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1. METHOD 

The U n i v e r s i t y  of Michigan Highway S a f e t y  Research I n s t i t u t e  has  

been conduct ing a  s tudy  of t h e  s a f e t y  impact of F e d e r a l  Motor Vehic le  

S a f e t y  Standard No. 121, A i r  Brake Systems f o r  t h e  p a s t  t h r e e  y e a r s  

under t h e  sponsorsh ip  of NHTSA (Cont rac t  No. DOT-HS-6-01286, " F l e e t  

Accident  Eva lua t ion  of FMVSS 121"). T h i s  s t andard  was developed by 

NHTSA w i t h  t h e  e x p e c t a t i o n  t h a t  s u b s t a n t i a l  r e d u c t i o n s  i n  t ruck- involved 

a c c i d e n t s ,  i n j u r i e s ,  and f a t a l i t i e s  would r e s u l t .  The pr imary o b j e c t i v e  

of t h i s  s t u d y  i s  t o  assemble n a t i o n a l  s t a t i s t i c s  on t h e  exposure  

(mileage)  and a c c i d e n t  exper ience  of a i r -b raked  t r u c k s  s o  t h a t  o v e r a l l  

a c c i d e n t  r a t e s  ( 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 )  can be  

computed f o r  t r u c k s  manufactured b e f o r e  and a f t e r  FMVSS 121 became 

e f f e c t i v e .  

An overview of t h e  s t u d y  d e s i g n  is  shown i n  F i g u r e  1. The b a s i c  

s t u d y  p e r i o d  i s  c a l e n d a r  y e a r s  1976 and 1977. Three  major d a t a  s o u r c e s  

were u t i l i z e d .  In format ion  on b rake  sys tem maintenance,  mi leage,  and 

a c c i d e n t s  was ob ta ined  from t h e  owners of a random sample of t r u c k s  

manufactured i n  1974 and 1975 i n  our  " f l e e t  moni tor ing program." The 

d a t a  c o l l e c t e d  i n  t h i s  program a l low n a t i o n a l  exposure  (mileage)  

e s t i m a t e s  t o  be  computed. These e s t i m a t e s  a r e  c e n t r a l  t o  t h e  s t u d y  

s i n c e  they a l l o w  a c c i d e n t  r a t e s  t o  b e  computed u s i n g  n a t i o n a l  a c c i d e n t  

d a t a  f i l e s .  Two such f i l e s  a r e  t h e  o t h e r  major d a t a  sources  used. 

The f i r s t  of t h e s e  i s  t h e  NHTSA F a t a l  Accident Repor t ing  System 

(FARS). Th is  f i l e  c o n t a i n s  a census  of a l l  a c c i d e n t s  which r e s u l t  i n  a  

f a t a l i t y  ( a s  r e p o r t e d  by s t a t e  p o l i c e ) .  N o t i f i c a t i o n  on 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  a  l a t e  model (1974 o r  newer) heavy t r u c k  was 

ob ta ined  through t h i s  sys tem a t  t h e  s t a t e  l e v e l .  HSRI conducted 

a d d i t i o n a l  i n t e r v i e w s  t o  c o l l e c t  supplementary d a t a  on t h e s e  a c c i d e n t s  

f o r  our  a n a l y s i s .  

Repor t s  f i l e d  w i t h  t h e  Bureau of Motor C a r r i e r  S a f e t y  (BMCS) were 

t h e  o t h e r  major s o u r c e  of a c c i d e n t  d a t a .  A l l  c a r r i e r s  involved i n  t h e  

i n t e r s t a t e  t r a n s p o r t a t i o n  of goods a r e  r e q u i r e d  by law t o  f i l e  a r e p o r t  

w i t h  BMCS on any a c c i d e n t  r e s u l t i n g  i n  a n  i n j u r y  o r  $2000 of p r o p e r t y  

damage. Only i n j u r y  a c c i d e n t s  r e p o r t e d  by Author ized C a r r i e r s  were used 

i n  our  a n a l y s i s  s i n c e  t h e i r  r e p o r t i n g  i s  b e l i e v e d  t o  b e  more c o n s i s t e n t .  
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These c a r r i e r s  o p e r a t e  predominantly combination v e h i c l e s  on i n t e r c i t y  

r o u t e s  and c o n s t i t u t e  t h e  v a s t  m a j o r i t y  of t h e  " f o r  h i r e "  t r u c k i n g  

i n d u s t r y .  

L a s t  y e a r ,  p r e l i m i n a r y  f i n d i n g s  were r e p o r t e d  from t h e  f l e e t  

moni tor ing program i n d i c a t i n g  a  19% r e d u c t i o n  i n  t h e  o v e r a i l  a c c i d e n t  

r a t e  f o r  121-equipped v e h i c l e s .  We emphasized t h a t  t h i s  r e s u l t  was n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t .  I t  was based on f l e e t - r e p o r t e d  a c c i d e n t s  

c o l l e c t e d  dur ing  t h e  f i r s t  y e a r  of t h e  two-year f l e e t  moni tor ing 

program. Completion of t h i s  su rvey  and subsequent  reexaminat ion of 

t h e s e  d a t a  f i r m l y  e s t a b l i s h  b i a s  and omiss ions  i n  t h e  r e p o r t i n g  of 

a c c i d e n t s  t o  HSRI. While t h e  computation of a c c i d e n t  r a t e s  f o r  t h e s e  

v e h i c l e s  i s  no longer  t e n a b l e ,  we b e l i e v e  t h e  exposure  in format ion  

c o l l e c t e d  p rov ides  a  sound b a s i s  f o r  n a t i o n a l  p r o j e c t i o n s .  

The r e s u l t s  d e s c r i b e d  i n  t h i s  r e p o r t  a r e  based on a  p r e l i m i n a r y  

a n a l y s i s  of t h e  a c c i d e n t  d a t a  conta ined i n  t h e  FARS and BMCS d a t a  f i l e s  

f o r  t h e  y e a r s  1976 and 1977. These f i l e s  c o n t a i n  i n f o r m a t i o n  on over  

3000 f a t a l  a c c i d e n t s  i n v o l v i n g  1974 o r  newer a i r -braked t r u c k s  and over  

9000 i n j u r y  a c c i d e n t s  r e p o r t e d  by Author ized C a r r i e r s  invo lv ing  1974 o r  

newer a i r -b raked  t r u c k s .  Ra tes  f o r  f a t a l  and i n j u r y  a c c i d e n t s  a r e  

computed us ing  n a t i o n a l  exposure  p r o j e c t i o n s  based on t h e  usage d a t a  

ob ta ined  f o r  t h e  3500 v e h i c l e s  p a r t i c i p a t i n g  i n  t h e  f l e e t  moni tor ing 

program. 

These r e s u l t s  a r e  d e s c r i b e d  i n  t h e  n e x t  t h r e e  s e c t i o n s ,  which 

p r e s e n t  t h e  exposure  d a t a ,  t h e  f a t a l  a c c i d e n t  r a t e s ,  and t h e  i n j u r y  

a c c i d e n t  r a t e s ,  r e s p e c t i v e l y .  A d i s c u s s i o n  of t h e s e  r e s u l t s  i s  

p r e s e n t e d  i n  t h e  f i n a l  s e c t i o n .  

2 .  EXPOSURE 

The purpose  of t h e  exposure  d a t a  i s  t o  a l low t h e  a c c i d e n t  

exper ience  of t h e  pre- and pos t - s t andard  v e h i c l e s  t o  be  compared on a  

p e r  m i l e  b a s i s  f o r  s i m i l a r  types  of v e h i c l e s  i n  s i m i l a r  types  of use.  

The b a s i c  measure of exposure ,  t h e n ,  i s  v e h i c l e  miles .  Furthermore,  t h e  

mileage d a t a  a r e  c a t e g o r i z e d  by v e h i c l e  type  ( s t r a i g h t  t r u c k  and 

t r a c t o r )  and t r i p  d i s t a n c e  ( l o c a l  and i n t e r c i t y ) .  

The exposure  d a t a  were c o l l e c t e d  a s  p a r t  of t h e  f l e e t  moni tor ing 



program. A t o t a l  of 554 owners of 5390 v e h i c l e s  were s e l e c t e d  f o r  t h i s  

program from manufacturers '  s a l e s  l i s t s  f o r  1974 and 1975. 

Approximately e q u a l  numbers of pre- and post -s tandard v e h i c l e s  were 
1 s e l e c t e d  us ing s t a t i s t i c a l  sampling t echn iques  . F i e l d  d a t a  c o l l e c t i o n  

personne l  v i s i t e d  t h e  f l e e t s  p e r i o d i c a l l y  dur ing 1976 and 1977 t o  o b t a i n  

odometer read ings ,  b rake  system maintenance r e c o r d s ,  and a c c i d e n t  

r e p o r t s .  In format ion  was a c t u a l l y  ob ta ined  on about 3500 v e h i c l e s ,  67% 

of t h o s e  s e l e c t e d .  Accident r e p o r t i n g  t o  HSRI i n  t h e  f l e e t  moni tor ing 

program has  subsequent ly  been found t o  be d e f i c i e n t .  However, t h e  

odometer read ings  were n o t  regarded a s  " s e n s i t i v e "  in format ion  by t h e  

f l e e t s ,  and were much e a s i e r  t o  o b t a i n .  Subsequent review of t h e  

mileage d a t a  i n d i c a t e s  t h a t  i t  i s  c o n s i s t e n t  and reasonab le .  Anomalous 

d a t a  (such a s  odometer changes) a r e  e a s i l y  found and cor rec ted .  

Mileage d a t a  ob ta ined  f o r  t h e  s tudy  v e h i c l e s  a r e  shown i n  Tables  1, 

2, and 3. Tab le  1 shows t h e  a c t u a l  number of v e h i c l e s  p a r t i c i p a t i n g  i n  

t h e  f l e e t  moni tor ing program by v e h i c l e  type  and t y p i c a l  t r i p  d i s t a n c e .  

While buses  were included i n  t h e  o r i g i n a l  sample, they were d e l e t e d  when 

FMVSS 121 was amended, and a r e  n o t  d i scussed  i n  t h i s  r e p o r t .  The 

in format ion  presented h e r e  is  based on s i x  t o  e i g h t  odometer read ings  

t aken  a t  i n t e r v a l s  dur ing  1976 and 1977 on each of 2838 v e h i c l e s .  

Also shown i n  Table  1 a r e  t h e  pe rcen tages  of pre- and post -s tandard 

v e h i c l e s  i n  each of t h e  f o u r  c a t e g o r i e s  de f ined  by v e h i c l e  type  and t r i p  

d i s t a n c e .  The percen tages  shown have been weighted according t o  t h e  

s e l e c t i o n  p r o b a b i l i t i e s ,  and t h e r e f  o r e  a r e  "populat ion es t imates .  I' That 

i s ,  they r e p r e s e n t  e s t i m a t e s  of t h e  pe rcen tages  i n  t h e  manufacturers '  

s a l e s  l i s t s  from which t h e  samples were drawn. 

Of p a r t i c u l a r  importance a r e  t h e  pe rcen tages  of t r a c t o r s  and 

s t r a i g h t  t rucks .  Nearly 67% of t h e  pre-s tandard v e h i c l e s  a r e  t r a c t o r s ,  
2 w h i l e  only  43% of t h e  post -s tandard v e h i c l e s  a r e  t r a c t o r s  . C l e a r l y  

' s a l e s  l i s t s  were ob ta ined  f o r  t r u c k s  (power u n i t s  o n l y ) .  No 
t r a i l i n g  u n i t s  were monitored.  

2 
These d i f f e r e n c e s  r e f l e c t  changes i n  t h e  s a l e s  of a i r -braked 

t r u c k s  dur ing t h e  y e a r s  1974 and 1975. Large f l e e t s  may have over- 
bought pre-standard v e h i c l e s  t o  avoid purchasing t h e  more expensive  
121-equipped t rucks .  And a s  l a r g e  f l e e t s  tend t o  buy t r a c t o r s  f o r  



t h e s e  two p o p u l a t i o n s  of v e h i c l e s  a r e  d i f f e r e n t  i n  ways t h a t  must b e  

t aken  i n t o  account  when comparisons a r e  made. 

TABLE 1 

DISTRIBUTION OF VEHICLES BY VEHICLE TYPE, 
BRAKE TYPE, AND TRIP DISTANCE 

I T r i p  D i s t a n c e  I T o t a l  
I-----------------------------+------------- 

Vehic le  Type I Local  I I n t e r c i t y  I I 
and I--------------+-------------- I I 

Brake Type I *NO. 1 **weight. 1 *NO. I **weight. 1 *NO. 1 **weight. 
IVeh- 1 P e r c e n t  JVeh. 1 P e r c e n t  I ~ e h .  1 Pe rcen t  

I I 1 I 
S t r a i g h t  Truck1 I I I 

I I I I 
Pre-121+ 1239 1 21.2% 1 1 4 8 1  12.1% 1 3 8 7 )  33.3% 

I I I I I I 
post-121tr1345 1 34.7% 1 3361 22.9% 1 681)  57.6% 

I I 
T r a c t o r  

I I I I 
I I I I I I 
I I I I I I 

Pre-121+ 1225 1 15.6% 1 8741 51.2% 110991 66.8% 
I I I I I I 

post-121i-I-1153 1 10.2% 1 5181 32.2% 1 6711 42.4% 
I----+---------+---+----------+--+--------- 

I I 
T o t a l  

I I I I 
I I I I I I 
I I I I I I 

Pre-121+ 1464 1 36.8% 110221 63.3% 114861 100.0% 
I I I I I I 

Post-121*1498 1 4409% 1 8541 55.1% 113521 100.0% 

* Number of v e h i c l e s  i n  t h e  survey.  
** Est imated p e r c e n t a g e  of v e h i c l e s  i n  t h e  pre- and 
post-121 p o p u l a t i o n s .  
+ Pre-121 v e h i c l e s  s e l e c t e d  from manufacturers '  s a l e s  
r e c o r d s  f o r  t h e  p e r i o d  January 1974 through February 1975. 
+I- Post-121 v e h i c l e s  s e l e c t e d  from manufacturers '  s a l e s  
r e c o r d s  f o r  t h e  p e r i o d  March 1975 through February 1976. 

i n t e r c i t y  u s e  ( r a t h e r  than  s t r a i g h t  t r u c k s ) ,  t h e s e  d i f f e r e n c e s  would be  
exp la ined .  F u r t h e r ,  t h e  t r u c k i n g  i n d u s t r y  exper ienced an economic slump 
i n  l a t e  1975, which may have a f f e c t e d  purchasing by " f o r  h i r e "  f l e e t s  
more t h a n  t h e  p r i v a t e  f l e e t s .  



Average d a i l y  mileages  a r e  shown by v e h i c l e  type and t r i p  d i s t a n c e  

i n  Tab le  2. Within  any ca tegory  of v e h i c l e  type and t r i p  d i s t a n c e ,  t h e  

average d a i l y  mileage i s  comparable f o r  pre-  and pos t - s t andard  v e h i c l e s .  

I n  o t h e r  words, a l though  t h e  composi t ion of t h e  two groups of v e h i c l e s  

i s  d i f f e r e n t ,  t h e  exposure  of comparable v e h i c l e s  i s  s i m i l a r .  

TABLE 2 

DAILY MILEAGES 
BY VEHICLE TYPE, BRAKE TYPE, 

AND TRIP DISTANCE 

................................................................... 
I T r i p  Dis tance  

Vehicle  Type ] Loca l  I I n t e r c i t y  
and l------------------------+----------------------- 

BrakeType  I 1 95% I I 95% 
I D a i l y  I Confid.  I Dai ly  I Conf i d .  
1 Mileage I I n t e r v a l  I Mileage I I n t e r v a l  

------------------+-------------+-----------+-------------+----------- 
I I I I 

S t r a i g h t  Truck I I I I 
I I I 1 

Pre-121+ 1 42.3 1 2 7  1 113.0 1 (248.6) 
I I I I 

Post-l2Ii- t-  1 47.0 1 (+I5071 - 1 88.2 I (235.7) 
I I I I 

T r a c t o r  1 I I I 
I I I I 

+ Pre-121 v e h i c l e s  s e l e c t e d  from manufacturers '  s a l e s  r e c o r d s  f o r  
t h e  pe r iod  January 1974 through February 1975. 
+f- Post-121 v e h i c l e s  s e l e c t e d  from manufacturers '  s a l e s  r e c o r d s  f o r  
t h e  p e r i o d  March 1975 through February 1976. 

The percen tage  d i s t r i b u t i o n  of t o t a l  mi leage i s  shown i n  Table  3 by 

v e h i c l e  type and t r i p  d i s t a n c e .  Again t h e  d i f f e r e n c e  i n  t h e  composi t ion 

of t h e  two groups  shows up, w i t h  t r a c t o r s  account ing f o r  86% of t h e  

mi leage  of pre-s tandard v e h i c l e s ,  b u t  only  70% of t h e  mileage of post -  

s t a n d a r d  v e h i c l e s .  These d i f f e r e n c e s ,  however, a r e  n o t  q u i t e  

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  95% conf idence l e v e l .  



TABLE 3 

MILEAGE DISTRIBUTION BY VEHICLE TYPE, 
BRAKE TYPE, AND TRIP DISTANCE 

...................................................................... 
I T r i p  D i s t a n c e  I TO t a l  
I 

Vehicle  Type I Local  I I n t e r c i t y  1 I 
and I-----------------+----------------- I I 95X 

Brake Type I I 95% I I 95% I % I Confid. 
I % I Conf i d .  I % / Conf i d .  I I I n t e r v a l  
1 I I n t e r v a l  1 I I n t e r v a l  1 I 

I I I 1 I 
S t r a i g h t  Truck I 

I 
I I I I I 

I I I I I I 

T r a c t o r  

I------+----------+-----$--------------------- 
I I I I I 

T o t a l  
I 

I I I I I I 
I I I I I I 

Pre-121 1 15.8 1 1 84.1 1 I 100 I 
I I I I I I 

P o s t - 1 2 l t c  1 19.0 1 I 81.0 I I 100 I 

+ Pre-121 v e h i c l e s  s e l e c t e d  from manufacturers '  s a l e s  r e c o r d s  f o r  
t h e  p e r i o d  January 1974 through February 1975. 
++ Post-121 v e h i c l e s  s e l e c t e d  from manufacturers '  s a l e s  r e c o r d s  f o r  
t h e  p e r i o d  March 1975 through February 1976. 

These t a b l e s  d e s c r i b e  t h e  exposure  dur ing  1976 and 1977 of t h e  

pre- and pos t - s t andard  power u n i t s  manufactured i n  1974 and 1975. 

However, i n  ana lyz ing  t h e  a c c i d e n t  exper ience  of t h e  t r a c t o r s ,  one would 

a l s o  l i k e  t o  know whether t h e  t r a i l e r s  p u l l e d  had pre-  o r  post -s tandard 

brakes .  When an a c c i d e n t  o c c u r s ,  c o l l e c t i n g  i n f o r m a t i o n  on t h e  b rake  

type  of b o t h  t r a c t o r  and t r a i l e r  does n o t  pose any s e r i o u s  concep tua l  

problems. But s i n c e  any p a r t i c u l a r  t r a c t o r  w i l l  normally p u l l  many 

d i f f e r e n t  t r a i l e r s ,  de te rmin ing  t h e  exposure  f o r  t h e  f o u r  combinations 

of pre- and pos t - s t andard  b rakes  p o s s i b l e  on t r a c t o r - t r a i l e r  u n i t s  i s  



more d i f f i c u l t .  

For t h i s  s t u d y ,  a s e p a r a t e  su rvey  was conducted t o  supply t h i s  

in fo rmat ion .  Approximately 800 of t h e  s t u d y  v e h i c l e s  were randomly 

s e l e c t e d  f o r  t h i s  survey.  For each v e h i c l e ,  f o u r  d a t e s  uniformly spaced 

over  a six-month p e r i o d  were randomly a s s i g n e d  t o  each v e h i c l e  f o r  a 

t o t a l  of approximately  3200 surveys .  On each survey d a t e  t h e  owner was 

q u e r i e d  a s  t o  whether t h e  v e h i c l e  was i n  s e r v i c e ,  whether i t  p u l l e d  a 

t r a i l e r ,  what k ind  of b rakes  t h e  t r a i l e r  had,  and how many m i l e s  were 

t r a v e l e d .  

Approximately 74% of t h e  su rveys  were completed. The r e s u l t s  of 

t h i s  survey a r e  shown i n  Tab le  4. I n  t h i s  t a b l e  t h e  p e r c e n t a g e  of 

t r a c t o r  mi leage accumulated w h i l e  p u l l i n g  no t r a i l e r ,  a  pre-s tandard 

t r a i l e r ,  and a pos t - s t andard  t r a i l e r  a r e  shown s e p a r a t e l y  f o r  pre- and 

post -s tandard t r a c t o r s .  Pre-s tandard t r a c t o r s  were found t o  p u t  on 

about  15% of t h e i r  mi leage w h i l e  p u l l i n g  pos t - s t andard  t r a i l e r s ,  w h i l e  

pos t - s t andard  t r a c t o r s  pu t  on about 21% of t h e i r  mi leage w h i l e  p u l l i n g  

pos t - s t andard  t r a i l e r s .  Again, t h i s  d i f f e r e n c e  i s  n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t .  Our f i n d i n g  t h a t  t r a c t o r s  a r e  coupled t o  t r a i l e r s  wi thou t  

any a t t empt  t o  match t h e  b rak ing  systems i s  c o n s i s t e n t  w i t h  t h e  s t a t e d  

p r a c t i c e  of t h e  i n d u s t r y .  

Th is  survey was conducted dur ing  t h e  l a s t  s i x  months of 1977. 

S ince  t h e  p r o p o r t i o n  of 121 t r a i l e r s  i n  t h e  t o t a l  p o p u l a t i o n  i s  s t e a d i l y  

i n c r e a s i n g  w i t h  t ime,  t h e  p r o p o r t i o n s  of mileage measured shou ld  

r e p r e s e n t  a maximum f o r  t h e  two y e a r  p e r i o d ,  1976 and 1977. 

O r d i n a r i l y ,  going from t h e  d a t a  p resen ted  t o  n a t i o n a l  exposure  

e s t i m a t e s  would be s t r a i g h t f o r w a r d .  However, one a d d i t i o n a l  problem i s  

p r e s e n t e d  i n  making t h i s  e s t i m a t e  f o r  t r u c k s .  Vehic les  f o r  t h e  f l e e t  

moni tor ing program were s e l e c t e d  from t h e  1974 and 1975 p r o d u c t i o n  

y e a r s .  I n  t h e  FARS and BMCS a c c i d e n t  d a t a ,  t r u c k s  a r e  i d e n t i f i e d  by 

model year. I n  most s t a t e s ,  t h e  "model year"  f o r  t r u c k s  i s  ass igned  a s  

t h e  c a l e n d a r  y e a r  i n  which t h e  v e h i c l e  i s  f i r s t  r e g i s t e r e d .  New 

U.S. t r u c k  r e g i s t r a t i o n  d a t a  by weight  c l a s s  i s  pub l i shed  monthly by 

R. L. Polk.  We e s t i m a t e  t h e  number of a i r -braked v e h i c l e s  t o  b e  15% of 



TABLE 4 

MILEAGE DISTRIBUTION BY BEUKE TYPE 
OF TRACTOR AND TRAILER 

FOR INTERCITY TRACTORS ONLY 

...................................................................... 
I Power Uni t  Brake Type 

I Pre-Standard+ 1 Post-Standard* 
T r a i l e r  ]--------------------------+-------------------------- 

BrakeType  I 1 95% I I 95% 
I X I Confid. I % I Confid. 
1 I I n t e r v a l  I I I n t e r v a l  

----------------+----------+--------------+-----------+------------- 
I I I I 

None I 0.7 1 (20.9) 1 1.6 1 (23.2) 
I I I I 

/-----------$--------------$------------+------------- 

I I I I 
T o t a l  I 100.0 I I 100.0 I 

+ Pre-121 v e h i c l e s  s e l e c t e d  from manufacturers '  s a l e s  records  f o r  t h e  
p e r i o d  January 1974 t o  A p r i l  1975. 

Post-121 v e h i c l e s  s e l e c t e d  from manufacturers '  s a l e s  r e c o r d s  f o r  
t h e  pe r iod  March 1975 t o  February 1976. 

3 Class  6 p l u s  85% of Class  7 p l u s  a l l  of C lass  8 . This  a l lows  an 

e s t i m a t e  of t h e  number of pre- and post -s tandard v e h i c l e s  f o r  a l l  y e a r s  

excep t  1975. The e f f e c t i v e  d a t e  f o r  t h e  121 s t a n d a r d  was a p r o d u c t i o n  

d a t e  of March 1, 1975 o r  l a t e r .  I n  o r d e r  t o  complete t h e  e s t i m a t i o n ,  i t  - 
i s  necessa ry  t o  determine t h e  amount of t ime between produc t ion  and 

r e g i s t r a t i o n  f o r  t h e s e  v e h i c l e s .  I n  most y e a r s ,  t h i s  l a g  i s  about t h r e e  

months. However, p roduc t ion  i n v e n t o r i e s  were l a r g e r  than u s u a l  i n  bo th  

1974 and 1975, and a six-month l a g  h a s  been assumed here .  Th i s  

assumption i s  r e i n f o r c e d  by t h e  f l e e t  d a t a .  Looking a t  model y e a r  a s  

r e p o r t e d  by t h e  owner i m p l i e s  a minimum of 35,000 121-equipped v e h i c l e s  

r e g i s t e r e d  a s  1975 model year .  Est imated numbers of r e g i s t e r e d  v e h i c l e s  

3 ~ h e s e  a r e  c a t e g o r i e s  based on t h e  Gross Vehicle  Weight Rating.  
C lass  6 comprises t r u c k s  from 19-26 thousand pounds. C lass  7 i s  26-33 
thousand pounds. C lass  8 i n c l u d e s  a l l  v e h i c l e s  wi th  a GVWR of over  33 
thousand pounds. 



by model y e a r  a r e  shown below. 

.................... - - -  --  - 

1 Number of R e g i s t e r e d  
Model Year I Air-Braked Vehic les  

---------------------------------+--------------------------------------- 
I 

1974 I 185,000 
I 

1975 Pre-Standard I 87,000 
I 

1975 Post-Standard I 41,000 
I 

1976 I 130,000 
I 

1977 I 177,000 ..................................................................... 

Exposure i n f o r m a t i o n  was c o l l e c t e d  f o r  v e h i c l e s  produced i n  1974 

and 1975. Computation of a c c i d e n t  r a t e s  i n  t h i s  r e p o r t  h a s  been 

extended t o  1976 and 1977 model y e a r  v e h i c l e s  s i n c e  t h e  a c c i d e n t  d a t a  

was r e a d i l y  a v a i l a b l e .  I n  o r d e r  t o  c a r r y  o u t  exposure c a l c u l a t i o n s  f o r  

t h e s e  v e h i c l e s ,  one h a s  t o  assume t h e  p r o p o r t i o n  of t r a c t o r s  and 

s t r a i g h t  t r u c k s  f o r  t h e s e  model y e a r s .  We have assumed t h i s  p r o p o r t i o n  

t o  b e  t h e  average  of t h e  pre- and post -s tandard v e h i c l e s  produced i n  

1974 and 1975. The i m p l i c i t  assumption i s  t h a t  whatever t r a n s i e n t  

f a c t o r s  r e s u l t e d  i n  t h e  observed d i f f e r e n c e s  i n  purchase  p a t t e r n s  had 

s t a b i l i z e d  by 1976. 

The 1977 model y e a r  has  been omit ted whenever model y e a r s  a r e  

combined i n t o  two groups:  pre-s tandard and post -s tandard.  S ince  most 

manufacturers  p u t  t h e  "Not ice  74'1 m o d i f i c a t i o n s  i n  a t  t h e  beginning of 

t h e  1977 model y e a r ,  combined r e s u l t s  f o r  t h e  post -s tandard v e h i c l e s  a r e  

l i m i t e d  t o  pre-Notice 7  v e h i c l e s .  One reason  f o r  o m i t t i n g  t h e  1977 

v e h i c l e s  i n  t h e  combined r e s u l t s  i s  t h a t  a  r e c e n t  c o n t r a c t  m o d i f i c a t i o n  

i n c l u d e s  t h e  c o l l e c t i o n  of exposure  d a t a  on t h e  1977 v e h i c l e s .  Th i s  

su rvey  i s  c u r r e n t l y  i n  p rogress .  Flhen i t  i s  completed a t  t h e  end of 

t h i s  y e a r ,  d i r e c t  in fo rmat ion  on t h e  exposure  of t h e s e  v e h i c l e s  w i l l  be 

a v a i l a b l e .  No exposure  d a t a  c o l l e c t i o n  i s  planned f o r  t h e  1976 

' ~ o t i c e  7  was a  major m o d i f i c a t i o n  of t h e  s t andard .  It i n c r e a s e d  
minimum s topp ing  d i s t a n c e s  i n  o r d e r  t o  e l i m i n a t e  t h e  n e c e s s i t y  f o r  high- 
to rque  b r a k e s  and a n t i - l o c k  d e v i c e s  on t h e  f r o n t  a x l e  of t rucks .  



v e h i c l e s .  

One f i n a l  a r e a  of t h e  exposure  computations which r e q u i r e s  s p e c i a l  

t r e a t m e n t  i s  t h e  u s e  of t h e  1976 model y e a r  v e h i c l e s  d u r i n g  c a l e n d a r  

y e a r  1976 and t h e  1977 model y e a r  v e h i c l e s  dur ing  ca lendar  y e a r  1977. 

The f a c t  t h a t  t h e s e  v e h i c l e s  were pu t  i n t o  s e r v i c e  throughout t h e  

c a l e n d a r  y e a r  must b e  t aken  i n t o  account  i n  e s t i m a t i n g  t h e i r  t o t a l  

exposure.  Th is  a s p e c t  was i n c o r p o r a t e d  by us ing monthly r e g i s t r a t i o n  

d a t a  pub l i shed  by R.L. Polk.  Vehic les  r e g i s t e r e d  i n  January were 

assumed t o  have 11.5112 v e h i c l e  y e a r s  of s e r v i c e ,  February,  10.5/12 

y e a r s ,  and s o  on. Summing over  t h e  twelve months produced a  t o t a l  of 

46% of a  y e a r ' s  s e r v i c e  f o r  t h e  1976 model y e a r  v e h i c l e s  i n  ca lendar  

y e a r  1976 and 45% of a  year ' s  s e r v i c e  f o r  t h e  1977 model y e a r  v e h i c l e s  

i n  c a l e n d a r  y e a r  1977. 

39 FATAL ACCIDENTS 

Uniform d a t a  on a l l  f a t a l  a c c i d e n t s  i n  t h e  Uni ted S t a t e s  i s  

c o l l e c t e d  through t h e  NHTSA F a t a l  Accident  Report ing System (FARS). 

N o t i f i c a t i o n  on a l l  f a t a l  a c c i d e n t s  invo lv ing  1974 o r  newer heavy t r u c k s  

dur ing  t h e  y e a r s  1976 and 1977 was provided t o  HSRI. Th is  s u b s e t  t o t a l s  

over  3000 cases .  We t h e n  a t t empted  t o  o b t a i n  a  copy of t h e  p o l i c e  

r e p o r t s  f o r  t h e s e  a c c i d e n t s  from t h e  i n d i v i d u a l  s t a t e s .  Approximately 

94% of t h e  r e p o r t s  were  ob ta ined .  HSRI then  conducted i n t e r v i e w s  t o  

o b t a i n  a d d i t i o n a l  i n f o r m a t i o n  on t h e  t y p e  of b rakes  and usage of t h e  

v e h i c l e  on t h e  a c c i d e n t  t r i p .  These i n t e r v i e w s  were s u c c e s s f u l  about  

80% of t h e  t ime  r e s u l t i n g  i n  an o v e r a l l  r e sponse  r a t e  of about  70%. 

Using t h e  n a t i o n a l  exposure  p r o j e c t i o n s  developed from t h e  d a t a  

c o l l e c t e d  i n  t h e  f l e e t  moni tor ing program, f a t a l  a c c i d e n t  r a t e s  can b e  

computed. The r a t e  of involvement i n  f a t a l  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 s  shown i n  Tab le  5 by model y e a r  of t h e  power 

u n i t  and by a c c i d e n t  y e a r .  I n  g e n e r a l ,  t h e  r a t e s  i n c r e a s e  w i t h  t h e  

model y e a r  of t h e  v e h i c l e .  Ra tes  f o r  t h e  two ca lendar  y e a r s  a r e  q u i t e  

s t a b l e  f o r  t h e  p re - s tandard  v e h i c l e s ,  b u t  show more v a r i a b i l i t y  f o r  t h e  

pos t - s t andard  v e h i c l e s .  

I n  Tab le  6 ,  f a t a l  a c c i d e n t  r a t e s  a r e  p resen ted  by v e h i c l e  t y p e  and 

a n  o v e r a l l  a c c i d e n t  r a t e  i s  shown f o r  pre-  and post -s tandard v e h i c l e s .  



TABLE 5 

FATAL ACCIDENT* RATES 
BY ACCIDENT YEAR AND MODEL YEAR 

Accidents Per  Hundred Mi l l ion  Vehicle Miles 

1 .  Accident Year I---_-----------_------------------------------------- 
Power Unit I 19 76 I 1977 
Model Year I--------------------------+--------------------------- 

8 8 1 10  V.M.** I Acc. I Rate 1 1 0  V.M.** I Acc. I Rate 
-----------+-----------$--------+-+----+--------~---+$--$-$-$-+----- 

I I I I I I 
1974 1 110.2 1 600 1 5.4 1 109.9 1 593 1 5.4 

I I I I I I 
1975 Pre 1 51.8 1 3 2 1  1 6.2 1 51.7 1 340  ( 6.6 

I I I I I I 
1 9 7 5 P o s t 1  18.8 1 79 1 4 . 2  1 18.7 1 1 2 4  1 6 . 6  

I I 1 I I I 
1976 1 31.6 1 230 1 7.3 1 68.3 1 393 1 5.8 

I I I I 1 I 
1977 I I I 1 42.0 1 394 1 9.4 ................................................................. 

* Reported by NHTSA F a t a l  Accident Reporting System (FARS). 
** Hundred mi l l i on  veh ic l e  miles.  

For t h i s  t a b l e  t h e  two acc ident  years  have been combined. The pre- 

s tandard category was obtained by combining the  1974 model year  and t h e  

pre-standard 1975 model year power u n i t s .  The post-standard category 

was obtained by combining the  post-standard 1975 model year  and t h e  1976 

model year  power u n i t s .  Note t h a t  t he  post-standard s t r a i g h t  t rucks  

show a 50% reduct ion i n  the  f a t a l  acc ident  r a t e ,  while t he  post-standard 

t r a c t o r s  show a 20% increase .  Only about 10% of t he  air-braked t rucks  

involved i n  f a t a l  acc idents  a r e  s t r a i g h t  trucks. Overa l l ,  t h e  f a t a l  

accident  r a t e  f o r  t he  121-equipped veh ic l e s  i s  5% higher.  

Table 7 looks a t  t r a c t o r s  used i n  i n t e r c i t y  t r i p s  only. Here 

acc ident  r a t e s  a r e  broken down by brake type f o r  both t r a c t o r  and 

t r a i l e r .  The f a t a l  acc ident  r a t e  f o r  combination veh ic l e s  with 1 2 1  

brakes on both t r a c t o r  and t r a i l e r  i s  70% higher  than the r a t e  f o r  the  

pre-standard combination vehic le .  The two mixes of pre- and post- 

s tandard brakes on combination veh ic l e s  show a somewhat reduced r a t e .  

A s  p a r t  of t he  follow-up interview on these  acc idents ,  information 



TABLE 6 

FATAL ACCIDENT* RATES 
BY VEHICLE TYPE AND BRAKE TYPE 

(1976 and 1977 Acc iden t s  combined) 

....................................................................... 
Vehicle  Type I I I 8 

and 1 10 V.M.** I Accidents  I Ra te  
Brake Type I I 1 

S t r a i g h t  Truck 

Pre-12l+ 

Post-121* 

T r a c t o r  

Pre-121+ 

Post-121* 

T o t a l  

Pre-121+ 

Pos t-121* 
- - 

* Reported by NHTSA F a t a l  Accident  Report ing System (FARS). 
** Hundred m i l l i o n  v e h i c l e  mi les .  
+ 1974 and pre-121 1975 v e h i c l e s .  

Post-121 1975 and 1976 v e h i c l e s  ( a l l  pre-Notice-7). 

on t h e  type  of a c c i d e n t  was a l s o  obta ined.  I n  p a r t i c u l a r ,  we asked i f  

j a c k k n i f i n g  of t h e  v e h i c l e  occurred p r i o r  t o  t h e  impact. These r e s u l t s  

a r e  shown a s  a pe rcen tage  of a l l  f a t a l  t r u c k  a c c i d e n t s  by b r a k e  type f o r  

b o t h  t r a c t o r  and t r a i l e r  i n  Tab le  8. The rows i n  t h i s  t a b l e  correspond 

t o  t h e  f o u r  combinations of pre- and post -s tandard b r a k e s  on a t r a c t o r -  

t r a i l e r  u n i t .  The f requency of pre-impact j a c k k n i f i n g  a s  a pe rcen tage  

of a l l  a c c i d e n t s  i s  40% lower f o r  t h e  combination v e h i c l e s  complete ly  

equipped w i t h  121 b r a k e s  a s  compared t o  t h e  pre-s tandard combination 

u n i t s .  Of e q u a l  importance i s  t h e  o v e r a l l  o b s e r v a t i o n  t h a t  pre-impact 

j a c k k n i f i n g  occurs  i n  on ly  about  5% of a l l  f a t a l  t r u c k  a c c i d e n t s .  It  

shou ld  a l s o  be  po in ted  o u t  t h a t  t h e  f requency of j a c k k n i f e  a c c i d e n t s  pe r  



TABLE 7 

FATAL ACCIDENT* RATES 
BY TRACTOR AND TRAILER BRAKE TYPE 

INTERCITY TRACTORS ONLY 
(1976 and 1977 Acc iden t s  Combined) 

Brake Type 8 1 10 V.M.** 1 Acc iden t s  I Ra te  
---------------------------------$----------------+-------------+------- 

I I I 
1974 and Pre-121 1975 T r a c t o r  I -- I I 

I I I 
B o b t a i l  

Pre-121 T r a i l e r  

Post-121 T r a i l e r  

T o t a l  

Post-121 1975 and 1976 T r a c t o r  I 
I 

B o b t a i l  I 1.5 I 2 7 1 18.0 
1 I I 

Pre-121 T r a i l e r  I 72.5 I 389 1 5.4 
I I I 

Post-121 T r a i l e r  I 20.2 I 218 1 10.8 
I--------------+------------+------- 
I I I 

T o t a l  I 94.2 I 634 1 6.7 ................................................................... 
* Reported by NHTSA F a t a l  Accident  Report ing System (FARS). 
** Hundred m i l l i o n  v e h i c l e  mi les .  

v e h i c l e  m i l e  i s  not reduced. The r e d u c t i o n  i n  j a c k k n i f i n g  a s  a 

p e r c e n t a g e  of a l l  t r u c k  a c c i d e n t s  f o r  t h e  combination v e h i c l e s  

complete ly  equipped w i t h  121 b r a k e  systems i s  n o t  l a r g e  enough t o  o f f s e t  

t h e  observed i n c r e a s e  i n  t h e  o v e r a l l  a c c i d e n t  r a t e  ( a c c i d e n t s  p e r  

v e h i c l e  m i l e ) .  Tab le  9 shows t h e  d i s t r i b u t i o n  of a l l  c o l l i s i o n  t y p e s  by 

b r a k e  type  of t r a c t o r  and t r a i l e r .  D i f f e r e n c e s  a r e  q u i t e  small he re .  

I n  o r d e r  t o  g a i n  more i n s i g h t  i n t o  t h e  r o l e  of b rak ing  i n  t h e s e  

a c c i d e n t s ,  a case-by-case review of approximately  250 c a s e s  was 

conducted. Cases s e l e c t e d  were d i v i d e d  e q u a l l y  between pre-s tandard 



TABLE 8 

FREQUENCY OF PRE-IMPACT JACKKNIFE 
BY TRACTOR AND TRAILER TYPE 

1976 and 1977 FARS-Reported F a t a l  Accidents* 

..................................................................... 
T r a c t o r  and T r a i l e r  I Pre-Impact 1 

Brake Type I J a c k k n i f e  I % 

I 
Pre-Pre I 

I 
 re-post I 

I 
post- re I 

I 
Post-Pos t I 

T o t a l  Accidentsz1433 

* Telephone i n t e r v i e w  supplement. 

combination v e h i c l e s  and combination v e h i c l e s  w i t h  121 b r a k e s  on b o t h  

t r a c t o r  and t r a i l e r .  Out of t h i s  review came t h e  g e n e r a l  f i n d i n g  t h a t  

t h e r e  was ev idence  of b r a k i n g  i n  on ly  a  smal l  p r o p o r t i o n  of t h e s e  

a c c i d e n t s  (on t h e  o r d e r  of 20%). I n  most c a s e s  which were judged t o  

i n v o l v e  b rak ing ,  avo id ing  t h e  a c c i d e n t  by b rake  system improvement 

seemed t o  b e  imposs ib le .  Cases where a  b rake  d e f e c t  was i n d i c a t e d  were 

a l s o  examined. The 121 b r a k e s  d i d  n o t  appear  t o  be a  c a u s a l  f a c t o r  i n  

any g r e a t e r  p r o p o r t i o n  of a c c i d e n t s  t h a n  t h e  pre-s tandard brakes .  (This  

p r o p o r t i o n  was on t h e  o r d e r  of 12.) 

It should be p o i n t e d  o u t  t h a t  t h e  emphasis i n  t h e  o v e r a l l  s t u d y  was 

on n a t i o n a l  s t a t i s t i c s ,  r a t h e r  t h a n  a  d e t e r m i n a t i o n  of a c c i d e n t  cause  on 

a  case-by-case b a s i s .  No a c c i d e n t  i n v e s t i g a t i o n s  were conducted.  The 

case-by-case review was based on p o l i c e  r e p o r t s  which p rov ide '  l i t t l e  

i n f o r m a t i o n  f o r  assessment of a c c i d e n t  causes  o r  t h e  r o l e  of braking.  

4 .  INJURY ACCIDENTS 

Computerized d a t a  f i l e s  c o n t a i n i n g  a c c i d e n t s  r e p o r t e d  t o  t h e  Bureau 

of Motor C a r r i e r  S a f e t y  (BMCS) f o r  c a l e n d a r  y e a r s  1976 and 1977 were 



TABLE 9 

DISTRIBUTION OF COLLISION TYPES 
FOR INTERCITY TRACTORS 

BY TRACTOR AND TRAILER BRAKE TYPE 

1976 and 1977 F a t a l  Accidents* 

-- - - - - - - -- -- - - -- - ......................................................... 
I T r a c t o r  Brake-Trai ler  Brake 
I---_-------___--------------------------------- 

C o l l i s i o n  ] Pre-Pre I Pre-Post  ] Post-Pre I Post-Post  

-----------+-----+----+---------+-----+----+----+----+---- 
I I I I I I I I 

S i n g l e  Veh. 1 87 1 10.3)  13 1 13.51 56 1 15.11 36 1 13.6 
I I I I I I I I 

Headon 1 217 1 25.71 21 1 21.91 102 1 27.41 69 ] 26.1 
I I I I I I I I 

Rear I I I I I I I I 
I I I I I I I I 

S t r i k i n g  1 62 1 7.31 3 1 3.11 41  111.01  27 1 1 0 . 2  
I I I I I I I I 

St ruck  1 84 1 10.01 11 1 11.51 30 1 8.11 21  1 8.0 
I 1 I I I I I I 

Angle I I I I I I I I 
I I I I I I I I 

S t r i k i n g  1 1 5 7  118.61  21 121 .91  48 1 1 2 . 9 /  40 1 1 5 . 2  
I I I I I I I I 

St ruck  1 86 I 10.21 12 1 12.51 44  1 11.81 26 1 9.8 
I I I I I I I I 

Sideswipe 1 32 1 3.8) 7 1 7.31 12 1 3.21 11 1 4.2 
I I I I I I I I 

0  t h e r  1 57  1 6.81 5 1 5.21 25 1 6.71 18 1 6.8 
I I I I I I I I 

Unknown 1 62 1 7.31 3 1 3.11 14  1 3.81 16 1 6.1 

I I I I I I I I 
T o t a l  1 8 4 4  1100.01 96 1100.01 372 1100.01 264 1100.0 

* Telephone i n t e r v i e w  supplement. 

a l s o  ob ta ined .  A l l  c a r r i e r s  involved i n  t h e  i n t e r s t a t e  t r a n s p o r t a t i o n  

of goods a r e  r e q u i r e d  t o  f i l e  a  r e p o r t  w i t h  BMCS on any a c c i d e n t  

r e s u l t i n g  i n  an  i n j u r y  o r  $2000 of p roper ty  damage. Our a n a l y s i s  i s  

l i m i t e d  t o  i n j u r y  a c c i d e n t s  r e p o r t e d  by Authorized C a r r i e r s .  The 

Authorized C a r r i e r s  a r e  b e l i e v e d  t o  r e p o r t  a c c i d e n t s  more c o n s i s t e n t l y .  

These c a r r i e r s  o p e r a t e  predominate ly  combination v e h i c l e s  on i n t e r c i t y  



r o u t e s .  

A mai l  survey of t h e  c a r r i e r s  t o  c o l l e c t  supplemental  in fo rmat ion  

was at tempted f o r  t h e  1976 a c c i d e n t s .  Response r a t e  on t h i s  was on ly  

39%, however. A p a r t i a l  e x p l a n a t i o n  f o r  t h i s  may l i e  i n  t h e  f a c t  t h a t  

t h e  American Trucking A s s o c i a t i o n  was q u e s t i o n i n g  t h e  s t u d y  d e s i g n  a t  

t h a t  time. Some c a r r i e r s  may have been discouraged from p a r t i c i p a t i n g .  

Our a n a l y s i s  of t h e s e  d a t a  was made w i t h  computer f i l e s  rece ived  

from BMCS. The primary shortcoming a r i s i n g  from t h e  f a i l u r e  of t h e  m a i l  

supplement i s  an  i n a b i l i t y  t o  s e p a r a t e  t h e  1975 model y e a r  power u n i t s  

i n t o  t h e  pre-  and pos t - s t andard  c a t e g o r i e s  a s  was done w i t h  t h e  f a t a l  

a c c i d e n t  da ta .  The 1975 t r a i l e r s  have been assumed t o  b e  121-equipped. 

Th is  assumption may r e s u l t  i n  a n  o v e r e s t i m a t i o n  of t h e  number of 121 

t r a i l e r s  by up t o  20X, s i n c e  no l a g  between produc t ion  and s a l e s  was 

assumed. 

TABLE 10 

ACCIDENT RATES DERIVED FROM 1976 & 1977 
BMCS-REPORTED ACCIDENTS BY TRACTOR MODEL YEAR 

FOR INTERCITY TRACTORS 
AND AUTHORIZED CARRIERS ONLY 

................................................................ 
' 8  I I n j u r y  I F a t a l  

Power Uni t  1 10 V.M.* I-----------------+---------------- 
Model Year I I Acc. I Rate  / Acc. I Rate  

I-------------+------- +------+--------+---------- 
I I I I I 

T o t a l  1 218.3 1 9460 1 43.3 1 1146 1 5.3 

* Hundred m i l l i o n  v e h i c l e  mi les .  

I n j u r y  and f a t a l  a c c i d e n t  r a t e s  computed from counts  of a c c i d e n t s  



r e p o r t e d  t o  BMCS by Author ized C a r r i e r s  and invo lv ing  i n t e r c i t y  t r a c t o r s  

a r e  shown i n  Tab le  10. Data f o r  ca lendar  y e a r s  1976 and 1977 have been 

combined. F a t a l  a c c i d e n t  r a t e s  were computed f o r  t h e  same s u b s e t  us ing  

t h e  FARS d a t a  and were found t o  a g r e e  ve ry  w e l l  w i t h  t h e  r e s u l t s  

ob ta ined  us ing  t h e  BMCS d a t a .  I n  t h a t  sense ,  t h e  two a c c i d e n t ' d a t a  

s o u r c e s  seem c o n s i s t e n t .  The i n j u r y  a c c i d e n t  r a t e s  can be seen  t o  be  

i n c r e a s i n g  w i t h  t h e  model y e a r  of t h e  power u n i t ,  a s  i n  t h e  f a t a l  

a c c i d e n t  d a t a .  For example, t h e  i n j u r y  a c c i d e n t  r a t e  f o r  t h e  1976 power 

u n i t s  i s  20% h i g h e r  than  t h e  r a t e  f o r  t h e  1974 power u n i t s .  

TABLE 11 

ACCIDENT RATES DERIVED FROM 1976 & 1977 
BMCS-REPORTED ACCIDENTS 

BY TRACTOR AND TRAILER BRAKE TYPE 

For I n t e r c i t y  T r a c t o r s  and Authorized C a r r i e r s  Only 

..................................................................... 
T r a c t o r  Model I 8  I I n j u r y  1 F a t a l  

Year and 1 10 v.M.* I-----------------$----------------- 
T r a i l e r  Type I I Acc. [ Rate  I Acc. I Rate  

------------------$-------------------------+-------- 

I I I I I 
1974 T r a c t o r  - I I I I I 

I I I I I 
B o b t a i l  1 0.80 1 134 1 168 1 12 1 15.0 

I 
Pos t  T r a i l .  I 

I I I I 
16.9 1 613 1 36 1 95 1 5.6 

I-------------+-------$---------+-------+------- 
I I I I I 

T o t a l  I 115.0 1 4 1 4 3  1 36 1 4 5 5  1 4.0 
I------------+--------+-----+-------+-------- 
I I I I I 

1976 T r a c t o r  - I I I I I 
I I I I I 

B o b t a i l  I 
I 

P r e  T r a i l .  I 
I 

P o s t  T r a i l .  I 
I-------------+--------+-------+-------+------- 
I I I I I 

T o t a l  I 40.1 1 1760 1 44 1 245 1 6.1 .................................................................... 
* Hundred m i l l i o n  v e h i c l e  mi les .  



Table  11 shows i n j u r y  and f a t a l  a c c i d e n t  r a t e s  f o r  t h e s e  v e h i c l e s  

broken down by b r a k e  t y p e  of b o t h  t r a c t o r  and t r a i l e r .  Here t h e  i n j u r y  

a c c i d e n t  r a t e  f o r  t h e  complete ly  121-equipped combination v e h i c l e  i s  

n e a r l y  double t h a t  of t h e  pre-s tandard combination v e h i c l e .  

The i n c i d e n c e  of j a c k k n i f i n g  was a l s o  examined i n  ~ ~ ~ ' B M C S  d a t a .  

Th i s  r e s u l t  i s  shown i n  Tab le  12. P r o p e r t y  damage a c c i d e n t s  were a l s o  

inc luded  f o r  t h i s  t a b l e .  Here t h e  121 combination shows only  a 20% 

r e d u c t i o n  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  which j a c k k n i f i n g  was t h e  

pr imary event .  

TABLE 12 

DISTRIBUTION OF "NON-COLLISION" TYPE 
BY TRACTOR AND TRAILER BRAKE TYPE 

FOR INTERCITY TRACTORS AND AUTHORIZED CARRIERS ONLY 

1976 & 1977 BMCS-Reported Accidents  

.......................................................... 
I T r a c t o r  Brake - T r a i l e r  Brake 

Non- I------__----------------------------------- 
C o l l i s i o n  I Pre-Pre I Pre-Post  I Post-Pre I ~ o s t - p o s t  

I I I I I I I I 
Ran Off Road 1 6011 11.51 1101 10.2)  3441 11.31 2111 12.4 

I I I I I I 
J a c k k n i f e  

I I 
1 2621 5-01 871 8.01 1531 5-01 721 4.2 
I I I I I I I I 

Over turn  1 4 3 0 1  8-21 991 9.21 296)  9.71 1911 11.3 
I I I I I I I I 

U n i t s  Separate1 131 0.21 21 0.21 111 0.41 51 0.3 
I I I I I I 

F i r e  
I 1  

1 351 0.71 21 0.21 241 0.81 111 0.6 
I I I I I I I I 

L o s s O f  Cargo 1 241 0.51 21 0.21 111 0.41 101 0.6 
I I I I I I I I 

C a r g o s h i f t  1 .  231 0.41 61 0.61 71 0.21 41 0.2 
I I I I I I I I 

Other  I 391 0-71 71 0.61 201 0.71 61 0.4 
I I I I I I I I 

Not Applicable137921 72.61 7661 70.9121711 71.5111841 69.8 
I----+-----+-----+-----+-----+-----+-----+---- 
I I I I I I I I 

Tot a 1  ~5219~100.0~1081~100.0~3037~100.0~1694~100.0 



5 .  DISCUSSION 

This  s e c t i o n  p r e s e n t s  a d i s c u s s i o n  of t h e  f i n d i n g s ,  i n c l u d i n g  

conf idence i n t e r v a l s  and conc lus ions .  

5.1 Confidence I n t e r v a l s .  Var iance i n  t h e  r e s u l t s  a r i s e s  from - 
t h r e e  sources .  The f i r s t  of t h e s e  i s  simply t h e  random v a r i a t i o n s  i n  

t h e  observed r e s u l t s .  These a r e  q u a n t i f i e d  i n  t h e  v a r i a n c e  computation 

and a r e  i l l u s t r a t e d  by t h e  conf idence i n t e r v a l s  a s s o c i a t e d  w i t h  Tab les  

1-4. I n  g e n e r a l ,  t h e  s i z e  of t h e s e  e r r o r s  i s  reasonable .  

I n  a survey such a s  t h i s ,  one must a l s o  t a k e  i n t o  c o n s i d e r a t i o n  t h e  

p o s s i b l e  e f f e c t  of non-response. I n  each of t h e  v a r i o u s  su rveys ,  30-40% 

of t h e  i n t e r v i e w s  could  n o t  b e  completed. A c o n t a c t  could n o t  b e  

e s t a b l i s h e d ,  o r  coopera t ion  was n o t  ob ta ined .  The q u e s t i o n  one must a sk  

i s  whether t h e  r e s u l t s  f o r  t h e  non-respondent group would be  any 

d i f f e r e n t  than  t h e  r e s u l t s  ob ta ined  from t h e  respondents.  Often,  t h e r e  

i s  reason  t o  assume t h a t  t h e  non-respondents a r e  d i f f e r e n t ,  a s  a group, 

from t h e  respondents .  I f  assumptions can be made on t h e  magnitude of 

t h i s  d i f f e r e n c e ,  t h i s  in fo rmat ion  may be  incorpora ted  i n t o  t h e  v a r i a n c e  

e s t i m a t e .  

A f i n a l  source  of e r r o r  r e s u l t s  when one wishes  t o  e x t r a p o l a t e  

beyond t h e  sampling frame. Th is  i s  necessa ry  when t h e  sampling frame 

does n o t  e n t i r e l y  cover  t h e  p o p u l a t i o n  one wishes t o  d e s c r i b e .  I f  t h e r e  

i s  u n c e r t a i n t y  regard ing  t h e  a c t u a l  s i z e  of t h e  t a r g e t  popu la t ion ,  then  

t h i s  should  a l s o  be  t aken  i n t o  account.  

These a r e  p r e l i m i n a r y  r e s u l t s .  T h e i r  primary shortcoming i s  t h a t  

v a r i a n c e  e s t i m a t e s ,  and t h e r e f o r e  conf idence i n t e r v a l s ,  have n o t  y e t  

been computed f o r  t h e  a c c i d e n t  r a t e s .  Th i s  work i s  s t i l l  i n  p rogress .  

However, a c a r e f u l  review h a s  been made of t h e  sources  of v a r i a b i l i t y ,  

t h e i r  expected magnitude, and t h e  s e n s i t i v i t y  of t h e  f i n d i n g s .  Based on 

t h i s  review, some conc lus ions  appear  sound. 

5.2 Conclusions. The i n c r e a s e  i n  t h e  o v e r a l l  a c c i d e n t  r a t e s ,  when - 
viewed by model y e a r  of t h e  power u n i t ,  i s  on ly  5-20%, w e l l  w i t h i n  t h e  

expected var iance .  On t h e  o t h e r  hand, t h e r e  is v i r t u a l l y  no evidence 

t h a t  a c c i d e n t  r a t e s  have been reduced f o r  t h e  121-equipped v e h i c l e s .  

The weight of t h e  evidence a t  t h i s  t ime c l e a r l y  s u g g e s t s  t h a t  121 b rakes  



do n o t  reduce a c c i d e n t s .  

Although a r e d u c t i o n  i n  t h e  f a t a l  a c c i d e n t  r a t e  i s  shown f o r  

s t r a i g h t  t r u c k s ,  t h e s e  a c c i d e n t s  a r e  on ly  a  small p r o p o r t i o n  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  a i r -braked t r u c k s .  And whi le  j a c k k n i f i n g  i s  

reduced a s  a  p e r c e n t a g e  of a l l  t r u c k  a c c i d e n t s ,  t h e  frequenky on a  p e r  

m i l e  b a s i s  is n o t  reduced. 

Of p a r t i c u l a r  i n t e r e s t  i s  t h e  70-902 i n c r e a s e  obsenred f o r  t h e  

combination u n i t s  w i t h  121 b r a k e s  on bo th  t r a c t o r  and t r a i l e r .  The 

c u r r e n t  i n f o r m a t i o n  i s  n o t  c o n c l u s i v e  i n  t h i s  regard.  I t  may o r  may n o t  

prove t o  be  s t a t i s t i c a l l y  s i g n i f i c a n t ,  At a  minimum, however, t h e  

g r e a t l y  i n c r e a s e d  a c c i d e n t  r a t e s  f o r  t h e  complete ly  121-equipped 

combination v e h i c l e s  must r a i s e  doubts  a s  t o  t h e  s a f e t y  of t h e s e  

v e h i c l e s  i n  a c t u a l  use .  

Th i s  d e t e r m i n a t i o n  i s  on ly  p a r t  of t h e  q u e s t i o n ,  however. As  a  

p a r a l l e l  f i n d i n g ,  we ho ld  t h a t  t h e  p r o p o r t i o n  of a l l  a c c i d e n t s  whose 

outcome can be  a l t e r e d  by a n  improved b rak ing  system i s  smal l .  It would 

a l s o  seem t h a t  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 f l u e n c e d  by an  i n f e r i o r  

b rak ing  system should be  smal l .  I n  f a c t ,  t h i s  s tudy  i s  a b l e  t o  o f f e r  no 

ev idence  t h a t  would e s t a b l i s h  t h e  a c t u a l  c a u s a l  mechanism r e s p o n s i b l e  

f o r  t h e  observed i n c r e a s e  i n  t h e  a c c i d e n t  r a t e .  U n f o r t u n a t e l y ,  t h i s  i s  

one of t h e  shor tcomings  of a  s t u d y  designed t o  produce n a t i o n a l  

s t a t i s t i c s .  

I n  l i g h t  of t h e  r e l a t i v e  unimportance of improved b rak ing  i n  

p r e v e n t i n g  a c c i d e n t s ,  i t  would seem u n r e a l i s t i c  t o  expec t  even p r o p e r l y  

f u n c t i o n i n g  121 systems t o  a l t e r  a p p r e c i a b l y  t h e  o v e r a l l  a c c i d e n t  r a t e s .  

We would expec t  j a c k k n i f e  a c c i d e n t s ,  f o r  example, t o  b e  s t r o n g l y  

a f f e c t e d  by t h e  improved b rak ing  system, and r e d u c t i o n s  a r e  i n d i c a t e d .  

These a c c i d e n t s ,  however, a r e  on ly  about  5% of a l l  t r u c k  a c c i d e n t s ,  and 

t h e  e f f e c t  i s  n o t  n o t i c e a b l e  i n  a n  o v e r a l l  s t a t i s t i c .  

Another f a c t o r  which cannot  b e  ignored i n  e v a l u a t i n g  t h e  new b r a k e  

sys tem i s  t h e  m a i n t e n a n c e / r e l i a b i l i t y  problem. While some of t h e  

o p e r a t o r s  surveyed i n  t h i s  s t u d y  devoted a  s u b s t a n t i a l l y  i n c r e a s e d  

amount of t ime and e f f o r t  t o  t h e  maintenance of t h e  121 b rak ing  system, 

many had n e i t h e r  t h e  t r a i n i n g  n o r  t h e  equipment necessa ry .  A s  r e p o r t e d  



i n  our  I n t e r i m  Report  i n  1 9 7 7 ,  t h e  frequency of maintenance inc reased  by 

35% f o r  t h e  121 b rake  system a s  compared w i t h  t h e  pre-s tandard system. 

The i n c r e a s e  was r e f l e c t e d  f o r  a l l  major components of t h e  system, n o t  

j u s t  t h e  an t i - lock .  

I n  summary, t h e r e  i s  v i r t u a l l y  no evidence of any s a f e t y  b e n e f i t  

a s s o c i a t e d  w i t h  FMVSS 121. I n  f a c t ,  t h e  r e s u l t s  i n d i c a t e  t h a t  t h e  

f requency of i n j u r y  and f a t a l  a c c i d e n t s  may a c t u a l l y  b e  h i g h e r  f o r  t h e  

v e h i c l e s  equipped w i t h  W S S  121 brake  systems. 






