o  be c l o s e r  t o  t h o s e  of Crosby on t h e  New 
J e r s e y  t u r n p i k e  because  of t h e  s i m i l a r i t y  of roadways.  

The N a t i o n a l  S a f e t y  Counci l  a n n u a l l y  p u b l i s h e s  a  summary of t h e  
a c c i d e n t  e x p e r i e n c e  of f l e e t s  p a r t i c i p a t i n g  i n  t h e  C o u n c i l ' s  N a t i o n a l  
F l e e t  S a f e t y  c o n t e s t O 3  Of app rox ima te ly  2800 f l e e t s  r e p o r t i n g  i n  
t h e  c o n t e s t  i n  1969, some 54 were i n t e r c i t y  common c a r r i e r s ;  t h e s e  
might r e p r e s e n t  t h e  t r u c k  u s e r s  on t h e  t u r n p i k e s .  These i n t e r c i t y  
c a r r i e r s  r e p o r t e d  382 a c c i d e n t s  p e r  hundred m i l l i o n  v e h i c l e  m i l e s  i n  
a  t o t a l  of n e a r l y  one b i l l i o n  m i l e s  t r a v e l l e d .  Presumably few of 
t h e s e  a c c i d e n t s  would i n v o l v e  more t h a n  one t r u c k ,  s o  t h e  a c c i d e n t  
r a t e  would be c l o s e  t o  t h e  involvement  r a t e .  T h i s  r a t e  is  ove r  
tw ice  t h e  r a t e  e x p e r i e n c e d  by l a r g e  t r u c k s  on t h e  t u r n p i k e s .  Two 
f a c t o r s  c o u l d  e x p l a i n  p a r t  of t h e  d i f f e r e n c e .  The a c c i d e n t s  r e p o r t e d  
i n  t h e  f l e e t  s a f e t y  c o n t e s t  i n c l u d e d  a l l  p r o p e r t y  damage i n c i d e n t s  

r e g a r d l e s s  s f  the amount of damage u n l e s s  t h e  v e h i c l e  was l e g a l l y  
p a r k e d ,  and a c c i d e n t s  i n  a l l  l o c a t i o n s  were included-not j u s t  t h o s e  
on l i m i t e d  a c c e s s  i n t e r c i t y  r o u t e s .  
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The involvement  r a t e s  by s e v e r i t y  o f  a c c i d e n t  a r e  g i v e n  i n  
T a b l e  5-21. Although i n v o l v e m e n t s  were coun ted  t o  compute t h e  r a t e s  
g i v e n ,  t h e  s e v e r i t y  was d e f i n e d  by t h e  t o t a l  a c c i d e n t .  Thus a  f a t a l  
involvement  i n  t h e  t a b l e  i n d i c a L e s  t h a t  a t  l e a s t  one f a t a l i t y  oc;cur- 
r e d  i n  any v e h i c l e  i n v o l v e d  i n  t h e  a c c i d e n t .  -- 

While Ind iana  had a  h i g h e r  involvement  r a t e  t h a n  Ohio f o r  bo th  
t r u c k  and c a r s ,  T a b l e  5-21 i n d i c a t e s  t h a t  t h e  major  d i f l e r e n c e  
l i e s  i n  t h e  p r o p e r t y  damage a c c i d e n t s ,  w i t h  r e l a t i v e l y  fewer  i n v o l v e -  
ments  i n  i n j u r y  a c c i d e n t s  f o r  b o t h  c a r s  and t r u c k s  i n  I n d i a n a .  
P e n n s y l v a n i a ,  which had t h e  h i g h e s t  o v e r a l l  involvement  r a t e s ,  had 
r a t e s  f o r  i n j u r y  a c c i d e n t s  n e a r l y  t h e  same a s  t h o s e  i n  Ohio. The 
r a t e s  f o r  i n j u r y  a c c i d e n t  a r e  more s t a b l e  from t u r u p i k e  t o  t u r n p i k e  
f o r  bo th  t y p e s  of v e h i c l e s ,  w i t h  t h e  b u l k  of t h e  v a r i a t i o n  i n  t o t a l  
i n v o l v e m e n t s  r e s u l t i n g  from p r o p e r t y  damage c r a s h e s .  

T a b l e  5-21 

Turnp ike  Involvement Rate  by S e v e r i t y  of Acc iden t  

I t-idiana Ohio P e n n s y l v a n i a  
C a r s  ..- T r u c k s  C a r s  T r u c k s  Cars  - - T r u c k s  -- 

F a t a l  1 . 6 6  4 .76  2 . 7 3  4 .02  3 . 5 9  4 . 3 9  

I n j u r y  3 8 . 8  44 .6  7 1 . 9  6 1 . 3  78.2  6 6 . 5  

P r o p e r t y  
Damage 1 1 9 . 3  122 .4  6 7 . 3  9 2 . 5  140 .9  1 : l 5 . 7  

5 . 2 . 3 .  S i n g l e  Vehic le  A c c i d e n t s  

The involvement  r a t e s  of l a r g e  t r u c k s  i n  s i n g l e  v e h i c l e  a c c i -  
d e n t s  on t h e  t h r e e  t u r n p i k e s  was g i v e n  i n  T a b l e  5-19, I n  I n d i a n a  
and P e n n s y l v a n i a  t h e  r a t e  f o r  t r u c k s  was lower t h a n  f o r  p a s s e n g e r  
c a r s ,  8 0 . 2  and 5 1 . 5  invo lvements  p e r  hundred m i l l i o n  v e h i c l e  m i l e s  
r e s p e c t i v e l y  f o r  t r u c k s  and 8 7 . 0  and 1 6 1 . 0  r e s p e c t i v e l y  f o r  c a r s .  
While t h e  t r u c k  r a t e  was i n t e r m e d i a t e  a t  6 7 . 0  i n  Ohio,  t h e  c a r  r a t e ,  
6 1 . 4 ,  was lower  t h a n  t r u c k s  i n  Ohio and lower t h a n  c a r s  i n  t h e  o t h e r  
two s t a t e s .  Thus ,  w h i l e  t h e  r e s u l t s  a r e  somewhat mixed,  t r u c k s  i n  
g e n e r a l  had a  lower involvement  r a t e  t h a n  c a r s  i n  s i n g l e  v e h i c l e  
a c c i d e n t s .  

The d i s t r i b u t i o n  of s i n g l e  v e h i c l e  invo lvements  among f a t a l ,  
i n j u r y ,  and p r o p e r t y  damage a c c i d e n t s  was g i v e n  i n  T a b l e  5-16. I n  
Ohio,  t h e  p r o p o r t i o n  of t r u c k  invo lvements  t h a t  r e s u l t  i n  f a t a l i t i e s  
is lower  t h a n  f o r  c a r s .  I n  I n d i a n a  and P e n n s y l v a n i a  t h e  o p p o s i t e  is 
t r u e .  Here t o o ,  however,  t h e  d i f f e r e n c e s  between highways i s  g r e a t e r  
t h a n  t h e  d i f f e r e n c e  between v e h i c l e  t y p e s  on a  s i n g l e  r o a d ,  w i t h  
n e a r l y  t w i c e  t h e  r e l a t i v e  involvement  i n  f a t a l s  f o r  t r u c k s  t h a n  on 
e i t h e r  o t h e r  t u r n p i k e .  

On a l l  t h r e e  t u r n p i k e s ,  t h e  p r o p o r t i o n  of t r u c k s  i n  i n j u r y  a c c i -  
d e n t s  was l e s s  t h a n  f o r  p a s s e n g e r  c a r s .  The d i f f e r e n c e  i s  g r e a t e r  
t h a n  t h e  p r o p o r t i o n  of f a t a l  a c c i d e n t s ,  s o  i t  i s  n o t  e x p l a i n e d  by 
t h e  d i f f e r e n c e  i n  f a t a l s ,  b u t  is  i n s t e a d  t h e  r e s u l t  of r e l a t i v e l y  
g r e a t e r  t r u c k  involvement  i n  s i n g l e - v e h i c l e  p r o p e r t y  damage a c c i d e n t s .  



S e v e r a l  f a c t o r s  might account  f o r  t h e  lower i n c i d e n c e  of i n j u r y  
c r a s h e s  of t r u c k s .  The v e h i c l e  i t s e l f  might p rov ide  t h e  occupan t s  
more p r o t e c t i o n  i n  rninor and moderate a c c i d e n t s ,  e . g .  r an -o f f - t he -  
r o a d ,  w i thou t  a f f e c t i n g  f a t a l i t i e s  i n  t h e  r e l a t i v e l y  i n f r e q u e n t  
s e r i o u s  c r a s h .  In  moderate  c r a s h e s  o f  c a r s ,  t h e i r  h i g h e r  occupancy 
may r e s u l t  i n  g r e a t e r  p r o b a b i l i t y  of a t  l e a s t  one occupant  s u s t a i n i n g  
i n j u r i e s  and t h u s  an i n j u r y  a c c i d e n t .  T h i s  i.s very  p o s s i b l e  even 
though i n j u r i e s  t o  s e v e r a l  occupan t s  of a  s i n g l e  v e h i c l e  a r e  not; 
independent  e v e n t s .  S ince  the p o l i c e  r e p o r t s  and a c c i d e n t  f i l e s  
do not i n c l u d e  t h e  number of u n i n j u r e d  occupan t s ,  i t  i s  imposs ib l e  
t o  make e x p l i c i t  c o r r e c t i o n  f o r  occupancy,  

The d i s c u s s i o n  above h a s  r e l a t e d  t h e  r e l a t i v e  s e v e r i t y  of s i n g l e  
v e h i c l e  t r u c k  involvements  t o  t h o s e  of c a r s  on t h e  b a s i s  of i n j u r y  
and f a t a l i t y ,  and w h i l e  d i f f e r e n c e s  were obse rved ,  they a r e  not  g r e a t .  
The r e l a t i v e  s e v e r i t i e s  might a l s o  be compared on t h e  b a s i s  of t h e  
amount of p r o p e r t y  damage. F i g u r e s  5-46 and 5-47 g i v e  t h e  d i s t r i -  
b u t i o n  of p r o p e r t y  damage i n  s i n g l e  v e h i c l e  a c c i d e n t s  of pa s senge r  
c a r s  and t r u c k s  r e s p e c t i v e l y  on t h e  Ind iana  T o l l  Road. W h i l e  both 
f i g u r e s  i n d i c a t e  a  mode of  l e s s  t han  500 d o l l a r s  damage, t h e  t r u c k s  
have many mure c a s e s  w i t h  h igh  l o s s ,  i . e . ,  ove r  4000 d o l l a r s .  T h i s  
i s  not  s u r p r i s i n g  and merely r e f l e c t s  t h e  r e l a t i v e  c o s t s  of t h e  two 
t y p e s  of v e h i c l e s  a s  well a s  t h e  va lue  of damaged ca rgo  i n  t r u c k s .  
T h e  damage i n f o r m a t i o n  i n  t h e  t u r n p i k e  f i l e s  i s  d e r i v e d  from pol- ice  
o f f i c e r s  on t h e  s c e n e .  S ince  t h e i r  knowledge of t h e  c o s t  of t r u c k  
damage and t h e  c o n t e n t s  and v a l u e  of ca rgo  may be l i m i t e d ,  t h e  dam- 
age d a t a  i n  t h e s e  f i l e s  may be l e s s  r e l i a b l e  f o r  t r u c k s  t h a n  f o r  
c a r s .  The t , r ue  l o s s  i n  t r u c k  involvements  may w e l l  be even h i g h e r  
t h a n  i n d i c a t e d  i n  F i g u r e  5-47. The BMCS f i l e ,  based on c a r r i e r  
r e p o r t s  is probably  a  more r e l i a b l e  s o u r c e  of q u a n t i t a t i v e  p r o p e r t y  
damage d a t a .  

The pa rag raphs  above on s i n g l e  v e h i c l e  a c c i d e n t s  have p r e s e n t e d  
g r o s s  involvement r a t e s  based on a g g r e g a t e  v e h i c l e  m i l e s  and have 
examined t h e  r e l a t i v e  s e v e r i t y  of  c a r s  and t r u c k s  i n  such involve-  
ments ,  The pa rag raphs  t o  f o l l o w  w i l l  examine involvement f requency  
i n  more d e t a i l  and then  d i s c u s s  c a u s a t i v e  f a c t o r s  i d e n t i f i e d  i n  t h e  
t u r n p i k e  d a t a .  

The d e t a i l e d  d a t a  o b t a i n e d  on t u r n p i k e  t r a f f i c  and d e s c r i b e d  i n  
Appendix C, i n d i c a t e s  t h a t  t h e  major d i f f e r e n c e  between t r u c k  and 
p a s s e n g e r  c a r  t r a v e l  i s  i n  t h e i r  hou r ly  p a t t e r n s .  Truck mi leage  i s  
n e a r l y  un i form throughout  t h e  day wh i l e  c a r  t r a f f i c  peaks  i n  mid-day 
and i s  much Power du r ing  t h e  n i g h t .  I f  s i n g l e  v e h i c l e  involvements  
a r e  independent  of t h e  r e l a t i v e  volume of each  v e h i c l e  t ype  and tem- 
p o r a l l y  r e l a t e d  f a c t o r s ,  t h e  involvements  would be expec t ed  t o  f o l l o w  
a  p a t t e r n  s i m i l a r  t o  t h e  t r a f f i c  p a t t e r n  of each  v e h i c l e .  

F i g u r e s  5-48 through 5-53 g i v e  t h e  hou r ly  d i s t r i b u t i o n  of s i n g l e -  
v e h i c l e  involvements  of c a r s  and l a r g e  t r u c k s  on each  of t h e  t h r e e  
t u r n p i k e s .  A un i form d i s t r i b u t i o n  ove r  twenty f o u r  hours  would r e -  
s u l t  i n  a  h o r i z o n t a l  l i n e  a t  4 .2%.  The t h r e e  f i g u r e s  of t r u c k  in -  
vo lvements  i n d i c a t e  n e a r l y  uniform o c c u r r e n c e ,  bu t  w i t h  s l i g h t l y  
h i g h e r  f requency  from midnight  t o  7 a.m. Pas senge r  c a r s  a l s o  have 
a r e l a t i v e l y  f l a t  d i s t r i b u t i o n  w i t h  some i n c r e a s e d  f requency  from 
about  8 a.m. t o  7 p .m .  Only F i g u r e  5-52 (pas senge r  c a r s  i n  Penn- 
s y l v a n i a )  shows a  d i s t r i b u t i o n  resembl ing  t h e  d i s t r i b u t i o n  of pas -  
s e n g e r  c a r  t r a f f i c ,  but w i t h  a  c o n s i d e r a b l e  a t t e n u a t i o n  of t h e  d i f -  
f e r e n c e  between t h e  mid-day peak and n i g h t  l u l l .  
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SINGLE VEHICLE ACCIDENTS BY HOUR OF THE DAY 
FOR L A R G l  TRUCKS ON THE INDIANA TOLL ROAD 
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The s l i g h t  i n c r e a s e  i n  f requency  i n  e a r l y  morning hour s  f o r  
t r u c k s  and t h e  r e l a t i v e  u n i f o r m i t y  of t h e  d i s t r i b u t i o n  of c a r  a c c i -  
d e n t s  s u g g e s t s  some overinvolvement  of both t y p e s  of v e h i c l e s  i n  
s i n g l e - v e h i c l e  a c c i d e n t s  du r ing  t h e  n i g h t ,  i . e n ,  overinvolvement  
r e l a t i v e  t o  o t h e r  p e r i o d s  of t h e  day based on t r a v e l  p a t t e r n s .  

To examine t h i s  more c l o s e l y ,  overinvolvement  by t ime of day 
h a s  been computed f o r  f o u r  e q u a l  time i n t e r v a l s .  The overinvolvement  
r a t i o  ( O I R )  used a s  an index of overinvolvement  is t h e  r a t i o  of t h e  
a c t u a l  number of involvements  i n  a  p e r i o d  t o  t h e  expec t ed  number i n  
t h e  same p e r i o d .  The expec t ed  number i s  based on some model of 
e x p o s u r e ;  and v e h i c l e  m i l e s  was used f a r  s i n g l e  v e h i c l e  involvements .  
The expec t ed   lumber p e r  i n t e r v a l  was computed by assuming t h a t  t h e  
t o t a l  number of involvements  of each  type  of v e h i c l e  o c c u r r i n g  i n  a  
24 hour p e r i o d  i s  expec t ed  t o  be d i s t r i b u t e d  l i n e a r l y  by v e h i c l e  
miles. Thus,  i f  

A i 
= ac tua l ' number  of involvements  i n  i n t e r v a l  i 

i 
- expec t ed  number of involvements  i n  i n t e r v a l  i 

VM.= v e h i c l e  miles t r a v e l e d  i n  i n t e r v a l  i 
a. 

t h e  overinvolvement  r a t i o  f o r  each  of N e q u a l  i n t e r v a l s  i s  

*i OIRi = - 
i 

where VM 
- - - N 

i N C Ai 
C VMi 1=l 

5.-4 

The f a c t o r  '"i 
P 

is t h e  p r o p o r t i o n  of t h e  t o t a l  v e h i c l e  m i l e s  
N 

which a r e  accumulated i n  t ime  i n t e r v a l  i .  These f a c t o r s  were de- 
r i v e d  f o r  each  of f o u r  e q u a l  p e r i o d s  from d a t a  d e s c r i b e d  i n  Appen- 
d i x  C and a r e  g i v e n  f o r  c a r s  and t r u c k s  s e p a r a t e l y  on each t u r n p i k e .  

The OIR f o r  s i n g l e  v e h i c l e  a c c i d e n t s  on each of t h e  t u r n p i k e s  
f o r  t ime of day i s  g i v e n  i n  Table  5-22. Pas senge r  c a r s  a r e  over-  
i nvo lved  from midnight  t o  0500 on a l l  t h r e e  t u r n p i k e s ,  w i t h  over  
t h r e e  t i m e s  t h e  involvements  t h a t  would be expec t ed  du r ing  this 
p e r i o d  i f  t h e  involvements  were p r o p o r t i o n a l  t o  v e h i c l e  m i l e s .  They 
a r e  s l i g h t l y  under involved  d u r i n g  o t h e r  p e r i o d s  of t h e  day.  Large 
t r u c k s  were a l s o  ove r invo lved  i n  t h e  e a r l y  morning hour s  but t o  a  
l e s s e r  d e g r e e .  

The t a b l e  a l s o  i n c l u d e s  t h e  r e s u l t s  f o r  a l l  t h r e e  t u r n p i k e s  
combined. These were computed by d i v i d i n g  t h e  sum of t h e  t h r e e  
a c t u a J  involvements  by t h e  sum of t h e  expec t ed  involvements .  T h e  
p r imary  j u s t i f i c a t i o n  f o r  combining t h e  r e s u l t s  i n  t h i s  ca se  i s  t h e  
c o n s i s t e n c y  among t h e  t h r e e ;  t h e  r e s u l t  is i n s e n s i t i v e  t o  any b i a s  
i n t r o d u c e d  by d i f f e r e n c e s  i n  t h e  amount of d a t a  from t h e  t h r e e  high-  
ways. Chi-square t e s t s  i n d i c a t e  t h e  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n s  



of acc i . den t s  and v e h i c l e  m i l e s  with t h e  p e r i o d  of day a r e  s i g n i f i c a n t  
a t  t h e  0 . 0 1  l e v e l  f o r  both c a r s  and t r u c k s  on a l l  t h r e e  t u r n p i k e s ,  

Table  5-22 

S ingle-Vehic le  Acc iden t s  on Turnp ikes :  Overinvolvement 
Rates  by Time of Day Based on Vehicle  Miles 

Over involvement Rate 
Time of Day 

0  - 5 6-11 12-17 18-23 
P a s s .  Cars  

l a d .  3 . 1 0  0 .90  0 .70  0.94 
a h i o  3 - 4 8  0.89 0.77 0.97 
Penn . 3 -46  0 . 9 1  0.89 0 .85  
A l l  t h r e e  3 . 3  0 .9  0 . 8  0 .9  

Trucks 
Ind.  1 .38  0.97 0.83 0.82 
Ohio 1 .29  1. .03  0.76 0.90 
Penn. 1 .26  1.04 0.87 0.82 
A l l  t h r e e  1 . 3  1 . 0  0 . 8  0.8 

Vehicle  m i l e s  has  been used a s  t h e  measure of exposure  f o r  
d e r i v i n g  expec t ed  d i s t r i b u t i o n s  i n  t h e  above a n a l y s i s .  One might 
c o n j e c t u r e  t h a t  d r i v i n g  t ime (hou r s  on t h e  r o a d )  would be an e q u a l l y ,  
i f  not more a p p r o p r i a t e  measure of exposure  f o r  s i n g l e  v e h i c l e  a c c i -  
d e n t s .  Such a  measure can be i n c o r p o r a t e d  i n  t he  a n a l y s i s  by acl just-  
i ng  t h e  v e h i c l e  m i l e s  by speed  s i n c e  d r i v i n g  t ime is p r o p o r t i o n a l  t o  
m i l e s  and i n v e r s e l y  p r o p o r t i o n a l  t o  speed ,  

Use of t h i s  l a t t e r  exposure  model would i n t r o d u c e  changes i n  
t h e  r e s u l t s  shown i n  Table  5-22 of 5% f o r  c a r s  and 7% f o r  t r u c k s  
u s ing  t h e  e s t i m a t e d  speeds  g i v e n  i n  Appendix B. The r e l a t i v e  over -  
involvements  shown f o r  n igh t t ime  p e r i o d s  would be reduced by t h e s e  
amounts,  with cor responding  i n c r e a s e s  i n  d a y l i g h t  over involvements .  
These changes a r e  minor and do not  r e p r e s e n t  s u b s t a n t i a l l y  d i f f e r e n t  
r e s u l t s  f o r  e i t h e r  model u s ing  t h e  pa rame te r s  s e l e c t e d  f o r  t h i s  s t u d y .  

T h e  s i n g l e  v e h i c l e  a c c i d e n t s  a r e  g iven  by type  i n  Table  5-23. 
The t h r e e  a c c i d e n t  c l a s s i f i c a t i o n s  shown a r e  t h o s e  t h a t  a r e  commnon 
t o  t h e  coding of c a s e s  from a l l  t h r e e  t u r n p i k e s .  The t o p  row i n -  
c l u d e s  a l l  c o l l i s i o n s  wi th  b r i d g e s ,  b r idge  p i e r s ,  o r  b r idgeabut rnents .  
The second row i n c l u d e s  a l l  o t h e r  f i x e d  o b j e c t s  such a s  t r e e s ,  s i g n s ,  
gua rd  r a i l s ,  median b a r r i e r s ,  e t c .  S ince  on ly  a c c i d e n t s  on t h e  main 
l i n e  a r e  cons ide red  i n  t h i s  s t u d y ,  c r a s h e s  i n t o  t o l l  boo ths ,  e t c .  
a r e  exc luded .  The l a s t  row i n c l u d e s  a  sma l l  number of c o l l i s i o n s  
wi th  parked  v e h i c l e s  and an ima l s ,  but  l a r g e l y  r e p r e s e n t s  ran-of f -  
r o a d ,  o v e r t u r n s  on and o f f  road ,  e t c .  

t a b  
o  f  

The r a t h e r  l a r g e  d i f f e r e n c e s  between highways shown i n  t h e  
l e  r e f l e c t  d i f f e r e n c e s  i n  t h e  highway d e s i g n s .  For example 35y0 
c a r  c o l l i s i o n s  i n  Pennsylvania  were i n t o  median b a r r i e r s  t h a t  do 

not e x i s t  on t h e  o t h e r  two highways. Because of t h e s e  d i f f e r e n c e s ,  
comparisons of c a r s  and t r u c k s  on each highway a r e  more a p p r o p r i a t e  
t han  comparisons between highways. 



T a b l e  5-23 

O b j e c t  S t r u c k  i n  Turnp ike  S i n g l e - V e h i c l e  A c c i d e n t s  

O b j e c t  S t r u c k  i n  P e r c e n t  of S i n g l e - V e h i c l e  Acc. 
I n d i a n a  Ohio P e n n s y l v a n i a  

C a r s  T r u c k s  C a r s  T r u c k s  C a r s  T r u c k s  

O t h e r  F i x e d  O b j e c t  4 6 . 1  2 7 . 5  5 . 2  0 . 8  7 1 . 2  7 3 . 3  

No F ixed  Object/Non- 
C o l l i s i o n  4 0 . 1  6 4 . 1  90.6  96 .6  2 7 . 6  25 .8  

T o t a l  100 .0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

The d i s t r i b u t i o n s  shown f o r  c a r s  and t r u c k s  i n  P e n n s y l v a n i a  
a r e  v e r y  s i m i l a r ,  wh2le i n  Ohio and I n d i a n a ,  t r u c k  i n v o l v e m e n t s  w i t h  
f i x e d  o b j e c t s  o c c u r r e d  r e l a t i v e l y  l e s s  f r e q u e n t l y  t h a n  t h o s e  of c a r s .  
I t  i s  no tewor thy  t h a t  o v e r  90% of t h e  s i n g l e - v e h i c l e  a c c i d e n t s  on 
t h e  Ohio T u r n p i k e  were n o n - c o l l i s i o n s  ( r a n - o f f - r o a d  and n o n - c o l l i s i o n  
on r o a d ) ,  f o r  bo th  c a r s  and t r u c k s .  T h i s  would seem t o  i n d i c a t e  
t h a t  t h i s  highway h a s  l e s s  f u r n i t u r e  i n  v u l n e r a b l e  l o c a t i o n s ,  a l -  
though t h i s  h a s  n o t  been s u b s t a n t i a t e d .  

S i n g l e - v e h i c l e  i n v o l v e m e n t s  w i t h  g u a r d  r a i l s  and median bar -  
r iers a r e  shown i n  T a b l e  5-24.  T r u c k s  s t r i k e  g u a r d  r a i l s  l e s s  
f r e q u e n t l y  t h a n  c a r s  i n  I n d i a n a ,  b u t  w i t h  n e a r l y  e q u a l  f r e q u e n c y  i n  
P e n n s y l v a n i a .  Truck involvement  wi th  median b a r r i e r s  i n  P e n n s y l v a n i a  
however,  i s  s l i g h t l y  l e s s  t h a n  f o r  p a s s e n g e r  c a r s .  The median b a r -  
r i e r  was s t r u c k  by a  t r u c k  i n  14.1% of  a l l  t r u c k  i n v o l v e m e n t s  i n  
P e n n s y l v a n i a ,  b u t  by c a r s  i n  20.4% of  a l l  c a r  involvemen s. These  
f i g u r e s  i n c l u d e  b o t h  s i n g l e  and  m u l t i - v e h i c l e  a c c i d e n t s  .! When t h e  
b a r r i e r  was s t r u c k  by a  t r a c t o r  t r a i l e r ,  i t  s u c c e s s f u l l y  pe r fo rmed  
i ts  f u n c t i o n  ( p r e v e n t e d  i n t r u s i o n  i n t o  t h e  oppos ing  l a n e s )  i n  90.0% 
o f  t h e  i n v o l v e m e n t s .  The c o r r e s p o n d i n g  f i g u r e  f o r  c a r s  was 93.6%. 
While t h e  d i f f e r e n c e  i n  pe r fo rmance  f o r  t h e  two t y p e s  of v e h i c l e s  i s  
s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  5 .3% l e v e l  ( b u t  n o t  a t  t h e  5% l e v e l ) ,  
t h e  o p e r a t i o n a l  d i f f e r e n c e  i s  s m a l l ,  i . e . ,  o n l y  27 t r a c t o r  t r a i l e r s  
p e n e t r a t e d  t h e  b a r r i e r  i n  a  two and  one-ha l f  y e a r  p e r i o d .  Change i n  
e i t h e r  v e h i c l e  o r  b a r r i e r  c h a r a c t e r i s t i c s  t o  f u r t h e r  reduce  t h i s  
number t o  a n  amount comparable  t o  t h e  pe r fo rmance  f o r  p a s s e n g e r  c a r s  
may be v e r y  d i f f i c u l t .  

M u l t i - v e h i c l e  a c c i d e n t s  were i n c l u d e d  h e r e  because  t h e  
b a r r i e r  invo lvement  w i l l  n o t  be d i s c u s s e d  a g a i n  s e p a r a t e l y  i n  t h e  
s e c t i o n  on m u l t i - v e h i c l e  a c c i d e n t s  on t h e  t u r n p i k e s .  



Tab le  5-24 

Involvement of Median B a r r i e r s  and Guard R a i l s  
i n  S ing l e -Veh ic l e  Turnpilre Acc iden t s  

P e r c e n t  of S i n g l e  Veh ic l e  Acc iden t s  
Ind i ana  Pennsy lvan ia  

Car Truclr Car Truck 
S t r u c k  Guard R a i l  3 7 . 7  21 .3  28.3 29.6 

S t r u c k  Median B a r r i e r  * * 35.2 321.3 

* The Ind iana  T o l l  Road h a s  no median b a r r i e r ,  

5 . 2 . 4  Multi-Veh i c l e  Acc iden t s  

M u l t i - v e h i c l e  a c c i d e n t s  a r e  by f a r  t h e  more impor t an t  g roup  of 
a c c i d e n t s  i n v o l v i n g  t r u c k s .  T h i s  is t r u e  from n e a r l y  any p o i n t  of 
view.  S ince  62% of a l l  t h e  ma in - l i ne  t u r n p i k e  a c c i d e n t s  i n v o l v i n g  
1.arge t r u c k s  were m u l t i - v e h i c l e  a c c i d e n t s ,  75% of t h e  t o t a l  number 
of v e h i c l e s  i nvo lved  i.n t h e  " t ruc l r t l  a c c i d e n t s  were i n  mu l t i - veh i c l e '  
c r a s h e s .  These m u l t i - v e h i c l e  c r a s h e s  a r e  much more s e v e r e  t h a n  t h e  
s i n g l e  involvements  of t r u c k s  when f a t a l i t i e s  a r e  c o n s i d e r e d .  The 
f a t a l i t y  r a t e  of s i n g l e  v e h i c l e  t r u c k  a c c i d e n t s  on .the t h r e e  t u r n -  
p i l res  was 1 . 6 6  f a t a l i t i e s  p e r  one hundred a c c i d e n t s .  The cor respond-  
i n g  r a t e  f o r  m u l t i - v e h i c l e  a c c i d e n t s  was 4 . 0 5  - n e a r l y  two and one- 
h a l f  t i m e s  a s  g r e a t .  

The h i g h e r  f a t a l i t y  r a t e  f o r  m u l t i - v e h i c l e  t r u c k  i n v o l v e ~ a e n t s  
r e s u l t s ,  of c o u r s e ,  from two f a c t o r s .  I n  most of t h e  m u l t i - v e h i c l e  
t r u c k  a c c i d e n t s  ( 8 1 % ) ,  t h e  second v e h i c l e  is a  pa s senge r  c a r ,  w i th  
a  h i g h e r  ave rage  number o c c u p a n t s  t h a n  i n  t h e  t r u c k .  Secondly ,  t h e  
p a s s e n g e r  c a r  a f f o r d s  i t s  occupan t s  l e s s  p r o t e c t i o n  i n  such a  c r a s h  
t h a n  does  t h e  t r u c k .  

The above o b s e r v a t i o n s  would s u g g e s t  t h a t  most of t h e  f a t a l i t i e s  
i n  m u l t i - v e h i c l e  c o l l i s i o n s  a r e  occupan t s  of p a s s e n g e r  c a r s  r a t h e r  
t h a n  t h e  t r u c k  d r i v e r .  Indeed t h i s  is t h e  c a s e .  The r a t i o  of t h e  
number of p a s s e n g e r  c a r  occupan t s  k i l l e d  t o  t h e  number of t r u c k  
occupan t s  k i l l e d  i n  c o l l i s i o n s  between t h e s e  two t y p e s  of v e h i c l e s  
i s  sometimes g i v e n  a s  a  measure of t h e  d i f f e r e n c e .  The r a t i o  com- 
pu t ed  from t h e  1.969 BMCS f i l e  of 50 ,000  a c c i d e n t s  is  33  - 6 .  The salE 
r a t i o  from t h e  t u r n p i k e  d a t a  i s  21 .0 ,  and 21 .4  i n  t h e  Texas  d a t a .  
These r a t i o s  a r e  v e r y  l a r g e  and t h e  f i g u r e  from t h e  BMCS d a t a  h a s  
sometimes been o f f e r e d  a s  an  i n d i c a t i o n  of  t h e  r e l a t i v e  consecluence 
of t r u c k  a c c i d e n t s .  When used  i n  t h i s  c o n t e x t ,  i t  may appea r  t h a t  
t r u c k s  a r e  33 t i m e s  a s  dangerous  a s  p a s s e n g e r  c a r s .  T h i s  is not  a  
c o r r e c t  i n f e r e n c e  however,  and t h e  u s e  of t h i s  r a t i o  can be bo th  
m i s l e a d i n g  and u n f a i r .  The r a t i o  r e f l e c t s  no t  on ly  t h e  h i g h e r  occu- 
pancy of c a r s  and t h e  g r e a t e r  t o t a l  energy  a v a i l a b l e  i n  a  co1: l is ion 
i n v o l v i n g  t r u c k s  - both  of which do i ndeed  i n c r e a s e  t h e  s e v e r i t y  of 
such c r a s h e s  - but  a l s o  t h e  g r e a t e r  p r o t e c t i o n  g i v e n  t h e  d r i v e r  of 
l a r g e  t r u c k s  by both t h e  s t r e n g t h  and weight  of h i s  v e h i c l e .  He is 
n e a r l y  immune t o  t h e  e f f e c t s  of  t h e  pr imary  impact  when s t r u c k  i n  
t h e  r e a r  by a  pa s senge r  c a r .  An i n t e r e s t i n g  ana logy  can be drawn 



t o  demons t r a t e  a  p i t f a l l  i n h e r e n t  i n  i n a p p r o p r i a t e  use  of t h i s  f i g -  
u r e .  I f  t h e  e x p e r i m e n t a l  s a f e t y  c a r s  now under  development a r e  
indeed  s u c c e s s f u l  i n  p r o t e c t i n g  t h e i r  occupan t s ,  they  t o o  w i l l  demon- 
s t r a t e  a high r a t i o .  Obviously t h e  h igh  r a t i o  shou ld  not  be i n t e r -  
p r e t e d  a s  a  condemnation of t h e  s a f e t y  c a r ,  bu t  r a t h e r  a s  a  measure 
of i t s  s u c c e s s .  

A much more a p p r o p r i a t e  index of t r u c k  a c c i d e n t  s e v e r i t y ,  a t  
l e a s t  t o  t h e  p u b l i c  t r a v e l i n g  i n  c a r s ,  i s  t h e  r e l a t i v e  l i k e l i h o o d  
of a  f a t a l i t y  when a  pas senge r  c a r  i s  invo lved  w i t h  a  t r u c k  i n s t e a d  
of a n o t h e r  pas senge r  c a r .  Table  5-25 g i v e s  t h e  number of f a t a l i t i e s  
of occupan t s  of each  v e h i c l e  i n  a c c i d e n t s  i nvo lv ing  pas senge r  c a r s  
and/or  l a r g e  t r u c k s  f o r  each  of t h e  f o u r  p o s s i b l e  c o n f i g u r a t i o n s ,  
F i g u r e s  from t h e  Pennsylvania  f i l e  were not  i nc luded  because t h a t  
f i l e  does  not  deno te  i n  which v e h i c l e  c a s u a l t i e s  o c c u r r e d .  Note t h a t  
i n  t h e  977 c o l l i s i o n s  i n  w h i c h  l a r g e  t r u c k s  were i nvo lved  on t h e  
main l i n e  of t h e  0 h i o . a n d  Ind iana  t u r n p i k e s ,  on ly  f o u r \  occupa~l t r j  
of t h e  t r u c k s  were k i l l e d .  Tab le  5-26 g i v e s  t h e  average  number of 
pa s senge r  c a r  occupan t s  k i l l e d  p e r  involvement when c a r s  c o l l i d e d  - 
w i t h  each o t h e r  a n d  when they c o l l i d e d  w i t h  t r u c k s .  T h e s e  f i g u r e s ,  
g i v e n  i n  t h e  f i r s t  two rows, do not  d i f f e r e n t i a t e  between t h e  s t r i k -  
i ng  or  s t r u c k  v e h i c l e .  Thus t h e  r a t i o  of ave rage  number of f a t a l i t i e s  
i n  c a r s  which c o l l i d e  w i t h  c a r s  is 10 .5 ,  s t i l l  a  l a r g e  number. In  
t h e  1969 Texas d a t a  which i n c l u d e s  c o l l i s i o n s  on secondary r o a d s  
and i n  urban a r e a s ,  t h e  r a t i o  was 7 . 7 .  

Table  5-25 

F a t a l i t i e s  p e r  Vehic le  i n  Mul t i -veh ic l e  
C o l l i s i o n s  on Turnp ikes  

Veh, 1 Veh. 2 Veh. 1 Veh. 2  Number of 
No. K i l l e d  No. K i l l e d  C o l l i s i o n s  

Car i n t o  Car 
Ind.  
O h i o ,  

Car i n t o  Truck 
Ind .  9 
Ohio 18 

Truck i n t o  Car 
Ind .  0  
Ohio 0 

Truck i n t o  Truck 
Ind .  
Ohio 



Tab le  5-26 

R e l a t i v e  F a t a l i t y  Rate  o f  Car Occupants  
By Type s f  Other  Veh ic l e  

C o l l i s i o n  C o n f i g u r a t i o n  

Car and Car  

Car and Truck 

Rear End/Side Swipe 
2  

Car i n t o  T r ~ c k  

Truck  i n t o  Car 

F a t a l i t i e s  p e r  Car 
Involved  

0.00526 

0.0553 

F a t a l i t i e s  of c a r  occupan t s  - Ind iana  and Ohio 

Ohio 

On t h e  c o n t r o l l e d  a c c e s s  t u r n p i k e s  a s  on i n t e r s t a t e  highways,  
most of t h e  c o l l i s i o n s  a r e  between v e h i c l e s  t r a v e l l i n g  i n  t h e  same 
d i r e c t i o n  and i nvo lved  i n  a  p a s s i n g  o r  o v e r t a k i n g  s i t u a t i o n .  These 
a r e  r ea r - end  c o l l i s i o n s  o r  s i d e s w i p e s  i n  p a s s i n g .  A s m a l l e r  number 
a r e  a n g l e  c o l l i s i o n s  ( f o l l o w i n g  s u b s t a n t i a l  change of d i r e c t i o n )  
w i th  few i f  any t r u e  i n t e r s e c t i o n  t y p e s .  R e l a t i v e l y  few c o l l i s i o n s  
r e s u l t  from median c r o s s i n g s  on t h e  t u r n p i k e s .  Rear end and s i d e -  
swipe c o l l i s i o n s  a s s o c i a t e d  w i th  o v e r t a k i n g  s i t u a t i o n s  a r e  t h e  most 
impor t an t  g roup  on t h e  t u r n p i k e s .  T a b l e  5-27 summarizes t h e  i n c i -  
dence of f a t a l  c o l l i s i o n s  of t h e s e  t y p e s  i n v o l v i n g  t r u c k s  on t h e  
t h r e e  t u r n p i k e s  and a l l o w s  a  comparison w i t h  co r r e spond ing  f i g u r e s  
from e a r l i e r  d a t a  from t h e  New J e r s e y  t u r n p i k e .  On t h e  t u r n p i k e s  
s t u d i e d  h e r e ,  66% of t h e  f a t a l  a c c i d e n t s  i n v o l v i n g  t r u c k s  were 
m u l t i - v e h i c l e ;  whereas  90% were m u l t i - v e h i c l e  a c c i d e n t s  i n  t h e  N e w  
J e r s e y  s t u d y .  Approxiniately 72% of t h e  f a t a l  m u l t i - v e h i c l e  a c c i -  
d e n t s  were r ea r - end  c o l l i s i o n s  i n  New J e r s e y  wh i l e  ove r  50% were 
r ea r - end  c o l l i s i o n s  i n  t h e  t h r e e  t u r n p i k e s .  I n  t h i s  r e p o r t  we have 
sugges t ed  i n  many p l a c e s  t h a t  t h e  t u r n p i k e  d a t a  is l i k e l y  r e p r e s e n -  
t a t i v e  of  i n t e r s t a t e  highways. One e x c e p t i o n  s h o u l d  be no ted  h e r e .  
The Pennsy lvan ia  t u r n p i k e  h a s  a  narrow median w i th  a  c o n t i n u o u s  
b a r r i e r  which is a p p a r e n t l y  q u i t e  e f f e c t i v e .  I n  s p i t e  of t h e  
e f f e c t i v e n e s s  t h e r e  a r e  a  number of  median c r o s s i n g  a c c i d e n t s  t h a t  
a r e  no t  r e p r e s e n t a t i v e  of i n t e r s t a t e  o r  more modern l i m i t e d  accless 
r o a d s .  I f  t h e  median c r o s s i n g  c o l l i s i o n s  i n  Pennsy lvan ia  were de- 
l e t e d  from t h e  t a b u l a t i o n s ,  r e a r - end  (and  s i d e s w i p e )  c o l l i s i o n s  
would accoun t  f o r  ove r  60% of a l l  f a t a l  a c c i d e n t s  i n v o l v i n g  t r u ~ c k s .  
On t h e  Pennsy lvan ia  t u r n p i k e ,  p a s s e n g e r  c a r s  c r o s s e d  t h e  median i n  
abou t  57% of  a l l  m u l t i - v e h i c l e  f a t a l  c o l l i s i o n s  t h a t  i nvo lved  t r u c k s ,  
o t h e r  t h a n  t h o s e  t h a t  were r ea r - end  o r  s i d e s w i n e .  



Tab le  5-27 

Comparison of Inc idence  of F a t a l  Acc iden t s  
Invo lv ing  Trucks  on Turnp ikes  

C u r r e n t  New J e r s e y  
Turnpike  Data 

Data (1952-1957) 

T o t a l  Number F a t a l  A c c i d e n t s  9 1 5  5  

Mult i - v e h i c l e  65 (66%) 50 (90.9%) 

I n t o  t r u c k  25  (76%) 27 (75%) 

Approximately 75% of  t h e  f a t a l  r e a r - end / s ide  swipe coPl i s i .ons  
w i th  t r u c k s  on t h e  t h r e e  t u r n p i k e s  were i n t o  t h e  r e a r  of t h e  t r u c k .  
T h i s  same p r o p o r t i o n  was obse rved  by t h e  New J e r s e y  s t u d y .  Thus 
t h e  o v e r t a k i n g  a c c i d e n t  is of p a r t i c u l a r  importance on t h e  t u r n p i k e s ,  
and o t h e r  c o n t r o l l e d  a c c e s s  highways a s  w e l l ,  

The l a s t  two rows of Tab l e  5-26 g i v e  t h e  r e l a t i v e  f a t a l i t y  
r a t e s  f o r  p a s s e n g e r  c a r  o c c u p a n t s  when t h e  c a r  s t r i k e s  a  t r u c k  i n  t h e  
r e a r  v e r s u s  be ing  s t r u c k  by a  t r u c k .  When a  c a r  s t r i k e s  a  t r u c k  i n  
t h e  r e a r ,  t h e  ave rage  number of f a t a l i t i e s  p e r  pa s senge r  c a r  i s  2 . 6 7  
t i m e s  a s  g r e a t  a s  when t h e  c a r  i s  s t r u c k  i n  t h e  r e a r  by a  t r u c k .  

The i n c i d e n c e  of r ea r - end  and s i d e s w i p e  a c c i d e n t s  w i l l  be 
examined i n  p a r t i c u l a r  d e t a i l  because  of t h e i r  importance and domi- 
nance on t h e  t u r n p i k e s .  The t o t a l  f r equency  of such a c c i d e n t s  i n  
t h e  t u r n p i k e  f i l e s  i s  g i v e n  i n  Tab l e  5-28 a l o n g  w i th  t h e  t o t a l  num- 
b e r  of f a t a l i t i e s  and i n j u r i e s .  The d a t a  is g i v e n  by a c c i d e n t  con- 
f i g u r a t i o n ,  i . e . ,  c a r  i n t o  c a r ,  c a r  i n t o  t r u c k ,  e t c .  

The o v e r a l l  involvement  r a t e s  of l a r g e  t r u c k s  i n  c o l l i s i o n s  on 
t h e  t u r n p i k e  have been d i s c u s s e d  i n  e a r l i e r  p a r a g r a p h s ,  and i t  was 
shown t h a t  wh i l e  t r u c k s  were ove r invo lved  - an  t h e  b a s i s  of v e h i c l e  
m i l e s  - when compared wi th  pa s senge r  c a r s  on t h e  Ohio Turnpike  and 
t h e  Ind i ana  T o l l r o a d ,  t hey  were underinvo lved on t h e  Pennsylval i ia  
t u r n p i k e .  When a l l  t h r e e  t u r n p i k e s  a r e  combined by s imp le  aggre-  
g a t i o n  of  t h e  d a t a  i n  t h e  f i l e s  w i thou t  w e i g h t i n g ,  t h e  o v e r a l l  i n -  
volvement r a t e  i s  n e a r l y  i d e n t i c a l  f o r  both t r u c k s  and p a s s e n g e r  
c a r s .  I t  is  p o s s i b l e  t o  a l s o  examine t h e  r e l a t i v e  involvement  i n  
more d e t a i l ,  i . e , ,  f o r  e ach  c o l l i s i o n  c o n f i g u r a t i o n  shown i n  T a b l e  
5-28. I t  s h o u l d  be  no t ed  t h a t  t h e  f o u r  c o n f i g u r a t i o n s  shown a r e  an 
e x h a u s t i v e  s e t  of r e a r  end / s ide swipe  c o l l i s i o n s  i n v o l v i n g  pas senge r  
c a r s  and /or  t r u c k s .  S e v e r a l  exposu re  models w i l l  be deve loped  f o r  
examina t i on  and each  w i l l  be d i s c u s s e d  i n  d e t a i l .  

The most commonly u sed  measure of exposure  is  v e h i c l e  miles. 
We may u s e  t h i s  t r a d i t i o n a l  measure t o  d e r i v e  an e x p e c t e d  d i s t ~ c i b u t i o n  
of c o l l i s i o n  c o n f i g u r a t i o n s .  Any computa t ion  of e x p e c t e d  v a l u e s  
based  on a  p r i o r i  i n f o r m a t i o n  h a s  i m p l i c i t  a s sumpt ions .  I n  f a c t ,  
comparison of e x p e c t e d  w i th  a c t u a l  r e s u l t s  may be c o n s i d e r e d  a t e s t  
of t h e  i m p l i c i t  a s sumpt ions .  



Tab le  5-28 

Frequency of Rear-end and S ideswipe  
C o l l i s i o n s  on Turnp ikes  

C o n f i g u r a t i o n  Number of Number 
C o l l i s i o n s  K i l l e d  

Ind iana  
Car i n t o  Car 468 
Car i n t o  Truck 98 
Truck i n t o  Car 6  9 
Truck  i n t o  Truck 52 

Ohio 
Car i n t o  Car 634 3  
Car i n t o  Truck  2 00 15 
Truck  i n t o  Car 162 5  
Truck  i n t o  Truck 113 3 

Pennsy lvan i a  
Car i n t o  Car 1345 14 
Car i n t o  Truck 3 53 6  
Truck i n t o  Car 2  14 3  
Truek i n t o  Truck 133 2 

Number 
I n j u r e d  

P o s s i b l y  t h e  s i m p l e s t  - but  not  n e c e s s a r i l y  i n a p p r o p r i a t e  - 
mi leage  model f o r  a c c i d e n t  c o n f i g u r a t i o n  is based  on an  assumpt ion  
t h a t  involvement  i s  p r o p o r t i o n a l  t o  mi leage  ( t h e  same assumption 
i m p l i c i t  i n  involvement  r a t e s  based  on v e h i c l e  m i l e s ) .  We s h a l l  
a l s o  assume t h a t ,  g i v e n  a  two-vehic le  a c c i d e n t ,  t h e  p r o b a b i l i t y  t h a t  
a  v e h i c l e  is a  t r u c k  is e q u a l  t o  t h e  p r o p o r t i o n  of a l l  v e h i c l e  miles 
t h a t  a r e  accumula ted  by t r u c k s ,  and s i m i l a r l y  f o r  p a s s e n g e r  c a r s .  
Thus 

V1=truck 1 a  c o l l i s i o n  o c c u r r e d  ) = pT 

where p  i s  t h e  p r o p o r t i o n  of a l l  v e h i c l e  miles t h a t  were t r a v e l l e d  
by t r u c a s .  We s h a l l  a l s o  assume t h a t  t y p e  of v e h i c l e  i s  an  i nde -  
pendent  e v e n t  between t h e  two involvements .  The p r o p o r t i o n  of a l l  
a c c i d e n t s  t h a t  a r e  of e ach  c o n f i g u r a t i o n  would t h e n  be 



where p  = 1-pC, i . e . ,  we a r e  c o n s i d e r i n g  a  dichotomy of v e h i c l e  
t y p e s .  T ~ h e  d i s t r i b u t i o n  of c o n f i g u r a t i o n s  g i v e n  above can be 
used t o  compute an  expec t ed  d i s t r i b u t i o n  of t h e  observed  a c c i d e n t s .  
The overinvolvement  r a t i o  (OIR) can t h e n  be o b t a i n e d  by t h e  method 
d e s c r i b e d  i n  t h e  s e c t i o n  on s i n g l e  v e h i c l e  a c c i d e n t s :  

OIR = 
Actua l  number of Involvements 
Expected number of Involvements 

A n  example t o  c l a r i f y  t h e  development of t h e  OIR by c o l l i s i o n  con- 
f i g u r a t i o n  i s  shown i n  Table  5-29 us ing  t h e  t o t a l  mileage of c a r s  
and l a r g e  t r u c k s  du r ing  t h e  a c c i d e n t  d a t a  p e r i o d .  The f i r s t  column 
i s  t h e  expec t ed  d i s t r i b u t i o n ,  e q u a l  t o  t h e  product  of t h e  p r o p o r -  
t i o n s  of t h e  t o t a l  v e h i c l e  miles accumulated by each v e h i c l e  t ype .  
S ince  t h e  f o u r  c o n f i g u r a t i o n s  a r e  an e x h a u s t i v e  s e t ,  t h e  t o t a l  of 
t h e  f i r s t  column is 1 . 0 .  The second column i s  t h e  a c t u a l  number of 
each c o n f i g u r a t i o n  con ta ined  i n  t h e  a c c i d e n t  f i l e .  The expec t ed  num- 
b e r  ( t h i r d  column) is t h e  t o t a l  a c t u a l  number d i s t r i b u t e d  by t h e  
expec t ed  p r o p o r t i o n .  The OIR is then  t h e  r a t i o  of t h e  a c t u a l  number 
of each  c o n f i g u r a t i o n  t o  t h e  expec t ed  number. 

The OIR g i v e s  t h e  r e l a t i v e  overinvolvement  o r  over  r e p r e s e n t a t i o n  
-which m a y - b e - l e s s  t han  one-of " each  c o n f i g u r a t i o n  r e l a t i v e  t o  t h e  
o t h e r s .  The mean OIK when weighted on t h e  expec t ed  numbers is e q u a l  
t o  one.  

Table  5-29 

Overinvolvement R a t i o  by C o l l i s i o n  
Conf igu ra t i on  f o r  Ohio Turnpike 

(Based on T o t a l  Vehicle  Mi l e s )  

Conf igu ra t i on  Expected Actua l  Expected OIR 
P r o p o r t i o n  Number Number 

Car i n t o  Car 0.680 63 4  754.4 0.84 

Car i n t o  Truck 0.145 202 160.3 1 .26  

Truck i n t o  Car 0 . 1 4 5 .  162 160.3 1 . 0 1  

Truck i n t o  Truck 0.030 113 3 4 . 0  3  -32 

T o t a l  1 ,000  1109 1109.1 1 

Note: On t h e  Ohio Turnpike t h e  v e h i c l e  m i l e s  of 
c a r s  and t r u c k s  du r ing  t h e  44 y e a r s  of 
a c c i d e n t  d a t a  were:  c a r s  - 82.48Y0, t r u c k s  
17.52%. 





The f i r s t  column of Tab l e  5-30 g i v e s  t h e  OIR f o r  each  of tlhe 
t h r e e  t u r n p i k e s .  I n  g e n e r a l  t r u c k s  a r e  s l i g h t l y  ove r invo lved  a s  
t h e  s t r u c k  v e h i c l e  i n  rea r -end  c o l l i s i o n s  w i t h  c a r s  and s1 igh t l : y  
unde r invo lved  a s  t h e  s t r i k i n g  v e h i c l e .  They a r e  c o n s i d e r a b l y  ove r -  
i n v o l v e d  i n  co l1 i . s i ons  between t r u c k s .  

I f  a l l  t r u c k  t r a f f i c  on t h e  t u r n p i k e s  were a t  n i g h t ,  and a l l  
c a r  t r a f f i c  were d u r i n g  t h e  d a y ,  we would not  e x p e c t  any c o l l i s i o n s  
between t h e  two. While t h i s  i s  a n  ex t reme example,  i t  does  s u g g e s t  
a n  u n r e a l i s t i c  d e f i c i e n c y  of t h e  model u s i n g  t o t a l  v e h i c l e  m i l e s ,  
namely, t h a t  t h e  e x p e c t a t i o n s  shou ld  i n c l u d e  c o n s i d e r a t i o n s  of t h e  
t empora l  d i s t r i b u t i o n  of t r a f f i c .  

T a b l e  5-30 

Comparison of Overinvolvement R a t i o  
by Exposure Model 

J: 
C o n f i g u r a t i o n  

Car i n t o  Car 
Ind .  
Ohio 
Penn. 

Car i n t o  Truck  
Ind .  
Ohio 
Penn. 

Truck  i n t o  Car 
Ind .  
Ohio 
Pe 11 11 . 

Mode 1 
Veh ic l e  Mi l e s  I n t e r a c t i o n  Model 

Annual Da i ly  Annual Da i ly  
Veh ic l e  T r a f f i c  Veh ic l e  T r a f f i c  
Miles Ra te s  Miles R a t e s  

Truck i n t o  Truck 
Ind .  2.92  2 .00  2.77 1.76  
Ohio 3 - 3 2  2.59 3 - 2 8  1 . 6 8  
Penn. 2.23 1 .66  2.24 1 .26  

* 
C o l l i s i o n s  between v e h i c l e s  t r a v e l l i n g  i n  t h e  same d i r e c t i o n  



D e t a i l s  o f  t r a f f i c  d a t a  were o b t a i n e d  f o r  e a c h  t u r n p i k e .  T h e s e  
i n c l u d e d  t h e  number o f  v e h i c l e s  o f  e a c h  t o l l  c l a s s  by e n t r y - e x i t  
p a i r  f o r  e a c h  month o f  t h e  p e r i o d  o v e r  w h i c h  a c c i d e n t  d a t a  was  a v a i l -  
a b l e ,  From t h i s  d a t a ,  v e h i c l e  miles were c a l c u l a t e d  by v e h i c l e  c . l a s s ,  
mon th ,  a n d  y e a r .  A t h r e e  month s a m p l e  o f  d a i l y  t r a f f i c  c o u n t s  were 
o b t a i n e d  f r o m  t h e  I n d i a n a  T o l l  Road Commiss ion .  An e s t i m a t e  o f  
t r a f f i c  v a r i a t i o n  by d a y  o f  week was d e r i v e d  f r o m  t h i s  s a m p l e .  
E a r l y  i n  t h e  p r o j e c t  i t  was l e a r n e d  t h a t  t h e  h o u r l y  v a r i a t i o n  o f  
p a s s e n g e r  c a r  t r a f f i c  was  g r e a t ,  w i t h  d a y t i m e  vo lumes  much h i g h e r  
t h a n  n i g h t t i m e  v o l u m e s .  T h u s  i t  became a p p a r e n t  t h a t  t h e  e f f e c t s ;  o f  
m o n t h l y  o r  e v e n  d a i l y  t r a f f i c  p a t t e r n s  m i g h t  b e  ove r shadowed  by 
h o u r l y  p a t t e r n s .  Whi1.e h o u r l y  t r a f f i c  d a t a  is  n o t  m a i n t a i n e d  by t h e  
t u r n p i k e s ,  s a m p l e  v e h i c l e  c o u n t s  by c l a s s  a n d  h o u r  were o b t a i n e d  
f rom a n  i n d , e p e n d e n t  c o n s u l t i n g  f i r m  f o r  b o t h  t h e  I n d i a n a  T o l l  Road 
and t h e  P e n n s y l v a n i a  Turnpike .  T h e s e  s a m p l e s  were u s e d  t o  d e r i v e  
e s t i m a t e s  o f  h o u r l y  p a t t e r n s .  The  t r a f f i c  d a t a  a n d  a  summary o f  t h e  
p a l ; t e r n s  m e n t i o n e d  a b o v e  a r e  d i s c u s s e d  i n  Appendix  C, a n d  o n l y  a  
c u r s o r y  summary w i l l  be  g i v e n  h e r e .  

Mon th ly  m i l e a g e  o f  l a r g e  t r u c k s  was f o u n d  t o  b e  n e a r l y  u n i f o r m  
t h r o u g h o u t  t h e  y e a r ,  a n d  a  u n i f o r m  d i s t r i b u t i o n  by month was  u s e d  
i n  t h e  a n a l y s i s .  

A p p r o x i m a t e l y  14% o f  t h e  t r u c k  m i l e a g e  o c c u r r e d  o n  weekends ,  
w i t h  86% on w e e k d a y s ,  T h i s  i n d i c a t e s  h e a v i e r  t r a f f i c  o n  weekdays  a s  
a u n i f o r m  d i s t r i b u t i o n  wou ld  r e s u l t  i n  29% of  t h e  t r a f f i c  on  weekends .  
Very  s i m i l a r  d a i l y  p a t t e r n s  e x i s t  i n  t h e  a c c i d e n t  d a t a  o f  t h e  T e x a s  
a n d  1 9 6 9  BbICS t r u c k  f i l e s ,  w i t h  weekend a c c i d e n t s  r e p r e s e n t i n g  1 3 . 5 %  
a n d  14.6% r e s p e c t i v e l y  o f  e a c h  f i l e .  

T r u c k  t r a f f i c  on t h e  t u r n p i k e s  i s  n e a r l y  u n i f o r m  d u r i n g  t h e  d a y ,  
w i t h  l i t t l e  v a r i a t i o n  f r o m  n i g h t  t o  d a y .  F o r  p u r p o s e s  o f  ~ ~ i a 1 y s j . a  
i t  was a s sumed  t o  b e  u n i f o r m .  Whi l e  i t  s h o u l d  b e  n o t e d  t h a t  t h e  
u n i f o r m i t y  was n o t  p r e s e n t  i n  t h e  T e x a s  t r u c k  o r  BMCS f i l e  ( F i g u r e s  
5-8 a n d  5-9 ) ,  no r e a s o n  is o f f e r e d  f o r  t h e  d i f f e r e n c e  e x c e p t  pos--  
s i b l y  t h e  more r e s t r i c t e d  t y p e  o f  h ighway r e p r e s e n t e d  by t h e  t u r n -  
p i k e s .  

P a s s e n g e r  c a r  t r a f f i c  d i d  n o t  f o l l o w  t h e  p a t t e r n s  shown by 
t r u c k s .  D e f i n i t e  s ~ a q o q a l  f a r t o r q  a r e  e v i d ~ n t  1 l l i  fli t r a f f i c  i n -  
c r e a s i n g  i n  t h e  s p r i n g ,  r e a c h i n g  a  p e a k  i n  A u g u s t ,  f o l l o w e d  by a  
s h a r p  d e c r e a s e  i n  S e p t e m b e r .  T h i s  mon th ly  p a t t e r n  i s  t y p i c a l  o f  
" r e c r e a t i o n a l "  t r a v e l .  T o  r e p r e s e n t  t h e  p a t t e r n  c o n v e n i e n t l y  f o r  
a n a l y s i s  w i t h o u t  i n t r o d u c i n g  a n  u n r e a s o n a b l y  s m a l l  s a m p l e  s i z e  i n  
e a c h  o f  a  l a r g e  number o f  s t r a t a ,  t h e  s e a s o n a l  v a r i a t i o n  was r e p r e -  
s e n t e d  by two u n i f o r m  p e r i o d s ,  a  "summer" l e v e l  i n c l u d i n g  t h e  mon ths  
o f  J u n e  t h r o u g h  A u g u s t ,  a n d  t h e  rest of  t h e  y e a r  i n  a "non-summeri1 
l e v e l .  

D a i l y  d a t a  f r o m  t h e  I n d i a n a  T u r n p i k e  i n d i c a t e d  t h a t  35% of  
p a s s e n g e r  c a r  m i l e a g e  o c c u r s  o n  w e e k e n d s ,  t h u s  more t r a v e l  on  
i n d i v i d u a l  weekend d a y s  t h a n  on  weekdays .  T h i s  r e s u l t  i s  a l s o  
c o n s i s t e n t  w i t h  t h e  d i s t r i b u t i o n  o f  p a s s e n g e r  car i n v o l v e m e n t s  i n  
T e x a s  shown i n  F i g u r e  5-2 .  



Hourly pas senge r  c a r  c o u n t s  a t  s e v e r a l  i n t e r c h a n g e s  on t h e  
Ind iana  T o l l  Road and Pennsylvania  Turnpike show very pronounced 
d i u r n a l  c y c l e s ,  T r a f f i c  is low d u r i n g  t h e  n i g h t ,  i n c r e a s e s  grad-- 
u a l l y  du r ing  t h e  day and r e a c h e s  a  peak i n  t h e  a f t e r n o o n .  The 
r a t i o  of maximum t o  minimum hour ly  t r a f f i c  is a s  g r e a t  a s  t e n  t o  
one .  T h i s  p a t t e r n  is a l s o  t y p i c a l  of " r e c r e a t i o n a l "  t r a v e l .  Sonne 
of t h e  u rban  s e c t i o n s  of t h e  t u r n p i k e s  sbow ev idence  of  some corn-- 
muter t r a S f i c  w i t h  pronounced peaks  of s h o r t  d u r a t i o n  i n  t h e  
morning and l a t e  af  t;ernoon. The d i u r n a l  p a t t e r n  was r e p r e s e n t e d  
i n  t h e  a n a l y s i s  by d i v i d i n g  t h e  day i n t o  f o u r  p e r i o d s  of e q u a l  
l e n g t h  w i t h  a un i form d i s t r i b u t i o n  i n  e a c h .  T h i s  procedure  i nco r -  
p o r a t e s  t h e  l a r g e ,  g r o s s  f e a t u r e s  of t h e  t r a f f i c  p a t t e r n  wi thout  
unwarran ted  s t r a t i l i c a t i o n  of d a t a  and minimizes  t h e  e f f e c t s  of 
commuter peaks .  

The s t r a t i f i c a t i o n  d e s c r i b e d  above and i n  more d e t a i l  i n  
Appendix C r e s u l t s  i n  two s e a s o n a l  l e v e l s ,  two d a i l y  l e v e l s  and 
f o u r  hou r ly  l e v e l s  f o r  a  t o t a l  of 16  c e l l s .  

The O I R  f o r  each  c o l l i s i o n  c o n f i g u r a t i o n  was computed u s i n g  
t h e  d e t a i l e d  t r a f f i c  r a t e s  d e s c r i b e d  above. The expec t ed  p r o p o r t i o n  
of a c c i d e n t s  i n  each  of t h e  16 c e l l s  was computed f o r  each con f ig -  
u r a t i o n .  From t h e s e  p r o p o r t i o n s ,  t h e  expec t ed  number of a c c i d e n t s  
was o b t a i n e d  by p r o p o r t i o n a l  d i s t r i b u t i o n  of t h e  t o t a l  number of 
a c c i d e n t s .  The  OIR f o r  each  c o n f i g u r a t i o n  was t hen  computed by 
d i v i d i n g  t h e  sum of t h e  a c t u a l  numbers of a c c i d e n t s  by t h e  sum of 
t h e  expec t ed  numbers. The r e s u l t  is g i v e n  i n  t h e  second column of 
Tab le  5-30.  Note t h a t  t h e  overinvolvement  of t r u c k s  i n t o  t r u c k s  
h a s  been reduced i n  magnitude,  a l t hough  overinvolvement  p e r s i s t s .  
Thus change r e s u l t s  p r i m a r i l y  from t h e  high d a i l y  peak i n  pas senge r  
c a r  t r a f f i c  and t h u s  a  h igh  ca r - to - t ruck  r a t i o  i n  t h e  day and a  
much lower r a t i o  a t  n i g h t .  The o t h e r  r e s u l t s  show l i t t l e  change. 

The two models d e s c r i b e d  above a r e  both based on v e h i c l e  miles 
t h e  f i r s t  u s i n g  t o t a l  a g g r e g a t e  mi leage  and t h e  second i n c o r p o r a t i n g  
d e t a i l s  of t h e  tempora l  t r a f f i c  p a t t e r n s .  N e i t h e r  model c o n s i d e r s  
a  c h a r a c t e r i s t i c  of t r a f f i c  t h a t  could  markedly a f f e c t  t h e  d i s t r i -  
b u t i o n  of  t h e  f o u r  c o l l i s i o n  c o n f i g u r a t i o n s .  E i t h e r  because of 
s t a t u t e  o r  o p e r a t i n g  c h a r a c t e r i s t i c s  o r  sometimes bo th ,  t r u c k s  on 
i n t e r s t a t e  highways t r a v e l  w i t h  a  lower mean speed  than  c a r s .  Thus 
we would expec t  c a r s  t o  p a s s  t r u c k s  r e l a t i v e l y  more f r e q u e n t l y  t h a n  
t r u c k s  would p a s s  c a r s .  The models used above howeve r ,p red i c t ed  
bo th  w i t h  t h e  same f r equency .  The o b s e r v a t i o n  on r e l a t i v e  pas s ing  
r a t e s  i s  p e r t i n e n t  because c o l l i s i o n s  between v e h i c l e s  t r a v e l i n g  i n  
t h e  same d i r e c t i o n  can on ly  occu r  when two v e h i c l e s  c l o s e  on one 
a n o t h e r ,  i . e . ,  an o v e r t a k i n g  o c c u r s .  Although t h e  p r o b a b i l i t y  of 
a  c o l l i s i o n  g i v e n  an  o v e r t a k i n g  is ex t remely  low, t h e  o v e r t a k i n g  is 
a  neces sa ry  p r e r e q u i s i t e  f o r  a  c o l l i s i o n .  An o v e r t a k i n g ,  t h e n ,  
d e f i n e s  a  c o n f l i c t  s i t u a t i o n  which may l e a d  t o  a  c o l l i s i o n .  S inee  - 
t h e  f requency  of o v e r t a k i n g s  is a  f u n c t i o n  of both t r a f f i c  d e n s i t y  
and s p e e d ,  i t  o f f e r s  a  much more a p p r o p r i a t e  exposure  model w i t h  
which t o  i n v e s t i g a t e  t h e  i n c i d e n c e  of rear -end  and s ideswipe  c o l -  
l i s i o n s  by c o l l i s i o n  c o n f i g u r a t i o n .  

An exposu re  model was deve loped  t o  i n c o r p o r a t e  c o n s i d e r a t i o n  
of t h e  d i f f e r e n c e  i n  o p e r a t i n g  c h a r a c t e r i s t i c s  of t h e  two v e h i c l e  
t y p e s .  The model is based on p r e d i c t i o n  of o v e r t a k i n g  r a t e s  f o r  
each  of t h e  f o u r  c o n f i g u r a t i o n s  of Table  5-30. T h i s  i n t e r a c t i o n  



model a l l o w s  p r e d i c t i o n  of o v e r t a k i n g  r a t e s  a s  a  f u n c t i o n  of t r a f f i c  
d e n s i t y ,  and t h e  p r o b a b i l i t y  d e n s i t y  f u n c t i o n  of t h e  speed of v e h i c l e s .  
I t  h a s  been s p e c i f i c a l l y  developed t o  r e p r e s e n t  a  dichotomy of 
v e h i c l e s  such a s  t r u c k s ,  and c a r s .  However both o v e r t a k i n g s  of 
l i k e  v e h i c l e s  and a p p l i c a t i o n  t o  a  homogeneous p o p u l a t i o n  a r e  degen- 
e r a t e  c a s e s  f a r  which t h e  model p r o v i d e s  a  s o l u t i o n .  

A d e t a i l e d  development and d i s c u s s i o n  of t h e  model a r e  g i v e n  i n  
Appendix B ,  bu t  t h e r e  a r e  c e r t a i n  r e s t r i c t i o n s  t h a t  should  be re- 
pea t ed  h e r e .  The development does  not  i n c l u d e  t h e  fo rma t ion  of 
queues ,  and i t  assumes a l l  o v e r t a k i n g  v e h i c l e s  a r e  f r e e  t o  a t t empt  
t o  p a s s  wi thout  a l t e r i n g  t h e i r  behavior .  Thus t h e  model would not  
be a p p l i c a b l e  t o  highways i n  h igh ly  u rban ized  a r e a s  with dense ru sh  
hour t r a f f i c ,  T h i s  would no t  seem t o  be a  r e s t r i c t i o n  on i t s  
a p p l i c a b i l i t y  t o  b a s i c a l l y  r u r a l  t u r n p i k e  t r a f f i c  however. Although 
t h e  model. ha s  been d e r i v e d  t o  p r e d i c t  t h e  o v e r t a k i n g  r a t e  (ove r t ak -  
i n g s / h o u r ) ,  and hence cou ld  be used t o  p r e d i c t  t o t a l  o v e r t a k i n g s  i n  
a  time i n t e r v a l ,  i t  is not  used he re  t o  p r e d i c t  t h e  number of 
o v e r t a k i n g - r e l a t e d  a c c i d e n t s .  No a t t empt  has  been made t o  e v a l u a t e  
t h e  ex t r eme ly  s m a l l  c o n d i t i o n a l  p r o b a b i l i t y  of a  c o l l i s i o n  g i v e n  an 
o v e r t a k i n g .  I t  i s  used i n s t e a d  t o  model t h e  r e l a t i v e  e x p e c t a t i o n  
of c o l l i s i o n  by c o n f i g u r a t i o n .  For  t h i s  pu rpose ,  on highways of 
moderate  f r e e l y  f lowing  t r a f f i c ,  t h e  i n t e r a c t i o n  model is sugges t ed  
a s  a  more a p p r o p r i a t e  exposu re  model t han  models based s o l e l y  on 
mi leage  . 

The independent  v a r i a b l e s  of  t h e  i n t e r a c t i o n  model a r e  t h e  
d e n s i t i e s  of each c l a s s  of v e h i c l e  ( u s u a l l y  exp re s sed  i n  v e h i c l e s  
p e r  m i l e )  and t h e  p r o b a b i l i t y  d e n s i t y  f u n c t i o n  of t h e  speed of each 
c l a s s .  Ne i the r  parameter  was a v a i l a b l e  d i r e c t l y  f o r  e i t h e r  c a r s  o r  
t r u c k s  on t h e  t u r n p i k e s ,  s o  t hey  were e s t i m a t e d  from a v a i l a b l e  d a t a .  
Speed e s t i m a t e s  f o r  both c l a s s e s  of v e h i c l e s  were o b t a i n e d  from 
measurements t aken  on i n t e r s t a t e  highways i n  Michigan. T r a f f i c  den- 
s i t i e s  were e s t i m a t e d  u s i n g  t h e  mi leage  d a t a  d e s c r i b e d  i n  Appendix 
C w i t h  t h e  speed  i n f o r m a t i o n  d e s c r i b e d  above. The r e s u l t i n g  param- 
e t e r s  used i n  t h e  model a r e  l i s t e d  i n  Appendix B. I t  should  ble 
no t ed  t h a t  use  of t r a f f i c  d e n s i t y  a l l o w s  f o r  t h e  choice  between 
e i t h e r  t h e  average  d e n s i t y  ove r  t h e  e n t i r e  d a t a  p e r i o d  d e r i v e d  from 
a g g r e g a t e  mi leage ,  o r  t h e  tempora l  c h a r a c t e r i s t i c s  of d e n s i t y .  The 
two p o s s i b l e  approaches  cor respond t o  t h e  u se  of  annual  and d a i l y  
mi l eage  i n  t h e  f i r s t  two columns of Table  5-30.  

The t h i r d  and f o u r t h  columns of Table  5-30 g i v e  t h e  O I R  v a l u e s  
d e r i v e d  from both sets of t r a f f i c  d e n s i t y  d a t a  u s i n g  the i n t e r a c t i o n  
model. The l a s t  column, d e r i v e d  from t h e  i n t e r a c t i o n  model i n~co r -  
p o r a t i n g  t h e  d e t a i l e d  tempora l  s t r u c t u r e  of t r a f f i c  p a t t e r n s ,  is 
p r e s e n t e d  a s  t h e  most a p p r o p r i a t e  model f o r  e v a l u a t i n g  r e l a t i v e  
involvement .  T h i s  is a  new d e p a r t u r e  i n  r e p r e s e n t a t i o n  of exposu re ,  
and one t h a t  p r o v i d e s  a  more r e a l i s t i c  model t han  h a s  been used i n  
t h e  p a s t .  

The r e s u l t s  shown i n  t h e  l a s t  column a r e  q u i t e  d i f f e r e n t  t h a n  
those  which a r e  based on mi leage  o n l y .  The r a t i o  f o r  c o l l i s i o n s  
between pas senge r  c a r s  h a s  i n c r e a s e d  s l i g h t l y  bu t  is  s t i l l  c l o s e  t o  
u n i t y ,  i n d i c a t i n g  l i t t l e  overinvolvement  r e l a t i v e  t o  t h e  o t h e r  con- 
f i g u r a t i o n s .  C o l l i s i o n s  of c a r s  i n t o  t r u c k s  a r e  unde r invo lved ,  
o c c u r r i n g  approximate ly  h a l f  a s  f  reque l l t ly  a s  t h e  t r a f f i c  c h a r a c t e r -  
i s t i c s  would l e a d  u s  t o  e x p e c t .  Truck- in to-car  c o l l i s i o n s ,  on t h e  



o t h e r  hand,  a r e  ove r invo lved  by more t han  two t o  one.  The a c t u a ~ l  
number of a c c i d e n t s  of c a r s  i n t o  t r u c k s  and t r u c k s  i n t o  c a r s  a r e  
about  e q u a l .  T h e  i n t e r a c t  i o n  model,  which i n c l u d e s  speed consicler-  
a t i o n s  a s  w e l l  a s  i n t u i t i o n ,  l e a d s  t o  a  lower expec t ed  f requency  of 
t r u c k s  p a s s i n g  c a r s  t han  of c a r s  p a s s i n g  t r u c k s .  I t  i s  t h i s  f a c t o r  
which l e a d s  t o  t h e  r e s u l t s  shown. While t r u c k s  i n t o  t r u c k s  a r e  
s t i l l  ove r invo lved ,  t h e i r  OIR is l e s s  t han  de te rmined  by t h e  e a r l i e r  
mode 1. 

T h e  most s i g n i f i c a n t  o b s e r v a t i o n ,  one which was unexpec t ed ,  is  
t h a t  t r u c k s  a r e  ove r invo lved  a s  t h e  s t r i k i n g  v e h i c l e  i n  rea r -end  
and s ide swipe  a c c i d e n t s ,  bo th  i n t o  c a r s  and i n t o  t r u c k s ,  

The a c t u a l  f requency  of a c c i d e n t s  used  i n  t h e  above a n a l y s i s ,  
shown i n  Table  5-29, were t e s t e d  f o r  independence by a  4  x  3 con- 
t i ngency  t a b l e ,  and t h e  d i f f e r e n c e s  between t u r n p i k e s  was h igh ly  
s i g n i f i c a n t .  Muc,h of  t h e  d i f f e r e n c e  between highways i s  i n  t h e  
r e l a t i v e l y  h igh  v a r i a t i o n  i n  pa s senge r  c a r  involvement r a t e s .  When 
on ly  t h e  a c c i d e n t s  i n v o l v i n g  t r u c k s  were i nc luded  i n  a  3 x  3 t a b l e ,  
t h e  d i f f e r e n c e s  were not s i g n i f i c a n t  a t  t h e  0 .05  l e v e l ,  s u g g e s t i n g  
t h a t  t h e  c o n s i s t e n c y  between highways i s  r e a l .  

T h e  d i s c u s s i o n  of r e l a t i v e  involvement by a c c i d e n t  c o n f i g u r a t i o n  
p r e s e n t e d  above h a s  mentioned t h e  importance of t h e  v a r i a t i o n  of 
t r a f f i c  w i t h  t ime and c o n s i d e r a b l e  a t t e n t i o n  has  been devoted  t ~ o  t h e  
importance of t h i s  c h a r a c t e r i s t i c  t o  exposu re ,  T h i s  s u g g e s t s  tlhat 
examina t ion  of over involvement  r a t e s  r e l a t i v e  t o  t i m e ,  p a r t i c u l a r l y  
time of day ,  might a l s o  bea r  i n t e r e s t i n g  r e s u l t s .  

The same t e c h n q i u e s ,  i . e . ,  employment of t h e  i n t e r a c t i o n  model 
have been used f o r  examining involvement  r e l a t i v e  t o  t he  f o u r  
p e r i o d s  of t h e  day. The r e s u l t s  a r e  g i v e n  i n  Table  5-31. I n  t h i s  
t a b l e  t h e  expec t ed  number of a c c i d e n t s  were based on row d i s t r i b u t i o n s  
r a t h e r  t h a n  column d i s t r i b u t i o n s  a s  used i n  Tab l e  5-30. Comparisons 
of over involvements  shou ld  be based 011 comparisons of row e l emen t s  
of t h e  a r r a y ,  not by column. Comparisons of t h e  t h r e e  highways i n  
3 x  4 con t ingency  t a b l e s ,  one f o r  each  c o n f i g u r a t i o n ,  f a i l e d  t o  
i n d i c a t e  s i g n i f i c a n t  d i f f e r e n c e s  between highways a t  t h e  0 .05  con- 
f i d e n c e  l e v e l .  The on ly  e x c e p t i o n  was cuased  by t h e  s m a l l  samples  
of t r u c k - i n t o - t r u c k  a c c i d e n t s  on t h e  Ind iana  T o l l  Road from 1200 t o  
1800 hou r s  and from 1800 t o  2400 h o u r s .  

A l l  a c c i d e n t  c o n f i g u r a t i o n s  a r e  ove r invo lved  i n  t h e  e a r l y  
morning hou r s .  C ra shes  of c a r s  i n t o  o t h e r  v e h i c l e s  a r e  s l i g h t l y  
unde r invo lved  i n  t h e  a f t e r n o o n  h o u r s ,  wh i l e  t r u c k s  i n t o  o t h e r  ve- 
h i c l e s  a r e  under involved  i n  t h e  evening .  We might no t e  t h a t  c a r s  
i n t o  t r u c k s ,  which were no t  ove r invo lved  on a  24 hour  b a s i s  (Table  
5-30) a r e  ove r invo lved  i n  t h e  e a r l y  evening  hou r s .  T h i s  o v e r i n v o l -  
vement i n  p redominant ly  hou r s  of da rknes s  might be a t t r i b u t e d  t o  
r e a r  l i g h t i n g  on t r u c k s  i nadequa t e  t o  warn t h e  c a r  d r i v e r  of high 
c l o s i n g  r a t e s ,  I f  i n s u f f i c i e n t  l i g h t i n g  and h igh  speed  d i f f e r e n t i a l s  
a r e  a c c e p t e d  a s  pr imary c o n t r i b u t i n g  f a c t o r s ,  one is f a c e d  w i t h  t h e  
dilemma of e x p l a i n i n g  t h e  even h i g h e r  over involvement  r a t e  of c a r s  
i n t o  c a r s  d u r i n g  t h e  same p e r i o d .  



Table  5-31 

Overinvolvement Ra t io  by Pe r iod  of Day, 
I n t e r a c t i o n  Model 

Pe r iod  (Hours) 
Conf igu ra t i on  0000-0600 0600-1200 1200-1800 1800-2400 

Car i n t o  Car 
Ind .  7 . 0  0 .85  0.76 1.43 
Ohio 10.6 0.96 0 .75  1 .19  
Penn. 11 .8  0.99 0.89 0.96 

Car i n t o  Truck 
Ind .  3 .96  0.73 0.63 1.23 
Ohio ., 5.82 0.89 0.44 1.04 
Penn. 5 .53 0 .85  0.73 0.87 

Truck i n t o  Car 
Ind. 2  -44  1.08 0.93 0 .61  
Ohio 2.27 1 .15  0.98 0.66 
Penn . 1.52 1 .38  1.32 0 .45  

Truck i n t o  Truck 
Ind. 1 .53  1 .85  0.56* 0.45* 
Ohio 1 . 6 1  1 .09  0 .81  0.47 
Penn . 1.53  0 .75  0.96 0 .70  

* Small sample ( l e s s  t han  10 )  

I t  should be no ted  t h a t  t h e  same t ime p e r i o d  which shows t h e  
h igh  overinvolvements  i n  rear -end  and s ideswipe  c o l l i s i o n s  was a l s o  
over represen ted ,  i n  s i n g l e  v e h i c l e  c o l l i s i o n s  of both t r u c k s  and c a r s .  
T h i s  p e r i o d  of t h e  n i g h t  i s  a l s o  t h e  p e r i o d  of t h e  lowest  t o t a l  
t r a f f i c  d e n s i t y ,  p o s s i b l y  sugges t ing  t h a t  t h e  c o n s i s t e n t  over involve-  
ment may be because of d r i v e r  r e l a t e d  f a c t o r s .  

Ear ly  i n  t h e  a n a l y s i s  of t h e  t u r n p i k e  d a t a ,  i t  was noted t h a t  a  
very  s u b s t a n t i a l  p r o p o r t i o n  of t h e  rear -end  c o l l i s i o n s  on t h e  Ohio 
Turnpike were on upgrades .  The i n d i c a t i o n  of v e r t i c a l  a l ignment  
was provided  by t h e  p o l i c e  on o f f i c a l  r e p o r t  forms. S ince  r e l i a b l e  
s t a n d a r d s  on t h e  use of t h i s  code (how t o  d e f i n e  an upgrade)  a r e  
not a v a i l a b l e ,  and because of t h e  c u r r e n t  i n t e r e s t  i n  t h e  r e l a t i o n  
between " h i l l  ho ld ing"  c a p a b i l i t y ,  speed d i f f e r e n t i a l s ,  and a c c i d e n t  
e x p e r i e n c e ,  t h i s  o b s e r v a t i o n  was deemed p a r t i c u l a r l y  noteworthy. 
Consequent ly ,  eng inee r ing  d a t a  on v e r t i c a l  a l ignment  was ob t a ined  on 
t h e  Ohio and Pennsylvania  Turnpikes .  Accident l o c a t i o n  was g iven  on 
both highways t o  t h e  n e a r e s t  one- ten th  mi l e .  The g rade  of t h e  high- 
way a t  t h e  p o i n t  of t h e  a c c i d e n t  i n  t e n t h s  of a  pe rcen t  g rade  was 
added t o  t h e  acc iden t  f i l e  f o r  each of t h e  17 ,681  a c c i d e n t s  i n  t h e  
f i l e s  of t h e s e  two highways. 

The maximum g r a d e s  on t h e  Ohio Turnpike a r e  2 .0% on upgrades 
and 3 .0% on downgrades. The maximum g r a d e s  on t h e  Pennsylvania  
Turnpike a r e  3% on both upgrades  apd downgrades w i t h  t h e  excep t ion  
of a  s h o r t  segment of  t h e  Nor theas t  Extens ion  which has  a  gralde of 
3  -45%. 



I f  g rade  is indeed c o r r e l a t e d  w i t h  t h e  i nc idence  of rear-end 
c o l l i s i o n s ,  an i n t u i t i v e l y  obvious  hypo thes i s  f o r  t h e  c a u s a l  r e -  
l a t i o n  is t h a t  g r a d e s  may a f f e c t  t h e  speed of c l imbing  v e h i c l e s  
p a r t i c u l a r l y  heavy t r u c k s ,  and t h u s  i n c r e a s e  t h e  speed d i f f e r e n c e s  
i n  t h e  t r a f f i c  s t r eam and t h e  ove r t ak ing  r a t e s .  The speed o i  heavy 
v e h i c l e s  which a r e  g rade  l i m i t e d  is not  a  f u n c t i o n  of t h e  grade  a t  
t h e  p o i n t  a t  which t h e  speed is  measured, but t h e  grade  over  which 
t h e  v e h i c l e  has  j u s t  t r a v e l l e d ,  i . e , ,  t h e  g rade  h i s t o r y .  

The e f f e c t s  of g r a d e s  might be b e t t e r  i n v e s t i g a t e d  u s ing  an 
index more c l o s e l y  r e l a t e d  t o  performance than  t h e  grade  a t  t h e  
p o i n t  of impact .  Such an index could  be d e r i v e d  a n a l y t i c a l l y  i f  
s u f f i c i e n t  i n fo rma t ion  were a v a i l a b l e  on each v e h i c l e ,  such a s  weight 
and horsepower o r  speed-torque cu rves  a t  highway load ings .  Th i s  
in format ion  i s  not a v a i l a b l e  from p o l i c e  d a t a .  I n s t e a d ,  s e v e r a l  
s t u d i e s  of t r u c k  performance on g r a d e s  f o r  t r u c k s  i n  use  were r e -  
viewed, and i t  was a r b i t r a r i l y  dec ided  t h a t  t h e  average grade  over  
t h e  p rev ious  ha l f -ml l e  of t r a v e l  would be an a p p r o p r i a t e  index f o r  
s t a t i s t i c a l  e v a l u a t i o n s .  T h i s  average  grade  was then  computed f o r  
each a c c i d e n t  l o c a t i o n  and added t o  t h e  a c c i d e n t  f i l e .  I t  was not 
c a l c u l a t e d  f o r  890 a c c i d e n t s  on t h e  Pennsylvania  t u r n p i k e  and 440 i n  
Ohio f o r  which i t  was not  p o s s i b l e  t o  c l e a r l y  de te rmine  e i t h e r  t h e  
d i r e c t i o n  of t r a v e l  o r ,  i n  t u r n ,  t h e  s i g n  of t h e  grade  (+) .  For- 
t u n a t e l y ,  t h e s e  c a s e s  do not i nc lude  rear -end  o r  s ideswipe  c o l l i s i o n s  
which were t h e  only t y p e s  used i n  t h e  grade  a n a l y s i s .  

The grade  a t  t h e  p o i n t  of impact was b racke t ed  i n t o  7 i n t e r v a l s  
f o r  a n a l y s i s ,  A h i s togram d i s t r i b u t i o n  of t h e  grade  of t h e  highway 
was ob t a ined  by s i m i l a r l y  b r a c k e t i n g  t h e  grade  over  t h e  e n t i r e  
l e n g t h  of t h e  highway. An expec ted  number of a c c i d e n t s ,  by con-- 
f i g u r a t i o n ,  was ob t a ined  f o r  each  grade  i n t e r v a l  by l i n e a r l y  d i s -  
t r i b u t i n g  t h e  e n t i r e  rear -end  and s ideswipe  a c c i d e n t  popu la t i on  over  
t h e  g r ade  d i s t r i b u t i o n  of t h e  highway. An OIR was then  computed 
a s  i n  p r e v i o u s  a n a l y s e s .  

The r e s u l t s  f o r  both highways combined a r e  g iven  i n  Table  5-32.  
Chi-square t e s t s  of t h e  d i f f e r e n c e  between t h e  d i s t r i b u t i o n  of 
g r a d e s  on t h e  highways and t h e  d i s t r i b u t i o n  of g r a d e s  i n  t h e  a c c i -  
den t  f i l e  a r e  s i g n i f i c a n t  a t  t h e  0.05 l e v e l .  The r e s u l t s  g iven  i n  
t h e  t a b l e  a r e  based on g r a d e s  a t  t h e  p o i n t  of t h e  a c c i d e n t .  The 
r e s u l t s  u s i n g  ave rage  g rade  a r e  n e a r l y  i d e n t i c a l ,  p o s s i b l y  because 
of t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of t h e  highway. 

Large t r u c k s  were indeed over involved  a s  t h e  s t r u c k  v e h i c l e  on 
t h e  s t e e p e r  upgrades  w i t h  an  OIR=2.09. Cars were a l s o  over involved  
a s  t h e  s t r u c k  v e h i c l e  on upgrades ,  a l t hough  t o  a  l e s s e r  deg ree .  I t  
should  a l s o  be noted t h a t  c a r s  were over involved  a s  t h e  s t r u c k  
v e h i c l e  on downgrades. I f  we hypothes ize  t h a t  t h e  overinvolvement 
of c r a s h e s  i n t o  t r u n k s  on upgrades is i n  p a r t  due t o  speed d i f f e r -  
e n c e s  r e s u l t i n g  from l n s u f f  i c i e n t  power of t r u c k s ,  we would expec t  
i n c r e a s e d  power t o  reduce t h e  over involvement .  Yet w i t h  t h e  low 
weight-to-power r a t i o  of passenger  c a r s ,  which a r e  a f f e c t e d  l i t t l e  
by 3% g r a d e s ,  t h e r e  is s t i l l  some overinvolvement .  Table  5-31 ( a l so  
i n d i c a t e d  an overinvolvement  of t r u c k s  a s  t h e  s t r i k i n g  v e h i c l e  i n  
t u r n p i k e  rear -end  c r a s h e s .  I t  is not c l e a r  how an i n c r e a s e  i n  
t r u c k  power would change t h i s  over involvement  o r  t h e  t o t a l  a c c i d e n t  
e x p e r i e n c e ,  i f  a t  a l l .  



Tab le  5-32 

Qverinvolvement  a s  a  Funct ion  of Grade,  
Rear-end and Sideswipe Accidents  on 

Ohio and Pennsylvania  Turnpikes  

Car o r  Truck i n t o  Rear of :  
Car - Truck 

Ove r - Ove 1: - 
N Involvement N Involvement 

3  5 0  1.43 135 2 .09  

-1.5 t o  -2.4 

-2 .5  t o  -3 .5  

T o t a l  

* A l l  c a s e s  i n  t h i s  i n t e r v a l  a r e  i n  Pennsylvania  because 
t h e  Ohio Turnpike h a s  no upgrades  ove r  2.0%. 

Large t r u c k s  were ove r invo lved  a s  t h e  s t r i k i n g  v e h i c l e  i n  t r u c k  
i n t o  c a r  c o l l i s i o n  on t h e  2 . 5  t o  3 .5% downgrades on both t u r n p i k e s  
w i t h  an OIR 1 . 7 .  I f  t h e  a c c i d e n t s  on g r a d e s  a r e  c a u s a l l y  r e l a t e d  
t o  s p e e d ,  we-would expec t  a  nega t ive  c o r r e l a t i o n  between grade  and 
t h e  speed  of t h e  s t r u c k  v e h i c l e .  The c o r r e l a t i o n  between g rade  and 
t h e  speed  of t h e  s t r u c k  v e h i c l e  b e f o r e  t h e  c o l l i s i o n  is g i v e n  i n  
Table  5-33. A l l  t h e  c o r r e l a t i o n s  shown a r e  low. The speed  of 
v e h i c l e s  i nvo lved  i n  a c c i d e n t s ,  a s  g i v e n  on a c c i d e n t  r e p o r t s ,  is 
d i f f i c u l t  f o r  i n v e s t i g a t i n g  o f f i c e r s  t o  de t e rmine  wi th  accuracy .  
T h i s  d a t a  i s  an example of s u b j e c t i v e  o r  s o f t  i n f o r m a t i o n ,  and ma,y 
be u n r e l i a b l e .  The low c o r r e l a t i o n s  i n d i c a t e d  by Table  5-33 may 
only  r e f l e c t  t h i s  u n r e l i a b i l i t y .  A l l  a t t e m p t s  t o  use speed  a s  a  
v i a b l e  s t a t i s t i c  i n  t h i s  s t udy  have met with s i m i l a r  l a c k  of cor -  
r e l a t i o n  o r  c o n s i s t e n c y .  

Tab le  5-33 

C o r r e l a t i o n  Between Grade and Speed of Involved V e h i c l e s ,  
Rear-end C o l l i s i o n s  on Pennsylvania  Turnpike  

Vehic le  C o r r e l a t i o n  w i th  Speed Before Impact 
Grade a t  Impact Average Grade* 

Number C o r r e l a t i o n  Number C o r r e l a t i o n  

S t r i k i n g  (Rea r )  Vehic le  
Car 1290 0.0714 1290 0 .04,4 8 
Truck 2 93 -0.1264 2  93 -0.1302 

S t r u c k  (Forward)  Veh ic l e  
Car 1332 -0.0226 1332 -0.0516 
Truck 4  18  -0.2899 418 -0.3064 

* Grade averaged  ove r  p r e v i o u s  one-half  mile of t r a v e l .  



I t  is a l s o  not  c l e a r  i f  t h e  a c c i d e n t s  on t h e  h i g h e r  g r a d e s  a r e  
r e l a t e d  t o  l i g h t i n g  more t h a n  a c c i d e n t s  on low g r a d e s .  A check f o r  
t h e  s i g n i f i c a n c e  of t h e  d i f f e r e n c e s  i n  t h e  p r o p o r t i o n  of a c c i d e n t s  
i n  d a r k n e s s  on t h e  h i g h e s t  g r a d e s  wi th  t h e  same p r o p o r t i o n  on low 
g r a d e s  f a i l e d  t o  i n d i c a t e  s i g n i f i c a n c e  a t  t h e  0 .05  l e v e l .  The nor-  
mal approximat ion  of t h e  b inomia l  d i s t r i b u t i o n  f o r  l a r g e  samples  
was used f o r  both c o l l i s i o n s  i n t o  c a r s  and c o l l i s i o n s  i n t o  t ruc1.r~ 
w i t h  t h e  same r e s u l t .  

Climbing l a n e s  have been added t o  both t h e  Ohio and Pennsyl-  
v a n i s  t u r n p i k e s  i n  l o c a t i o n s  where a  s t e e p  g r a d e  p e r s i s t s  f o r  a  
r e l a t i v e l y  long d i s t a n c e .  A b r i e f  a n a l y s i s  of a c c i d e n t s  i n  c l imbing  
l a n e  segments  h a s  been conducted u s i n g  t h e  Pennsylvania  Turnpike  
d a t a .  These segments  a r e  a l l  a t  g r a d e s  of 2 .9-3 .0  p e r c e n t ,  and have 
been compared wi th  segments  of s i m i l a r  g r a d e s  w i thou t  c l imbing  l a n e s .  
Over a  two and one-half  y e a r  p e r i o d  there was a  t o t a l  of 365  a c c i -  
d e n t s  a t  t h e s e  upg rades ,  59 of which occu r r ed  on s l o p e s  having a 
c l imbing  l a n e .  The d a t a  is p r e s e n t e d  i n  Tab le  5-34. 

Table  5-34 

Comparisoc of C o l l i s i o n s  on Climbing Lanes and 
Other  S t e e p  Grades ,  Pennsylvania  Turnpike  

T o t a l  No. 
of Acc. a t  
g r a d e s  of 
2.9-3.0% 

TY pe 
C o l l i s i o n  

Cars  i n t o  Cars  2  02 

No. of Acc. % of High- % of .4cc. 
i n  segments way a t  0ccur.r  i n g  
wi th  cl imb- g rade  wi th  w i t h i n  
i n g  l a n e s  c l imbing  c l imb ing  

l a n e s  l a n e  ,seg- 
ments -- 

32 14.7 15 .8  

Ca r s  i n t o  Trucks  8  2  16 14.7 1 9 . 5  

Trucks  i n t o  Cars  4  3  5 14 .7  11.15 

Trucks  i n t o  T rucks  38  6  14 .7  15 .  :S 

T o t a l  365 5 9  14.7 16 .1  

Trucks  Involved 163 27 14.7 16.16 

I t  can be no ted  t h a t  t h e r e  is a  s l i g h t l y  h i g h e r  pe rcen tage  of 
a c c i d e n t s  o c c u r r i n g  w i t h i n  t h e  c l imb ing  l a n e  segments  t han  might be 
e x p e c t e d  on t h e  b a s i s  of t h e i r  m i l e a g e ,  bu t  t h i s  i s  not s t a t i s t i c a l l y  
s i g n i f  l c a n t  . What is p r a c t i c a l l y  s i g n i f i c a n t  i s  t h e  f a c t  t h a t  t h e  95% 
conf idence  i n t e r v a l  about  t h e  t o t a l  (16.1%) r a n g e s  from 12 t o  210%) 
g i v e n  t h e  i n d i c a t e d  number of a c c i d e n t s ,  and f o r  t h e  " t r u c k s  i n -  
vo lved"  a c c i d e n t s ,  from 10% t o  23%. Thus one can conc lude  t h a t  
t h e r e  i s  j u s t  not enough d a t a  t o  show t h a t  t h e  c l imbing  l a n e  segments 
a r e  b e t t e r  o r  worse t han  t h e  o t h e r  3% grade  segments .  And t h i s  is  
t r u e  f o r  a  very  busy highway wi th  some 11 ,000  r e p o r t e d  a c c i d e n t s  i n  
a 24  y e a r  p e r i o d .  



Accident d a t a  f o r  t h e  p e r i o d  p r i o r  t o  t h e  i n s t a l l a t i o n  of t h e  
c l imbing  l a n e s  was not  a v a i l a b l e  f o r  t h i s  s t u d y ,  and i t  seems l i k e l y  
t h a t  t h e  a d d i t i o n a l  l a n e s  were i n s t a l l e d  because 01 an  unusua l ly  
h igh  a c c i d e n t  f requency  i n  t h e s e  p a r t i c u l a r  a r e a s .  But t o  d i s c e r n  
a d i f f e r e n c e  j.11 performance by looking  a t  t h e  a c c i d e n t  s t a t i s t i c s  
would r e q u i r e  a  change oP about  a  f a c t o r  of two and a  t ime p e r i o d  of 
s e v e r a l  y e a r s .  Consequent ly  i t  i s  sugges t ed  t h a t  i t  may be more 
a p p r o p r i a t e  t o  e v a l u a t e  t h e  e f f i c a c y  of c l imbing  l a n e s  by some s u r -  
r o g a t e  measure,  such a s  t r a f f i c  c o n f l i c t s .  From such measures an 
i n f e r e n c e  may be drawn a s  t o  t h e  p robab le  e f f e c t  on a c c i d e n t s .  

T r a f f i c  count d a t a  was not  a v a i l a b l e  i n  a  form which p e r m i t t e d  
an  ad jus tment  of t h e  above d a t a  f o r  t r a f f i c  d e n s i t y ,  a l t hough  i t  
can be i n fo rma l ly  observed  t h a t  t h e  cl imbing l a n e  segments do not  
c a r r y  much more t r a f f i c  t h a n  o t h e r  3% grade  p o r t i o n s  of t h e  highway. 

5 .2 .5  Double-Bottom Combinations 

The t u r n p i k e  a c c i d e n t  f i l e s  do not  i n  g e n e r a l  permi t  a  d e t a i l e d  
examina t ion  of a c c i d e n t  d a t a  by s i z e  o r  weight of t r u c k  excep t  a s  
t hey  a r e  c a t e g o r i z e d  a s  t r a c t o r - t r a i l e r  o r  s i n g l e  u n i t .  The t r a c t o r -  
t r a i l e r  t r a f f i c  i s  predominant ly  composed of s e m i - t r a i l e r s  and these 
u n i t s  t r a v e l  t h e  t u r n p i k e s  i n  f a r  g r e a t e r  numbers t han  o t h e r  t r u c k  
c o n f i g u r a t i o n s .  However, even f o r  t h i s  c a t e g o r y ,  no weight i n fo rma t ion  
i s  g i v e n ;  we do not even know i f  t h e  r i g s  involved  i n  a c c i d e n t s  a r e  
empty o r  f u l l y  loaded .  T h e r e f o r e  we cannot  examine t r u c k  s i z e  o r  
weight a s  independent  v a r i a b l e s  i n  t h e  f i l e s  f o r  which we have expo- 
s u r e  d a t a .  

A s i n g l e  e x c e p t i o n  t o  t h i s  l i m i t a t i o n  does  e x i s t .  In  t h e  
Ind iana  f i l e  t h e  double-bottom t r u c k s  a r e  un ique ly  i d e n t i f i e d .  The 
combina t ions  i nc luded  i n  this ca t ego ry  a r e  t r a c t o r - s e m i  t r a i l e r - f u l l  
t r a i l e r  r i g s .  

During t k e  f i v e  y e a r s  (1966-1970) f o r  which a c c i d e n t  d a t a  were 
a v a i l a b l e  on t h e  Ind i ana  T o l l  Road, "doubles t '  were i nvo lved  i n  14 
a c c i d e n t s .  T h i s  number is s m a l l  but  it  does  a l l ow  a  worthwhile  
comparison w i t h  t h e  involvement r a t e s  of o t h e r  t r u c k s .  In t h i s  
p e r i o d  approximate ly  16 .6  m i l l i o n  miles were t r a v e l l e d  by t h e  doub le s ,  
t o r  a  r a t e  of 84 involvements  p e r  hundred m i l l i o n  v e h i c l e  m i l e s .  The 
involvement r a t e  f o r  l a r g e  t r u c k s  ( t r a c t o r - t r a i l e r s )  du r ing  t h e  same 
p e r i o d  on t h e  same highway was 171.8 o r  ove r  tw ice  t h e  r a t e  of t h e  
doub le s .  S ince  t h e  number of involvements  i s  low, t h e  q u e s t i o n  of 
t h e  r e s u l t i n g  con l idence  i n t e r v a l  i n  t h e  involvement r a t e  i s  pe r t : i nen t .  
A con f idence  i n t e r v a l  was o b t a i n e d  by assuming t h a t  t h e  i n f r e q u e n t  
involvements  of double  bottoms can be r e p r e s e n t e d  by a  Po i s son  d i s -  
t r i b u t i o n .  The 95% conf idence  i n t e r v a l  on t h e  expec t ed  number of 
e v e n t s  i s  7 . 7  t o  23 .5 ,  o r  from 46 t o  142 involvements  p e r  hundred 
m i l l i o n  v e h i c l e  m i l e s .  The r a t e  f o r  double  bottoms a t  t h e  upper  
l i m i t  was lower t han  t h e  observed  r a t e  f o r  t r a c t o r  t r a i l e r s .  Thus 
we may conc lude  t h a t  double  bot toms indeed  have a  lower involvement 
r a t e  on t h e  Ind iana  T o l l  Road. T h i s  does  not  mean t h a t  t h e  sample 
i s  n e c e s s a r i l y  r e p r e s e n t a t i v e  of n a t i o n a l  e x p e r i e n c e .  The Ind i ana  
T o l l  Road Commission may e x e r c i s e  d i s c r e t i o n  i n  i s s u i n g  p e r m i t s  t o  
c a r r i e r s  and d r i v e r s  f o r  t h e  l a r g e r  r i g s ,  s o  t h e  o p e r a t i o n  may i n -  
c lude  a b i a s .  



Although t h e  14 involvements  i n  Ind iana  a r e  not a  l a r g e  enough 
sample t o  a l l ow  assessment  of r e l a t i v e  a c c i d e n t  s e v e r i t y ,  t h e  1969 
BMCS f i l e  does  c o n t a i n  s u f f i c i e n t  numbers of doub le s  t o  permi t  com- 
p a r i s o n  w i t h  t r a c t o r - t r a i l e r s .  Tab l e  5-35 g i v e s  t h e  comparisons f o r  
a l l  a c c i d e n t s  i nvo lv ing  t h e s e  v e h i c l e s ,  about  h a l f  of which a r e  
s i n g l e - v e h i c l e  a c c i d e n t s ,  and f o r  t h o s e  c o l l i s i o n s  which i nvo lve  
pa s senge r  c a r s .  The r a t i o  of t h e  c a s u a l t y  r a t e  of  double-bottom 
a c c i d e n t s  t o  t h e  t r a c t o r - s e m i  t r a i l e r  a c c i d e n t s  is a l s o  g i v e n .  The 
l a s t  two rows of t h e  t a b l e  a r e  p a r t i c u l a r l y  noteworthy because they 
g i v e  t h e  r e l a t i v e  c a s u a l t y  r a t e s  of  pa s senge r  c a r  occupan t s  f o r  
e o l E i s i o n s  w i t h  " s i n g l e s "  and "doubles" .  The c a s u a l t i e s  of both 
s e v e r i t i e s  a r e  s l i g h t l y  g r e a t e r  i n  double-bottom a c c i d e n t s  by 14% 
l o r  f a t a l i t i e s  and 12% f o r  i n j u r i e s .  

The s t a t i s t i c a l  s i g n i f i c a n c e  of  t h e  d i f f e r e n c e  i n  t h e  r a t e s  of 
t h e  two t y p e s  of t r u c k s  shown i n  t h e  l a s t  column was t e s t e d  u s i n g  
two t e c h n i q u e s  w i t h  c o n s i s t e n t  r e s u l t s .  Although t h e  number of 
c a s u a l t i e s  p e r  a c c i d e n t  does  no t  have a normal d i s t r i b u t i o n ,  t h e  
samples  a r e  l a r g e  s o  t h e  c e n t r a l  l i m i t  theorem p r o v i d e s  j u s t i f i c a t i o n  
f o r  t e s t i n g  t h e  d i f f e r e n c e  i n  t h e  means u s i n g  t h e  normal d i s t r i b u t i o n .  
The a c t u a l  d i s t r i b u t i o n  of c a s u a l t i e s  p e r  c o l l i s i o n  might be approx- 
imated by t h e  Po i s son  d i s t r i b u t i o n .  Based on t h i s  assumpt ion ,  t h e  
s i g n i f i c a n c e  was a l s o  checked u s i n g  t h e  l i k e l i h o o d  i a t i p  t e s t  f o r  
e q u a l i t y  of pa r ame te r s  of t h e  Po i s son  d i s t r i b u t i o n .  

5 . 2 . 6  Causa l  F a c t o r s  

The a n a l y s i s  t h a t  h a s  been p r e s e n t e d  f o r  t h e  , t u r n p i k e  a c c i d e n t s  
h a s  been r e s t r i c t e d  t o  o b j e c t i v e  i . e . ,  "hard" d a t a ,  w i t h  l i t t l e  de- 
pendence on s u b j e c t i v e  d a t a .  T h i s  a n a l y s i s  ph i losophy  was adopted  
t o  minimize any p o s s i b l e  d i l u t i o n  of r e s u l t s  from i n c l u s i o n  of sub- 
j e c t i v e  d a t a .  The o b j e c t i v e  in format ion , ,  however, c o n t a i n s  l i t t l e  
d i r e c t  i n f o r m a t i o n  on c a u s a l  f a c t o r s  a l though  i n f e r e n c e s  a r e  p o s s i b l e  
and s e v e r a l  have been o f f e r e d .  

Repor t s  of p o l i c e  a c c i d e n t  i n v e s t i g a t i o n s  o f t e n  c o n t a i n  c a u s a l  
i n fo rma t ion  and a l l  t h r e e  t u r n p i k e  f i l e s  r e f l e c t  t h i s  i n  va ry ing  
d e g r e e s .  The i n f o r m a t i o n  of t h i s  t ype  c o n t a i n e d  i n  t h e  a c c i d e n t  
f i l e s  p r e s e n t s  s e v e r a l  problems i n  a n a l y s i s  and i n t e r p r e t a t i o n .  The 
f i r s t  and most s e r i o u s  problem r e s u l t s  from t h e  s u b j e c t i v e  n a t u r e  of 
t h e  d e t e c t i o n  of such f a c t o r s  i n  p o l i c e  i n v e s t i g a t i o n s .  Causa l  
f a c t o r s  a r e  o f t e n  d i f f i c u l t  t o  d e t e c t  and e v a l u a t e ,  even i n  in -dep th  
i n v e s t i g a t i o n s .  S e v e r a l  f a c t o r s  may p r e s e n t  themse lves  wi thout  a  
c l e a r  i n d i c a t i o n  of t h e i r  r e l a t i v e  d o n t r i b u t i o n .  Even seemingly 
s imp le  a c c i d e n t s  may prove  t roublesome-did a  t i r e  blowout cause  t h e  
a c c i d e n t ,  o r  d i d  t h e  t i r e  damage r e s u l t  from t h e  c r a sh?  Did t h e  
d r i v e r  l o s e  c o n t r o l  f o r  r e a s o n s  beyond h i s  c o n t r o l ,  o r  from i n a t t e n -  
t i o n ?  

Secondly ,  assessment  of c a u s a l  f a c t o r s  may be i n f l u e n c e d  by 
l o c a l  law enforcement  p r a c t i c e s  and p o l i c i e s ,  and by motor v e h i c l e  
codes .  

Wilkes ,  S . S . ,  Mathematical  S t a t i s t i c s ,  Wiley, New York, 
1962, p .  424. 



Table  5-35 

Comparison of Casua l ty  Rates  of Tractor-Semi T r a i l e r  
and Double-Bottom Acc iden t s ,  1969 BMCS F i l e  

Average Number of 
C a s u a l t i e s  p e r  Acc. Rat io-  

S i g n i f  i- 
T r a c t o r -  Double- Double cance 

Semi Bottom S i n g l e  Level  
, 

A l l  Acc idents  
C a s u a l t i e s  i n  
Accident  

No. K i l l e d  
No. I n j u r e d  

C a s u a l t i e s  i n  
Other  Vehicle  

Yo. K i l l e d  
No. I n j u r e d  

0.044 0.047 1 .07  Not. S i g .  
0.510 0.560 1.10 0.05 

0.034 0.033 0.97 Not S i g .  
0.353 0.354 1 .00  Not S i g  . 

Acc iden t s  w i t h , ,  
Passenger  Cars  

C a s u a l t i e s  i n  
Accident  

No. K i l l e d  0.058 0 .071  
No. I n j u r e d  0.644 0,745 

C a s u a l t i e s  i n  
Passenger  Car 

No. Kiilled 0.058 0.066 
No. I n j u r e d  0.568 0.638 

Not Slig . 
0.05 

Not Sj.g . 
0.05 

* 
39,817 Trac tor -Semis ,  1507 Doubles 

* * 
18,909  Trac tor -Semis ,  608 Doubles 

T h i r d l y ,  t h e  r e c o r d i n g  and coding p r a c t i c e s  used i n  c o n s t r u c t i n g  
a c c i d e n t  d a t a  f i l e s  may c o n t r i b u t e  t o  t h e  problem. If m u l t i p l e  
r e sponses  a r e  not  p e r m i t t e d ,  f a c t o r s  which a r e  p r e s e n t  and recognized  
may not  be l i s t e d  i f  ano the r  f a c t o r  is pe rce ived  t o  be more impor t an t .  
A s i n g l e  response  l i s t  may inc lude  s e v e r a l  f a c t o r s  t h a t  a r e  no t  
mutual ly  e x c l u s i v e ,  wi thout  any p r o v i s i o n  f o r  i n d i c a t i n g  more than  
one . 

The  t u r n p i k e  f i l e s ,  a s  do n e a r l y  a l l  a c c i d e n t  d a t a  f i l e s ,  con- 
t a i n  examples of t h e s e  problems t o  vary ing  deg rees .  N e v e r t h e l e s s ,  
they do c o n t a i n  c a u s a l  d a t a  and i t  would not  be a p p r o p r i a t e  t o  
n e g l e c t  o r  omit t h i s  i n fo rma t ion .  A summary of t h e  c a u s a l  v a r i a b l e s  
w i l l  be p r e s e n t e d  i n  t h i s  s e c t i o n .  I n t e r p r e t a t i o n  w i l l  be l e f t  t o  
t h e  r e a d e r  excep t  i n  t hose  c a s e s  where s u b s t a n t i a l  ev idence  is found 
c o n s i s t e n t l y .  The v a r i a b l e s  i n  t h e  i n d i v i d u a l  f i l e s  which c o n t a i n  
t h e s e  f a c t o r s  a r e  not  c o n s i s t e n t  i n  s t r u c t u r e  o r  c o n t e n t .  Rather  
t h a n  p r e s e n t  a l l  v a r i a b l e s  i n d i v i d u a l l y  from each  f i l e ,  they have 
been summarized, combined where c o n s i s t e n t  w i t h  e x c e p t i o n s  no t ed ,  
and emphasis  ha s  been p l a c e d  on in fo rma t ion  t h a t  is homogeneous 
among t h e  f i l e s .  



The d i s t r i b u t i o n  of involvements  by weather and s u r f a c e  con- 
d i t i o n  is g iven  i n  Table  5-36 f o r  t h e  Indiana and Pennsylvania  Turn- 
p i k e s .  In  Ind i ana ,  both c a r s  and t r u c k s  have about  h a l f  of t h e i r  
involvements  i n  inclement  weather .  In  Pennsylvania ,  55% of t h e  c a r  
involvements  but on ly  40% of t h e  t r u c k  involvements  were i n  inclement  
weather .  The average  monthly p r e c i p i t a t i o n  (by volume) is n e a r l y  
uniform over  t h e  yea r  i n  t h i s  p a r t  of t h e  s t a t e ,  s o  t h e  d i f f e r e n c e  
between t r u c k  and c a r s  is l i k e l y  s i g n i f i c a n t .  A g r e a t e r  p r o p o r t i o n  
of t r u c k  involvements  a r e  under  c o n d i t i o n s  of snow o r  i c e  on both 
t u r n p i k e s  t han  a r e  t hose  of c a r s .  The r a t i o  o f  t h e  r e l a t i v e  frequency 
f o r  t r u c k s  t o  c a r s  is  1 . 4  i n  Pennsylvania  and 1 . 1 5  i n  Ind iana .  T h i s  
appa ren t  overinvolvement of t r u c k s  i n  snow might d i s appea r  i f  t h e  
exposure d a t a  were modif ied by c l i m a t i c  i n fo rma t ion ,  s i n c e  a  much 
g r e a t e r  f r a c t i o n  of t h e  annual  passenger  c a r  t r a f f i c  i s  i n  summer. 
S i m i l a r  c l i m a t o l o g i c a l  exposure  ad jus tment  might i n c r e a s e  t h e  over -  
involvement of c a r s  i n  wet weather  over  t h a t  which is i n d i c a t e d  i n  
Table  5-36. 

Table  5-36 

Involvement Frequency by Weather and Sur face  Condi t ion  

Cond i t i on :  

C lea r  
I  nd . 
Penn. 

Rain 
Ind.  
Penn. 

Snow/Ice 
Ind .  
Penn. 

Bhter /Missing Data 
Ind.  
Penn. 

Mainl ine 

Cars  

51 .4  
45 .3  

24 .6  
38 .4  

1 8 . 5  
16 .0  

5 . 5  
0 .3  

Involvements by Condit ion 
i n  Percent  

Large Trucks 

The "primary" c a u s a l  f a c t o r s  t h a t  a r e  common t o  a l l  t h r e e  f i l e s  
a r e  shown i n  Table  5-37, Speed inc lud ing  "speeding1'  and "speed t o o  
f a s t  f o r  condi t ionsI1  was l i s t e d  more f r e q u e n t l y  f o r  c a r s  t han  f o r  
t r u c k s ,  a l though i t  was by f a r  t h e  most commonly noted f a c t o r  f o r  
bo th .  De fec t ive  equipment was l i s t e d  more f r e q u e n t l y  f o r  t r u c k s  f o r  
both s i n g l e - v e h i c l e  a c c i d e n t s  and f o r  a l l  a c c i d e n t s  but l i t t l e  d i f -  
f e r e n c e  was noted i n  mul . t i -vehicle  involvements ,  T e s t s  of s i g n ~ i f i -  
cance u s ing  cont ingency t a b l e s  (4x2)  f o r  t h e  f o u r  f a c t o r s  and c a r s  
v e r s u s  t r u c k s  gave s i g n i f i c a n c e  a t  t h e  0.01 l e v e l  f o r  a l l  t h r e e  
groups  of a c c i d e n t s  shown. Speed d i f f e r e n c e s  c o n t r i b u t e d  h e a v i l y .  
When only  t h e  i nc idence  of v e h i c l e  d e f e c t s  was t e s t e d ,  t h e  d i f f e r e n c e s  
were s i g n i f i c a n t  on ly  f o r  " s i n g l e  v e h i c l e "  and " a l l "  involvements .  



The inc idence  of v e h i c l e  d e f e c t s  of t r u c k s  i n  s i n g l e - v e h i c l e  c o l -  
l i s i o n s  is s u b s t a n t i a l ,  both r e l a t i v e  t o  c a r s  and i n  a b s o l u t e  nu~mbers. 

I n  a d d i t i o n  t o  c a u s a l  f a c t o r s ,  both t h e  Ind iana  and Ohio f i l e s  
i n c l u d e  v e h i c l e  d e f e c t s  i n  two v a r i a b l e s .  One v a r i a b l e  of t h e  
Ind i ana  f i l e  is devoted  e x c l u s i v e l y  t o  d e f e c t s .  When a l l  i n d i c a ~ t i o n s  
o f  a  v e h i c l e  d e f e c t  were i nc luded  ( r a t h e r  t han  j u s t  t h o s e  l i s t e d  as  
a  pr imary c a u s e )  t h e  f r e q u e n c i e s  of Table  5-38 were found.  Over 20% 
of a l l  t r u c k s  i n  s i n g l e - v e h i c l e  a c c i d e n t s  were i n d i c a t e d  a s  d e f e c t i v e  
i n  some way. The type  of d e f e c t  i s  g i v e n  only  i n  t h e  Ind iana  and 
and Pennsylvania  f i l e s ,  and t h e s e  a r e  shown i n  Table  5-39. The 
columns f o r  t h e  two highways a r e  q u i t e  d i f f e r e n t  and should  be no ted .  
The Indiana f i l e  ha s  a  v a r i a b l e  f o r  v e h i c l e  d e f e c t s ,  and i n d i c a t e d  
r e sponses  r e p r e s e n t  approximate ly  97% of a l l  involvements .  The 
Pennsylvania  f i l e ,  on t h e  o t h e r  hand, i n c l u d e s  t h e  f i v e  d e f e c t s  
shown a long  wi th  ninety- two o t h e r  p o s s i b l e  a c c i d e n t  c a u s e s .  In  t h i s  
f i l e  t h e  cause  is on ly  g iven  r e l a t i v e  t o  t h e  v e h i c l e  i d e n t i f i e d  a s  
t h e  "of fending"  v e h i c l e .  The re fo re  t h e  r e sponses  shown r e p r e s e n t  
95% of t h e  c a r s  and 18.7% of t h e  l a r g e  t r u c k s  i n  s i n g l e - v e h i c l e  
involvements .  I t  shou ld  be no ted  t h a t  80% of a l l  t h e  v e h i c l e  d e f e c t s  
i nc luded  i n  t h e  t a b l e  a r e  t i r e  problems.  

Table  5-37 

Primary Causal  F a c t o r  Noted on P o l i c e  Report 

9 

Causa l  Fac to r  

D i s t r i b u t i o n  by F a c t o r  i n  Pe rcen t  

S i n g l e  Vehic le  Mult i  Vehicle  A 11 
Accident  Accident  Accident  

Car Truck Car Truck Car Truck 

Speed 42 .1  3 0 . 0  22 .3  1 3 . 8  3 4 . 5  22 .0  

Defec t ive  equipment 11 .0  19 .3  3 . 1  2 . 9  7 , ' 9  11 .3  

Improper Pas s ing  
o r  F a i l u r e  t o  
Y ie ld  2 . 5  3  . O  8 . 0  8 . 6  4 .6  5 . 8  

Other  ( I n c l u d i n g  
None) 44.4 47 .7  66 .6  74 .7  53 .0  60 .9  

T o t a l  100 .0  100 .0  100 .0  100.0 100.0 100.0 



Table  5-38 

Frequency of Nota t ion  of De fec t ive  Equipment 

Frequency i n  Pe rcen t  of Involvements  
Cars  Trucks 

Involvement In : 

S i n g l e  Vehi c l e  
Ind iana  
Ohio 
Pennsylvania  
A l l  Three 

Mult i-Veh i c l e  
Ind iana  
Ohio 
Pennsylvania  
A l l  Three 

A l l  Involvements  

Table  5-39 

Type of Vehicle  Defect  Noted 

D i s t r i b u t i o n  by Defect  i n  Pe rcen t  

Ind iana  1 Pennsylvania  2  

S i n g l e  Vehicle  Mult i -Vehicle  S i n g l e  Vehic le  
Car Truck Car Truck Car Truck 

None 83 .4  80.2 96 .6  98.2 

Brakes 0 . 5  2 . 0  0.4 0 .7  3 .9  10 .5  

L i g h t s  0.2 0 .3  0 .6  0 .7  0  0 

S t e e r i n g  0 .3  1 . 7  0 . 1  0  7 . 1  6 . 7  

T i r e s  15 .6  1 6 . 0  2 .4  0 . 5  75.9 55.2 
Punc. /Blow 8 . 6  13 .8  1 . 6  0.2 
Bald 7 . 0  2 .2  0 . 8  0 .2  

Other  0  0  0  0  1 3 . 1  27.6 

From approximate ly  97% of a l l  a c c i d e n t s  

From s i n g l e  v e h i c l e  a c c i d e n t s  wi th  a d e f e c t  no ted :  
510 c a r s  (9 .5%) ,  105 l g .  t r u c k s  (18.7%) 



Ind iana  and Ohio have s p e c i f i c  v a r i a b l e s  f o r  d r i v e r  c o n d i t i o n .  
Ohio and Pennsy lvan ia  bo th  i n c l u d e  s e v e r a l  d r i v e r  c o n d i t i o n s  a s  
pr imary  c a u s a l  f a c t o r s .  I n d i c a t i o n  of t h e  u s e  of a l c o h o l  by d r i v e r s  
of l a r g e  t r u c k s  was  conspicuous  by i ts  absence .  The on ly  d r i v e r  
c o n d i t i o n  which was i n d i c a t e d  s i g n i f i c a n t l y  more f r e q u e n t l y  among 
t r u c k  d r i v e r s  was f a t i g u e  and s l e e p .  I n d i c a t i o n s  of t h i s  c o n d i t i o n  
a r e  summarized i n  Tab le  5-40, both f o r  t h e  unique d r i v e r  c o n d i t i o n  
v a r i a b l e s  and t h e  c a u s a l  v a r i a b l e s .  S l e e p  was i n d i c a t e d  i n  a  s u b -  
s t a n t i a l  p r o p o r t i o n  of t h e  t r u c k  involvements  a s  w e l l  a s  s i g n i f i c a n t l y  
more f r e q u e n t l y  t h a n  f o r  pa s senge r  c a r  d r i v e r s ,  a s  was a l s o  noted i n  
t h e  'Texas f i l e .  Approximately 13% of t h e  d r i v e r s  of a l l  t r u c k s  i n -  
vo lved  i n  a c c i d e n t s  on t h e  t u r n p i k e s  were no ted  a s  f a t i g u e d  o r  
a s l e e p  i n  t h e  a c c i d e n t  r e c o r d "  

Tab le  5-40 

I n d i c a t i o n  of S l e e p  o r  F a t i g u e  a s  a  Causal  F a c t o r  
o r  Unsafe Cond i t i on  of D r i v e r ,  i n  P e r c e n t  

L i s t e d  A s  
S i n g l e  Vehic le  Mult i -Vehic le  
Ca r Truck Car Truck 

Unsafe Dr ive r  Cond i t i on  
Ind iana  12 . l *  1 6 .  I* 4.0* 7 .9*  
Ohio 9 .2*  17 .  I* 9 .4  11 .6  

Primary Causal  F a c t o r  
Ohio 9 .3*  17.4* 2 . 7  4 .4  
Pennsylvania  7 .3  9 . 3  3 .6*  5 ,6*  

No te s :  ( 1 )  R e s u l t s  f o r  Ohio and Ind iana  a r e  g iven  i n  
p e r c e n t  of a l l  involvements .  The Pennsylvania  
r e s u l t s  a r e  i n  p e r c e n t  of a c c i d e n t s  i n  which t h e  
i n d i c a t e d  v e h i c l e  was deemed r e s p o n s i b l e .  

( 2 )  Car - t ruck  d i f f e r e n c e s  i n d i c a t e d  by an  
a s t e r i s k  ( * )  a r e  s i g n i f i c a n t  a t  t h e  0 .05  
l e v e l .  The o t h e r  p a i r s  a r e  not  s i g n i f i c a n t l y  
d i f f e r e n t  . 

T h e  d i s t r i b u t i o n  of d r i v e r s  a s l e e p  i n  t h e  Ohio Turnpike  f i l e  
a r e  shown i n  F i g u r e s  5-54 and 5-55 by hour f o r  pa s senge r  c a r s  and 
l a r g e  t r u c k s  r e s p e c t i v e l y .  Both show a  h i g h e r  d e n s i t y  du r ing  t h e  
e a r l y  morning h o u r s ,  The c o n c e n t r a t i o n  i n  t h e s e  hou r s  is even 
g r e a t e r  f o r  t h e  t r u c k s  t h a n  f o r  pa s senge r  c a r s  i n  s p i t e  of t h e i r  
more un i form d i s t r i b u t i o n  of t r a v e l  through t h e  day.  The high peak 
f o r  p a s s e n g e r  c a r s  between 6 and 7  a.m. is not  e x p l a i n e d ,  I t  o c c u r s  
an  hour  e a r l i e r  t han  most commuter peaks ,  but whether  i t  i s  such a  
peak or  i s  due t o  a  f a c t o r  a s s o c i a t e d  w i t h  s u n r i s e  i s  not  known. 
S ince  t h e  d a t a  i s  ove r  s e v e r a l  y e a r s  t h e  peak i s  much more narrow 
than  t h e  d i s t r i b u t i o n  of time of s u n r i s e .  The overinvolvement  r a t i o s  
based on t h e  hou r ly  d i s t r i b u t i o n s  of mi leage  f o r  c a r s  and t r u c k s  a r e  





7.7  and 2 .4  r e s p e c t i v e l y  du r ing  t h e  p e r i o d  from midnight  t o  6  a1 . m . ,  
and 1.1- o r  l e s s  t h e  remainder  of t h e  day .  

Ea r ly  i n  t h e  coding of t h e  f i v e  y e a r s  of Ind iana  T o l l  Road 
a c c i d e n t s ,  c a s e s  were found i n  which t h e  p re sence  of a  t r u c k  w a l s  
no ted  a s  a  c a u s a l  f a c t o r  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y .  S ince  t h e s e  
t r u c k s  were no t  d i r e c t l y  involved  a s  e i t h e r  t h e  s t r u c k  o r  s t r i k i n g  
v e h i c l e ,  t h e y  would no t  normally be coded. These c a s e s  were s e g r e -  
g a t e d  and a  supplementary Ind i ana  f i l e  was c r e a t e d  wi th  s i x  e x t r a  
v a r i a b l e s  t o  d e s c r i b e  t h e  i n d i r e c t  involvement of a  t r u c k .  For ty  
t h r e e  p e r c e n t  of t h e  c a s e s  involved  o b j e c t s  thrown o r  l o s t  by t h e  
t r u c k .  Over f i f t y  f i v e  p e r c e n t  of t h e  c a s e s  were a c c i d e n t s  which 
occu r r ed  w h i l e ,  o r  i m m e d i a t e l y - a f t e r ,  t h e  t r u c k  was p a s s e d ,  

C u l p a b i l i t y  is very  tenuous  i n  t h e  pas s ing  s i t u a t i o n s ;  but t h e  
t r u c k s  c o n t r i b u t e d  d i r e c t l y  t o  t h e  t h e  a c c i d e n t s  when o b j e c t s  were 
thrown o r  dropped.  Examples of t h e  l a t t e r  a r e  s p a r e  and running 
wheels  l o s t  and s t r u c k  by a n o t h e r  v e h i c l e ,  and a n g l e  i r o n  from mud 
f l a p s  through t h e  w indsh ie ld  of a  fo l l owing  passenger  c a r .  A sum- 
mary of t h e  i n d i r e c t  involvements  is  g iven  i n  Table  5-41. A t o t a l  
of 128 such involvements  occu r r ed .  A t  l e a s t  8 1  oP t h e s e  involved  
l a r g e  t r u c k s .  I f  t h e s e  a r e  i nc luded  a s  " l a r g e  t r u c k "  a c c i d e n t s ,  
they  r e p r e s e n t  13% of a l l  ma in l ine  a c c i d e n t s  i nvo lv ing  t r u c k s  on 
t h e  Ind i ana  T o l l  Road. 

Table  5-41 

I n d i r e c t  Involvements  of Trucks  on t h e  
Ind i ana  T o l l  Road 128 Accidents  

Type of Truck I n d i r e c t l y  Involved i n  Pe rcen t  
T r a c t o r - T r a i  l e r  2 5 . 8  
S i n g l e  u n i t  6 3 . 3  
Unknown 10 .9  

T o t a l  100.0 

Involvement i n  Pe rcen t  
Leaky l o a d  1 2 . 5  
Objec t  thrown 5 . 5  
Lost  equipment 25 .0  

Wheel 
Spare  wheel 
Mud f l a p s  
Other  

T o t a l  

Being passed /over taken  55 .5  
Wind, vacuum & l o s t  

c o n t r o l  
Lost c o n t r o l  
Las t  v i s i b i l i t y  
Poor v i s i b i l i t y  
Other  o r  unknown 

T o t a l  

Unknown 
T o t a l  



Appendix A 

COMPARISON OF BMCS DATA WITH NATIONAL AND TEXAS 
TRUCK ACCIDENT DATA 

The purpose of t h i s  Appendix i s  t o  i nves t i ga t e  the  accuracy 
and completeness of BMCS d a t a ,  and i ts  p o t e n t i a l  f o r  use i n  e s t i -  
mating c h a r a c t e r i s t i c s  of a l l  t ruck acc iden t s  i n  the country. 
Although t he r e  a r e  s p e c i f i c  r u l e s  f o r  repor t ing  of t ruck acc iden t s  
t o  BMCS by motor c a r r i e r s ,  the re  is considerable doubt a s  t o  the  
i n t e r p r e t a t i o n  of the  r u l e s  and the  number of c a r r i e r s  who follow 
them. Nevertheless,  t he r e  a r e  c e r t a i n  s i m i l a r i t i e s  between BMCS 
da ta  and o ther  e x i s t i n g  data  t h a t  suggest the  use of BMCS data i n  
e s t imat ing  some na t iona l  c h a r a c t e r i s t i c s  of t ruck acc iden t s .  

The da ta  compared here a r e  f o r  the  year 1969. The sources 
a r e  : 

1. BMCS f i l e ,  described i n  Section 4 .  
2 .  National Accident Facts  1970, Yational Safety Council.  
3 .  Texas Truck accident  f i l e ,  described i n  Section 4. 

Table A - 1  p resen t s  a  summary of the  d a t a .  

For t h i s  comparison the  Texas Truck data  was subse t t ed  t o  
include only c e r t a i n  types  of vehicles--those most l i k e l y  t;o be 
involved i n  i n t e r s t a t e  commerce. T h i s  included bob - t a i l s ,  f l a t -  
beds, f l o a t  t r ucks ,  pole t r ucks ,  r e f r i g e r a t o r  t r ucks ,  tank t r ucks ,  
and vans. The BMCS f i l e  used included only property carrying 
veh ic les .  The d e f i n i t i o n  of "truck" i n  the  National  Safety Council 
data i s  thought t o  be a  very broad one, no doubt stemming from the  
compilation of s t a t e  accident  da t a .  T h i s  would have included ( f o r  
Texas, f o r  example) pickup t rucks  and l i g h t  de l ive ry  vans, which 
a r e  s p e c i f i c a l l y  excluded from the o ther  two s e t s  of data here.  

Comparison of BMCS Data and National Estimates 

While the  r a t i o  of BMCS acc iden t s  t o  e i t h e r  the NSC es t imates  
o r  the  Texas Truck f i l e  is r e l a t i v e l y  smal l ,  t h e  r a t i o  f o r  f a t a l  
acc iden t s  i s  somewhat l a r g e r  than 0.5--suggesting t h a t  a  l a rge r  
percentage of the s e r i ous  acc iden t s  may be included.  I f  t h i s  same 
percentage held throughout t he  country i t  would put some credence 
i n  the  use of BMCS da ta  t o  compute na t iona l  es t imates - -par t i cu la r ly  
w i t h  regard t o  f a t a l  accident  involvement. 

A s  a  t e s t  of t h i s  idea  a  comparison has been made of the  num- 
ber  of f a t a l i t i e s  involving t rucks  from the  BMCS da t a ,  and the  
t o t a l  number of f a t a l i t i e s  involving motor veh ic les  of any kind 
( a s  repor ted by the  NSC). Table A-2 shows the  s ta te -by-s ta te  data  



Tab le  A - 1  

Truck Acc iden t s ,  F a t a l  Truck Acc iden t s ,  and F a t a l i t i e s  
i n  Truck Acc iden t s ,  from NSC, BMCS and Texas 

P o l i c e  Records 

No. 
No. Truck No, t r u c k  f a t a l  f a t a l i t i e s  

Source  Acc iden t s  Acc iden t s  i n  Accidents  

U.S. t o t a l  
( N a t i o n a l  

12 ,400  ( a l l ) *  , --------- 
4 ,700  ( t r a c t o r  

S a f e t y  Counci l  t r a i l e r s  o n l y )  
E s t i m a t e s )  3 , 0 7 5 ,  OOO* 

U.S. t o t a l  
(BMCS ) 4 8 , 5 6 1  1 , 6 5 5  

Texas (NSC) 184 ,  OOO** 744 ( a l l ) * *  -------- 
282 ( i f a c t o r  

t r a i l e r )  

Texas (BMCS) 2 , 1 5 8  9 0  114 

Texas ( s t a t e  
p o l i c e  r e c o r d )  7 , 4 5 0 *  149 * 

* 
A c t u a l l y  t h e s e  a r e  c o u n t s  of involvements ,  and t h e  t r u e  number 
of a c c i d e n t s  shou ld  be s l i g h t l y  l e s s  c o n s i d e r i n g  t h a t  t h e r e  a r e  
some t r u c k - t r u c k  c o l l i s i o n s .  

* * 
These have been e s t i m a t e d  by m u l t i p l y i n g  t h e  n a t i o n a l  t o t a l s  by 
6%, t h e  e s t i m a t e d  Texas p r o p o r t i o n  of t h e  U.S. p o p u l a t i o n .  



S t a t e  

Table  A-2 
F a t a l i t i e s  and R a t i o s  of F a t a l i t i e s  from 1969 

BMCS and NSC Data ,  by S t a t e  

Alabama 
Arizona 
Arkansas  
C a l i f o r n i a  
Colorado  
Connec t i cu t  
Delaware 
F l o r i d a  
Georgia  
Idaho 
I l l i n o i s  
I n d i a  rla 
Iowa 
Kansas 
Kelltucky 
Lou i s i ana  
Maine 
Maryland 
Massachuse t t s  
niIich i g a  n 
Minnesota 
M i s s i s s i p p i  
Mis sou r i  
Montana 
Nebraska 
Nevada 
New Hampshire 
New J e r s e y  
New Mexico 
New York 
North Ca ro l ina  
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania  
Rhode I s l a n d  
South C a r o l i n a  
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
V i r g i n i a  
Washington 
West V i r g i n i a  
Wisconsin 
Alaska 
Wyoming 
Washington, D . C .  
Hawaii 
P u e r t o  Rico 

F a t a l i t i e s  
BMCS NSC 

R a t i o s  
NSC - 
BMCS 

2 0 
2 5 
24 
7 2 
26 
2 7 
13 
2 7 
2 6 
4 2 
20 
12 
14 
15 
2 2 
5 1 
44 
2 7 
7 5 
36 
3 5  
3 6 
30  
34 
23 
2 3 
6 2 
20  
17 
43 
3 1 
6 1  
19  
3 6 
6 4 
19  
17 
2 9 
42 
2 6 
3 2 
18  
2 1  
34 
5 9 
2 2 
37  
20 
7 4 

0 
0 
0 

BMC S - 
NSC 

0.05062 
0.040001 
0.04139 
0.013981 
0.03799 
0.03713 
0.07874 
0.03681. 
0.03882 
0,02410 
0,05014 
0.084731 
0.07179 
0.06667' 
0.0451Ei 
0.0194Ei 
0.02281. 
0.0375Ei 
0.0133Ei 
0.027421 
0.02875 
0.02798 
0.0328Ei 
0.02950 
0.0426Ei 
0.043 10 
0,01585' 
0.0503 1. 
0.05965' 
0.02339 
0.03269 
0.01648 
0.05225' 
0.02784 
0.01558 
0.0520Gj 
0,05882 
0.034 141 
0.023 577 
0.03858 
0.03126 
0.05519 
0.04795 
0,02914 
0.01699 
0.0464;7 
0.02785 
0.04977 
0.0135:L 
0.00000 
0.00000 
0.00000 



on t h e  two f a t a l i t y  f i g u r e s  and t h e i r  r a t i o s .  Tab le  A-3 shows t h e  
same d a t a  ranked a c c o r d i n g  t o  t h e  BMCS-to-WSC r a t i o .  Note t h a t  
t h e r e  a r e  l a r g e  s t a t e s  a t  both ends  of t h e  s ca l e - - Ind i ana  w i t h  a  
v a l u e  of .0847 and C a l i f o r n i a  w i t h  a  v a l u e  of ,014--a r a t i o  of 
seven  t o  one .  Texas ,  a  s t a t e  f o r  which we have more d e t a i l e d  d a t a  
t o  c o n s i d e r  l a t e r  l i e s  a t  .03126, s l i g h t l y  t o  t h e  low s i d e  of t h e  
median, 

I t  seems u n l i k e l y  t h a t  such v a r i a t i o n  would i n d i c a t e  a  t r u e  
d i f f e r e n c e  i n  t ,he t r u c k  f a t a l i t y  involvement i n  t h e s e  s t a t e s ,  and 
i t  i s  assumed t h a t  t h e  d i f f e r e n c e  a p p e a r s  because of b i a s e s  i n  t h e  
d a t a  a c q u i s i t i o n  method. 

The v a r i a t i o n  i n  t h e  r a t i o  can be  viewed g e o g r a p h i c a l l y  i n  
t h e  map shown i n  F i g u r e  A - 1 .  The range  from 0 t o  0.084 h a s  been 
d i v i d e d  i n t o  t h r e e  equ,al  i n t e r v a l s ,  and t h e  s t a t e s  a r e  d i s t r i b u t e d  
a s  shown on t h e  map. Note t h e  b e l t  of "ove r - r epo r t i ng"  s t a t e s  i t 1  

t h e  middle  of t h e  c o u n t r y ,  t o  which a r e  added only  Delaware and 
New J e r s e y  on t h e  e a s t  c o a s t .  

The wide v a r i a t i o n  i n  t h e  f a t a l i t y  r a t i o  (BMCS t o  NSC) by 
s t a t e  is t aken  a s  an i n d i c a t i o n  t h a t  t h e  BMCS d a t a  a r e  f a r  from 
complete--at  l e a s t  i n  some s t a t e s .  I t  was found i n  t h e  comparison 
of Texas d a t a  from BMCS and from t h e  S t a t e  P o l i c e  t h a t  something 
on t h e  o r d e r  of h a l f  a s  many f a t a l i t i e s  appear  i n  t h e  BMCS f i l e s .  
I n  t h i s  same comparison t h e  Texas p o l i c e  f i l e s  c o n t a i n e d  about  
34 t i m e s  a s  many n o n - f a t a l  a c c i d e n t s .  T h i s  d i f f e r e n c e  may be due 
t o  t h e  d i f f e r e n c e  i n  r e p o r t i n g  r equ i r emen t s  between t h e  two sys tems .  
A t  any r a t e  i t  s u g g e s t s  t h a t  t h e  BMCS f a t a l i t y  d a t a ,  wh i l e  uo t  a  
complete  r e p r e s e n t a t i o n  of  t h e  t r u c k  problem, is l a r g e  enough t o  
be u s e f u l .  F u r t h e r ,  i t  would seem t h a t  a  f a c t o r  of two a p p l i e d  t o  
Texas  BMCS f a t a l i t i e s  would l e a d  t o  a  r e a s o n a b l e  e s t i m a t e  of Texa~s 
l a r g e - t r u c k  f a t a l i t i e s .  

But I n d i a n a ' s  r a t i o  ( t o  t h e  NSC t o t a l s )  i s  more t han  double  
t h a t  of Texas--.085 a s  compared w i t h  0.031. And t h i s  s u g g e s t s  t h a t  
e i t h e r  Ind i ana  has  more t han  i t s  s h a r e  of t r u c k  f a t a l i t i e s  o r  t h a ~ t  
i t  r e p o r t s  more c o n s i s t e n t l y  t o  BMCS o r  bo th .  Without f u r t h e r  
i n f o r m a t i o n  a t  t h i s  p o i n t  i t  is d i f f i c u l t  t o  s o r t  this o u t .  

C a l i f o r n i a  is conspicuous  by i t s  low BMCS t o  NSC r a t i o .  I t  
is  unders tood  t h a t  c e r t a i n  m e t r o p o l i t a n  a r e a s  a r e  excused from 
r e p o r t i n g  t o  BMCS; i f  Los Angeles  is one of t h e s e  i t  may account  
f o r  t h e  low r a t i o  f o r  C a l i f o r n i a .  

Comparison of BMCS Data and Texas Data - 
One of t h e  c o n t i n u a l l y  e x a s p e r a t i n g  t h i n g s  about  a c c i d e n t  d a t a  

i s  t h a t  s o  few of t h e  v a r i a b l e s  a r e  d i r e c t l y  comparable .  "Kind of 
t r u c k "  i n  t h e  BMCS d a t a  is coded d i f f e r e n t l y  t han  i n  t h e  Texas 
p o l i c e  f i l e s .  "Kind of a c c i d e n t "  i s  somewhat d i f f e r e n t .  But both 
of t h e s e  a r e  a l i k e  enough t h a t  some comparisons can be a t t empted .  



Tab le  A - 3  

Ranking of S t a t e s  by R a t i o  of BMCS F a t a l i t i e s  
t o  NSC T o t a l  F a t a l i t i e s  

S t a t e  

Ind i ana  
Delaware 
Iowa 
Kansas 
N e w  hlexico 
Rhode I s l a n d  
Utah 
Ohio 
Pennsylvania  
Alabama 
New J e r s e y  
I L l i n o i s  
TVyoming 
Vermont 
West V i r g i n i a  
Kentucky 
Nevada 
Ne b ra  slta 
Arkansas  
Arizona 
Georgia  
Tennessee 
Colorado 
Mary l and  
Connec t i cu t  
F l o r i d a  
South C a r o l i n a  
hI i ssour i  
Xorth Ca ro l ina  
Texas 
Montana 
V i r g i n i a  
hlinnesota 
M i s s i s s i p p i  
Olr 1 ah orna 
Michigan 
Wisconsin 
Idaho 
South Dakota 
New Yorlr 
hla i ne 
Louis iana  
Washington 
North Dakota 
N e w  Hampshire 
Oregon 
C a l i f o r n i a  
Alaska 
Massachuse t t s  
Hawaii 
D i s t r i c t  of Columbia 

BMCS-to-NSC 
R a t i o  

0.0847 
0.0787 
0 ,0718  
0.0667 
0.0597 
0.0588 
0.0552 
0.0523 
0 , 0 5 2 1  
0.0506 
0.0503 
0 .0501  
0.0498 
0.0479 
0.0465 
0.0452 
0 .0431  
0.0427 
0,0414 
0 .  ~ 4 0 0  
0.0388 
0.0386 
0.0380 
0.0375 
n,  ~ 2 7 1  
0.0368 
0 .0341  
0.0329 
0 ,0327  
0.0313 
0.0295 
0.0291 
0.0287 
0.0280 
0.0278 
0.0274 
0.0271 
0.0241 
0.0236 
0.0234 
0.0228 
0.0195 
0.0170 
0.0165 
0.0159 
0.0156 
0.0149 
0.0135 
0.0134 
0.0000 
0.0000 

Rank - 
5 1  
5 0 
49 
48 
47 
46 
45  
4 4 
4 3 
42 
4 1 
40  
3 9  
38  
3 7  
3 6 
3 5 
3 4 
3 3 
3 2 
3 1 
30  
2 9 
28  
2 7 
2 6 
25 
24 
23 
2 2 
2 1 
20 
19 
1 8  
17 
16 
15  
14 
13  
12 
11 
1 0  
9 
8 

P e r c e n t i l e  



F i g u r e  A - 1  

Map of BMCS t o  NSC F a t a l i t y  R a t i o  



Tab le  A-4 compares t h e  number of involvements  i n  t h e s e  two 
f i l e s  by k ind  of a c c i d e n t .  The Texas d a t a  h a s ,  on t h e  ave rage ,  
3 . 3  times a s  many c a s e s .  For s i n g l e  v e h i c l e  a c c i d e n t s ,  t h e r e  a r e  
on ly  2 . 1  t imes  a s  many. A s i m i l a r  comparison by type  of v e h i c l e  is 
g iven  i n  Table  A-5. The lowest  r a t i o  he re  i s  f o r  van bod ie s .  

A g rouping  of  d r i v e r  ages  is shown i n  Tab le  A-6. BMCS r e -  
p o r t  d ~ i v e r s  show much l e s s  v a r i a n c e  i n  a g e ,  wi th  t h e  mode be ing  
i n  t h e  30-39 range r a t h e r  t han  t h e  20-29 range  of t h e  Texas d a t a .  
The c u t o f f  on t h e  low end r e f l e c t s  t h e  employment p r a c t i c e s  of t h e  
c0mpani .e~  which r e p o r t  t o  t h e  BMCS, a s  perhaps  t h e  o l d e r  c u t o f f  
does  t o o .  

Table  A-7 shows t h e  p e r c e n t a g e s  of involvements  by day of t h e  
week i n  t h e  two f i l e s ,  and i n d i c a t e s  t h a t  a t  l e a s t  t h e  two t r u c k  
p o p u l a t i o n s  s h a r e  t h a t  c h a r a c t e r i s t i c .  

The d i s c r e p a n c i e s  i n  Tab le s  A-4, A-5 and A-6 show t h a t  BMCS 
d a t a  f o r  Texas is not adequate  f o r  r e p r e s e n t a t i o n  of t ruck -acc iden t  
d i s t r i b u t i o n s  w i t h i n  t h e  s t a t e .  

Table  A-4 

Comparison of Texas Truck Involvements i n  BMCS Data and 
P o l i c e  Repor t s ,  by Kind of Accident  

Kind of Accident  P o l i c e  Repor t s  BMCS Po 1 i ce/BMCS 

P e d e s t r i a n  2  3 20 1 .15  

Other  Motor 
Vehicle  5616 1537 3 - 6 5  

RR T r a i n  
S t r e e t  Car 

B icyc l e  8  2  4 . 0  

S i n g l e  Vehic le  13 86 66 1 2 . 1  

Missing Data 388 - - - --- 

Table  A-5 

Comparison of Texas Truck Involvements  i n  BMCS Data and 
P o l i c e  Repor t s ,  by Type of Truck 

Type of Truck P o l i c e  Repor t s  BMCS Police/BMCS 

B o b t a i l / T r a c t o r  981 8  0 13 .5  

F l a t b e d  162 8  2  63 6 .15  

Tank 

Va 11 

Other  

T  CYT A L 



T a b l e  A-6 

Comparison of Texas  T r u c k  Invo lvements  i n  BMCS Data  and 
P o l i c e  R e p o r t s ,  by D r i v e r  Age 

Age i n  Year  Groups 

Under 20 

20-29 

30-39 

40-49 

60  and o v e r  

Miss ing  Data 

P o l i c e  R e p o r t s  BMCS Police/BMCS - - 
3 . 8 %  0 - - - 

29 % 23.7% 1 . 2 1  

23 .6% 32 .7% -72 

22.6% 26.5% , 8 5  

12.4% 1 4 . 3 %  .87 

4  - 3 %  2 .6% 1 . 6 6  

4  % 0 .4% ---- 

T a b l e  A-7 

D i s t r i b u t i o n  of T e x a s  Truck  Invo lvements  i n  
BMCS Data and  P o l i c e  R e p o r t s  by Day of Week 

Sun. Mon. T u e s .  Wed. Thur .  F r i .  S a t .  - 
P o l i c e  wit 17.6% 16.5% 1m% 16.7% 1m 10.4% 



Appendix B 

A VEHICLE INTERACTION MODEL: A METHOD FOR 
DETERMINING EXPOSURE TO SEVERAL TYPES OF 

ACCIDENT S ITUAT IONS 

I n t r o d u c t i o n  

Exposure i s  t h e  f requency  of occu r r ence  of t h o s e  t r a f f i c  
e v e n t s  t h a t  l e ad  t o  a  p o s s i b i l i t y  of having an  a c c i d e n t .  For 
s e v e r a l  y e a r s  r e s e a r c h e r s  have been t r y i n g  t o  p r e c i s e l y  d e f i n e  
exposu re  and de te rming  how i t  can be measured. While some argue  
t h a t  t h e  number of m i l e s  t r a v e l e d  by t h e  v e h i c l e - d r i v e r  combinat ion 
( i . e . ,  t h e  number of v e h i c l e  m i l e s )  is t h e  most r e l e v a n t ,  o t h e r s  
a rgue  t h a t  such s t a t i s t i c s  a s  d r i v i n g  time o r  t r a f f i c  volume a r e  
t h e  most a p p r o p r i a t e .  However, v e h i c l e  m i l e s  is by f a r  t h e  most 
commonly used measure of  t h i s  r i s k  of having an a c c i d e n t .  Most 
measures  of exposure  have c o n c e n t r a t e d  on measuring t h e  r i s k  of 
hav ing  an accident-not  n e c e s s a r i l y  any s p e c i f i c  t y p e  of a c c i d e n t .  

Many of t h e  a c c i d e n t s  on t u r n p i k e s ,  o r  any d i v i d e d  mu l t i - l ane  
l i m i t e d - a c c e s s  highway, a r e  c o l l i s i o n s  between v e h i c l e s  t r a v e l i n g  
i n  t h e  same d i r e c t i o n .  On such highways t h e  i nc idence  of c o l -  
l i s i o n s  between v e h i c l e s  t r a v e l i n g  i n  o p p o s i t e  d i r e c t i o n s  i s  s m a l l .  
The c o n f l i c t s  i nvo lv ing  t r u c k s  w i th  t h e  g r e a t e s t  p o t e n t i a l  f o r  
i n j u r y  o r  f a t a l i t i e s  a r e  t h o s e  between t r u c k s  and passenger  c a r s .  
While v e h i c l e  miles a s  a  measure of exposure  may be used t o  exam- 
i n e  r e l a t i v e  involvement r a t e s  by type  of v e h i c l e ,  i t  does not  
pe rmi t  c o n s i d e r a t i o n  of t h e  performance c h a r a c t e r i s t i c s ,  e . g . ,  
speed  of t h e  v e h i c l e s .  

The model of  exposure  developed i n  t h i s  appendix a l l o w s  
examina t ion  of  t h e  g r o s s  e f f e c t s  of v e h i c l e  speeds  on c o l l i s i o n s  
of s e v e r a l  v e h i c l e  combina t ions  o r  p a i r s .  

The major a c c i d e n t  s i t u a t i o n  s t u d i e d  he re  i n v o l v e s  two velhicles  
t r a v e l i n g  i n  t h e  same d i r e c t i o n  on t h e  t u r n p i k e  and t h e  p o t e n t i a l  
c o n f l i c t  between t h e m .  The c o n f l i c t  would occu r  when t h e  p r o j ~ e c t e d  
p o s i t i o n s  of t h e  two v e h i c l e s  c o i n c i d e .  T h i s  c o n f l i c t  s i t u a t i o n  
is then  an exposure  e v e n t .  I t  is assumed t h a t  t h i s  t ype  of expo- 
s u r e  even t  o c c u r s  i n  o v e r t a k i n g  s i t u a t i o n s .  F u r t h e r ,  t h e  model 
assumes t h a t  no queues  w i l l  form wh i l e  a  v e h i c l e  i s  w a i t i n g  t o  
p a s s ,  nor w i l l  t h e  speed of  t h e  o v e r t a k i n g  v e h i c l e  be a f f e c t e d  by 
t h e  f a c t  t h a t  i t  is i n  an o v e r t a k i n g  s i t u a t i o n .  Thus, i f  t h e  r a t e  
of o v e r t a k i n g  can be de t e rmined ,  t h e  measure of exposure  n a t u r a l l y  
f o l l o w s .  The a c c i d e n t s  r e s u l t i n g  from such a  c o n f l i c t  a r e  genler- 
a l l y  e i t h e r  rear -end  o r  s ideswipe  a c c i d e n t s .  One p o s s i b l e  f a u l t  
w i t h  t h i s  assumption is t h e  t a i l g a t i n g  s i t u a t i o n  o r  t h e  p a n i c  s t o p  
t h a t  cou ld  l e a d  t o  an imminent c r a s h .  



The Model 

The model,  t h e n ,  i s  a  p rocedu re  f o r  de te rmi l l ing  t h e  r a t e  of 
ove r t a l c ing ,  Cons ider  two v e h i c l e s  on a  u n i t  o r  roadway ( e . g . ,  a 
m i l e ) ,  one v e h i c l e  i s  moving a t  speed  v  and t h e  o t h e r  a t  speed  
u ,  where u  < v. The r a t e  a t  which t h e  v e h i c l e  moving a t  speed  v  
o v e r t a k e s ,  o r  app roaches ,  t h e  v e h i c l e  moving a t  speed  u  is v-u. 
I f  t h e  s t r e a m  of t r a f f i c  c o n t a i n s  n  v e h i c l e s  p e r  u n i t  of roadw,ay 
moving a t  speed  v ,  t h e  number of o v e r t a k i n g s  by v e h i c l e  a t  
speed  v p e r  u n i t  time is n (v -u ) .  T h i s  is e q u i v a l e n t  t o  a  s t a t i o n -  v  a r y  o b s e r v e r  coun t ing  t h e  number of p a s s i n g s  by v e h i c l e s  t r a v e l i n g  
a t  a  speed  of v-u. I11 g e n e r a l ,  t h e  s t r e a m  of t r a f f i c  e n c o u t ~ t e r i n g  
a  s i n g l e  v e h i c l e  a t  speed  u ,  w i l l  c o n t a i n  v e h i c l e s  t r a v e l i n g  a t  
many d i f f e r e n t  s p e e d s .  I f  D v e h i c l e s  occupy t h e  u n i t  of roadway, 
t h e  ave rage  t o t a l  number of o v e r t a k i n g s  p e r  u n i t  t i m e ,  o r  over -  
t a k i n g  r a t e  O R ,  i s  t h s  i n t e g r a l  ove r  a l l  v e h i c l e s  w i t h  speed ,  v ,  
g r e a t e r  t han  u  o r ,  

w 

where Dv is t h e  d e n s i t y  i n  v e h i c l e s  p e r  mile, and h ( v )  is a  prob-  
a b i l i t y  d e n s i t y  f u n c t i o n  t h a t  r e p r e s e n t s  t h e  pe rcen t age  of veh i c -  
l e s  a t  any one speed  v ,  from u t o  . 

However, t h i s  on ly  c o n s i d e r s  one slow-moving v e h i c l e  and on ly  
one s p e e d ,  u ,  I f  we assume t h a t  on t h e  u n i t  of roadway, we have 
D v e h i c l e s  which a r e  be ing  pas sed  and t h a t  a  p r o p o r t i o n ,  h ( u ) ,  

U a r e  a t  each  speed  u ,  from 0 t o  , t h e n  t h e  ave rage  r a t e  of 
o v e r t a k i n g  is : 1 

T h e  p o r t i o n  w i t h i n  t h e  i n t e g r a l  s i g n  w i l l  have u n i t s  of m i l e s  p e r  
h o u r ,  and t h e  d e n s i t i e s  ( D U  and D ) w i l l  be measured i n  v e h i c l e s  
p e r  m i l e .  T h e r e f o r e ,  t h e  r e s u l f i n g  r a t e  i s  i n  o v e r t a k i n g s  p e r  
hour p e r  m i l e .  When d e a l i n g  w i t h  speed  d i s t r i b u t i o n s ,  i t  i s  pos- 
s i b l e  t h a t  some v e h i c l e s  filom t h e  s l ower  c l a s s  might o v e r t a k e  some 
i n  t h e  f a s t e r  c l a s s .  T h e r e f o r e ,  i t  i s  c o n c e p t u a l l y  a p p e a l i n g  t o  
t h i n k  of t h e  v ' s  a s  t h e  p a s s i n g  c l a s s  and t h e  u ' s  a s  t h e  c l a s s  
be ing  p a s s e d ,  r e g a r d l e s s  of  which one h a s  t h e  f a s t e r  d i s t r i b u t i o n  
of s p e e d s .  

' h i l l e r ,  A .  "Queuing i n  Rura l  T r a f f i c , "  i n  Veh icu l a r  
T r a f f i c  S c i e n c e ,  e d i t e d  by L . C .  E d i e ,  R .  Herman, R .  Rothery .  
American E l s e v i e r  P u b l i s h i n g  Co. I n c . ,  Yew York, 1967,  p .123 .  



I f  we were i n t e r e s t e d  i n  c o l l i s i o n  r a t e s  of c a r s  and t r u c k s ,  
we cou ld  employ t h e  f o l l o w i n g  a n a l y s i s .  F i r s t ,  f o r  a  s p e c i f i e d  
t ime  p e r i o d ,  we would o b t a i n  t h e  number of r ea r - end  o r  s i de swipe  
a c c i d e n t s  i n  which:  ( 1 )  a  c a r  s t r i k e s  a  c a r ,  ( 2 )  a  c a r  s t r i k e s  a  
t r u c k ,  ( 3 )  a  t r u c k  s t r i k e s  a  c a r ,  and ( 4 )  a  t r u c k  s t r i k e s  a  t r u c k .  

The nex t  s t e p  would be t o  g a t h e r  d a t a  concern ing  t h e  speed 
d i s t r i b u t i o n s  of c a r s  and t r u c k s ,  and t h e i r  r e s p e c t i v e  d e n s i t i e s  
on t h e  roadway. Given t h a t  i n f o r m a t i o n ,  we c o u l d  t h e n  c a r r y  o u t  
t h e  i n t e g r a t i o n  d i s c u s s e d  above and de t e rmine  t h e  exposure  Sor 
each  of t h e  f o u r  c a t e g o r i e s .  These numbers cou ld  t h e n  be used a s  
a  normal iz ing  f a c t o r  f o r  t h e  number of a c c i d e n t s ,  and from t h i s  we 
c o u l d  de t e rmine  which c a t e g o r y  of  t h e  v e h i c l e  c o l l i s i o n  p a i r s  
o c c u r s  more ( o r  l e s s )  f r e q u e n t l y  t h a n  i t  shou ld  based  on t h e  number 
of t i m e s  t h a t  t h e  v e h i c l e s  a r e  exposed t o  one a n o t h e r .  

B a s i c  Assumptions 

One b a s i c  assumpt ion  u n d e r l y i n g  t h i s  model is t h a t  free-fl.ow- 
i n g  c o n d i t i o n s  e x i s t .  Free-f lowing means, i n  t h i s  c a s e ,  t h a t  when 
t h e  d r i v e r  of a  v e h i c l e  wants  t o  p a s s ,  he  can do s o  w i thou t  hawing 
t o  wa i t  f o r  t r a f f i c  t o  c l e a r .  ( T h i s  i m p l i e s  bo th  t h a t  no queues  
w i l l  form,  and t h a t  t h e  occu r r ence  of an o v e r t a k i n g  s i t u a t i o n  does  
not  a f f e c t  t h e  speeds  of  t h e  v e h i c l e s  i n v o l v e d . )  T h i s  is a  ques-  
t i o n a b l e  assumpt ion  i n  some c a s e s  ( such  a s  i n  m e t r o p o l i t a n  a r e a ~ s ) ,  
bu t  i t  may be g e n e r a l l y  v a l i d  f o r  r u r a l ,  low-densi ty  t u r n p i k e  
t r a f i i c .  Fur thermore ,  i t  is  assumed t h a t  w i t h i n  t h e  range  of clen- 
s i t i e s  under  c o n s i d e r a t i o n  h e r e ,  t h e  d e n s i t y  of t r a f f i c  does  no t  
a f f e c t  t h e  f r ee - f l owing  speed  d i s t r i b u t i o n .  

A p p l i c a t i o n  of t h e  Model 

When t h e  speeds  of a l l  v e h i c l e s  on t h e  highway a r e  d e s c r i b e d  
by a  s i n g l e  d e n s i t y  f u n c t i o n ,  t h e  t o t a l  average  o v e r t a k i n g  r a t e  
is g i v e n  by 

C O W  

OR=D 
2 2 (v-u) [h (v)] dvdu 

0 u  
T h i s  d e m o n s t r a t e s  t h a t  t h e  o v e r t a k i n g  r a t e  is p r o p o r t i o n a l  t o  t h e  
s q u a r e  of t h e  t r a f f i c  d e n s i t y ,  a  major  d i f f e r e n c e  between t h e  ove r -  
t a k i n g  model and v e h i c l e  m i l e s  a s  a  measure of exposu re .  I f  t h e  
normal d e n s i t y  f u n c t i o n  is u s e d ,  t h e  double  i n t e g r a l  may be e v a l u -  
a t e d  a n a l y t i c a l l y  wi th  t h e  r e s u l t ,  

where 0 i s  t h e  s t a n d a r d  d e v i a t i o n  of v e h i c l e  speeds .  I t  shou ld  
not  be s u r p r i s i n g  t h a t  t h e  r a t e  i n  t h i s  c a s e  is not  s e n s i t i v e  t o  
t h e  mean speed  s i n c e  o v e r t a k i n g s  depend on ly  on speed  d i f f e r e n c e s  
between v e h i c l e s .  

The p r i n c i p a l  a t t r a c t i v e n e s s  of  t h e  o v e r t a k i n g  model f o r  t h i s  
s t u d y  i s  i n  i t s  a p p l i c a t i o n  t o  a  dichotomy of v e h i c l e s .  Thus h ( u )  
and h ( v )  may be used t o  r e p r e s e n t  any two c l a s s e s  wi th  d i s t i n c t l y  



d i f f e r e n t  speed  p a t t e r n s ,  e . g .  passenger  c a r s  and t r u c k s .  However, 
t h e  double  i n t e g r a l  i n  g e n e r a l  can only be i n t e g r a t e d  by numerical  
methods,  even i f  bo th  d e n s i t y  f u n c t i o n s  a r e  normal.  

The i n t e g r a l  was e v a l u a t e d  u s ing  t h e  Gaussion-quadrature  met- 
hod. S e n s i t i v i t y  of t h e  r e s u l t s  t o  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n s  
of speeds  f o r  normally d i s t r i b u t e d  speeds ,  a s  w e l l  a s  a b s o l u t e  
v a l u e s  of o v e r t a k i n g  r a t e s ,  is shown i n  F igu re  B-1. Note t h e  nor- 
mal ized r a t e  OR 

C= Dpg 'Dpd vf 

is g i v e n  a s  a  f u n c t i o n  of t h e  r a t i o  of t h e  mean speeds  of t h e  
pa s sed  and pas s ing  c l a s s e s ,  

I n  t h i s  p r e s e n t a t i o n ,  v  ha s  been r e p l a c e d  by Vpg and u  by Vpd. 
The r eg ion  t o  t h e  l e f t  of t h e  f i g u r e  Kc 1 r e p r e s e n t s  t h e  r a t e  of 
v e h i c l e s  of t h e  f a s t e r  c l a s s  p a s s i n g  v e h i c l e s  of t h e  s lower  c l a s s ,  
f o r  example c a r s  p a s s i n g  t r u c k s .  The r eg ion  t o  t h e  r i g h t ,  K :>1 ,  
r e p r e s e n t s  an o c c a s i o n a l  s low c a r  pa s sed  by t r u c k s ,  and was 
o b t a i n e d  by i n t e r c h a n g i n g  t h e  r o l e  of u  and v .  

F igure  B-1.  Over tak ing  r a t e  f o r  two c l a s s e s  of v e h i c l e s  

RATIO 01: PASSED VEIIICLIS SPEE.D 
TO PASSING VEHICLE SPEED = K 



In  F igu re  B-1 ,  f i v e  l e v e l s  o f  t h e  s t a n d a r d  d e v i a t i o n  of t h e  
speeds  are g i v e n .  In  each  c a s e ,  

A t  K=l.O, t h e  problem d e g e n e r a t e s  t o  t h e  ca se  d e s c r i b e d  e a r l i e r  
where t h e  two speed  d i s t r i b u t i o n s  a r e  i d e n t i c a l  and 

The l i n e  f o r  s = 0 ,  

= 1-K f o r  Kc 1 Cs=o 

= 0  f o r  K >  1 

is  a  degene ra t e  ca se  t h a t  is a  t r i v i a l  problem t o  s o l v e  a n a l y t -  
i c a l l y .  I t  is notewor thy ,  however, because i t  is a p p l i c a b l e  t o  
any ca se  i n  which t h e  speed  d i s t r i b u t i o n s  do not  o v e r l a p .  By 
l e t t i n g  K become minus,  i t  i n c l u d e s  t h e  "pass ing  r a t e "  of v e h i c l e s  
t r a v e l i n g  i n  o p p o s i t e  d i r e c t i o n s .  

I f  t h e  d e n s i t y  of a l l  v e h i c l e s  on t h e  roadway is D a l l ,  and 
pas senge r  c a r s  r e p r e s e n t  a  p r o p o r t  i o n  PC of D a l ~  t hen  
t r u c k s  r e p r e s e n t  a  p r o p o r t i o n  of (1-pc) of The 
o v e r t a k i n g  r a t e  can be d e r i v e d  i f P b e  assume a  mean Dallspeed f o r  
t h e  p a s s i n g  v e h i c l e  t ype  (v ) and an S e q u a l  t o  0 . 1  ( o = s ' ~ ) .  
Then i f  we assume a  c e r t a i n P g r a t i o  K of mean s p e e d s ,  and 

D a l l  ' PC = D ( d e n s i t y  of pa s senge r  c a r s )  
C 

and 

D a l l  . pt  F2 Dt ( d e n s i t y  of t r u c k s )  

t h e  o v e r t a k i n g  r a t e  e q u a l s :  

2 - 
Over tak ing  Rate  = D a l l  . p, . pt  . C . Vf 

where C can be found from F igu re  B-1  s i n c e  i t  depends upon K an~d 
t h e  l e v e l  of S. 

One can assume, f o r  s i m p l i c i t y ,  t h a t  Da 1=1 and t hen  vary t h e  
p r o p o r t i o n  of t h e  v e h i c l e  t ype  i n  t h e  minor lky  and d e r i v e  a  curve  
o f  t h e  o v e r t a k i n g  r a t e  a s  a  f u n c t i o n  of K f o r  each  p r o p o r t i o n  of 
t h e  t o t a l  d e n s i t y .  T h i s  can be s een  g r a p h i c a l l y  i n  F igu re  R-2. 
(Again n o t i c e  t h e  change i n  s l o p e  of  t h e  l i n e  when K exceeds  1.) 
These cu rves  a l l o w  u s  t o  v i s u a l i z e  bo th  t h e  r e l a t i o n s h i p  between 
t h e  p a s s i n g  r a t e  a s  a  f u n c t i o n  of t h e  r a t i o  of mean speeds  and 
t h e  "mix" of v e h i c l e  c l a s s e s  on t h e  highway. The cu rves  i n  F igu re  
R-2 a r e  f o r  t h e  c a s e s  where t r u c k s  o v e r t a k e  c a r s  o r  c a r s  ove r t ake  
t r u c k s .  F igu re  B-3 r e p r e s e n t s  t h e  c a s e s  where each  is o v e r t a k i n g  
i t s  own k i n d .  One can t h e n  e x p r e s s  t h e  p a s s i n g  r a t e  a s  a  f u n c t i o n  
of t h e  mean speed  of t h e  v e h i c l e  c l a s s .  In  t h i s  c a s e ,  K=l and 
c u r v e s  a r e  p l o t t e d  f o r  two v a l u e s  of S .  



Figu re  B-2. Over tak ing  r a t e  f o r  v a r i o u s  mixes of  two v e h i c l e  t y p e s  

RATIO OF PASSED VEHICLE SPEED 
TO PASSING VEHICLE SPEED = K 

Where: pm =Proportion of vehicle type in minority; Vpg = 60 
mph; and Doll = one vehicle per mile.) 

F i g u r e  B - 3 .  Over tak ing  r a t e  f o r  c a r s  and t r u c k s  o v e r t a k i n g  
v e h i c l e s  of  t h e  same type .  

, Where: K = I ;  and S = Percentage o f  mean speed of vehicle class. 



The fo rego ing  a n a l y s i s  i n d i c a t e s  t h e  c r i t i c a l  f a c t o r s  i n  t h e  
d e t e r m i n a t i o n  of t h e  pas s ing  r a t e  and shows how t h e  r a t e  changes 
when d i f f e r e n t  assumptions a r e  made concerning t h e  f a c t o r s .  One 
can conclude t h a t  both speed  and d e n s i t y  a r e  impor tan t  f a c t o r s  i n  
t h e  d e t e r m i n a t i o n  of t h e  pas s ing  r a t e .  

O t h e r  App l i ca t i ons  

The p rev ious  a n a l y s e s  i n d i c a t e  t h a t  t h e  exposure  f o r  two types  
of moving v e h i c l e s  can be c a l c u l a t e d  by making t h e  p rope r  under- 
l y i n g  assumptions and knowing t h e  d e n s i t i e s  of t h e  v e h i c l e  t ypes  
and t h e i r  speed d i s t r i b u t i o n s ,  However, t h e  case  where two v e h i c l e s  
a r e  exposed t o  one a n o t h e r  and one of them is  parked is noth ing  
more than a  s p e c i a l  s i t u a t i o n  w i t h i n  t h e  two-vehicle-both-moving 
c a s e .  In t h i s  s i t u a t i o n  t h e  parked v e h i c l e  has  a  mean speed e q u a l  
t o  0 w i t h  a  s t a n d a r d  d e v i a t i o n  e q u a l  t o  0 .  The only problem he re  
i nvo lves  o b t a i n i n g  r e . l i a b l e  i n fo rma t ion  on t h e  d e n s i t y  of parked 
v e h i c l e s  a s  a  f u n c t i o n  of t ime .  

T h i s  model is a l s o  a p p l i c a b l e  t o  t h e  ca se  where one v e h i c l e  
h i t s  a  f i x e d  o b j e c t .  The passed  v e h i c l e  i n  t h i s  case  w i l l  no t  be 
a  s topped  v e h i c l e  but  a  f i x e d  o b j e c t .  The major problem i n  t h i s  
c a s e  i nvo lves  o b t a i n i n g  an e s t i m a t e  of t h e  d e n s i t y  of f i x e d  ob;jects. 

Another p o s s i b l e  a p p l i c a t i o n  would be a  two-lane roadway s i t u -  
a t i o n  i n  which v e h i c l e s  meet each  o t h e r  going i n  o p p o s i t e  d i r e c t i o n s .  
I f  we assume we have f r ee - f  lowing colndi t ions (a tenuous  assumpltion 
h e r e ) ,  then t h e  number of c o n f l i c t s  can be ob t a ined  by changing t h e  
v a r i a b l e s  of i n t e g r a t i o n  from v-u t o  v+u. 

Use a s  Measure of Exposure f o r  Turnpike Accidents  

The model developed i n  t h i s  appendix has  been used t o  examine 
a c c i d e n t s  i n  t h e  t u r n p i k e  f i l e s  which a r e  r e l a t e d  t o  c o n f l i c t s  
t h a t  a r i s e  from ove r t ak ing  s i t u a t i o n s .  These a r e  rear -end  and 
s ideswipe  a c c i d e n t s  i nvo lv ing  v e h i c l e s  t r a v e l i n g  i n  t h e  same 
d i r e c t i o n  on t h e  m a i n l i n e ;  i , e .  o m i t t i n g  c r a s h e s  i n  s e r v i c e  
p l a z a s ,  e t c .  

The t r a f f i c  d a t a  f o r  each  t u r n p i k e  i n  t h e  s tudy  is  i n  v e h i c l e  
mi l e s , ,  E x p l i c i t  d a t a  on v e h i c l e  d e n s i t y  ( t h e  number of v e h i c l ~ e s  
p e r  u n i t  l e n g t h  of roadway a t  some epoch)  was not  a v a i l a b l e .  
The re fo re  t h e  d e n s i t i e s  were e s t i m a t e d  from t r a f f i c  m i l e s  and 
speed .  The t o t a l  v e h i c l e  m i l e s  t r a v e l e d  on a  roadway of l e n g t h  
L i n  t ime T  is 

where:  VM = v e h i c l e  m i l e s  
D = d e n s i t y  ( v e h i c l e s  p e r  m i l e )  - 
V = average  speed (mi l e s  p e r  hour )  
L = l e n g t h  of roadway over  which v e h i c l e  m i l e s  a r e  

measured ( m i l e s )  
T = t ime p e r i o d  over  which v e h i c l e  m i l e s  a r e  measured 

( h o u r s )  



Thus,  t h e  ave rage  d e n s i t y  may be computed from v e h i c l e  m i l e s  
and  s p e e d .  Of p r imary  concern  h e r e  is t h e  r e l a t i v e  exposure  r a t e ;  
a b s o l u t e  r a t e s  a r e  not  n e c e s s a r y .  One may look  a t  t h e  problem i n  
t h i s  way : 

where i and j i n d i c a t e  v e h i c l e  t y p e s  and P is  t h e  p r o p o r t i o n  of 
a l l  t h e  v e h i c l e  m i l e s  accoun ted  f o r  by t h e  a p p r o p r i a t e  v e h i c l e  
t y p e s .  The p roduc t  of d e n s i t i e s  may a l s o  be e x p r e s s e d  a s  

9 Pi 'P  
D i O D  = Qd 

j .  
j - - 

V i '  V j  

2 
where Q = m 

A l l  of  t h e  p a r a m e t e r s  d e f i n e d  by t h e  s i z e  and e x t e n t  of t h e  d a t a  
s e t  a r e  t h e n  c o n t a i n e d  i n  Q ,  wh i l e  examina t i on  of s u b s e t s  of t h e  
a c c i d e n t  d a t a  can be accompl i shed  by a d j u s t i n g  t h e  i n d i v i d u a l  p ro -  
p o r t i o n s  and s p e e d s .  The r a t e  a t  which v e h i c l e s  of t ype  i over -  
t a k e  v e h i c l e s  of t y p e  j is t h e n  

Speed d a t a  from which and  a cou ld  be o b t a i n e d  were nolt 
a v a i l a b l e  from t h e  t u r n p i k e s .  T h e r e f o r e  d a t a  c o l l e c t e d  on ove r  
2 ,000  o b s e r v a t i o n s  of s p e e d s  on Michigan 4-6 l a n e  l i m i t e d  a c c e s s  
highways by t h e  Michigan S t a t e  Highway Department were used t o  
e s t i m a t e  t h e  p a r a m e t e r s  of t h e  d i s t r i b u t i o n  of speeds  on highways 
comparable  t o  t h e  t u r n p i k e s  and i n  a  s i m i l a r  c l i m a t e e 2  Normal 
d i s t r i b u t i o n s  were assumed wi th  e m p i r i c a l  r e s u l t s  f o r  t h e  means 
and v a r i a n c e s .  

The speeds  used  f o r  t h e  a n a l y s i s  r e p o r t e d  i n  s e c t i o n  5 a r e  
g i v e n  i n  Tab l e  B-1 .  

Tab l e  B-2 g i v e s  t h e  p a r a m e t e r s  neces sa ry  f o r  computing t h e  
o v e r t a k i n g  r a t e s  used i n  s e c t i o n  5 ,  i n c l u d i n g  t h e  r e s u l t  of t h e  
numer i ca l  i n t e g r a t i o n  ( I ) .  
------------------- 

Speed Repor t ,  Report  No. 66 ,  T r a n s p o r t a t i o n  P l ann ing  
D i v i s i o n ,  S t a t e  of Michigan Department of S t a t e  Highways, 
J u l y  1971. 



Tab le  B-1  

Daytime 

Trucks  
Cars  

Summary of Vehic le  Speeds Used i n  Ana lys i s  
'Using t h e  I n t e r a c t i o n  Model 

Night t ime 

Trucks  
Cars  

Mean Speed S t anda rd  Dev ia t i on  
(MPH) (MPH) 

Table  B-2 

Pa rame te r s  Used f o r  A p p l i c a t i o n  of 
t h e  I n t e r a c t  i o n  Model 

1. TURNPIKE PARAMETERS 

Turnpike  Length L  Data P e r i o d  Vehic le  Mi les  
( m i  1 (months) Ca r s  and Large 

g2 
Trucks  (VMALI,) 

Pennsylvania  359 .0  30  63 .91  x lo8  6.602 x l o5  

Ohio 241 .2  54 56 .8  x l o 8  3.560 x l o 5  

Ind iana  157 60 31 .31  x l o 8  2.073 x l o 5  

2 .  INTEGRATION ( I )  

C o l l i s i o n  P a i r  

Car Car 
Car Truck 
Truck Car 
Truck Truck 

I n t e g r a l  
Da Y Night 



APPENDIX C 

TURNPIKE TRAFFIC PATTERNS 

The exposure  d a t a  used i n  a n a l y s i s  of t u r n p i k e  involvements  i n  
S e c t i o n  5 ,  bo th  a s  measured by v e h i c l e  miles and by t h e  i n t e r a c t i o n  
model which is deve loped  i n  Appendix B ,  was o b t a i n e d  from t o l l  t i c -  
k e t  r e c o r d s .  The i n f o r m a t i o n  c o n t a i n e d  on t h e  t o l l  t i cke t s - - and  
t h u s  t h e  v e h i c u l a r  d a t a  which can  be d e r i v e d  from them--is i n  terms 
of t h e  t o l l  c l a s s e s  t h a t  each  highway u s e s  f o r  r a t e  s c h e d u l e s , ,  
Each t u r n p i k e  has  t h e  same number of t o l l  c l a s s e s  ( 9 ) ,  bu t  each  de- 
l ines  t h e  c l a s s e s  d i f f e r e n t l y .  The d e f i n i t i o n s  of c l a s s e s  on each  
t u r n p i k e  a l s o  d i f f e r  from t h e  v e h i c l e  d e s c r i p t i o n s  i n  t h e  a c c i d e n t  
f i l e s .  

The t o l l  c l a s s e s  of t h e  t h r e e  t u r n p i k e s  a r e  g iven  i n  Table  C-1. 
The a c c i d e n t  v e h i c l e  c l a s s i f i c a t i o n  common t o  a l l  t u r n p i k e s  is pas-  
s enge r  c a r ,  passenger  c a r  w i t h  t r a i l e r ,  t r u c k  ( s i n g l e  u n i t ) ,  and 
t r a c t o r - t r a i l e r ,  The s t u d y  was a d d r e s s e d  t o  t h e  l a r g e r  t r u c k s ,  
t h o s e  wi th  g r o s s  v e h i c l e  weight  r a t i n g s  of approximate ly  20 ,000  l b s .  
P ickup  t r u c k s  were exc luded  from c o n s i d e r a t i o n  because many of 
t h e i r  c h a r a c t e r i s t i c s  a r e  s i m i l a r  t o  t h o s e  of passenger  c a r s .  I n  
t h e  lower l q t ruck"  c l a s s e s  i t  is imposs ib l e  t o  d i f f e r e n t i a t e  a n  
empty v e h i c l e  w i t h  a  r a t i n g  of over  20 ,000  l b s .  from a  loaded  ve-  
h i c l e  of s m a l l e r  s i z e .  Thus t h e  s t r a i g h t  t r u c k s  p r e s e n t  a r e  par -  
t i c u l a r l y  d i f f i c u l t  t o  d e f i n e  u n i q u e l y .  by t o l l  c l a s s .  

Tab le  C - 1  

D e f i n i t i o n  of Turnpike  T o l l  C l a s s e s  

7 

rl'o 1 1 
C l a s s  

1 

Ind iana  
T o l l  Road 

L igh t  v e h ,  w i t h  no more 
t h a n  4 t i r e s  

L igh t  veh .  w i t h  1-axle  
t r a i l e r  under  21  f t .  

L i g h t  veh .  w i t h  2-ax le  
t r a i l e r  under 21  f t .  

Commercial veh .  w i t h  2  
a x l e s  

0-7,000 l b .  2  axle-veh . w t  < 
7 ,000  l b .  

7 ,001-16 ,000  2 7,001-15,000 
a x l e  veh . w i t h  
t r a i l e r  & w t  .< 
16 ,000  l b .  

16,001-23,000 15,001-19,000 

Commercial veh ,  w i t h  3 33,001-42,000 30,001-45,  000 
a x l e s  o r  l i g h t  veh ,  w i t h  
1 a x l e  t r a i l e r  > 2 1  f  t .  

i 

Tab le  C - 1  c o n t i n u e d  on f o l l o w i n g  page: 



T a b l e  C-1, con t inued :  

Indiana  
T o l l  Road 

6  

Ohio 
T o l l  Road 

Commercial veh.  w i t h  5  

Pennsylvania  
T o l l  Road 

 commercial veh.  w i t h  4  
a x l e s  o r  l i g h t  veh.  w i t h  
2 a x l e  t r a i l e r  > 21 f t .  

Commercial veh ,  w i t h  6  / ( a x l e s  

The d i s t r i b u t i o n s  of annua l  v e h i c l e  m i l e s  f o r  t h e  Indiana  and 
Pennsylvania  t u r n p i k e s  a r e  shown i n  F i g u r e s  C-1  th rough C-4 where 
t h e  f i g u r e s  a t  t h e  t o p  of each  bar  a r e  t h e  annua l  number of v e h i c l e  
m i l e s  i n  m i l l i o n s .  F i g u r e s  C-2 and C-4 g i v e  t h e  r e s u l t s  w i t h  an  
e n l a r g e d  o r d i n a t e  s c a l e ,  o m i t t i n g  c l a s s  1, which masks t h e  t r u c k  
c l a s s e s .  The Pennsylvania  graphs  i n d i c a t e  t h a t  c l a s s e s  1 and 4  
through 7 dominate .  C l a s s  1 is passenger  c a r s  and passenger  c a r s  
w i t h  t r a i l e r s ,  w h i l e  t h e  h ighe r  group is composed a lmost  e n t i r e l y  
of t r a c t o r - t r a i l e r s .  T h i s  dominance of t r a c t o r - t r a i l e r s  over  t h e  
s i n g l e - u n i t  t r u c k s  is s e e n  more c l e a r l y  i n  t h e  Indiana  d a t a  of 
F i g u r e  6 - 2 .  Here c l a s s e s  s i x  and seven  dominate .  These c l a s s e s  
c o n t a i n  those  v e h i c l e s  w i th  f o u r  and f i v e  a x l e s ,  n e a r l y  a l l  t r a c t o r -  
t r a i l e r s  . 

53,001-65,000 

9 

Large ly  because of t h e  t o l l  c l a s s  s t r u c t u r e ,  t h e  t u r n p i k e  s t u d y  
was a d d r e s s e d  t o  l a r g e  t r u c k s ,  i . e .  t r a c t o r - t r a i l e r s .  Passenger  
c a r s  were d e f i n e d  t o  i nc lude  t h o s e  w i t h  and wi thou t  s m a l l  ( s i n g l e -  
a x l e )  t r a i l e r s .  T r a f f i c  d a t a  f o r  t h e  dichotomy d e f i n e d  t h u s l y  was 
based on t h e  t o l l .  c l a s s  g iven  i n  Table  C-2. 

42,001-53,000 

62,001-80,000 

65,001-78,000 

Table  C-2 

45,001-62,0001 

I 

80,001-100,000 

S p e c i a l  o v e r s i z e d  o r  un- 
u s u a l  v e h i c l e  ' 

T o l l  C l a s s e s  Used i n  T r a f f i c  Ana lys i s  

Passenger  
Turnpike Car C l a s s e s  Large Truck C l a s s e s  

78,001-90,000 

r - - 

Indiana  1 1 /2  of 5 ,  6-8, 3 /4  of 9 

Ohio 1 , 2  4 -9 

Pennsylvania  1 4-9 
L.. 

Over 100,000 1 

C l a s s  f i v e  of t h e  Indiana  T o l l  Road is composed l a r g e l y  of 3- 
a x l e  t r u c k s .  D i scuss ion  w i t h  T o l l  Road a u t h o r i t i e s  i n d i c a t e d  t h a t  
about  h a l f  t h i s  c l a s s  is t r a c t o r - t r a i l e r s  and about  ha l f  s i n g l e  
u n i t s .  They a l s o  i n d i c a t e d  t h a t  a l l  of c l a s s  e i g h t  and about  one 
q u a r t e r  of c l a s s  n ine  a r e  double  bot toms,  wh i l e  t h e  remainder of 
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Figure C-3 

ANNUAL VEHICLE MILES BY TOLL CLASS 1969 
FOR THE PENNSYLVANIA TURNPIKE 
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ANNUAL VEHICLE MILES BY TOLL CLASS 1969 
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n i n e  is most ly  overwidth  t r a i l e r s  (mobile  homes). 

The t r a f f i c  coun t s  by c l a s s  were ob ta ined  from each  t u r n p i k e  by 
mon.tti f o r  t h e  p e r i o d  covered  by t h e  a c c i d e n t  f i l e s .  The Ohio tablu- 
l a t i o n s  gave t h e  number of  v e h i c l e s  o.(rer each  segment (de f ined  by 
i n t e r c h a n g e s )  and t h i s  d a t a  was e a s i l y  conve r t ed  t o  v e h i c l e  m i l e s  by 
m u l t i p l y i n g  t h e  coun t s  f o r  each  segment by t h e  l e n g t h  of each seg-  
ment.  The Indiana  and Pennsylvania  coun t s  were f o r  each  e n t r a n c e -  
e x i t  p o i n t .  The number of v e h i c l e s  by c l a s s  over  each  segment was 
computed from t h e  ent i rance-exi t  d a t a ,  t hen  t h e  number of v e h i c l e s  
m i l e s  was de termined .  

The computat ion of v e h i c l e  m i l e s  d e s c r i b e d  above provided no't 
on ly  t h e  t o t a l s  f o r  t h e  a c c i d e n t  p e r i o d  but  monthly r e s u l t s  a s  w e l l .  
F i g u r e s  C-5 and C-6 show t h e  monthly d i s t r i b u t i o n  f o r  t h e  Indiana  
T o l l  Road and t h e  Pennsylvania  Turnpike r e s p e c t i v e l y .  Passenger  
c a r  mi leage  is i n d i c a t e d  by t h e  0's whi l e  t r u c k  mi leage  is shown by 
t h e  broken h o r i z o n t a l  l i n e s .  

Two p o i n t s  a r e  notewor thy .  The t r u c k  t r a f f i c  is n e a r l y  con- 
s t a n t  th roughout  t h e  y e a r ,  wh i l e  passenger  c a r  t r a f f i c  is ~ e a s o n a l  
w i t h  a  peak i n  t h e  summer v a c a t i o n  months fo l lowed by a  drop  when 
s c h o o l  s t a r t s .  

The d a t a  from a l l  t h r e e  highways s u g g e s t s  t h a t  t r u c k  t r a f f i c  
is n e a r l y  uniform and i t  was t aken  a s  such f o r  t h e  a n a l y s e s .  S ince  
passenger  c a r  t r a f f i c  is  non-uniform by hour a s  w e l l  a s  by month, 
l i m i t a t  ions of t h e  q u a n t i t y  of a c c i d e n t  d a t a  imposed r e s t r i c t  ions  
on t h e  number of s t r a t a  t h a t  could  be used t o  r e p r e s e n t  t h e  monthly 
o r  hour ly  d i s t r i b u t i o n s ,  T h e r e f o r z ,  t h e  s e a s o n a l  p a t t e r n  was r e -  
p r e s e n t e d  by two l e v e l s ;  a  summer l e v e l  d u r i n g  June through August 
and a  non-summer l e v e l  t h e  remainder of t h e  y e a r .  

D a i l y  t r a f f i c  in format  ion  is normally main ta ined  by t h e  t u r n -  
p ike  a u t h o r i t i e s  on ly  long  enough t o  compile  t h e  monthly summaries. 
Upon s p e c i a l  r e q u e s t ,  punched c a r d s  of Indiana  d a i l y  c o u n t s  were 
made a v a i l a b l e  f o r  t h e  months of December 1970 through February  
1971. From t h i s  t h r e e  month 's  of d a t a ,  ave rage  d a i l y  r a t e s  were 
computed a s  shown i n  F i g u r e s  C-7 and 6-8 f o r  c a r s  and t r u c k s .  
Each of t h e  d i s t r i b u t i o n s  shown i n  t h e s e  f i g u r e s  were r e p r e s e n t e d  
by two uniform l e v e l s ,  one on weekends and one on weekdays. The 
d a i l y  r e s u l t s  o b t a i n e d  from t h e  Indiana  d a t a  were used t o  r e p r e s e n t  
a l l  t h r e e  highways. 

Hourly t r a f f i c  d a t a  is not  c o l l e c t e d  or  ma in t a ined  by any of 
t h e  t h r e e  t u r n p i k e s .  S ince  t h e  importance of high v a r i a t i o n  i n  t,he 
hour ly  passenger  c a r  t r a f f i c  was recognized  e a r l y ,  a  g r e a t  amount 
of e f f o r t  was devoted t o  i n v e s t i g a t i n g  p o s s i b l e  methods of o b t a i n i n g  
such  informat  i on .  F i n a l l y ,  a  c o n s u l t i n g  e n g i n e e r i n g  f i r m  was found 
t h a t  had conducted t r a f f i c  s t u d i e s  f o r  Indiana  and Pennsylvania  a s  
p a r t  of a  t r a f f i c  and r a t e  s t u d y . l  Counts were a v a i l a b l e  from 
November 1969 of e x i t i n g  v e h i c l e s  a t  each of t h e  in t e rchanges  and 
t e r m i n a l s  of t h e  Indiana  T o l l  Road over  24 hour p e r i o d s  f o r  a  t o t , a l  
of 15 c o u n t s .  Counts were a l s o  a v a i l a b l e  f o r  Pennsylvania  from t:wo 
p e r i o d s .  In  August 1968, both t h e  e n t e r i n g  and e x i t i n g  t r a f f i c  
were counted  over t h e  same 24 hour pe r iod  a t  t e n  i n t e r c h a n g e s .  I:n 

- 
l ~ i l b u r  Smith and A s s o c i a t e s ,  Consu l t i ng  Eng inee r s ,  New Haven, 
Connect i c u t  



Figure C-I1 

Y O N T K V  D l S T R l B U T I O N  O f  CAR AND TRUCK MILEAGE I N  IOIOOO'S 
ON THE INDIANA TURNPIKE 
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Figure C-6 

MONTKY D I S T R I 8 U T I O N  O f  CAR AND TRUCK MILEAGE I N  10,000'5 
ON THE PENNSYLVANIA TURNPIKE 
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a d d i t i o n ,  113 coun t s  of e x i t i n g  t r a f f i c  were a v a i l a b l e  f o r  a 24 houx' 
pe r iod  from each in t e r change  of t h e  e n t i r e  t u r n p i k e  i n  May 1965. 

S i n c e  t h e  hour ly  c o u n t s  a r e  of e x i t i n g  and e n t e r i n g  t r a f f i c  
r a t h e r  t h a n  s c r e e n  coun t s  ( v e h i c l e  t r a v e l i n g  on t h e  highway),  t h e  
c o r r e l a t i o n  between t h e  . t o t a l  number of v e h i c l e s  e x i t i n g  i n  a  day 
a t  each  Ind iana  i n t e r change  w i t h  t h e  average  d a i l y  t r a f f i c  on a d j a -  
c e n t  segments was computed. T h i s  c o r r e l a t i o n  was 0 . 9 5 ,  

I n  g e n e r a l ,  t h e  passenger -car  p a t t e r n s  were t y p i c a l  of r e c r e a -  
t i o n a l  t r a f f i c .  An example of t he  hour ly  p a t t e r n  which shows t h e  
r e c r e a t i o n a l  c h a r a c t e r i s t i c s  is g iven  i n  F i g u r e  C-9. Th i s  f i g u r e  
is r e p r e s e n t a t i v e  of a  r u r a l  i n t e r change  i n  Pennsylvania ,  and shows 
t r a f f i c  low d u r i n g  t h e  n i g h t  but i n c r e a s i n g  g r a d u a l l y  i n  t h e  morning 
u n t i l  about  noon. A f t e r  6:00 p.m. t h e  t r a f f i c  d e c r e a s e s  g r a d u a l l y  
t o  t h e  n igh t t ime  Low. In t e r changes  i n  urban a r e a s  show t h i s  b a s i c  
p a t t e r n  w i t h  commuter t r a f f i c  superimposed.  F igu re  C-10 is an exam- 
p l e  w i t h  commuter peaks e v i d e n t  i n  t h e  p e r i o d s  from 7:OO-8:00 a.m, 
and from 5:OO-6:00 p.m. A t y p i c a l  p a t t e r n  from t h e  Ind iana  T o l l  
Road is shown i n  F i g u r e  C - 1 1 .  For both Pennsylvania  and I n d i a n a ,  t h e  
bou r ly  mi leage  p a t t e r n  was r e p r e s e n t e d  f o r  a n a l y s i s  by ave rag ing  
t h e  r e s u l t s  f o r  one urban  and f o u r  r u r a l  i n t e r c h a n g e s .  The day was 
t hen  d i v i d e d  i n t o  f o u r  e q u a l  i n t e r v a l s  s t a r t i n g  a t  midnight .  Within 
each  i n t e r v a l  t h e  t r a f f i c  was assumed t o  be un i form,  i . e ,  f o u r  l e v e l s  
were used t o  r e p r e s e n t  a  day .  

S ince  hou r ly  d a t a  were not  a v a i l a b l e  f o r  Ohio, and t h e  Indiiana 
and Pennsylvania  p a t t e r n s  were ve ry  s i m i l a r ,  t h e  median of t h e  1.iatter 
two was used t o  r e p r e s e n t  Ohio. 

Truck t r a f f i c  was n e a r l y  uniform throughout  t h e  day i n  bo th  
Ind iana  and Pennsy lvan ia ,  w i t h  minor hour ly  f l u c t u a t i o n s .  Examples 
f o r  t h e  t r u c k  t r a f f i c  p a t t e r n s  a r e  shown i n  F i g u r e s  C-12 and C-13. 
S ince  t h e  minor f l u c t u a t i o n s  a r e  s m a l l  compared t o  t h e  major changes 
i n  passenger  c a r  t r a f f i c ,  and a r e  t o o  r a p i d  t o  examine wi th  t h e  l i m i -  
t e d  acci .dent  d a t a ,  t r u c k  t r a f f i c  was assumed t o  be uniform d u r i n g  
t h e  day .  

The d i s c u s s i o n  above has  b r i e f l y  d e s c r i b e d  s e a s o n a l ,  d a i l y ,  and 
hour ly  t r a f f i c  p a t t e r n s .  The d i s t r i b u t i o n s  of t r a f f i c  f o r  each  of  
t h e s e  s t r a t a  a s  used i n  t h e  a n a l y s i s  of S e c t i o n  5  is g iven  i n  Table  
C-3  l o r  each  of t h e  t h r e e  t u r n p i k e s .  The t a b l e  e f f e c t i v e l y  summarizes 
t h e  d e t a i l s  of t h e  t r a f f i c  d a t a  f o r  both passenger  c a r  and l a r g e  
t r u c k  t r a v e l .  



HOURLY TRACFIC FACTORS - RURAL AREA5 ON THE PENNSYLVANIA TURNPIKE 
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Figure C-10 

HOURLY TRAFFIC FACTORS - URBAN A R E A S  ON THE PENNSYLVINIA TURNPIKE 



Pigure C-11 

HOURLY TRAFFIC FACTORS - CARS ON THE INDIANA TURNPIKE 
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Figure C-12 

H O U R L Y  T R A F F I C  F A C T O R S  - T R U C K S  O N  THE P E N N S Y L V A N I A  T U R N P I K E  
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Figure C-13 

M O U R L Y  T R A F F I C  F A C T O R S  - T R U C K S  O N  T H E  I N D I A N A  T U R N P I K E  
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Table  C-3 

Turnpike  T r a f f i c  F a c t o r s  

(1)  Seasona l  
Summer 
Non-summer 

(2)  D a i l y  
Weekday 
Weekend 

(3 )  Hourly 
00-05 
06-11 
12-17 
l8-23 




