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I. INTRODUCTION 

Since January, 1974, the Highway Safety Research 

Institute has been engaged in a study of the "Effect of 

Commercial Vehicle Systematic Preventive Maintenance on 

Specific Causes of Accidents." This final report presents 

the relevant findings, describes the methodology used, and 

summarizes the content of the available literature specific 

to the problem of preventive maintenance programs and their 

effect on accidents involving large commercial vehicles. 

Specific recommendations are made to the Bureau of Motor 

Carrier Safety as a focal point for the Bureau to use in 

beginning the process of revising Section 396 (Inspection and 

Maintenance) of the Federal Motor Carrier Safety Rules a ~ d  

Regulations [FMCSR] . 
The study had three objectives: 

1. Determine the extent to which accident 

causati0n.i~ influenced by preventive 

maintenance. 

2.   valuate, in the light of that information, 
the effectiveness of the inspection and 

maintenance requirements of the [F] ~ICSR. 

3. Develop recommendations, as appropriate, 

to improve the effectiveness of [FIMCSR. 

To meet these objectives, four tasks were specified 

in the contract: 

Task A -- Literature Review - -  
1. Review extant data and studies and assess the effective- 

ness of State Periodic Motor Vehicle Inspection (PMYI) 
systems as they relate to the safety of commercial 
vehicle operations. 



2. Review relavant data to determine whether significant 
data relating accidents to compliance with the inspection 
and maintenance requirements of the MCSR can be discerned. 

Task B -- Research Plan --  - 
Establish the methodology to evaluate the effectiveness of 
preventive maintenance on reducing commercial vehicle accidents. 

Task C --, Accident Review 

1, Through an evaluation of accident data available from the 
Bureau and other sources, evaluate the total effect of 
periodic preventive maintenance on accident causation. 
The evaluation shall include, but not be limited to, 
statistically significant inferences drawn from large 
numbers of accidents and inferences drawn from in-depth 
acc.ident investigations from various sources. 

2. Conduct interviews with the following types of individuals: 

a. "Experts" in the field of commercial vehicle operation 
and fleet safety. 

b. Maintenance personnel. 

c. Administrators of State PMVI programs. 

d. Prominent persons holding the opinion that PMVI is of 
only limited effectiveness. 

3. Compare detailed summaries of "expert" opinion obtained 
in Item C-2 (above) with data found from both the litera- 
ture search and the accident study phases. 

Task D -- Evaluation of MCSR Requirements --  -- 
1. In the light of the information gained in Tasks A, B, and C, 

evaluate the effectiveness of present requirements. 

2. Recommend improvements in inspection and maintenance 
regulations designed to improve safety and promote comrner- 
cia1 vehicle safety performance. These recommendations 
shall take into consideration the nature of the industry 
regulated, costs and benefits, and the practicality of 
implementing such recommendations. These recommendations, 
as such, shall not be in the form of specifically worded 
regulations but shall be stated in general terms. 



This  c o n s t i t u t e s  t h e  f i n a l  r e p o r t  on t h e  p r o j e c t .  

The l i t e r a t u r e  review (Task A)  was begun e a r l y  i n  t h e  program, 

and i s  inc luded  i n  t h i s  r e p o r t  a s  Appendix A. The t e c h n i c a l  

l i t e r a t u r e  concerning t h e  e f f e c t i v e n e s s  of v a r i o u s  motor 

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

which t r e a t s  p r i m a r i l y  method f o r  improving i n s p e c t i o n  and 

maintenance,  a r e  reviewed and d i s c u s s e d .  In  a d d i t i o n ,  a  

b r i e f  s e c t i o n  reviews t h e  j u r i s d i c t i o n  of t h e  Bureau of  

Motor C a r r i e r  S a f e t y  i n  s e t t i n g  t h e  s t a g e  f o r  d i s c u s s i o n s  

and comments about  p o s s i b l e  changes i n  rulemaking.  

The r e s e a r c h  p lan  (Task B )  was t h e  s u b j e c t  of an 

i n t e r i m  r e p o r t ,  b u t  p e r t i n e n t  p o r t i o n s  of t h a t  r e p o r t  have 

been updated and a r e  g iven  i n  Chapter  111. T h i s  o u t l i n e s  

t h e  methodology of t h e  s tudy .  * 

The a c c i d e n t  review (Task C) inc luded  t h e  a c q u i s i t i o n  

of a  number of se ts  of  a c c i d e n t  d a t a ,  a s  w e l l  a s  numerous 

meet ings  ~ i t h  i n d u s t r y  and government pe r sonne l  r e g a r d i n g  

maintenance p r a c t i c e  and a c c i d e n t  involvement .  The d a t a  

a c q u i s i t i o n  procedures ,  and t h e  bulk  of t h e  a n a l y s e s  of t h e  

d a t a ,  a r e  provided i n  Chapter  V. 

The e v a l u a t i o n  of t h e  [FIMCSR requ i rements  (Task D )  

i s  r e p o r t e d  i n  connect ion  w i t h  t h e  summary and c o n c l u s i o n s  

s e c t i o n  of t h e  r e p o r t  i n  Chapter  11. T h i s  c h a p t e r  beg ins  

w i t h  a  b r i e f  summary, fo l lowed by a  set  of c o n c l u s i o n s ,  

recommendations, and a  d i s c u s s i o n  of t h e s e .  

The s e n s e  of t h e  r e p o r t  may be  ga ined  by a  r ead ing  

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

should  u l t i m a t e l y  r e a d  bo th  t h e  l i t e r a t u r e  review (Appendix A )  

and t h e  d a t a  and a n a l y s i s  s e c t i o n  (Chapter  V ) .  



11. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

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

Th i s  program was i n i t i a t e d  by t h e  Bureau of Motor 

C a r r i e r  S a f e t y  t o  de te rmine  t h e  e f f e c t  of  p roper  commercial 

v e h i c l e  i n s p e c t i o n  and maintenance procedures  on s a f e t y ,  and 

t o  document t h e  need f o r  improved o r  modif ied  i n s p e c t i o n  and 

maintenance requ i rements  i n  t h e  Motor C a r r i e r  S a f e t y  Regula- 

t i o n s .  I n  response  t o  FHWA Request f o r  P roposa l  # 2 5 3  The 

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

undertook t o  review t h e  l i t e r a t u r e  i n  t h i s  f i e l d ,  a c q u i r e  

and ana lyze  a c c i d e n t  and o t h e r  d a t a ,  compare t h i s  d e r i v e d  

in fo rmat ion  w i t h  t h e  c u r r e n t  r e g u l a t i o n s ,  and t o  r e p o r t  

f i n d i n g s  and rec'omrnendations t o  t h e  sponsor .  

B. Summary 

Sources  of  d a t a  f o r  t h i s  s t u d y  i n c l u d e d  t h e  c u r r e n t  

t e c h n i c a l  l i t e r a t u r e ,  e x i s t i n g  a c c i d e n t  and p o p u l a t i o n  

r e c o r d s ,  su rveys  of r e g u l a t o r y  pe r sonne l  and a g e n c i e s ,  s u r -  

veys  of t r u c k i n g  i n d u s t r y  personnel  concerned w i t h  i n s p e c t i o n  

and maintenance,  and c o l l e c t i o n  of supplementa l  a c c i d e n t  

in fo rmat ion .  E x i s t i n g  r e c e n t  a c c i d e n t  d a t a ,  bo th  p o l i c e -  

r e p o r t e d  and c a r r i e r - r e p o r t e d ,  were examined. Supplementary 

d a t a  were compiled by i n t e r v i e w s  of d r i v e r s  involved i n  

v e h i c l e  d e f e c t - r e l a t e d  a c c i d e n t s ,  a s  well a s  by a  comparison 

of t h i s  a c c i d e n t  d a t a  w i t h  d a t a  on a c c i d e n t s  w i t h o u t  no ted  

d e f e c t s .  I n t e r v i e w  g u i d e l i n e s  were developed and a p p l i e d  t o  

a  s p e c i f i c a l l y  d e f i n e d  sample of motor c a r r i e r s  i n  t h r e e  

s t a t e s  r e p r e s e n t i n g  a  v a r i e t y  of g e o g r a p h i c a l  and o p e r a t i n g  

c h a r a c t e r i s t i c s  t o  de termine  d i f f e r e n c e s  i n  i n s p e c t i o n  and 

maintenance p r a c t i c e s  throughout  t h e  i n d u s t r y .  BMCS f i e l d  



personne l ,  t r u c k i n g  i n d u s t r y  e x e c u t i v e s ,  and s t a t e  p e r i o d i c  . . 

motor v e h i c l e  i n s p e c t i o n  a d m i n i s t r a t o r s  were in te rv iewed  t o  

de termine  t h e i r  views of t h e  r e l a t i o n s h i p  between i n s p e c t i o n  

and maintenance and a c c i d e n t s ,  and t o  use  them a s  a  sounding 

board f o r  i d e a s  g e n e r a t e d  dur ing  t h i s  s tudy .  

The i n t e r v i e w  and supplementary a c c i d e n t  d a t a  were 

t ransformed i n t o  d i g i t a l  form f o r  computer a n a l y s i s ,  and 

s t a t i s t i c a l  a n a l y s e s  of t h e s e  were conducted.  The a n a l y s e s  

conclude t h a t  t h e r e  i s  an i d e n t i f i a b l e  r e l a t i o n s h i p  between 

good i n s p e c t i o n  and maintenance p r a c t i c e s  and a  r e d u c t i o n  i n  

d e f e c t - r e l a t e d  a c c i d e n t s ,  w i t h  t h e  more e f f e c t i v e  mainten-  

ance p r a c t i c e s  u s u a l l y  a s s o c i a t e d  w i t h  t h e  l a r g e r  f i r m s  who 

view t h e i r  a c t i o n s  i n  t h i s  r e g a r d  a s  l a r g e l y  of economic 

b e n e f i t .  The poore r  maintenance p r a c t i c e s  a r e  more l i k e l y  

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

who do n o t  o r  a r e  n o t  w i l l i n g  t o  commit t h e  r e s o u r c e s  

( f i n a n c i a l  o r  o t h e r w i s e )  t o  perform aaequa te  maintenance 

and i n s p e c t i o n ,  Only 1 6 %  of t h e  smal l  f l e e t s  surveyed - 

r e q u i r e d  a  w r i t t e n  p r e - t r i p  i n s p e c t i o n  whereas 59% of t h e  

l a r g e  f l e e t s  r e q u i r e d  such a  d e t a i l e d  i n s p e c t i o n  procedure .  

Of t h e  v e h i c l e s  involved i n  a c c i d e n t s ,  37% of t h e  d r i v e r s  

of  such v e h i c l e s  from smal l  f l e e t s  r e p o r t e d  u s i n g  a  w r i t t e n  

p r e - t r i p  i n s p e c t i o n ,  whereas 51% of  t h e  d r i v e r s  a s s o c i a t e d  

w i t h  l a r g e  f l e e t s  used t h e  w r i t t e n  p r e - t r i p  i n s p e c t i o n ,  

The p r i n c i p a l  d e f e c t s  i d e n t i f i e d  a s  acc iden t -caus ing  

i n  t h i s  s t u d y  a r e  t h o s e  l i k e l y  t o  be v i s u a l l y  d e t e c t a b l e - -  

namely t i r e s ,  b r a k e s ,  l i g h t s ,  and wheels .  The s i n g l e  most 

impor tan t  f a c t o r  i n  minimizing t h e  i n c i d e n c e  of d e f e c t -  

r e l a t e d  co~nrnercial v e h i c l e  a c c i d e n t s  i s  t h e  d e t e c t i o n  of 

t h e  d e f e c t .  We conclude t h a t  t h e  most impor tan t  d e t e c t i o n  

mechanism l i e s  w i t h i n  t h e  d r i v e r  h i m s e l f ,  a l though  more 

formal  ga rage  p e r i o d i c  i n s p e c t i o n  a l s o  p l a y s  a  u s e f u l  r o l e .  



C. Conclusions 

Description of Vehicle Defect Involvement 
i n  Truck Accidents 

More than 6 %  of the  truck accident involvements 

reported t o  pol ice  agencies i n  one la rge  s t a t e  noted vehicle  

de fec t s  a s  a  causat ive f a c t o r  i n  the c o l l i s i o n .  This i s  a s  

opposed t o  a  2% value f o r  passenger ca r s  i n  the  same data .  

Trucks 1 0  years of age and o lder  averaged about 1 0 %  f o r  the  

same s t a t i s t i c ;  t rucks  l e s s  than th ree  years old averaged 

about 4 % .  Defect-involved t ruck accidents were most l i k e l y  

t o  produce property damage only,  and t o  be s ing le  vehicle  

accidents .  But there  were numerous in ju ry  and some f a t a l  

accidents  reported too. 
* 

The most numerous defec ts  reported were of brakes,  

t i r e s ,  and wheel failures--about 7 0 %  of a l l  de fec t  accident 

cases.  Note t h a t  a l l  of these a r e  f a i l u r e s  i n  r e l a t i v e l y  

v i s i b l e  components of the  vehicles .  

Maintenance Prac t ice  i n  the  
Truckinq Industry 

The maintenance p rac t i ces  a s  used by the  trucking 

industry can be divided i n t o  three  types of systems: 

sophis t ica ted ,  adequate, and breakdown. The companies 

employing a  sophis t ica ted  o r  adequate system inspect  and 

perform maintenance a c t i v i t i e s  ( lubr i ca t ion ,  e t c .  and r e p a i r s )  

on a per iodic  basis--recognizing the  economic benef i t s  

r e su l t ing  from keeping the  r o l l i n g  stock serv iceable .  Their 

o v e r a l l  at tempts a r e  t o  reduce vehicle  breakdowns and out- 

of-service conditions.  

The breakdown maintenance system i s  i n  r e a l i t y  a 

r e p a i r  system which i s  invoked only upon f a i l u r e  o r  break- 

down of the  vehicle  while i n  serv ice .  

The dif ferences  which e x i s t  between the  sophis t ica ted  



and adequa te  sys tems of  maintenance a r e  l a r g e l y  i n  t h e  a r e a s  

of  r e c o r d  keeping and p o t e n t i a l  ma l func t ion  d e t e c t i o n .  ~n 

adequa te  system w i l l  employ p rocedures  which d e t e c t  d e f e c t s  

on a  day t o  day b a s i s  and p r e v e n t  most breakdowns. Records 

w i l l  be  manual and a l l o w  f o r  a n a l y s i s  of  o v e r a l l  o p e r a t i n g  

c o s t s .  

A s o p h i s t i c a t e d  maintenance system w i l l  employ ad- 

vanced d e t e c t i o n  p rocedures  u s i n g  e i t h e r  v e h i c l e  i n s p e c t i o n  

and component a n a l y s i s  methods o r  computer r e c o r d s  of  com- 

ponent  use  and replacement  o r  bo th .  

R e l a t i o n s h i p  Between Maintenance P r a c t i c e  
and Defect -Rela ted  Acc iden t s  

We conclude ,  on t h e  b a s i s  of t h e  s t u d i e s  conducted i n  

t h i s  program, t h a t  i n s p e c t i o n  and r e p a i r  does  reduce  t h e  i n c i -  

dence o f  d e f e c t - r e l a t e d  t r u c k  a c c i d e n t s .  The s e v e r a l  k i n d s  

of i n s p e c t i o n  2:ivsr i n s p e c t i o n s  b e f o r e  and 

a f t e r  a  t r i p ,  p e r i o d i c  ga rage  i n s p e c t i o n s  conducted by o r  

f o r  t h e  owner, i n i t i a l  i n s p e c t i o n s  ( e . g . ,  a t  t i m e  of  i n i t i a l  

use  by c a r r i e r ,  change t o  a  new s e r v i c e ,  e t c . ) ,  and a  s t a t e -  

o p e r a t e d  p e r i o d i c  motor v e h i c l e  i n s p e c t i o n - - a l l  have some 

a b i l i t y  t o  keep an improved group of  v e h i c l e s  on t h e  highways, 

T h e i r  importance i s  probably  i n  t h e  o r d e r  no ted  h e r e ,  and 

t h e y  a r e  d i s c u s s e d  s e p a r a t e l y  below. 

Our a n a l y s i s  o f  i n t e r v i e w s  of acc iden t - invo lved  

d r i v e r s  i n  Texas i n d i c a t e s  t h a t  t h o s e  d r i v e r s  who conduct  

a  c a r e f u l  p r e - t r i p  i n s p e c t i o n  a r e  l e s s  l i k e l y  t o  become 

invo lved  i n  a  v e h i c l e - d e f e c t  a c c i d e n t .  Th i s  p r e - t r i p  

i n s p e c t i o n  by t h e  d r i v e r  i s  most impor tan t  because  it i s  

t h e  l a s t  o p p o r t u n i t y  t o  check t h e  v i s i b l e  d e f e c t s  b e f o r e  

proceeding o n t o  t h e  road.  There i s  ev idence  t h a t  a  w r i t t e n  

i n s p e c t i o n  r e p o r t  p r i o r  t o  t h e  t r i p  i s  more e f f e c t i v e  t h a n  

a  non-wri t ten  one.  The d r i v e r s  who conducted a  w r i t t e n  



p r e - t r i p  i n s p e c t i o n  d e t e c t e d  d e f e c t s  and were a l s o  t h e  ones  

n o t  involved i n  t h e  d e f e c t  r e l a t e d  c r a s h e s  ( s e e  Ana lys i s  of  

Motor C a r r i e r  C h a r a c t e r i s t i c s ) .  

I n  many of t h e  t r u c k i n g  companies t h a t  were v i s i t e d ,  

t h e  maintenance people  a s s e r t e d  t h a t  t h e y  r e p a i r e d  promptly 

when t h e y  were n o t i f i e d  of a  problem. They r e l y  h e a v i l y  on 

d r i v e r  p o s t - t r i p  w r i t t e n  r e p o r t s  a s  i n d i c a t o r s  of t h e  mzin- 

t enance  r e q u i r e d .  We conclude t h a t  p o s t - t r i p  d r i v e r  r e ~ o r t s  

a l s o  r e s u l t  i n  b e t t e r  v e h i c l e  c o n d i t i o n  on t h e  r o a d ,  and 

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

Many t r u c k i n g  companies conduct  ga rage  i n s p e c t i o n s  

a t  p e r i o d i c  i n t e r v a l s - - r a n g i n g  from a  minor i n s p e c t i o n  a t  

an  o i l  change t o  a  major i n s p e c t i o n  a t  an overhau l .  These 

i n s p e c t i o n s  s e r v e  t o  d i s c o v e r  problems n o t  e a s i l y  i d e n t i f i e d  

by t h e  d r i v e r ' s  v i s u a l  check,  and indeed t o  m a i n t a i n  an6 

r e p a i r  i n  advance of t h e  development of a  problem. Amocg 

t h e  l a r g e r  companies in te rv iewed  t h i s  p e r i o d i c  ga rage  

i n s p e c t i o n  was viewed l a r g e l y  a s  an economic advantage-- 

p r e v e n t i n g  breakdowns and a s s o c i a t e d  l o s s  of revenue.  

While a l l  breakdowns do n o t  r e s u l t  i n  c o l l i s i o n s ,  some 60, 

and t h e r e  i s  t h u s  some s a f e t y  b e n e f i t  a t t r i b u t e d  t o  t h i s  

p e r i o d i c  i n s p e c t i o n .  

Most of t h e  people  we t a l k e d  t o  agreed t h a t  s t a t e -  

o p e r a t e d  p e r i o d i c  motor v e h i c l e  i n s p e c t i o n  a c t i v i t i e s  were 

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

l a r g e l y  because t h e  i n t e r v a l s  between i n s p e c t i o n s  a r e  much 

l o n g e r  t h a n  t h e  wear-out p e r i o d  of many of  t h e  components. 

S t a t e  o p e r a t e d  PMVI i s  of t h e  g r e a t e s t  v a l u e  i n  c o n t r o l l i n g  

o p e r a t o r s  w i t h  minimal o r  shoddy maintenance p r a c t i c e s .  

Enforcement 

The enforcement  p r a c t i c e s  of t h e  MBCS f i e l d  pe r sonne l  

u s i n g  t h e  MCS-63 i n s p e c t i o n  form a r e  q u i t e  u s e f u l  i n  i d e n t i f y i n g  



g r o s s l y  d e f e c t i v e  v e h i c l e s ,  and i n  fo l lowing  up w i t h  a  

r e c o r d  system a t  t h e  l o c a l  o r  r e g i o n a l  l e v e l .  

The d a t a  from t h e s e  forms u l t i m a t e l y  r e s i d e  i n  Wash- 

i n g t o n ,  b u t  a r e  of  l i t t l e  v a l u e  i n  c h a r a c t e r i z i n g  t h e  e x t e n t  

of d e f e c t s  i n  t r u c k  o p e r a t i o n s  th roughou t  t h e  coun t ry  because 

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

I n  t h e  p r e s e n t  s tudy  it would have been of g r e a t  v a l u e  t o  

have a  p r e c i s e  sample of  t r u c k  v e h i c l e  p o p u l a t i o n  t o  pe rmi t  

an e s t i m a t e  of  t h e  c o n d i t i o n  o f  commercial v e h i c l e s  a c r o s s  

such f a c t o r s  a s  ca rgo  t y p e ,  company s i z e ,  e t c .  I n  o u r  s t u d y  

w e  were f o r c e d  g e n e r a l l y  t o  r e l y  on ly  on d a t a  a v a i l a b l e  from 

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

Educat ion and Communication 

The t r u c k i n g  o p e r a t i o n s  s u b j e c t  t o  BMCS r e g u l a t i o n  a r e  

wide ly  var ied-- ranging from a s i n g l e  t r u c k  independent  oper-  

a t o r  t o  a  2000-truck f l e e t .  Maintenance p r a c t i c e  r anges  from 

v e r y  s o p h i s t i c a t e d  o p e r a t i o n s  t o  what i s  g e n e r a l l y  termed 

"breakdown maintenance ."  Understanding of t h e  r u l e s  and 

r e g u l a t i o n s  of  t h e  Bureau ranges  from v e r y  good t o  minimal.  

I n  g e n e r a l  t h e  poore r  maintenance p r a c t i c e s  and t h e  poore r  

unders tand ing  a r e  a s s o c i a t e d  w i t h  t h e  s m a l l e r  and p r i v a t e  

companies--the o c c a s i o n a l  i n t e r s t a t e  t r u c k e r .  A s  noted  

above,  t h e  s m a l l e r  companies have more d e f e c t - r e l a t e d  

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

maintenance p r a c t i c e s .  They need in fo rmat ion  about  a l l  of 

t h e s e  things--when t h e y  a r e  s u b j e c t  t o  r e g u l a t i o n  and how 

t h e y  might  ma in ta in  t h e i r  v e h i c l e s  most e f f e c t i v e l y - - i n  an 

e a s y  t o  unders tand form. 



D .  Recommendations 

1. The most i m p o r t a n t  s i n g l e  recommendation r e s u l t i n g  

from t h i s  s t u d y  i s  t h a t  a  v e h i c l e  shou ld  r e c e i v e  a  thorough 

p r e - t r i p  i n s p e c t i o n .  The u l t i m a t e  r e s p o n s i b i l i t y  f o r  such 

an  i n s p e c t i o n  should  r e s t  w i t h  t h e  d r i v e r ,  b u t  it c o u l d ,  of 

c o u r s e ,  be accomplished by d r i v i n g  through a  check lane  o r  by 

a  c a r e f u l . w a l k a r o u n d  w i t h  a  c h e c k l i s t .  The r e s u l t  of t h i s  

i n s p e c t i o n  shou ld  be a  w r i t t e n  r e c o r d ,  c a r r i e d  i n  t h e  v e h i c l e ,  

and c a p a b l e  of  be ing  a u d i t e d  (by BMCS). 

2 .  The p o s t - t r i p  i n s p e c t i o n  r e p o r t  i s  a l r e a d y  a  p a r t  

of  t h e  r e g u l a t i o n s .  I t  s e r v e s  a s  a  communications d e v i c e  t o  

e f f e c t  r e p a i r s .  I n  i t s  p r e s e n t  form it i s  g e n e r a l l y  viewed 

a s  a  means o f  r e p o r t i n g  d e f e c t s  observed d u r i n g  t h e  t r i p ,  

b u t  perhaps  it should  be s t r e n g t h e n e d  t o  i n c l u d e  t h e  same 

s o r t  of  walkaround a s  t h e  p r e - t r i p  i n s p e c t i o n .  

3 .  Evidence of i n s p e c t i o n  and maintenance a c t i v i t i e s ,  

c u r r e n t l y  r e q u i r e d  t o  be ~ e p t  icjeilerally a t  t h e  p r i n c i p a l  

p l a c e  of  b u s i n e s s ) ,  shou ld  be c a r r i e d  i n  t h e  v e h i c l e  e i t h e r  

as a  complete r e c o r d  o r  a s  a  synops i s .  T h i s  cou ld  be i n  a  

form s i m i l a r  t o  t h e  d r i v e r ' s  l o g .  

4 .  The MCS-63 form h a s  been r e v i s e d  t o  p rov ide  com- 

p u t e r  codes .  We recommend t h a t  t h e  BMCS deve lop  a  management 

program based on d a t a  a v a i l a b l e  from t h e  c o l l e c t i o n  o f  t h e s e  

forms which w i l l :  

a.  P repare  r e p o r t s  of  enforcement  a c t i v i t y  
by r e g i o n  and f o r  t h e  U.S. g e n e r a l l y .  

b. P repare  r e p o r t s  on t y p e s  of  v e h i c l e  d e f e c t s  
by s e v e r a l  independent  v a r i a b l e s ,  such a s  
v e h i c l e  make, model, y e a r ,  t i m e  o f  y e a r ,  
r e g i o n ,  etc.  

c. P r e p a r e  r e p o r t s  and n o t i f i c a t i o n s  t o  companies 
and manufac tu re r s  on f r e q u e n t  d e f e c t s .  

d .  P r e p a r e  a c t i v i t y  r e p o r t s  f o r  f i e l d  management 
p e r s o n n e l .  



5.. Such data (in number 4 above) would be of much more 

value if a set of data could be collected on an unbiased 

sample of the truck population periodically in addition to 

the normal enforcement operations. 

6. Develop or foster the development of educational 

materials for BMCS field personnel and for trucking companies 

on the necessity and economic benefits of periodic inspection 

and maintenance with a goal of obtaining self-compliance 

within the industry. 

7. In order to communicate with the smaller firms, 

instructional materials could be provided at truck stops, 

weigh stations, or included in state licensing examinations 

(for those states with classified driver's licenses). Such 

materials should be aimed at increasing the awareness of the 

BMCS regulations and the knowledge of sound safety practices 

such as the kinds of defects which cause accidents and the 

need for pre-trip inspections. While such educational mater- 

ials do exist in the trade literature, it is evident that 

there is a need for wider distribution of this knowledge. 

E . Discussion 
To alleviate defects from the vehicle population there 

need to exist three factors--all of equal importance. These 

factors are: 

1. Detection of Defect 
2. Communication to Responsible Party 
3. Repair 

A fourth could be added: ' reporting to the detector that 

repair has been effected. 

The factors of communication to the responsible party 

and repair are well-established procedures in the regulated 

trucking industry as well as in many private sectors. The 

Vehicle Condition Report (VCR) is a federal requirement and 

well established. A maintenance program, besides being a 



requirement,  i s  a l s o  good bus iness .  Assuming t h a t  most V C R ' s  

a r e  p roper ly  and adequately  f i l l e d  o u t ,  t h e  maintenance s t a f f  

i s  n o t i f i e d  of t h e  d e f e c t  and r e p a i r s  it. In  t h e  words of 

one superv isor :  " I f  we know about i t ,  we f i x  i t . "  Given 

t h i s  c u r r e n t  system and i t s  r e l i a b i l i t y  t o  r e p a i r  p roper ly ,  

t h e  r e p o r t i n g  back of r e p a i r s  completed i s  no t  necessary.  

I t  should be noted,  however, t h a t  no t  a l l  d e f e c t s  a r e  

p roper ly  r epa i r ed  t h e  f i r s t  t ime around--part ly due t o  poor 

n o t i f i c a t i o n  and t o  some e x t e n t  sloppy work--and t h e  f a c t  of 

r e p a i r i n g  a  d e f e c t  can cause  o t h e r  defects- -or  t h e  a c t  of 

performing maintenance can cause component degradat ion t o  

t h e  po in t  where it becomes a  d e f e c t .  These problems a r e  

of minor consequence, however, when compared t o  t h e , o v e r a l l  

problem of a  l ack  of v e h i c l e  i n spec t ion .  

The problem--as d e t a i l e d  i n  t h e  conclusions-- is  t h u s  

one of d e t e c t i o n .  A good d e t e c t i o n  system coinpletes t h e  

t r i a d  ~f iequirements  f o r  decreasing t h e  number of v e h i c l e  

d e f e c t s .  

There a r e  two types  of v e h i c l e  d e f e c t s ,  those  which 

a r e  v i s i b l e  and those  which r e q u i r e  disassembly of components 

t o  d e t e c t .  

The v a s t  ma jo r i t y  of t h e  d e f e c t s  f a l l  i n t o  t h e  v i s i b l y  

d e t e c t a b l e  range. Of t h e  d e f e c t - r e l a t e d  c r a shes  involving 

l a r g e  t r u c k s  (and buses)  repor ted  by t h e  Nat iona l  Transpor- 

t a t i o n  Sa fe ty  Board i n  r ecen t  yea r s ,  only  one was t r a c e a b l e  

t o  a  d e f e c t i v e  component d e t e c t a b l e  on ly  by disassembly.  

This  c r a s h  and d e f e c t  was a  r e s u l t  of improper component 

replacement dur ing  normal maintenance. 

Since t h e  v a s t  major i ty  of d e f e c t s  a r e  v i s i b l e  o r  

aud ib l e  ( a i r  l e a k s )  one has t o  look o r  l i s t e n  t o  d e t e c t  them. 

These a r e  problems l i k e  a i r  l e a k s ,  chafed hoses ,  broken o r  

miss ing l i g h t s , ' b r o k e n  s p r i n g s ,  worn o r  missing brakes ,  e t c . ,  

which a r e  d e t e c t a b l e  dur ing  t h e  course  of s a f e t y  roads ide  



checks .without  d isassembl ing  any p a r t  of  t h e  v e h i c l e .  Simple 

t o o l s  such a s  a  t i r e  gauge o r  t i r e  i r o n  can d e t e c t  t i r e  

i n f l a t i o n  problems--without much added e f f o r t .  

S e v e r a l  companies r e p o r t  t h a t  a f t e r  i n s t i t u t i n g  a  good 

p r e - t r i p  i n s p e c t i o n  program they  have had n o t  one d e f e c t -  

r e l a t e d  c r a s h  (Flee towner ,  1975 Annual Maintenance Awards).  

Thus, a  s imple twofold program w i l l  go a  long way 

toward reducing v e h i c l e  d e f e c t s :  

1. Make a  w r i t t e n  p r e - t r i p  v e h i c l e  i n s p e c t i o n  
mandatory. 

2.  Educate d r i v e r s  and o t h e r  i n s p e c t o r s  a s  t o  
. what t o  look f o r  dur ing  an i n s p e c t i o n .  

In  our  opinion--based on t h e  d a t a  con ta ined  i n  t h i s  

r e p o r t  and a n e c d o t a l  and o b s e r v a t i o n a l  evidence  c o l l e c t e d  

d u r i n g  t h e  projec t - -an  adequate  program of i n s p e c t i o n  and 

maintenance should inc lude  t h e  fo l lowing a s  a  minimum (some 

of  which a r e  c u r r e n t l y  r e q u i r e a j .  

I. INSPECTION 

A .  A t  t ime of  i n i t i a l  use  by t h e  c a r r i e r  ( e i t h e r  a t  
purchase ,  l e a s e ,  o r  t r i p  l e a s e  t imes )  t o  v e r i f y  
t h a t  t h e  v e h i c l e  i s  d e f e c t - f r e e ,  meets a l l  a p p l i c a b l e  
s t a n d a r d s  and i s  i n  good working o r d e r .  

B. Daily--before and a f t e r  each t r i p .  S a f e t y - r e l a t e d  
d e f e c t s  d i scovered  a t  t h i s  t ime should be cause  f o r  
immediate r e p a i r .  Equipment d e f e c t s  should be noted 
f o r  r e p a i r  a t  t h e  e a r l i e s t  convenience. The VCR 
should be a  p o s t - t r i p  i n s p e c t i o n .  

C. P e r i o d i c a l l y - - t h e  pe r iod  d e f i n e d  by t h e  u s e  b u t  
probably i n  con junc t ion  wi th  p e r i o d i c  maintenance. 

D. Tear down--at t h e  time of  a  major v e h i c l e  mainten- 
ance a c t i v i t y  such a s  an overhau l .  A d e t a i l e d  
and e x h a u s t i v e  i n s p e c t i o n  should be performed. 

11, MAINTENANCE 

Per iodic- -as  i s  now p r a c t i c e d  by t h e  i n d u s t r y  a t  times 
r e l a t e d  t o  t h e  s e r v i c e  and i n t e n s i t y  of use  of t h e  v e h i c l e .  



111. RECORDS 

A. A s  a  minimum r e c o r d  of a l l  i n s p e c t i o n ,  maintenance 
and r e p a i r  a c t i v i t i e s  by k e p t  i n  a  s u i t a b l e  £ o m  
i n  a c e n t r a l  l o c a t i o n .  

Evidence of  p e r i o d i c  maintenance ,  i n i t i a l  i n s p e c t i o n ,  
d a i l y  i n s p e c t i o n ,  p e r i o d i c  i n s p e c t i o n ,  and t e a r  down 
i n s p e c t i o n  be c a r r i e d  on t h e  v e h i c l e  a t  a l l  t i r .2~.  
I n  a d d i t i o n ,  t h e  i n t e r v a l s  should  a l s o  be  n o t e d .  
A d d i t i o n a l  v e h i c l e  in fo rmat ion  cou ld  a l s o  be a  ? a r t  
of t h i s  r e c o r d .  

C .  That  t h e  Bureau deve lop  s u i t a b l e  forms t o  s e r v e  a s  
g u i d e s  and a s  minimum requ i rements  f o r  use  by t h o s e  
r e g u l a t e d .  

C u r r e n t l y  t h e  d r i v e r  i s  r e q u i r e d  t o  c a r r y  and f u r n i s h  

ev idence  of h i s  f i t n e s s  t o  d r i v e  and have it updated .  There- 

f o r e ,  why n o t  r e q u i r e  ev idence  of t h e  f i t n e s s  of  t h e  v e h i c l e ?  

A s  a i d s  t o  t h e  enforcement  p r o c e s s ,  two a d d i t i o n a l  

t o o l s  would seem t o  be  most h e l p f u l :  (1) development of 

management r e p o r t s  based on t h e  MCS-63 d a t a ,  and ( 2 )  peri~c7,l .c 

u s e  of t h e  random sampling p l a n  f o r  r o a d s i d e  v e h i c l e  s e l e c t i o n  

d e s c r i b e d  by Morrison and S e i f f  ( 1 9 7 1 ) ,  T h i s  p l a n  was used 

once by t h e  Bureau. 

Development of  a  d a t a  a n a l y s i s  package would a l low , 

management t o  keep b e t t e r  checks  on t h e  MCS-63 enforcement-  

r e l a t e d  a c t i v i t i e s  and a l l o w  f o r  feedback t o  t h e  i n v e s t i g a t o r  

of h i s  p roduc t ion  and enforcement  a c t i v i t y .  Such i n f o r ~ a t i o r ?  

can  be u s e f u l  i n  p l a n n i n g  h i s  f u t u r e  a c t i v i t i e s .  Such d a t a  

would p e r m i t  t h e  development of r e p o r t s  on t h e  enforcement  

a c t i v i t i e s  by r e g i o n  a s  w e l l  a s  f o r  t h e  c o u n t r y .  T a b u l a t i o n  

o f  t y p e s  of v e h i c l e  d e f e c t s ,  t y p e s  of c a r r i e r s  and s e r v i c e  

accumula t ing  d e f e c t s ,  p a r t i c u l a r  v e h i c l e  makes o r  combinat ions  

having d e f e c t s ,  e t c .  c o u l d  be p repared  on a  p e r i o d i c  and 

t i m e l y  b a s i s .  Such r e p o r t s  would s e r v e  b o t h  a s  g e n e r a l  i n f o r -  

mation and a s  n o t i f i c a t i o n  t o  c a r r i e r ,  manufac tu re r ,  e t c .  o f  

f r e q u e n t l y  o c c u r r i n g  d e f e c t s .  

The u s e  of  t h e  random sampling p l a n  on a  p e r i o d i c  b a s i s  



would permit description of the general vehicle population 

in terms of defects - and provide a basis for comparison 

between the investigator selected population and the general 

population. 

Data from the MCS-63 report could also be used very 

effectively as the basis for timely review and dissemination 

of educational material by the Bureau. 

Educational activities sponsored by the Bureau are 

perhaps the most important of all its roles, because, 

through education, the work load of the Bureau in the regu- 

lation and enforcement areas can be lessened and the safe, 

efficient operation of the carriers heightened. 

Since not enough enforcers of the regulations could 

possibly be hired, self-enforcement must be relied upon. 

Also, the fostering of good business practices within the 

industry will in general upgrade the operation of the carrier's 

maintenance activities. 

Based in part on the data generated by the MCS-63 

reports, educational materials, programs, brochures, etc. 

need to be continuously developed and distributed widely. 

Such program and materials would also serve as the basis for 

presentations made by the Bureau staff. Distribution of 

these materials could be made through: weigh stations as 

handouts; regional workshops and guest speakers; posters 

and materials at truck stops; mailings to various groups, 

etc. 

However, it is not enough to simply draft, reproduce, 

and distribute such materials. They need to be prepared in 

a format which are--among other graphic considerations-- 

easy to read and comprehend while retaining (accurately) 

the basic message. 

currently a copy of the FMCSR is delivered to any 

person found to be: (1) not in compliance with its rules, 



and ( 2 )  n o t  aware of t h e i r  e x i s t e n c e .  While t h i s  s e r v e s  a  

l e g a l  r e q u i r e m e n t ,  it i s  d o u b t f u l  t h a t  a  person o f  o r d i n a r y  

e d u c a t i o n a l  achievement  cou ld  comprehend t h e  document. Por- 

t i o n s  o f  S e c t i o n  396 of t h e s e  r u l e s  and r e g u l a t i o n s  were 

s u b j e c t e d  t o  a  r e a d a b i l i t y  e v a l u a t i o n  u s i n g  a  computer 

a d a p t a t i o n  o f  t h e  r e a d a b i l i t y  e v a l u a t i o n  t echn ique  d e v i s e d  

by F lesch . "  P o r t i o n s  of t e x t  a r e  analyzed and g iven  a  s c o r e  

r e f l e c t i n g  t h e  r e l a t i v e  d i f f i c u l t y  of  t h e  t e x t  when compared 

t o  t h e  r e a d i n g  c a p a b i l i t i e s  of t h e  g e n e r a l  p o p u l a t i o n .  Examples 

a r e  g iven  on page 17 showing t h e  s e c t i o n s  e v a l u a t e d  and t h e  

s c o r e s .  The Index shows t h e  p e r c e n t  of t h e  popu la t ion  who could  

r e a d  t h e  m a t e r i a l .  Th i s  i s  then  t r a n s l a t e d  i n t o  a  g rade  l e v e l  

e q u i v a l e n t .  Note t h a t  t h e  h i g h e r  t h e  index ,  t h e  lower t h e  grade  

level  meaning t h a t  more people  w i t h  a  lower average  educa- 

t i o n a l  l e v e l  c o u l d  r e a d  t h e  m a t e r i a l .  

The Bureau should  g i v e  p r i o r i t y  t o  t h e  c o n t i n u a t i o n  of  

t h e  development o f  r e a d a b l e  m a t e r i a l  concerning t h e  r u l e s  and 

r e g u l a t i o n s  i n  a  Corm u s a b l e  by t h e  d r i v e r .  Such a  b o o k l e t  

need n o t  i n c l u d e  a l l  t h e  nuances of t h e  law, b u t  i n s t e a d  

p rov ide  t h e  r e a d e r  w i t h  a  ready r e f e r e n c e  t o  t h e  p r a c t i c a l  

a p p l i c a t i o n s  (wi th  examples) of t h e  r u l e s  and r e g u l a t i o n s .  

To f a c i l i t a t e  an  unders tand ing  among t h e  i n d u s t r y  of  

who i s  r e g u l a t e d  by BMCS, t h e  Bureau needs  t o  develop an 

easy- to-unders tand r u l e  on who i s  s u b j e c t  t o  t h e  FMCSR, and 

d i s s e m i n a t e  it v i a  t h e  channe l s  mentioned above. While t h e  

a c t u a l  r u l e s  of s u b j e c t i v i t y  t o  t h e  FMCSR a r e  compl ica ted ,  a  

s imple  r u l e  cover ing  many s i t u a t i o n s  might  r e s u l t  i n  over-  

compliance by t h o s e  who o t h e r w i s e  would be exempt. . However, 

if t h e  r u l e s  and r e g u l a t i o n s  a r e  t r u l y  r e f l e c t i v e  of good 

b u s i n e s s  p r a c t i c e ,  then  t h e y  should impose no a d d i t i o n a l  

burdens  and i n  f a c t  enhance t h e  o p e r a t i o n  of  t h e  t r u c k i n g  

company. 

*F lesch ,  R .  The A r t  of Readable Wr i t ing .  New York: 
Harper and B r o t h e r s ,  1949. 



F e S R  
SECTION 

I NDU( GRADE 
(Percent)* LEVEL 

396.1 Except as provided in paragraphs (b) and (c) of this section, every motor carrier, 19.18 17.6 
(a) its officers, drivers, agents, representatives, and employees directly concerned 

with the inspection or maintenance of motor vehicles shall comply and be conversant 
with the rules in this part. 

(b) The rules in this part do not apply to a driver or a vehicle wholly engaged in 46.10 13.6 
exempt intracity operations as defined in this chapter, 

(c) The rules in this part do not apply to a motor carrier or driver wholly engaged 37.27 14.9 
in transporting mail under contract with the U . S ,  Postal Service in motor 
vehicles which have a manufacturers gross vehicle weight rating of 1000 pounds 
or less. 

396.4 No motor carrier shall permit or require a driver to drive any motor vehicle 
revealed by inspection or operation to be in such condition that its operation 
would be hazardous or likely to result in a breakdown of the vehicle nor shall 
any driver drive any motor vehicle which by reason of its mechanical condition 
is so imminently hazardous to operate as to be likely to cause an accident or 
a breakdown of the vehicle. 

396.4 If while any motor vehicle is being operated on a highway, it is discovered to 
contd. be in such unsafe condition, it shall be continued in operation only to the 

nearest place where repairs can safely be effected, and even such operations 
shall be conducted only if it be less hazardous to the public than permitting 
the vehicle to remain on the highway. 

OVERALL 19.00 17 
- -- -- - - 

*The percent of the adult population in the U.S. who <:an readily understand this material. 

Grade 12 = High School Graduate; Grade 16 = College (iraduate. 

~ x a m ~ l e  of FMCSR .~ext Showirg the Readability Analysis Results. 



L a s t l y ,  t h e  Bureau needs  t o  s t r e n g t h e n  i t s  image i n  

t h e  minds o f  t h e  t r u c k i n g  p o p u l a t i o n ,  because  much c o n f u s i o n  

e x i s t s  o v e r  which agency h a s  s a f e t y  regulat ions--1CC o r  BMCS-- 

and where one  can  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 .  A c o n t i n u e d  

program o f  p u b l i c  c o n t a c t  and e a s i l y  a v a i l a b l e  and under-  

s t a n d a b l e  m a t e r i a l s  w i l l  f o s t e r  a  knowledge o f  BMCS and how 

it can  and does  h e l p  t h e  i n d u s t r y .  



111. METHODOLOGY OF THE STUDY 

A. Background 

The r e l a t i o n s h i p  between p r e v e n t i v e  maintenance and 

c r a s h e s  i s  a  compl ica ted  one which can be b e s t  unders tood 

by a s k i n g  a  s e r i e s  of q u e s t i o n s  t h a t  approach t h e  problem 

i n  a  s t ep -by-s tep  f a s h i o n .  These q u e s t i o n s  a r e :  

1. What a r e  t h e  d e t e r m i n a n t s  of p r e v e n t i v e  
maintenance p r a c t i c e ?  

2. How do p r e v e n t i v e  maintenance p rocedures  
a f f e c t  t h e  f requency and d u r a t i o n  of  
p a r t i c u l a r  f a i l u r e s ?  

3 .  How do p a r t i c u l a r  f a i l u r e s  a f f e c t  t h e  
performance of t h e  v e h i c l e  i n  terms of  
c o n t r o l l a b i l i t y ,  s topp ing  d i s t a n c e ,  e t c . ?  

4 .  How does  a l t e red-veh ic le -pe r fo rmance  
i r ~ t e r a c t  w i t h  d r i v G ~  ,c t ions  a113 rodd dlid 
t r a f f i c  c o n d i t i o n s  t o  produce a c c i d e n t s ?  

F i g u r e  1 c o n c e p t u a l i z e s  t h e  r e l a t i o n s h i p s  of f a c t o r s  i n f l u -  

enc ing  v e h i c l e  performance t h e  i n t e r a c t i o n  of  v e h i c l e  per-  

formance, d r i v e r  a c t i o n ,  and d r i v i n g  environment  on c r a s h e s .  

P r e v e n t i v e  Maintenance (PM) i s  used th roughou t  t h i s  
r e p o r t  t o  mean t h o s e  maintenance a c t i v i t i e s  which a r e  
performed on a  p e r i o d i c  b a s i s  p r i o r  t o  and t o  p r e v e n t  
component f a i l u r e .  

P e r i o d i c  I n s p e c t i o n  means t h e  examining ( l o o k i n g  a t )  
and t e s t i n g  of v e h i c l e s  and components f o r  t h e  pur- 
pose of  d e t e c t i n g  f a u l t s ,  m a l f u n c t i o n s  and f a i l u r e .  

P e r i o d i c  Motor Veh ic le  I n s p e c t i o n  (PMVI) i s .  an 
I n s p e c t i o n  program condccted  p e r i o d i c a l l y  by a  
governmental  a u t h o r i t y .  

Maintenance r e p r e s e n t s  t h o s e  a c t i v i t i e s  a s s o c i a t e d  
w i t h  a d j u s t i n g ,  r e p a i r i n g ,  and r e p l e n i s h i n g  a 
v e h i c l e  t o  keep i t  f u n c t i o n i n g .  

Repai r  i s  t h e  p r o c e s s  of f i x i n g  a  component o r  
m e  once it h a s  f a i l e d .  
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Preventive maintenance p rac t i ce  i s  af fec ted  by four 

major elements a s  conceptualized i n  Figure 1: (1) Federal 

Motor Carr ie r  Safety Regulations (FMCSR);  ( 2 )  o ther  regula- 

t i o n s  ( s t a t e ,  l o c a l ,  e t c . )  ; ( 3 )  type of serv ice ;  and 

( 4 )  economic circumstances of the  c a r r i e r .  Extensive 

e f f o r t  has been made t o  e s t a b l i s h  the  s p e c i f i c  r e l a t ionsh ips  

among these elements. A s  an o v e r a l l  organizing concept in  

t h i s  study, type of c a r r i e r  i s  used s ince t h i s  c lose ly  

associated with a l l  four  f ac to r s .  

Preventive maintenance can have two inf luences on 

component f a i l u r e s .  F i r s t ,  a  systematic program can prolong 

the  l i f e  of p a r t i c u l a r  vehicle  components, thus reducing 

t h e  on-road incidence of f a i l u r e s .  Second, the  inspection 

associated with a  program serves t o  d e t e c t  f a i l u r e s ,  

minimizing the  time over which component f a i l u r e s  present  

a  hazard. This process has been extensively considered i n  

t h e  l i t e r a t u r e  on both a  t h e o r e t i c a l  and a  p r a c t i c a l  bas i s  

(Creswell, e t  a l . ' ,  1 9 7 4 ;  O'Day, 1 9 6 8 ;  Trea t ,  1973) .  The 

major work i n  t h i s  p ro jec t  was t o  t r y  t o  i d e n t i f y  how ac tua l  

p rac t i ce  r e l a t e s  t o  recommended p rac t i ces .  

The re l a t ionsh ip  of degraded or  f a i l e d  components 

( i . e , ,  components which function i n  a  l e s s  sa fe  o r  e f f i c i e n t  

manner than when new o r  which have ceased t o  function 

e n t i r e l y )  and vehicle  performance i s  not f u l l y  understood, 

although some engineering analyses of the  problem have been 

attempted. This area serves much more fundamental research,  

but the  present  e f f o r t  has been confined t o  using current  

understanding t o  diagnose the  l i k e l y  e f f e c t  of a  p a r t i c u l a r  

maintenance p rac t i ce  on the more obvious de fec t s .  

The f i n a l  question of the  influence of a l t e r e d  vehicle  

performance (due t o  degraded o r  f a i l e d  components) on crash 

causation i s  important. F i r s t ,  accident data  has been 

examined t o  determine types of crashes and types of vehic les  

in  which defec ts  a r e  reported.  From t h i s ,  t he  types of 



degraded-components performance most l i k e l y  t o  have con- 

t r i b u t e d  t o  t h e  p a r t i c u l a r  type  of  c r a s h  a r e  e s t a b l i s h e d .  . 

Second, c r a s h  d a t a  h a s  been reviewed t o  de te rmine  whether 

t y p e s  of c a r r i e r s  t h a t  d i s p l a y  impor tan t  d i f f e r e n c e s  i n  

p r e v e n t i v e  maintenance p r a c t i c e  a r e  c h a r a c t e r i z e d  by con- 

s i s t e n t  d i f f e r e n c e s  i n  t h e i r  c r a s h  involvement .  

These q u e s t i o n s  can be summarized i n t o  two p r i n c i p a l  

r e s e a r c h  problems. The problems a r e :  (1) t o  d e s c r i b e  

how p r e v e n t i v e  maintenance p r a c t i c e s  v a r y  a c r o s s  c a r r i e r s  

which a r e  s u b j e c t  t o  d i f f e r e n t  economic and r e g u l a t o r y  

s i t u a t i o n s ,  and ( 2 )  t o  de te rmine  from a c c i d e n t  and mainten-  

ance  d a t a  i f  d i f f e r e n t  t y p e s  of  c a r r i e r s  have d i f f e r e n t  

d e g r e e s  of involvement  i n  d e f e c t - r e l a t e d  c r a s h e s .  

B. Research Plan  

The r e s e a r c h  p l a n  a s  r e q u i r e d  by t h e  c o n t r a c t  i s  

c i e t a i l e d  h e r e  and i l l u s t r a t e d  i n  F'igure 2 .  F ive  m a j o ~  

d a t a  s o u r c e s  were used i n  s tudy ing  t h e  problem. They a r e :  

1. The c u r r e n t  l i t e r a t u r e .  

2 .  E x i s t i n g  a c c i d e n t ,  i n s p e c t i o n ,  and 
p o p u l a t i o n  d a t a .  

3 .  Surveys of r e g u l a t o r y  p e r s o n n e l  and a g e n c i e s .  

4 .  Surveys of  pe r sons  a s s o c i a t e d  w i t h  t h e  
t r u c k i n g  i n d u s t r y .  

5. C o l l e c t i o n  of supplementa l  a c c i d e n t  
i n f o r m a t i o n .  

Data from each s o u r c e  were c o l l e c t e d  and ana lyzed  under 

Task C of  t h e  p r o j e c t .  Of t h e  i n f o r m a t i o n  s o u r c e s  i n  Task C ,  

t h e  i n d u s t r y  survey and t h e  c o l l e c t i o n  of supplementa l  

a c c i d e n t  in fo rmat ion  r e c e i v e d  t h e  most e f f o r t .  Then, i n  

Task D ,  t h e  a n a l y s e s  of Task C were used t o  i d e n t i f y  s p e c i f i c  

a c c i d e n t  problems and t o  fo rmula te  s p e c i f i c  recommendations 

f o r  maintenance p r a c t i c e s  t o  d e a l  w i t h  t h e  problems. 
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. The indus t ry  survey was divided i n t o  two major pa r t s :  

c a r r i e r  maintenance personnel and s a f e t y  exper ts .  The 

l a r g e r  survey e f f o r t  was made up of personal interviews of 

maintenance personnel t o  determine how maintenance p rac t i ces  

vary among c a r r i e r  c l a s s i f i c a t i o n s .  Between 2 5  and 50 

c a r r i e r s  were contacted i n  each of t h r e e  metropolitan regions:  

Dal las ,  Texas; De t ro i t ,  Michigan; and Pi t t sburgh,  Pennsylvania. 

These areas  were se lec ted  t o  represent  l a rge  t rucking cen te r s  

located i n  s t a t e s  where good accident  information was avai la -  

b le .  The t h r e e  s t a t e s  a l s o  possess the  advantage of repre- 

sent ing d i f f e r e n t  s t a t e  motor vehicle  inspect ion approaches, 

annual i n  Texas, semi-annual i n  Pennsylvania, and a  checklane 

system i n  Michigan. 

Supplemental accident  da ta  were co l l ec ted  from t h e  

S t a t e  of Texas, Information on approximately 4 0 0  crashes 

occurring between Ju ly  1 and September 3 1 ,  1 9 7 4 ,  and involving 

l a rge  t rucks ,  was co l l ec ted  by a  combination of telephone 

interview and mail contac t .  This information was merged 

with the  cu r ren t  accident  r epor t s  from Texas, which a re  

among t h e  most comprehensive police-level accident  r epor t s  

ava i lab le .  The supplemental data  were used t o  i d e n t i f y  the  

type of c a r r i e r ,  t o  e s t a b l i s h  the  type of se rv ice ,  and t o  

v e r i f y  the  information s t a t e d  on the  pol ice  r e p o r t s .  

For both sampling and a n a l y t i c a l  purposes type of 

c a r r i e r  i s  the  major conceptual va r i ab le .  Car r i e r s  were 

c l a s s i f i e d  according t o  - f i v e  major groups, which a r e  indica ted  

i n  Figure 3 .  Within each group, c a r r i e r s  were a l s o  c l a s s i f i e d  

by f l e e t  s i z e .  In addi t ion t o  t h e  primary groups;suff ic ient  

information on each c a r r i e r  was obtained t o  allow ana lys i s  

of o ther  c h a r a c t e r i s t i c s ,  such a s  exact  regula tory  s t a t u s  

and a l t e r n a t i v e  f l e e t  s i z e ,  se rv ice ,  and commodity c l a s s i f  i- 

cat ions .  The authorized group includes common and con t rac t  

c a r r i e r s .  The p r iva te  c a r r i e r s  and t h e  "exempt c a r r i e r s "  

a r e  defined according t o  common indus t ry  and government p rac t i ce .  





The e x t e n t  of t h e i r  coverage by t h e  FMCSR was determined 

from t h e  i n t e r v i e w s .  Local  c a r t a g e  invo lves  both  o p e r a t i o n s  

of  a u t h o r i z e d  c a r r i e r s  i n  commercial zones and o t h e r  forms 

of l o c a l  t r a n s p o r t a t i o n  s e r v i c e .  The f i n a l  g loup ,  l o c a l  

s e r v i c e ,  i s  s i m i l a r  t o  l o c a l  c a r t a g e  excep t  t h a t  t h e  n a t u r e  

of t h e  s e r v i c e  miss ion  d i f f e r s .  S e r v i c e  v e h i c l e s  ( o r  f l e e t s )  

a r e  t h o s e  i n  which t h e  o p e r a t i o n  i s  p r i m a r i l y  f o r  t h e  t r a n s -  

p o r t a t i o n  of personnel  and equipment,  such a s  wreckers  and 

u t i l i t y  company s e r v i c e  t r u c k s ,  r a t h e r  than  f o r  t r a n s p o r t a t i o n  

of cargo.  These l a t t e r  two groups a r e  n o t ,  i n  g e n e r a l ,  sub- 

j e c t  t o  t h e  FMCSR. Th i s  s tudy  a t t e m p t s  t o  c o n t r a s t  t h e  main- 

tenance  p r a c t i c e  and a c c i d e n t  exper ience  of t h e  s e v e r a l  groups 

t o  de termine  how t h e y  a r e  a f f e c t e d  by t h e  r e l a t i v e  impact of 

t h e  FMCSR. 
+ 

To r e c a p i t u l a t e ,  we have hypothes ized  s e v e r a l  f a c t o r s  

which may a f f e c t  p reven t ive  maintenance p r a c t i c e .  .From our  

p r e s e n t  unders tanding t h e s e  f a c t o r s  appear  most c l o s e l y  

a s s o c i a t e d  wi th  t h e  type  of c a r r i e r  and t h e  type  of s e r v i c e .  

The major t h r u s t  of t h e  r e s e a r c h  was then  d i r e c t e d  toward 

e s t a b l i s h i n g  t h e s e  r e l a t i o n s h i p s  between c a r r i e r / s e r v i c e  t y p e ,  

maintenance p r a c t i c e ,  and a c c i d e n t  exper ience .  Having done 

t h i s ,  we drew upon t h i s  informat ion  and t h e  i n s i g h t s  ga ined 

from both  t h e  l i t e r a t u r e  and e x p e r t  op in ion  i n  o r d e r  t o  

sugges t  p o t e n t i a l l y  u s e f u l  and e m p i r i c a l l y  v e r i f i a b l e  modif i -  

c a t i o n s  t o  p r e s e n t  p r a c t i c e s .  

C .  Overview of Tasks C and D 

The remaining e f f o r t  i n  t h e  c o n t r a c t  was d i v i d e d  i n t o '  

two major t a s k s ,  which were des igna ted  Tasks C and D i n  t h e  

o r i g i n a l  work s t a t ement .  Task C ,  "Accident  Review," was 

d i v i d e d  i n t o  f i v e  major sub- tasks ;  Task D ,  "Recom~endations," 

was handled a s  a  s i n g l e  e n t i t y  and was opera ted  p a r t i a l l y  

i n  p a r a l l e l  wi th  t h e  l a t t e r  p o r t i o n s  of  Task C .  Each major 

a c t i v i t y  i s  d i s c u s s e d  i n  t h e  paragraphs  t h a t  fo l low.  

Task C ,  "Accident  Review, 'I was d i v i d e d  i n t o  f o u r  



s u b t a s k s :  C - 1 ,  P r e s e n t  Data S o u r c e s ;  C - 2 ,  I n d u s t r y  Su rveys ;  

C-3, Agency Surveys ;  and  C-4 ,  Supplementary Acc iden t  Data  

C o l l e c t i o n .  

C-1. P r e s e n t  Data  S o u r c e s  

T h i s  s u b - t a s k  i n v o l v e d  t h e  a n a l y s i s  o f  s e v e r a l  s o u r c e s  

o f  d a t a  a v a i l a b l e  on t h e  problem. The d a t a  s o u r c e s  i n c l u d e :  

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

Michigan,  P e n n s y l v a n i a ,  and Texas;  c a r r i e r  a c c i d e n t  r e p o r t s  

t o  BMCS; BMCS " r o a d  check"  i n s p e c t i o n  r e p o r t s ;  and t h e  1972 

U.S. Bureau o f  t h e  Census Truck I n v e n t o r y  and Use Survey .  

These a c c i d e n t  d a t a  s o u r c e s  were a n a l y z e d  t o  d e t e r m i n e  t h e  

a c c i d e n t  p a t t e r n s  and t h e  d i s t r i b u t i o n  o f  t h e  t y p e s  o f  

d e f e c t s  i n  t h e  a c c i d e n t s .  

C-2. I n d u s t r y  Su rveys  - 
T h i s  s u b - t a s k  had two p r i n c i p a l  a c t i v i t i e s :  

a .  The f i r s t  was a  mee t lng  w i t h  c a r r i e r  main tenance  

p e r s o n n e l .  Between 2 5  and 50 c a r r i e r s  were c o n t a c t e d  i n  

e a c h  of  t h e  c i t i e s  o f  D e t r o i t ,  Michigan;  D a l l a s ,  Texas ;  and 

P i t t s b u r g h ,  P e n n s y l v a n i a .  C a r r i e r s  were s e l e c t e d  on t h e  

b a s i s  o f  a  s t r a t i f i e d  random sample o f  v e h i c l e  r e g i s t r a t i o n s .  

S t r a t i f i c a t i o n  c r i t e r i a  fo l lowed  t h e  p l a n  i n d i c a t e d  i n  t h e  

Background s e c t i o n  o f  t h i s  s t u d y .  P r i o r  t o  t h e  c o l l e c t i o n  

of a c t u a l  i n f o r m a t i o n ,  a  t h r e e  week p r e - t e s t  was conducted  

on t h e  proposed  fo rma t .  Data were g e n e r a t e d  i n  a  p e r s o n a l  

mee t ing  conducted  by an  HSRI s t a f f  member. T h i s  was p receded  

by a p p r o p r i a t e  t e l e p h o n e  and/or  l e t t e r  c o n t a c t  t o  i n fo rm t h e  

c a r r i e r  o f  t h e  g e n e r a l  n a t u r e  of  t h e  i n q u i r y .  P r i o r  t o  

c o n t a c t i n g  c a r r i e r s ,  BMCS r e g i o n a l  d i r e c t o r s  were b r i e f e d  on 

t h e  n a t u r e  of  a c t i v i t y  i n  t h e i r  r e g i o n .  

b. The second major  a c t i v i t y  was mee t ing  w i t h  e x p e r t s  

i n  t h e  f i e l d  o f  t r u c k  s a f e t y .  E x p e r t s  i n c l u d e d  p e r s o n s  

a s s o c i a t e d  w i t h  t r u c k i n g  such  a s  r e p r e s e n t a t i v e s  o f  i n d u s t r y  

o r g a n i z a t i o n s ,  t r a d e  p u b l i c a t i o n s ,  e d u c a t i o n a l  o r g a n i z a t i o n s ,  



and i n d i v i d u a l s  who a r e  both  s u p p o r t i v e  of and c i i t i c a l  of 

P e r i o d i c  Motor Vehic le  ~ n s p e c t i o n .  

C-3. Agency Surveys - 
This  sub- task  involved c o n t a c t s  wi th  two groups  of 

i n d i v i d u a l s .  

a .  The f i r s t  group c o n t a c t e d  was composed of  BMCS 

f i e l d  personnel  i n  t h e  Bal t imore ,  Chicago, and F o r t  Worth 

r e g i o n s .  Such c o n t a c t s  were ar ranged through t h e  BMCS 

Regional D i r e c t o r s  and h e l d  i n  con junc t ion  wi th  r e g u l a r  

meetings of personnel  i n  t h e  r e g i o n .  Meetings were h e l d  i n  

con junc t ion  w i t h  t h e  i n i t i a l  phases  of Task D .  They were 

i n  t h e  'form of "round t a b l e "  d i s c u s s i o n s  and in fo rmal  i n d i -  

v i d u a l  d i s c u s s i o n s  des igned t o  o b t a i n  t h e  f i e l d  , 
r e a c t i o n s  t o  s p e c i f i c  f i n d i n g s ,  t o  r e c e i v e  t h e i r  i n p u t  on 

recommendations a s  w e l l  a s  t o  l e a r n  more about  t h e i r  r o l e  

i n  BMCS. The g e n e r a l  c o n t e n t  of such c o n t a c t s  was submit ted  

t o  t h e  BMCS c o n t r a c t  manager f o r  approva l .  The r e p l i e s  of 

i n d i v i d u a l  f i e l d  r e p r e s e n t a t i v e s  a r e  n o t  inc luded  i n  t h i s  

r e p o r t ,  a s  t h e  respondents  had been assured  anonymity i n  

o r d e r  t o  encourage candor among t h e  responden t s .  

b. The second group t o  be c o n t a c t e d  was t h e  s t a t e  

motor v e h i c l e  i n s p e c t i o n  a d m i n i s t r a t o r s .  Th i s  was accomplished 

by a t t e n d i n g  t h e  s e s s i o n  of  t h e  AAMVA committee on Engineer ing  

and I n s p e c t i o n .  

C-4. Supplemental ~ c c i d e n t  Data A c q u i s i t i o n  - 
This  e f f o r t  r e s u l t e d  i n  supplementa l  a c c i d e n t  i n f o r -  

mation on approximately 4500 l a r g e  t r u c k  a c c i d e n t s  o c c u r r i n g  

i n  t h e  s t a t e  of Texas from J u l y  1 t o  September 31, 1974. 

These a c c i d e n t s  inc luded  a l l  t r u c k  d e f e c t  r e l a t e d  a c c i d e n t s  

a s  r e p o r t e d  by t h e  p o l i c e  agenc ies  (approximate ly  300), a s  

w e l l  a s  a  r e p r e s e n t a t i v e  sample of non-defect  r e l a t e d  a c c i d e n t s .  

Accident  r e p o r t s  were ob ta ined  from t h e  Texas Department of 

P u b l i c  S a f e t y  i n  ha rd  copy form. From t h e s e  r e p o r t s ,  t h e  



name and address of the driver and/or carrier were obtained. 

The involved individual(s) were then contacted by telephone 

or letter. The information collected was used primarily to 

determine the type of carrier and service in which the 

vehicle was engaged at the time of the accident. Secondary 

information included verification of the factual information 

on the accident report form. The respondents were also 

queried on the involvement or possible involvement of 

defects in the accident. 

D. Recommendations 

The major focus of the task is to provide suggestions, 

which are based on solid evidence, for possible modifications 

of the FMCSR. The expert interview portion of Task C was 

operated in close conjunction with this effort in order to 

establish both the feasibility and the general applicability 

of the recommended changes. In addition, specific areas of 

further research have been delineated, and ideas for continued 

monitoring of the FMCSR's effectiveness are proposed. 

E. Project Flow Chart 

To understand the interrelationship of all tasks, a 

flow chart is presented depicting the major project activities. 

This chart which follows, serves as a basis for the in-depth 

discussions of each task. 





I V ,  PROCEDURES AND RESULTS 

A,  Mass Data 

A s  a  f i r s t  s t e p  i n  ident i fy ing  the magnitude and 

general  c h a r a c t e r i s t i c s  of the  involvement of vehicle  defec ts  

i n  commercial vehicle  t r a f f i c  accidents ,  searches were made 

of several  s e t s  of "mass" accident data.  Both police-reported 

information and carr ier-reported information were used. The 

accidents involving commercial vehicles  with defec ts  were 

compared with those involving commercial vehicles  without 

d e f e c t s ,  and where possible the maintenance prac t ices  of + 

each group were considered. 

Data on 'maintenance h is tory  were not included i n  the  

pol ice and car r ie r - repor ted  accident da ta ,  so information 

r e l a t i v e  t o  t h a t  had t o  be infer red  from other  reported 

fac to r s ,  I t  was possible  t o  iden t i fy  c e r t a i n  c h a r a c t e r i s t i c s  

of the  vehicles  t h a t  could then be re l a t ed  t o  maintenance 

information obtained from other sources. 

Data from the  s t a t e  of Texas served f o r  a  p a r t  of 

t h i s  study. ~pproximate ly  35,000 large-truck accident 

involvements a re  reported i n  Texas each year--including 

both s t r a i g h t  t rucks and t r a c t o r - t r a i l e r s .  For the ca l -  

endar year 1973 about 6 . 4 %  of these vehicles  were reported 

by the  pol ice t o  have had vehicle  defects  i n  connection with 

t h e i r  accident,  Defects a re  reported i n  nine ca tegor ies ,  

e i g h t  of which a re  displayed i n  Figure 4 by t h e i r  proportion 

of a l l  defec ts .  (Windshield wiper defec ts  were l e s s  than 

1 / 2 %  overa l l  and a re  not shown on t h i s  p lo t . )  Brakes pre- 

dominate, w i t h , t i r e s  and l o s t  wheels nearly t i e d  f o r  second 

place. 



FIGURE 4.--Texas: A l l  Large Trucks  i n  A c c i d e n t s  i n  1973 
w i t h  V e h i c l e  D e f e c r s  ( 6 . 4 %  o f  a l l  T rucks  
Invo lved  i n  A c c i d e n t s ) .  

I n  t h e  d i g i t a l  f i l e s  which were a n a l y z e d  t h e r e  i s  

l i t t l e  d e t a i l  a b o u t  t h e  mechanism o f  t h e  i n d i c a t e d  f a i l u r e .  

I n  o r d e r  t o  p r o v i d e  a  f e e l  f o r  t h i s  t h e  n o t e s  from 56 

" d e f e c t "  a c c i d e n t s  a r e  t r a n s c r i b e d  from t h e  p o l i c e  r e p o r t s  

and a r e  p r e s e n t e d  i n  T a b l e  1. 

TABLE 1. - -Excerp ts  from Truck D e f e c t  Acc iden t  Reports--  
Texas ,  1973.  

1. V e h i c l e  #1 [Semi] r e p o r t e d l y  had b r a k e  f a i l u r e .  

2. V e h i c l e  #1 172,000# semi c a r r y i n g  sod]  l o s t  l e f t  r e a r  
d u a l  whee l s ,  c r o s s e d  o v e r  roadway. 

3 .  V e h i c l e  # 2  [Garbage Truck]  was t u r n i n g  i n t o  r e s t  a r e a  
when b r a k e s  f a i l e d .  

4 .  V e h i c l e  # 2  [Semi] f a i l e d  t o  s t o p  a t  s t o p  s i g n .  p o l i c e  
o f f i c e r  checked box on a c c i d e n t  r e p o r t  " d e f e c t i v e  
b r a k e s ; "  d r i v e r  s u b s e q u e n t l y  r e p o r t e d  t h a t  " b r a k e s  
were weak. 



TABLE 1 (contd.  ) 

5.  [Semi] d r i v e r  s t a t e d  he had no brakes and s t ruck  r a i l r o a d  
br idge .  

6 .  [Tractor  only--Bobtail] Unit #1 approaching curve was 
unable t o  s t o p ,  due t o  l o s s  of brake f l u i d ,  and drove 
through the  bar r icade .  

7 .  Vehicle was t r a v e l i n g  e a s t  on e a s t  freeway when passenger 
s i d e  o u t e r  r e a r  t i r e  blew o u t  causing veh ic l e  t o  swerve 
a l l  over freeway and tu rn ing  veh ic le  on i t s  s i d e  and 
causing load t o  come through top  of veh ic l e .  

8. Vehicle was t r a v e l i n g  e a s t ,  l o s t  c o n t r o l  when hose broke 
f i l l i n g  h i s  cab with  steam, and c o l l i d e d  l e f t  s i d e  t o  
g u a r d r a i l  on c e n t e r  median, then c o l l i d e d  f r o n t  t o  guard- 
r a i l  on r i g h t  g u a r d r a i l .  

9 .  [Beverage Truck] brakes went ou t  and were not  s u f f i c i e n t  
t o  s t o p  t h e  veh ic l e  he was opera t ing  and he c o l l i d e d  i n t o  
t h e  back of # 2 .  

1 0 .  Right r e a r  broke o f f  and h i t  bottom of o the r  vehic le--  
mechanical f a i l u r e ,  de fec t ive  wheel [Dump Truck].  

11. Driver was changing gears  when t r a i l e r s  broke away froz, 
t r a c t o r .  Damage was t o  d o l l i e s  and f r o n t  bottom of 
f r o n t  t r a i l e r .  I nves t iga t ion  found a  f a u l t y  f i f t h  wheel 
lock cause of acc iden t .  

1 2 .  [Semi] T r a i l e r  l i g h t s  were no t  working but  emergency 
f l a s h e r s  were ( t ruck  s t ruck  from behind) .  

1 3 .  Vehicle s t ruck  l i g h t  pole producing minor damage; d r i v e r  
s t a t e d  " h i s  brakes f a i l e d .  " 

14, Vehicle [semi] was t r a v e l i n g  nor th  on rou te  a t  an 
excess ive  r a t e  of speed when l e f t  f r o n t  t i r e  blew out  
and veh ic l e  crossed cen te r  s t r i p e  and l e f t  oppos i te  
s i d e  of road. 

15. Both veh ic l e s  were westbound on . Vehicle #1 [semi] 
was a t tempting t o  pass  veh ic le  #2 [ semi] .  Vehicle $1 
blew a  r i g h t  f r o n t  t i r e ,  causing d r i v e r  t o  l o s e  c o n t r o l  
and swerve i n t o  t h e  r e a r  of t he  t r a i l e r  of # 2 .  #1 then 
continued i n t o  t he  d i t c h ,  turned onto i t s  l e f t  s i d e  and 
burned. The d r i v e r  of #1 was trapped i n s i d e  t he  cab of 
h i s  t ruck .  Both the  t ruck  and t r a i l e r  burned completely. 
[Not c l e a r  from r e p o r t  who repor ted  t h e  f a i l u r e . ]  

1 6 .  Unit #1 was heading E .  on and was e x i t i n g  o f f  on an 
e x i t  and f r o n t  l e f t  t i r e  blew ou t  and u n i t  s t ruck  guard- 
r a i l s  and went o f f  roadway [semi] .  



TABLE 1 ( c o n t d . )  

17.  Vehic le  was southbound when it appeared t h a t  b rake  l i n e s  
broke on t r a i l e r  and s t a r t e d  whipping from s i d e  t o  s i d e  
and jack-knifed a f t e r  c r o s s i n g  road and coming back t o  
northbound l a n e s .  Dr iver  l a t e r  s t a t e d  t h a t  t h e  t r u c k  
had j u s t  had t h e  b rakes  a l t e r e d ,  and he f e l t  t h a t  e i t h e r  
t h e  b rakes  o r  b e a r i n g s  f a i l e d .  

18 .  Vehic le  had d e f e c t i v e  b rakes  [ s t akebed  s t r a i g h t  t r u c k ]  . 
Driver  s t a t e d  he knew t h e  b rakes  were bad b u t  though t  
t h e y  would hold  up f o r  t h e  2 m i l e s  he was going t o  t a k e  
t h e  vehicle--blew t h e  master  c y l i n d e r .  

19. While c a r  was p a s s i n g  semi, t h e  l e f t  f r o n t  t i r e  and r i m  
blew o f f  t h e  t r a c t o r  and s t r u c k  t h e  c a r  on t h e  l e f t  s i d e .  
The c a r  then  h i t  t h e  b r i d g e  r a i l i n g .  

2 0 .  Vehic le  [ semi / t anker ]  a t t empted  t o  s t o p  f o r  s t o p  s i g n  
b u t  was unable  t o  s t o p .  Dr ive r  s a i d  b rakes  o n . t r a i l e r  
were bad. 

Brake d e f e c t s  range  from complete l o s s  ( o r  complete lockup) 

t o  "weak b r a k e s . "  Note t h a t  i n  s e v e r a l  c a s e s  t h e  o f f i c e r  

concluded t h a t  t h e r e  was a  brake  d e f e c t  because t h e  t r u c k  

cou ld  n o t  s t o p  i n  time--and t h e r e  i s  t h u s  an e n t r y  i n  t h e  

" d e f e c t "  c a t e g o r y  f o r  such e v e n t s .  

The t i r e  d e f e c t s  a r e  p r i m a r i l y  blowouts ,  b u t  it i s  

o f t e n  p o s s i b l e  t o  conclude t h a t  t h e  blown t i r e  might  have 

been t h e  r e s u l t  r a t h e r  t h a n  t h e  cause  o f  t h e  a c c i d e n t .  

D e f e c t s  g e n e r a l l y  p u t  i n  t h e  " o t h e r "  c a t e g o r y  a r e  

most o f t e n  r e l a t e d  t o  load  in tegr i ty - -b roken  tie-down 

s t r a p s ,  f o r  example. S e v e r a l  d i f f e r e n t  k i n d s  of " t r a i l e r "  

d e f e c t s  a r e  no ted .  L i g h t i n g  d e f e c t s  range from nonworking 

l i g h t s  t o  t h o s e  covered by mud. 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  

which fo l low,  it i s  l i k e l y  t h a t  t h e  f requency of  t i r e  and 

b rake  d e f e c t s  may be somewhat o v e r s t a t e d  ( i n  t h e  l i g h t  of 

t h e  d e t a i l  of  Table 1) ;  i n  c o n t r a s t ,  l o s t  wheels may be some- 

what under represen ted ,  s i n c e  on ly  t h o s e  which caused o t h e r  

damage seem t o  be r e p o r t e d  h e r e ,  



Further Analysis of the Texas Files 

Dividing the truck population into its two major 

components--straight trucks and semis--brakes constituted 

the majority of defects for both, but are more frequent 

for the straight trucks. This may well be because the 

environment for straight trucks is more urban, and brakes 

(as evidenced by Table 1) show up mostly in striking 

stopped vehicles from behind ... a characteristic of urban 
collisions. For total defects, both truck types exhibit 

about the same frequency. These distributions are shown 

in Figure 5 and Figure 6. 

BRAKES 

FIGURE 5.--Defect Distribution: Straight Trucks Involved 
in Accidents in Texas in 1973 (6.1% of all 
Reported Straight Truck Involvements Noted 
a Defect). 



FIGURE 6.--Defect D i s t r i b u t i o n :  Semi Trucks Involved 
i n  Acc iden t s  i n  Texas i n  1 9 7 3  (6 .0% o f  A l l  
Reported Semi Truck Involvements  Noted 
a D e f e c t ) .  

Urban and r u r a l  involvements  a r e  shown i n  F i g u r e s  7 

and 8 .  I n  t h e s e  diagrams t h e  urban group i s  t aken  from 

c r a s h e s  o c c u r r i n g  i n  c i t i e s  of o v e r  250,000 p o p u l a t i o n ,  t h e  

r u r a l  group from c r a s h e s  i n  un incorpora ted  a reas - -da ta  from 

s m a l l e r  c i t i e s  being dropped from t h i s  p r e s e n t a t i o n .  

S i n g l e -  and two-vehicle  a c c i d e n t s  a r e  shown i n  F i g u r e s  

9 and 10.  Note t h e  dominance of b rake  d e f e c t s ,  p a r t i c u l a r l y  

i n  t h e  two-vehicle  c a s e s .  

O v e r a l l  d e f e c t s  a r e  a s t r o n g  f u n c t i o n  o f  t h e  age of  

t h e  t r u c k .  The average  pe rcen tage  of d e f e c t s  i n  a c c i d e n t s  

( abou t  6 % )  r anges  from 1 0 %  ( f o r  model y e a r  1965 and o l d e r )  

t o  abou t  4 %  ( f o r  1972-1973 m o d e l s ) ,  a s  shown i n  F i g u r e  11. 

However, t h e  t h r e e  p r i n c i p a l  de fec t s - -b rakes ,  t i r e s ,  and 

l o s t  wheels--show t h r e e  q u i t e  d i f f e r e n t  d i s t r i b u t i o n s  w i t h  



FIGURE 7 . - -Defec t  D i s t r i b u . t i o n :  T r u c k s  i n  R u r a l  A c c i d e n t s ,  
Texas  1973  (9 .6% o f  R u r a l  T ruck  I n v o l v e m e n t s  
Noted V e h i c l e  D e f e c t s ) .  

FIGURE 8 . - -De fec t  D i s t r i b u t i o n :  T r u c k s  i n  L a r g e  C i t y  (Urban)  
A c c i d e n t s ,  Texas  1973  ( 4 . 6 %  o f  Urban A c c i d e n t s  
Noted  V e h i c l e  D e f e c t s ) .  



FIGURE 9.--Defect Distribution: Trucks in Single-Vehicle 
Accidents, 1973 Texas (13.8% of Single-Vehich 
Truck Accidents Noted a Defect). 

STEER I NG 

. FIGURE 10.--Defect Distribution: Trucks in Two-Vehicle 
Accidents, Texas 1973 ( 4 8  of Two-Vehicle Truck 
Accidents Noted a Vehicle Defect)., 





FIGURE 12 
PERCENT OF RLL TRUCK INVOLVEMENTS I N  

TEXAS 1973 WITH BRAKE, TIRE. OR 
LOST WHEEL DEFECTS - BY MODEL YR. - BRRKES 
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age  a s  d e p i c t e d  i n  F i g u r e  12.  T i r e s  e x h i b i t  a  s l i g h t  r i s e  

f o r  newer t r u c k s ,  pe rhaps  because  newer v e h i c l e s  a r e  l i k e i y  * 

t o  b e  a s s i g n e d  t o  long-haul  s e r v i c e .  Brakes  on t r u c k s  o l 2 e r  

t h a n  t h r e e  y e a r s  dominate  t h e  age  d a t a .  Los t  wheels  hover  

around l%, e x c e p t  f o r  t h e  two most r e c e n t  model y e a r s ,  when 

t h e y  d r o p  t o  n e a r l y  0 . 5 % .  

F i g u r e  1 3  shows t h e  d i s t r i b u t i o n  of t h e  p e r c e n t a g e  o f  

d e f e c t s  r e p o r t e d  by month f o r  t h e  Texas d a t a  showing a  

summer peak and a  w i n t e r  low. BMCS d a t a  show a s i m i l a r  

d i s t r i b u t i o n .  

A n a l v s i s  o f  BMCS-1972 F i l e s  

BMCS d a t a  y i e l d  more d e f i n i t e  i n d i c a t i o n  o f  v e h i c l e  

t y p e  and ca rgo .  F i g u r e  1 4  shows t h e  major  body s t y l e s ,  and 

o n l y  t h e  t r u c k  p u l l i n g  a  house t r a i l e r  i s  f a r  d i f f e r e n t  from 

t h e  ave rage .  (The Texas d a t a  d i s c u s s e d  above i n d i c a t e  t h a t  

a b o u t  2/3 o f  t h e  d e f e c t s  f o r  " t r u c k s  p u l l i n g  house t r a i l e r s "  

a r e  a s s o c i a t e d  w i t h  t h e  t r a i l e r . )  Los t  wheels  a r e  t h e  

second most f r e q u e n t  d e f e c t ,  w i t h  b r a k e s  be ing  t h i r d  f o r  

t h i s  c a t e g o r y .  

A s l i g h t l y  d i f f e r e n t  breakdown i n  F i g u r e  15--the 

d i s t r i b u t i o n  by c a r g o  c l a s s i f i c a t i o n - - a l s o  shows t h e  i n c i -  

dence  of  d e f e c t s  f o r  t r u c k s  p u l l i n g  house t r a i l e r s ,  f u r n i t u r e ,  

" o t h e r "  c o m b u s t i b l e s ,  m e t a l  p r o d u c t s ,  and machinery ,  and food 

and beve rages  b e i n g  above t h e  ave rage .  Paper  p r o d u c t s ,  a u t o  

c a r r i e r s ,  and empt i e s  a r e  on t h e  low s i d e .  

F i g u r e  16 shows a  s l i g h t  o v e r r e p r e s e n t a t i o n  of  t h s  

group  o f  flammable L i q u i d s ,  e x p l o s i v e s ,  and c o r r o s i v e s  and 

t o x i c  subs t ances - -poss ib ly  a  r e p o r t i n g  a r t i f a c t  because  of t h e  

consequences  o f  a c c i d e n t s  a s s o c i a t e d  w i t h  t h e s e  c a r g o e s .  

Acc iden t  s e v e r i t y  i s  d i s p l a y e d  i n  F i g u r e  1 7 ,  w i t h  

p r o p e r t y  damage o n l y  a c c i d e n t s  showing t h e  g r e a t e s t  p r o p o r t i o n  

of v e h i c l e  d e f e c t s ,  f a t a l s  t h e  l e a s t .  









FIGURE 17.--Percent of All Truck Accidents with 
Reported Defects--BMCS, 1972 by 
Severity of Accident. 



Conclus ions  from t h e  Mass Data 

From t h e  p o l i c e -  and c a r r i e r - r e p o r t e d  a c c i d e n t  d a t a ,  

it i s  c l e a r  t h a t  d e f e c t s  i n  a c c i d e n t  involved t r u c k s  a r e  

a s s o c i a t e d  w i t h  o l d e r  v e h i c l e s ,  wi th  t r u c k s  hau l ing  house 

t r a i l e r s ,  and wi th  young d r i v e r s .  The most f r e q u e n t  s i n g l e  

d e f e c t  c a t e g o r y  i s  t h a t  of b rakes ,  b u t  t i r e s  and wheels 

combined c o n s t i t u t e  a  s u b s t a n t i a l  p a r t  of t h e  problem. 

Trucks c a r r y i n g  s t e e l ,  machinery, f u r n i t u r e ,  and some 

explos ives- f lammables-corros ives  a r e  over represen ted  i n  t h e  

d e f e c t i v e - v e h i c l e  a c c i d e n t  p o p u l a t i o n .  For some reason ,  

summer and f a l l  a r e  t h e  p e r i o d s  of  t h e  yea r  most l i k e l y  t o  

produce " v e h i c l e  d e f e c t "  t r u c k  a c c i d e n t s .  

A s  noted  above, it would have been u s e f u l  i f  t h e  

a c c i d e n t  r e p o r t s  had i n d i c a t e d  d i r e c t l y  t h e  type  o r  degree  

of maintenance p r a c t i c e d  by bo th  t h e  company and t h e  d r i v e r .  

With a  few a n e c d o t a l  e x c e p t i o n s  ( e . g . ,  t h e  d r i v e r  who claimed 

t h a t  t h e  "mechanic d i d n ' t  pu t  t k ~ e  l u g s  on coo t i g h t " )  t n i s  

was. n o t  t h e  c a s e .  The mass d a t a ,  supplemented by a  r ead ing  

of p o l i c e  r e p o r t s ,  do s e r v e  t o  c h a r a c t e r i z e  t h e  problem o f  

i s o l a t i n g  v e h i c l e  d e f e c t s  i n  a c c i d e n t s .  We no te  p a r t i c u l a r l y  

t h a t  t h e  m a j o r i t y  of t h e s e  d e f e c t s  can be l i s t e d  under t h e  

t h r e e  ca tegor ies - -b rakes ,  t i r e s ,  and wheels--and t h a t  a l l  

of  t h e s e  a r e  p o t e n t i a l l y  s u b j e c t  t o  improvement by some s o r t  

of  i n s p e c t i o n  p r o c e s s .  

Th i s  mass d a t a  a n a l y s i s  was a  p r e l i m i n a r y  s t e p  i n  

unders tand ing  t h e  problem, and t h e  in fo rmat ion  d e r i v e d  was 

used a s  background i n  developing t h e  d r i v e r  and c a r r i e r  

i n t e r v i e w  procedures .  Other  than  t h a t ,  r e f e r e n c e  w i l l  be 

made t o  t h i s  mass d a t a  a g a i n  i n  t h e  conc lus ions  s e c t i o n  

of t h i s  r e p o r t .  



B. Data Sources 

Data acquisition activities for four general groups 

were undertaken as informal data and opinion gathering 

exercises. These four data acquisition activities are 

listed below and then individually discussed. All were 

completed as Task C projects and are keyed to the work 

plan as follows: 

Task. C2: Industry Data Source 

a. Experts 
b. Motor Carrier Maintenance Personnel 

Task C3: Agency Data Source 

a. State Inspection Personnel 
b, BMCS Field Personnel 

Task C4: Supplementary Accident Data 

For purposes of ready reference, the data acquisition 

activity conducted under Task C2b is referred to as the 

Motor Carrier Source and the data acquisition activity 

under Task C4 is referred to as the Driver Source. 

Industry Data Source 

Task C2a: Experts -- 
Informal contacts were established across a broad 

spectrum of the trucking industry and related organizations 

to serve a twofold purpose. These purposes were: (1) to 

investigate and explore the many phases of trucking operations 

and maintenance, and (2) to provide an audience from which 

to receive feedback for new ideas in inspection rules and 

regulations. Major trucking organization meetings and 

regional meetings were attended, and individual fleet owners 

and operators were contacted. Major trucking organization 

meetings attended included Fleet Week, 1974, RCC Maintenance 

Meeting, SAE National Truck Committee Meeting, AAMVA Vehicle 

Inspection Committee Annual Meeting, Tri State Trucking 

Association (Pennsylvania), and the Pennsylvania State Safety 



Commission . . Annual Meeting ( P i t t s b u r g h ) .  A t  e a c h  of  t h e s e  

m e e t i n g s ,  sub-group s e s s i o n s  were a t t e n d e d  and c o n v e r s a t i o n s  

w i t h  d e l e g a t e s  i n i t i a t e d  a s  a  means o f  g a i n i n g  i n f o r m a t i o n  

a b o u t  t h e  p r o c e s s e s  and problems o f  t h e  i n d u s t r y .  

A t  e a c h  o f  t h e  BMCS r e g i o n a l  o f f i c e s  v i s i t e d ,  conver -  

s a t i o n s  were conducted  w i t h  t h e  f i e l d  s t a f f - - a s  e x p e r t s  i n  

i n s p e c t i o n  and enforcement--and s e v e r a l  d i f f e r e n t  t y p e s  of  

c a r r i e r s  and t h e i r  p e r s o n n e l  were v i s i t e d - - t o  c o n t a c t  and 

i n v e s t i g a t e  d i f f e r e n t  t y p e s  o f  c a r r i e r s  i n  terms o f  main ten-  

ance  p r a c t i c e  a s  p e r c e i v e d  by t h e  f i e l d  s t a f f .  

The Motor C a r r i e r  Maintenance P e r s o n n e l  d a t a  s o u r c e  

b r o u g h t  u s  i n t o  c o n t a c t  w i t h  a  d i v e r s i t y  o f  c a r r i e r  t y p e s  

and o p e r a t i o n a l  p e r s o n n e l ,  most  o f  whom were e a g e r  t o  

e x p r e s s  o p i n i o n s .  

C o n t a c t s  were made w i t h  t h e  BMCS Washington o f f i c e  

and w i t h  t h e  American Trucking  ~ s s o c i a t i o n  (ATA) p a r t i c u -  

l a r l y  i n  t h e  a r e a . o f  t h e i r  v e l i i c l e  main tenance  r e p o r t i n g  

sys t ems  program. 

C o n t a c t s  were made a l s o  w i t h  p r i v a t e  i n d u s t r y  i n  

b o t h  t h e  s u p p l i e r  and m a n u f a c t u r e r  a r e a .  

Based on t h e  comments r e c e i v e d  from t h e s e  e x p e r t s  

t h e  f o l l o w i n g  can  be  conc luded:  

1. V e h i c l e  i n s p e c t i o n  and main tenance  i s  j u s t  
p l a i n  good b u s i n e s s  p r a c t i c e .  I f  t h e  ( F e d e r a l )  
r e g u l a t i o n s  were n o t  p r e s e n t ,  t h o s e  who have a  
s o p h i s t i c a t e d  b u s i n e s s  s e n s e  would d o  it anyway. 

2 .  Frequency o f  i n s p e c t i o n  and main tenance  i s  a 
f u n c t i o n  o f  t h e  t y p e  of  b u s i n e s s  and t y p e  o f  
s e r v i c e .  Most main tenance  p e r s o n s  were l o o k i n g  
f o r  ways t o  e x t e n d  t h e  i n t e r v a l s  w i t h o u t  
i n c u r r i n g  an o p e r a t i o n a l  p e n a l t y .  

3 .  The main tenance  s t a f f  i s  w i l l i n g  t o  f i x  i t ,  
i f  t h e y  know abou t  i t . *  

* D r i v e r s ,  on t h e  o t h e r  hand,  a s  n o t e d  i n  Appendix A 
(pg. 9 8 )  sometimes complain t h a t  main tenance  p e r s o n n e l  a r e  
n o t  s o  r e s p o n s i v e .  



4 ,  State PMVI programs have very little effect 
on vehicle. condition for those operators who 
subscribe to and practice regular periodic 
maintenance and inspection. 

5. The person who is most likely to have a defective 
piece of equipment is the one who does not ha-re 
the financial resources and/or committment tc 
maintain the vehicle or who is unwilling to 
allocate sufficient funds to conduct an organized 
program of maintenance. 

6. All manner and type of services, products, and 
information are available--free and otherwise-- 
to assist in establishing and continuing a 
vehicle maintenance program. Oil companies, 
product suppliers, and the trade literature 
have developed example forms and record systexs 

- for operating such programs. In many instances 
these forms and systems are available for a 
nominal charge (or fee). Additionally, consul- 
tant services and entire record systems are 
available from firms specifically engaged in 
the business of sypplying complete maintenance 
and record systems on a fee or contractual 
basis. 



Task C2b: Motor Car r i e r  Maintenance Personnel -- 
The bas ic  research design c a l l e d  f o r  two da ta  acqui- 

s i t i o n  a c t i v i t i e s  t o  be conducted concerning per iodic  

inspect ion and maintenance and defec t - re la ted  accident  

causat ion.  The purposes were to :  

1. Describe the  nature and s t r u c t u r e  of the  

maintenance p rac t i ces  and procedures 

within the  t rucking community. 

2 .  Determine what r e l a t ionsh ips  e x i s t  between 

per iodic  inspect ion ,  maintenance and 

acc idents .  

A s  a  p a r t  of the ana lys i s ,  these  two da ta  acqu i s i t ion  

a c t i v i t i e s  were l inked together ,  using common va r i ab les  t o  

descr ibe the  e f f e c t s  of inspect ion - and maintenance on defec t -  

r e l a t e d  accidents .  

Tkc  method of gathering information about the  motor 

c a r r i e r  inspect ion and maintenance a c t i v i t i e s  i s  described 

i n  t h i s  sec t ion .  The method of gathering information about 

defec t - re la ted  accidents  i s  described under Task C 4 .  

Three geograhpical a reas  i n  the  United S t a t e s  were 

chosen t o  contain representa t ive  types of opera t ional  and 

c a r r i e r  c h a r a c t e r i s t i c s ,  including t e r r a i n ,  operat ing 

environment, cargo, type of opera t ion ,  e t c .  These a reas  

a l s o  had good s t a t e - l e v e l  accident  records and s t a t i s t i c s ,  

which made them a t t r a c t i v e  from an a n a l y t i c  point  of 

view. 

These geograhpical a reas  a r e  known as  Production 

Areas of Origin and a r e  made up of one o r  more standard 

metropolitan s t a t i s t i c a l  areas .  In standard d e f i n i t i o n  

these a reas  may cross  s t a t e  l i n e s .  However, we have 

r e s t r i c t e d  our sampling t o  only those a reas  wholly con- 

ta ined within a  s t a t e .  The areas  and t h e i r  d e f i n i t i o n s  

a r e  a s  follows: 



PRODUCTION AREAS 

DETROIT 
Michigan: Detroit, Flint, Ann Arbor 

(not  i n c h d i n g  To Zdeo) 

Genesee 
Macomb 
Monroe 
Oakland 
Washtenaw 
Wayne 

PITTSBURGH 
Pennsylvania: Pittsburgh 

(not including CJierto-n, Vheeliizg, StueSei?-,:iZZe i 
1 

Allegheny 
Beaver 
Washington I Counties = 4 

Westmoreland I 
DALLAS, FORT WORTH 

Texas: Dallas, Fort Worth 

Collin 
Dallas 
Denton 
Ellis 
Johnson 
Kaufrnan 
Rockwall 
Tarrant 

These areas are depicted on the accompanying maps. 



PITTSBURGH 







Vehicle registration information for large trucks was 

obtained from the R.L. Polk Co., which regularly compiles 

vehicle registration data for all types of vehicles from 

all states. Trucks are divided into 8 weight groups corres- 

ponding to gross weight categories. All vehicles over 10,000 

pounds gross vehicle weight (GVW) fall into weight groups 3 - 8 .  

Vehicle registration data for all trucks in these weight 

groups was requested from Polk. Table 2 details this data. 

Six groupings of fleet size were used to condense 

the table and provide for a meaningful structure of the industry. 

Table 3 shows the condensation of the Polk data. Truck 

registration by region are similar for each fleet group size. 

Therefore, the distribution of total vehicles by fleet size 

would be used to establish the sample size in each region. 

Due to budget limitations not more than approxinatzly 100 

fleets could be visited in the three regions, or ab0u.t 3 3  per 

production area. Using this target figure, a sample pro- 

portional to the percent of totdl number of trucjcs was est- 

ablished. The results of this sample selection are shown 

in the far right column of Table 3 .  The final design sample 

size of 3 4  per area or a total of 102 was established. 

The R.L. Polk Company furnished a tape of registered 

owner's name, address, and fleet size, and its composition 

was arranged so that all cwners of a given fleet size were 

grouped together. Table 4  shows our arrangement of this data. 

Within each production area, candidate fleet owners by fleet 

group size were drawn randomly. A total of 102 names of fleets 

varying in size from 1 vehicle to several thousand was com- 

piled. Since the registration list is a compilation of owners 

described in a given area, large companies with multiple 

domiciles appeared several times. 

It was necessary to correct for the errors in fleet 

size and sample again. 

Once the sample was drawn, telephone numbers were ob- 

tained for the entries and each entry queried as to type of 

business. Several cases of change of ownership or type of 

.business were uncovered. These, as well as the persons for 





whom a telephone number could not be obtained, had to be 

replaced in the sample. This was particularly true of the 

small operators. 

Preliminary tabulation showed that: 97% of the owners 

own fleets of fewer than 10 trucks; 97% of the owners also 

own 61% of the trucks; 3% of the owners own the other 39% of 

the trucks. 

It should be noted here that our sampling included 

vehicles engaged in - all types of operation, including inter- 

state, intrastate, local delivery, etc. It was not possible 

short of a personal or telephone interview, to determine more 

precisely the type of business engaged in by the owner. 

Our preliminary survey work showed that our fleet 

selection ran the gamut from owners of single trucks engaged 
* 

in local delivery to the largest interstate carrier. Table 5 

shows this distribution. 

To provide for a systematic means of recording data 

from the interviews, a data guide was developed. Called the 

Motor Carrier MaintenanceGuide, the form was organized to 

describe the motor carrier's operations, maintenance practices, 

and to solicit his opinions on accident causation. Three 

basic areas were designated as the major content groups: 

1, Operations 
2, Maintenance Practices 
3. Accident Relationship 

Items were developed for each content area which would 

best characterize the maintenance and operational characteristics 

of the carriers. 

The data guide is organized so as to embody the above 

and allow for stratification by type of organization (owner- 

operator, broker/lease, company). Such a stratification was 

necessary to permit structuring the entries for the different 

types of organizations and personnel assignments to help 

elicit the best.response to the items. Also included are 

provisions for identification and other control information. 

Figure 18 shows the structure of the survey Guide. 



TABLE 5.--Preliminary Fleet Selection. 

Group Size 'Y Total 
Group 

Individual and Owner Operator 19 19 

Wholesale/Retail -- Except for Small 
Food Wholesale 8 

Wholesale/Retail -- Except for Medium 
Food Wholesale 

Intrastate and Local Trucking Small 2 
Intrastate and Local Trucking Medium 5 
Intrastate and Local Trucking Large 2 

Interstate Carrier 
Interstate Carrier, 

Manufacturing 
Manufacturing 

Medium 3 
LLrge 6 

Small 2 
Medium 2 

Raw Agricultural Small 

Food Processing/Wholesale Medium 8 
Food Processing/Wholesale Large 4 

Fleet Leasing 
Fleet Leasing 
Fleet Leasing 

Sma 11 1 
Medium 4 
Large 4 9 

Small 6 
Medium 9 
Large 1 .  16 

Local Service 1 1 

Bulk Transportation 

Unknown 

Medium 
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Each d e s i g n a t e d  t r u c k i n g  company was c o n t a c t e d  by 

t e l e p h o n e  and an appoin tment  e s t a b l i s h e d  whereby an i n t e r -  

v iewer  c o u l d  p e r s o n a l l y  v i s i t  t h e  p r o s p e c t i v e  r e sponden t  

a t  h i s  p l a c e  o f  b u s i n e s s .  S t e p s  were t a k e n  t o  e n s u r e  candor  

among t h e  r e s p o n d e n t s  and each  was g iven  t h e  f o l l o w i n g  

s t a t e m e n t :  

MOTOR CARRIER SURVEY 

I n t r o d u c t o r y  S t a t e m e n t  

The Highway S a f e t y  Research  I n s t i t u t e  i s  conduc t ing  
an i n q u i r y  of  t h e  t r u c k i n g  i n d u s t r y  and of  t h o s e  who u s e  
l a r g e  t y u c k s  i n  t h e  normal c o u r s e  of  conduc t ing  t h e i r  
b u s i n e s s .  The purpose  i s  twofo ld :  (1) t o  d e s c r i b e . t h e  
n a t u r e  and s t r u c t u r e  of  t h e  main tenance  p r a c t i c e s  and 
p rocedures  w i t h i n  t h e  t r u c k i n g  community, and ( 2 )  t o  
de t e rmine  what r e l a t i o n s h i p s  e x i s t  between p e r i o d i c  i n s p e c -  
t i o n ,  main tenance ,  and a c c i d e n t s .  

1.5 a r e  i n t e r ~ s t c d  i n  t h e  t o t a l  t r u c k  community-- 
i n c l u d i n g  e v e r y t h i n g  from t h e  one t r u c k ,  owner /opera ted  
v e h i c l e  t o  t h e  v e r y  l a r g e s t  i n t e r s t a t e  t r u c k  t r a n s p o r t a t i o n  
c o r p o r a t i o n  i n  t h e  Uni ted  S t a t e s .  

S i n c e  i t  i s  i m p o s s i b l e  f o r  u s  t o  t a l k  t o  a l l  t r u c k  
o p e r a t o r s ,  you have (your  f i r m  h a s )  been chosen t o  r e p r e -  
s e n t  a  p a r t i c u l a r  t y p e  o f  t r u c k i n g  o p e r a t i o n s  i n  o u r  
sample.  

A l l  answers  g i v e n  t o  q u e s t i o n s  i n  t h i s  meet ing  a r e  
s t r i c t l y  c o n f i d e n t i a l .  No i t e m s  of  a  f i n a n c i a l  n a t u r e  
w i l l  be  d i s c u s s e d .  No i n d i v i d u a l  r e s p o n s e s  w i l l  be  shown 
o r  g i v e n  t o  any governmenta l  o r  o t h e r  agency o r  pe r son .  
Only summary s t a t i s t i c s  w i l l  be  r e l e a s e d .  A l so ,  yoil 
(your  f i r m )  w i l l  n o t  be  i d e n t i f i e d  w i t h  t h e  r e s p o n s e s .  
The meet ing  shou ld  t a k e  less t h a n  1 hour  o f  your  t ime .  

Most were w i l l i n g  t o  c o o p e r a t e  and t h e  number o f  

r e f u s a l s  was less t h a n  5%.  

E a r l y  i n  t h e  program it became e v i d e n t  t h a t :  (1) 

everyone  h a s  a  ma in t enance  program g e n e r a l l y  c l a s s i f i a b l e  

i n t o  one of t h r e e  c a t e g o r i e s - - s o p h i s t i c a t e d ,  a d e q u a t e ,  o r  



breakdown; ( 2 )  m a i n t e n a n c e  o r  l a c k  o f  i t  i s  done f o r  economic 

r e a s o n s  ( t h o s e  who have  a  program d o  it a s  a p a r t  of  good 

b u s i n e s s  p r a c t i c e  and t h o s e  who d o n ' t  e i t h e r  d o n ' t  have t h e  

f i n a n c i a l  b a c k i n g  t o  do  it o r  t h e  d e s i r e  t o  a l l o c a t e  f u n d s  

f o r  t h a t  a c t i v i t y ) ;  ( 3 )  v i r t u a l l y  a l l  l a r g e  c a r r i e r s  have 

a  ma in t enance  program. 

A t  e a c h  m e e t i n g ,  time was s p e n t  d i s c u s s i n g  t h e  

n a t u r e  o f  t h e  ma in t enance  a c t i v i t y ,  e x p l o r i n g  why c e r t a i n  

p r a c t i c e s  were f o l l o w e d  ( o r  n o t  f o l l o w e d ) ,  t o u r i n g  t h e  

shop  f a c i l i t i e s  (where a v a i l a b l e ) ,  and examining ma in t enance  

and i n s p e c t i o n  r e c o r d s .  The r e s u l t s  o f  t h e s e  m e e t i n g s  and 

d i s c u s s i o n s  a r e  d e t a i l e d  on page 71. 

Agency Data  Source  

. T a s k  C3a: Meet ings  w i t h  S t a t e  I n s p e c t i o n  P e r s o n n e l  -- 

A mee t ing  o f  t h e  AAMVA V e h i c l e  I n s p e c t i o n  Committee 

i n  D e t r o i t  a f f o r d e d  an  o p p o r t u n i t y  t o  meet  and t a l k  w i t h  

v e h i c l e  i n s p e c t i o n  p e r s o n n e l  f rom many s t a t e s .  The f o l l o w i n g  

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

I t  was d e t e r m i n e d  t h a t  a  f o r m a l  m a i l  s u r v e y  of  s t a t e  

i n s p e c t i o n  p e r s o n n e l  would n o t  be  i n  t h e  b e s t  i n t e r e s t  of 

t h e  c o n t r a c t ,  s i n c e  forming  a  l i s t  o f  r e s p o n s i b l e  p e r s o n s ,  

c o n t a c t i n g  them, and o b t a i n i n g  r e s p o n s e s  would b e  time- 

consuming and p r o b a b l y  y i e l d  low r e s p o n s e .  Most s t a t e  

v e h i c l e  i n s p e c t i o n  programs a r e  p a s s e n g e r - v e h i c l e  and 

l i g h t - t r u c k  o r i e n t e d  and c o v e r  o n l y  t h o s e  v e h i c l e  components 

which a r e  r e a d i l y  v i s i b l e .  A few s t a t e s  remove whee l s  and 

examine b r a k e  l i n i n g s .  

Most s t a t e s  a l s o  have r e g u l a t i o n s  r e q u i r i n g  commer- 

c i a l  v e h i c l e s  t o  be  r e g u l a r l y  i n s p e c t e d  and m a i n t a i n e d  i n  

safe o p e r a t i n g  c o n d i t i o n s  which a r e  e n f o r c e d  by t h e  P u b l i c  

S e r v i c e  Commission ( o r  i t s  c o u n t e r p a r t ) .  A l l  s t a t e s  have 

r u l e s  and r e g u l a t i o n s  g o v e r n i n g  s a f e  o p e r a t i o n  s i m i l a r  t o  



the Federal Motor Carrier Safety Regulations (FMCSR) or have 

adopted the FMCSR in toto. 

Most large trucking companies and many medium and 

small companies have inspection programs which are implemented 

because it is good business practice and the companies would 

do it anyway, regardless of state law. 

In states requiring inspection, only the small 

trucking compacy operators were of the opinion that PMVI 

helped them keep up their vehicle. 

PMVI may not be successful for large trucks because 

they cover many more miles--up to 10 times as many miles in 

a year--than a passenger vehicle. Hence, a once a year 

annual inspection, while adequate to catch many impending * 

passenger vehicle defects, has little or no effect on 

trucks because of a much more pronounced rate of component 

wear, defect, failure, and replacement due to higher usage. 

For the commercial vehicle which accrues its mileage 

in a similar fashion to a passenger vehicle, an annual 

inspection might be effective. 

It should be noted that some states (Illinois, for 

example) have a law that exempts a commercial vehicle from 

state inspection if subject to the FMCSR. Such legislation 

is defeating to vehicle inspection, since it provides a 

loophole large enough to drive a defective truck through. 

Some form of federal remedial rulemaking is advised in 

these cases. 

State PMVI does serve a purpose. It provides a 

service for the small, low mileage operator, and informs 

uninformed operators of the benefits derived from periodic 

inspection. The consensus of PMVI officials is, however, 

that PMVI  has minimal effect on high mileage vehicles. 



Task C3b: Data  A c q u i s i t i o n  from BMCS F i e l d  P e r s o n n e l  -- 
BMCS f i e l d  p e r s o n n e l  s e r v i n e  t h e  t h r e e  d a t a  a c q u i -  

s i t i o n  r e g i o n s  ( D a l l a s ,  D e t r o i t ,  P i t t s b u r g h )  were c o n t a c t e d  

and i n t e r v i e w e d .  

The p u r p o s e  o f  t h e s e  i n t e r v i e w s  were t o :  

1. Gain i n f o r m a t i o n  a b o u t  t h e  Bureau a c t i v i t i e s  

i n  en fo rcemen t .  

2 .  Examine t h e  t r u c k i n g  i n d u s t r y  from a  regu-  

l a t o r y  p o i n t  o f  view. 

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

b e t t e r  u n d e r s t a n d  t h e  r o l e  o f  r e g u l a t i o n  and  

t o  s e r v e  as e x p e r t s  i n  ma in t enance  and 

i n s p e c t i o n  a c t i v i t i e s .  

Each t r i p  c o n s i s t e d  of  mee t ing  w i t h  t h e  BMCS r e g i o n a l  

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

v i s i t s  t o  r e p r e s e n t a t i v e  a r e ?  t r u e k i n g  c c x 2 a ~ i c s  a r  o t h e r  

r e l a t e d  a c t i v i t y ,  and i n - d e p t h  i n t e r v i e w s  w i t h  t h e  f i e l d  

p e r s o n n e l .  

The r o l e  o f  t h e  f i e l d  s a f e t y  i n v e s t i g a t i o n  i s  m u l t i -  

f a c e t e d  b u t  b a s i c a l l y  one  of  en fo rcemen t  and e d u c a t i o n .  

Enforcement  o f  t h e  FMCSR i s  i n  t h e  f o r e f r o n t ,  i n  t h a t  road-  

s i d e  checks  and a u d i t s  o f  c a r r i e r  r e c o r d s  a r e  an ongoing 

f u n c t i o n .  

The r o a d s i d e  c h e c k s  a r e  i n i t i a t e d  a t  t h e  i n v e s t i -  

g a t o r ' s  d i s c r e t i o n ,  w h i l e  t h e  a u d i t s  a r e  i n  r e s p o n s e  e i t h e r  

t o  r e s u l t s  o f  t h e  r o a d s i d e  c h e c k s  o r  t o  c o m p l a i n t s .  I f ,  

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

o f  t h e  r u l e s  and r e g u l a t i o n s  i s  e v i d e n t ,  t h e  i n v e s t i g a t o r  

u n d e r t a k e s  wha teve r  e d u c a t i o n a l  s t e p s  he  f e e l s  n e c e s s a r y  

t o  in fo rm t h e  c a r r i e r  o f  h i s  o b l i g a t i o n s  and a s s i s t  him 

i n  s e t t i n g  up a  sys t em f o r  compl i ance  w i t h  t h e  r u l e s .  

Each r e g i o n a l  manager and h i s  s a f e t y  i n v e s t i g a t o r  were 



asked  a  .series o f  q u e s t i o n s  d e s i g n e d  t o :  (1) a s c e r t a i n  

t h e i r  r o l e  i n  t h e  BMCS o r g a n i z a t i o n ,  ( 2 )  o b t a i n  t h e i r  view 

o f  which s e c t i o n s  o f  p a r t  396, FMCSR need improvement,  and 

( 3 )  g a i n  i n f o r m a t i o n  a s  t o  where t h e  problems l i e  w i t h  

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

The f i r s t  item p r o v i d e d  t h e  i n f o r m a t i o n  n e c e s s a r y  

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

I n  r e s p o n s e  t o  t h e  item c o n c e r n i n g  t h e  adequacy of  

p a r t  396 and where improvements were needed ,  a l l  a g r e e d  

t h a t  t h e  s e c t i o n  ( p a r t  3 9 6 ) ,  i s  b a s i c a l l y  a d e q u a t e .  While  

e a c h  i n v e s t i g a t o r  had h i s  own p e t  g r i e v a n c e  w i t h  c e r t a i n  

s e c t i o n s  o f  p a r t  396, a l l  f e l t  t h a t :  

1. The r e c o r d - k e e p i n g  r e q u i r e m e n t s  need t o  be  

minimum r a t h e r  t h a n  recommended. 

2 .  They needed a  means t o  e a s i l y  v e r i f y  t h a t  

ma in t enance  and i n s p e c t i o n  was be ing  performed 

on t h e  v e h i c l e - - p a r t i c u l a r l y  a t  r o a d s i d e  

c h e c k s .  

3 .  While r e g u l a t i o n s  r e q u i r e  i n s p e c t i o n s ,  t h e y  

do  n o t  s p e c i f y  t h a t  t h e  i n s p e c t o r  be q u a l i -  

f i e d .  

4 .  T r i p  l e a s e  a r r angemen t s  a r e  n o t  s p e c i f i c a l l y  

cove red  i n  t h e  v e h i c l e  i n s p e c t i o n  r e q u i r e m e n t s .  

A l l  were unanimous i n  t h e i r  o p i n i o n  t h a t  t h e  problem 

v e h i c l e s  from an i n s p e c t i o n  and ma in t enance  s t a n d p o i n t  were 

t h o s e  b e l o n g i n g  t o  o p e r a t o r s  who e i t h e r  do  n o t  have  t h e  

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

who do  n o t  d e s i r e  t o  a l l o c a t e  t h e  n e c e s s a r y  r s s o u r c e s  t o  

ma in t enance .  These a r e  t y p i c a l l y  t h e  exempt commodity 

c a r r i e r s  and t h e  economica l ly  m a r g i n a l  o p e r a t o r s .  

The f i e l d  p e r s o n n e l  a l l  f e l t  t h e y  p u t  i n  a  l a r g e  

number o f  h o u r s  p r e p a r i n g  and p r e s e n t i n g  e d u c a t i o n  programs 



to acquaint operators with BMCS and its rules and regulations. 

Any help from the Headquarters office would be greatly 

appreciated. 

From our visits with these people, we observe that: 

1. Feedback from the field safety and compliance 

checks--usually the MCS-63 forms--would pro- 

vide the safety investigators with direction 

-as to where the problems lie and what they 

are. 

2. Educational materials in the form of additional 

handout materials and basic topic outlines for 

presentations, speeches, etc. would be most 

helpful in completing the task of effective 

presentations to various trucking groups. 

3. Due to the wide variance in operating styles 

and priorities observed among the teams, more 

central control and direction from Washington 

would be desirable. The computerization, 

development, and - use of data generated by 

the MCS-63 form would be most helpful here. 



Task C4: Supplementary Accident Data Acquisition 

Arrangements were made with the State of Texas De- 

partment of Public Safety to purchase the required number 

of accident reports listing all large trucks involved in 

collisions in Texas for 2 87 day period beginning July 1, 

1974. 

The purpose was to obtain access to a population , 

of crash-involved drivers operating both defective and not- 

defective trucks involved in crashes, so that these drivers 

(or a sample of them) could be contacted concerning various 

aspects of their operation on the day they were involved 

in the crash. Our design called for obtaining data con- 

cerning maintenance from one source and accident involvement 

from another (accident reports). Unfortunately, accident 

reports do not list certain variables critical to our analysis-- 

namely, type of service (inter- vs. intra-state operation), 

cargo, pupose of the trip. It was necessary to contact these 

drivers to answer'certain questions concerning their operation 

on the day of the accident. 

Beginning July 1, 1974 the state of Texas began send- 

ing copies of all large truck accident reports involving a 

large truck to HSRI. Based on our sampling plan, it was 

determined that approximately 200 defect-related accident 

reports would be needed. Using a defect rate of 7% (based 

on an analysis of the Texas mass accident data truck file), 

this meant that approximately 3000 reports would be needed. 

Owing to anticipated subject mortality and miscoding, a plan 

of oversampling was initiated whereby additional reports 

would be obtained to ensure the achievement of the 200 figure. 

An analysis of the first few weeks of report collection re- 

vealed an over-estimation of about 1% in the defect rate. 

In all, 4377 accident reports covering crashes in 

which a large truck was involved were received from Texas. 

This covered the 11-week periods of July 1-July 22 and July 

30-September 24, 1974--or 79 days. For this period, 288 

reports or 6.28% of the total were labeled as referring to 



a c c i d e n t s  i n v o l v i n g  t r u c k s  w i t h  a  d e f e c t .  The fo l lowing  

g e n e r a l i z a t i o n s  from t h i s  d a t a  a r e  of  i n t e r e s t .  

DISTRIBUTION OF NUMBER OF VEHICLES BY DAY OF WEEK 

DISTRIBUTION OF NUMBER OF DEFECT VEHICLES BY DAY OF WEEK 

2 x on r a t i o  between t c t a l  d i s t r i b u t i o n  and d e f e c t  d i s t r i b u t i o n  = 6.508. 

No s i g n i f i c a n t  d i f f e r e n c e - - n o  one day s t a n d s  o u t .  

Typ ica l  Day 

% D i s t r l b u t i o n  

DISTRIBUTION OF V E H I C L E S  BY MODEL YEAR -- JULY ONLY 

1 

Sunday Monday Tuesday Wednesday Thursday F r i day  Saturday TOTAL 

2  4 4  5  5 4 2  2 6  

7.7 15.4 15.4 19.2 19,2 15.4 7.7 100% 

Unknown 62 t Older 63 64 65 66 67 68 69 70 71 72 73 74 TOTAL 
- - 

To ta l  Veh ic le  43 5 6  25 28  39 64 7F 91 127 127 147 211 256 201 1,493 
Popu la t ion  

Actual  Defects 0  6  5  4  5  8 9  3 9 9 1 6  9 1 4 1 0  108 

k -- 0 5.5 4.6 3.7 . .-- 4.6 7.4 8.3 2.8 8.3 8.3 14.8 8.3 13.0 9.3 100% 
. - P 

Expected Defects 
based on Popu la t i on  3 , l  4.1 1.8 2.1 2.8 4.6 5.6 6.6 9.2 9.2 10.6 15.2 18.5 14.6 108 

2 
The x between t h e  d i s t r i b u t i o n  of expected d e f e c t s  and a c t u a l  d e f e c t s  = 24.39 
and i s . s i g u i f i c . a u t  a t  t h e  .05 l e v e l ,  It appears  t h a t  73-74 v e h i c l e  exper- 
i ence  i s  good. With 71 and o l d e r  vehicles, problems begin--namely, they  
a r e  exper icncing more d c f e c t s  than \,inuld be expected f o r  t h e i r  nunlbtlrs i n  the  
popula t ion.  This  i s  confirmed i n  t h e  mass d a t a  a n a l y s i s  a s  seen i n  
Chapter I V ,  page 31. 



For t h e  2 2 8  v e h i c l e  d e f e c t  r e l a t e d  a c c i d e n t  r e p o r t s ,  a  

matched p a i r  sample was c r e a t e d  whereby each d e f e c t  r e p o r t  

was matched w i t h  a  r e p o r t  c o n t a i n i n g  a  v e h i c l e  which d i d  n o t  

have a  d e f e c t .  

These matching v a r i a b l e s  were ( i n  o r d e r  of  i m p o r t a n c e ) :  

Date of  Accident  
Age of  Veh ic le  (Model Year) 
Geographic Region (Prox imi ty  by c i t y  and coun ty )  
T i m e  of Day 

No e f f o r t  was made nor  was it p o s s i b l e  t o  match on body 

s t y l e ,  v e h i c l e  make, purpose  of  t r i p ,  o r  v e h i c l e  c a r g o .  Two 

r e a s o n s  e x i s t  f o r  t h i s :  (1) t h e  i n f o r m a t i o n  was n o t  on t h e  

a c c i d e n t  r e p o r t ,  and ( 2 )  a  much l a r g e r  sample would be re- 

q u i r e d  i n  o r d e r  t o  accumulate enough c a s e s  f o r  a  meaningful  
* 

match t o  be  made. 

A l l  288 d e f e c t  a c c i d e n t  c a s e s  were matched, Some c a s e s  

were matched w i t h  more t h a n  one non-defec t  r e p o r t  t o  p rov ide  

a back-2~ .  z a s e  In t h e  e v e n t  t h a t  t h e  f i r s t  match (which was 

t h e  b e s t )  cou ld  n o t  be c o n t a c t e d .  

The matched p a i r s  of c a s e s  were p laced  i n  a  random 

o r d e r  t o  avoid  any b i a s  a s s o c i a t e d  w i t h  d a t a .  

Each d r i v e r  of  t h e  l a r g e  t r u c k  i n  t h e  matched p a i r  was 

t o  be  c o n t a c t e d  and in te rv iewed  accord ing  t o  t h e  fo l lowing  

schedu le  : 

1. Contac t  t h e  d e f e c t  r e l a t e d  d r i v e r .  
2 .  Con tac t  t h e  1st match (non-defec t - re la ted  d r i v e r ) .  
3 .  Contac t  t h e  2nd match i f  t h e  1st was n o t  a v a i l a b l e .  

S ince  t h e  match i n t e r v i e w  was of  no use  i f  t h e  d e f e c t ,  

d r i v e r  c o u l d  n o t  be  reached,  t h e  c o n t a c t  w i t h  t h e  d e f e c t  

d r i v e r  was paramount. I f  he cou ld  n o t  be reached by r e p e a t e d  

t e l ephone  a t t e m p t s ,  h i s  ccmpany was c o n t a c t e d .  I f  t h e y  were 

u n a v a i l a b l e  o r  could  n o t  be c o n t a c t e d ,  he was s e n t  a l e t t e r .  

When c o n t a c t e d ,  t h e  d e f e c t  r e l a t e d  d r i v e r  was i n t e r -  

viewed. I f  his 'company was c o n t a c t e d ,  t h e  same form was 

used.  I f  a m a i l  i n q u i r y  was used ,  a s l i g h t l y  d i f f e r e n t  

v e r s i o n  of  t h e  d a t a  r e q u e s t  c o n t a i n i n g  a l l  t h e  r e q u i r e d  

in fo rmat ion  was used.  Once t h e  i n t e r v i e w  was completed t h e  



match .interview process was begun, using the same steps as 

outlined above. If either the defect-related driver or one 

of the matches could not be contacted and interviewed, the 

case was dropped. 

Two hundred fifty of the 288 defect related cases were 

begun, with interviews being completed with 64 pairs of cases. 

Substantial numbers could not be contacted--either no tele- 

phone number was available, no telephone contact could be 

made, or they did not return the mailed inquiry. In many 

instances we tracked drivers from one company to another and 

at times half-way across the country. At the end of this 

phase we were able to contact and complete discussions with 

64 pairs of drivers. 

C. Results of Data Acquisition 

The methodology of the study called for two principal 

data acquisition activities to address the question of whether 

periodic inspection and maintenance result in fewer defect 

crashes. The Motor Carrier Maintenance Guide (Task C2b) des- 

cribed the trucking industry's operations and miantenance 

practices and gathered opinions on accident causation. The 

Supplemental Accident Data Acquisition collected additional 

data from crash involved drivers who were driving both defec- 

tive and non-defective vehicles. 

Each trucking operation and truck driver contacted was 

categorized on a number of characteristics--those unique to 

the particular method and those common to both methods. 

1. CHARACTERISTICS COIvlMON TO BOTH METHODS 

Freight Classification 
Type of Carrier 
Type of Operation 
Operational Descriptors and Characteristics 

2. MOTOR CARRIER JUINTENANCE GUIDE 

Maintenance Practices 
Fleet Size 



3,. SUPPLEMENTAL ACCIDENT DATA ACQUISITION 

A c c i d e n t  I n f o r m a t i o n  

The i n f o r m a t i o n  g a i n e d  from b o t h  was t h e n  l i n k e d  

t o g e t h e r ,  u s i n g  t h e  c h a r a c t e r i s t i c s  common t o  bo th  methoes 

t o  comple te  t h e  m a t r i x  d i s c u s s e d  i n  Chap te r  I11 and r e p r o -  

duced below. 

Type of Cnrrirr 

- - - - - - - - . - 

Specialized 

Exempt Agricultural 

*50 or more units. 
**Less than 50 units. 

- 

Contract 

Private 

-- 

Local Delivery 

Service or Utility 

The r e s u l t s  o f  t h i s  d a t a  combina t ion  a r e  r e p o r t e d  a t  

t h e  end of  t h i s  c h a p t e r .  

- - - - . - - 

The f o l l o w i n g  s e c t i o n s  a r e  a d d r e s s e d  t o  t h e  f i n d i n g s  

o f  t h e  two methods r e p o r t e d  s e p a r a t e l y .  

General Freight 
or nultiplc 
Classification 

-- 

/ 

I l l 1 1  

R e s u l t s  o f  t h e  Data  A c q u i s i t i o n  from t h e  
Motor C a r r i e r  Maintenance P e r s o n n e l  

- - - - 

S i x t y  seven  ( 6 7 )  mee t ings  were completed i n  t h e  t h r e e  

geograph ic  r e g i o n s ,  w i t h  30  conducted  i n  t h e  D e t r o i t  Produc- 

t i o n  a r e a ,  19 i n  t h e  P i t t s b u r g h  a r e a ,  and 1 7  i n  t h e  D a l l a s  

a r e a .  The m a j o r i t y  of  t h e  mee t ings  were w i t h  s m a l l  and 

medium-size companies ( f o r  r e a s o n s  p r e v i o u s l y  s t a t e d ) .  The 

d i s t r i b u t i o n  by t y p e  o f  o r g a n i z a t i o n  f o l l o w s :  

Coninion 

Contract ' 

Private 

Common 

/ I / / /  

/ I / / /  

-- - . -. - - 

W I 

- - - 



N Type of Organization - 
9 Owner/Operator 
1 Broker 
2 Leasing Organization 
55 Trucking Company* 

*~efined as any organization using large trucks in 
the normal course of its business. 

Fleet sizes ranged from one-vehicle operators to a 

trucking company with 2,815 vehicles. The vehicle mix 

included straight trucks, trailers, and combination units. 

The fleets were arranged in six groups, according to the 

number of vehicles in the fleet. 

No. of Units Number of Percent . Group in Group Respondents 

The carriers represented a wide range of operating 

authority within different types of operation. 

*SO or more units. **Less than 50 units, 

L 

Freight 
Classification 

General Freight 
or Multiple 
Classification 

Specialized 

Exempt Agricultural 

Local Dclivcry 

Service or Utility 

Carrier 

Common 

Contract 

Private 

Common 

Contract 

Private 

1nters:a:e 

L ~ ~ ~ ~ A  

7 - 

0 

2 

i 

1 
2 

(-I 

I / / / /  

/ I / / /  

In:ra;ta:e 

q-.3il:':.': 
L ... 

1 

1 7  

/ / / / /  

/ / I / /  

I 
- 

3 

1 

Small 
- 

1 

2 

5 
24 

6 



This d i s t r i b u t i o n  can be fu r the r  collapsed i n t o  i n t e r -  

and i n t r a s t a t e  operat ions such t h a t  2 6  ( 3 1 % )  were engaged i n  

i n t e r s t a t e  commerce and 4 1  ( 6 1 % )  were engaged i n  i n t r a s t a t e  

and l o c a l  commerce. 

When queried about s u b j e c t i v i t y  t o  the FMCSR, confusion 

was apparent on the  p a r t  of some of the  smaller c a r r i e r s . *  

Twenty-one ( 2 1 )  reported they were subjec t  t o  the FMCSR and 

4 6  reported they were subject  t o  only s t a t e  regulat ions.  We 

suspect a  g rea te r  number of the 46  report ing they were subject  

t o  s t a t e  regula t ions  only should have been subject  t o  FMCSR but 

were e i t h e r  unaware of t h e i r  obl iga t ions  o r  chose t o  ignore 

them. A t  t he  very l e a s t ,  5 c a r r i e r s  were aware they were sub- 

j e c t  to. FMCSR. 

The commodities t h a t  these c a r r i e r s  t rasnported collapsed 

i n t o  a l i s t  s imi la r  t o  the  Car r i e r s  of Transportation l i s t .  The 

following t a b l e  dep ic t s  the  types of commodities t ransported.  

% Type of Cargo 

Farm Products--Raw 
Mining Products--Raw 
Forest  Products--Raw 
Processed Food 
Tex t i l e  Products--Raw 
Text i le  Products--Processed 
Building Mater ials  
Household Goods 
Furni ture  
Paper Products 
Chemicals 
Petroleum--Raw 
Petroleum--Processed 
Primary Metal Products 
Fabricated Metal Products 
Machinery--ex. E l e c t r i c a l  
E l e c t r i c a l  Machinery 
Transportation Equipment 
Scrap, Refuse, Garbage 
Flixed Cargo--LTL Freight  
Other 

*The term c a r r i e r  or  company i s  meant here t o  be a l l  
inc lus ive  regardless  of s i ze .  Thus, the  owner-operator is  a  
company. 



7 4  

Twenty-four percent ( 2 4 % )  of the companies indicated 

they belonged to trade or driver assications and 5 2  percent 

indicated they subscribed to or received trucker periodicals 

or other maintenance publications. It should be noted that 

companies receiving publications belonging to associations 

are primarily the larger carriers. 

In response to the items concerning the types of records 

kept, the following responses were received. 

% Type of Record Kept 

4 6  Driver Log 
2 4  Pre-Trip Vehicle Condition Report 
.51 Post-Trip Vehicle Condition Report 
4 3  Written Maintenance Schedule 
85 Maintenance Cost Records 
78 Maintenance History on Each Vehicle 

Most of the larger companies kept all of the above 

records, except the pre-trip report. For the smaller com- 

panies, record keeping is spotty. Additionally, certain of 

the records are not required to be kept. Almost all com- 

panies (85%) kept maintenance cost records, but in the cases 

of the smaller companies it was only the repair cost receipts, 

often only for "tax purposes." 

The means of obtaining maintenance services vary with 

the company but usually they are either purchased or performed 

by the company (self maintenance). Virtually all large com- 

panies have their own maintenance services, occasionally 

purchasing services for major component overhaul or when the 

shop is back-logged. The smaller companies--if primarily in 

the trucking business--perform their own minor and periodic 

maintenance and purchase major repairs. Non-trucking com- 

panies using trucks incidental to their business usually 

purchase all services, often from the dealer who sold the 

truck. 

For the companies performing their own maintenance, 



t h e y  employ pe r sons  wi th  s p e c i f i c  r e s p o n s i b i l i t y  f o r  mainten- 

ance and have s t a f f s  and f a c i l i t i e s  l a r g e  enough t o  hand le  

t h e  work l o a d .  Mechanics come from a  v a r i e t y  of s o u r c e s  and 

have a  low t u r n o v e r  r a t e .  I n  most of  t h e  l a r g e r  shops t h e y  

a r e  un ion ized  and hence s u b j e c t  t o  union work r u l e s .  A few 

of t h e  b e t t e r  shops p rov ide  t r a i n i n g  o p p o r t u n i t i e s  f o r  formal  

mechanical  t r a i n i n g .  

Regarding v e h i c l e  i n s p e c t i o n s ,  t h e  fo l lowing  responses  

were o b t a i n e d :  

What t y p e  of  v i s u a l  p r e - t r i p  walk-around i n s p e c t i o n  r e p o r t  i s  used by 
t h e  d r i v e r ?  

12%. C h e c k l i s t  
19% No Checkl is t - -but  D e t a i l e d  V i s u a l  
60% Cursory Only--Visual, Non-Detailed (qu ick  look)  

8% No I n s p e c t i o n  
1% Don't Know - 

100% 

Is any o t h e r  p r e - t r i p  i n s p e c t i o n  made? 

75% No 
25% Yes 

100% 

What type  of p o s t - t r i p  i n s p e c t i o n  and r e p o r t  i s  made? 

22% Vehic le  Condi t ion  Report  (FMCSR) 
10% Other  W r i t t e n  
12% No Report  
54%' Report  Only i f  Defect  Noted While Dr iv ing  

2%  DO^' t Know 
100% 

Are p e r i o d i c  i n s p e c t i o n s  made by your  maintenance s t a f f  ( r e p a i r  s e r v i c e )  
o r  company? 

12% Yes--type n o t  s p e c i f i e d  
54% V i s u a l  
12% W r i t t e n  Sum of t h e s e  = 78% 

13% No 
9% Unknown 

100% 



What a r e  t h e  i n s p e c t i o n  i n t e r v a l s ?  

10% Only a s  no ted  
80% P e r i o d i c  
10% Unknown 

100% 

Are r e c o r d s  of  i n s p e c t i o n  mainta ined by your  company? 

8% No I n s p e c t i o n  
27% V i s u a l  I n s p e c t i o n  Only 
18% W r i t t e n  b u t  no Record Kept 
33% W r i t t e n  w i t h  Reta ined Record 
15% Unknown 

100% 

D r i v e r  d e f e c t  r e p o r t s  i n c l u d i n g  t h e  VCR a r e  t h e  means 

o f  c o m m ~ n i c a t i o n  between t h e  d r i v e r  and  t h e  r e p a i r  shops .  

Responses  show t h a t  ma in t enance  p e r s o n n e l  f e e l  t h e  d r i v e r  

r e p o r t s  a r e  u s e f u l .  

What i s  your g e n e r a l  f e e l i n g  about d r i v e r  d e f e c t  r e p o r t s ?  

18% Cannot Answer 
80% Usefu l  

0% A Nuisance 
2% Not H e l p f u l  - 

100% 

T h e i r  u t i l i t y ,  however,  i s  tempered by t h e  w i l l i n g n e s s  of t h e  

writer ( d r i v e r )  t o  b e  s p e c i f i c ,  b u t ,  g i v e n  a  good r e p o r t ,  t h ?  

ma in t enance  depa r tmen t  h a s  a  c l u e  a s  t o  t h e  problem.  

Each ma in t enance  p e r s o n  i n t e r v i e w e d  was a sked  t o  r a t e  

s p e c i f i c  v e h i c l e  sys t ems  and components which r e q u i r e  f r e -  

q u e n t  ma in t enance .  The f o l l o w i n g  l i s t  i s  a  c o m p i l a t i o n  o f  

t h e i r  answers .  



~ndicating Item Component by Major Categories Requires Frequent 
Maintenance 

E N G I N E :  General I O 

BRAES: T M C T C 3 ,  TU,I iE2 
CONVERTER --Gener a 1  

L i n i i i c  ---- . - . . 4 
tlechani sr. ----.- - 2 

SUSPEPIS 1O;i: TFJ;,CTC?, 1XAI LER & 
COidL'ERTER -- General 

Drums ----- 
Air Co-i.~rir.;sor L Curicrols - ' ~ J L - -  
i loscs 2ci (.o:incc~j.o!:s 

5 
6 

--- --- 4 ~ 1  

S p r i n ~ s ,  -Sh.1cXlils L Bs:cl:cts 
Shock ASsorbcrs -- - - 
A i r  S : ~ s n c , n ~ j  cn -- 
A x l e  ( c ; i c l t~d j .n ; :  Drive ?.:;ic) -- ----- 
Lanc l i n r  Gear -- --L'-- 

STEERIIG : General 

L i g h t s :  -- 
adjustr.iei1ts/ci:I:13~:~ 

-A. -- .--- -- 

14 
4 

- I - -  - 
1 -. 

6 

3 

Gear Eos -- 
BODY/CIG~SS I S  -- General 

- 1 

n 

windows - - - -- -. . - - -- I 2 
~ c n c r n 1  co11diL io11 cf bilIiy 

f--L W?_11'1.=.% - .  - 8 

head -- 
-2ai.I _ _ _ _ - -  -- 

r u i ~ n i  ~is- a ~ d  r lcnrn! ic r  -..--- 
C a b / l r a i  111s: ----- 

f l o o r  

1 
12 
3 1 
1 
5 

mirl .or-s ---- .----- 
f i f t l ~  wheel -- - --.- - 
snf ~t y ctiui!~i:~tlr~t --- -. 
1101-11 --- - 

DRIM FAIN: General - -- . - -. . - -- - 
T r a ~ i : ; ~ : ~ i s s i n ~ i  - - - - - . . - 
C l u t c l l  

-----.-we--- 

l ) r j v ,  and/or  R~.ar Aslc t lsscr~~k~ly -.. - -.------- 
E.11 SCEl_LZI,:tOUS : ----- 

B J ~ L C L ~  -- 
TIRES: General 
-.--.- -- . 

~ ! \ \ P C  1 !i -- .- - -- - 
2" --.---- 

Tirr!;-'l'rc~,l~l ;11111 C.II.C.I:;S ------.--- 

8 
1 
0 
1 

1 
9 

-1 

- 0 
- 1 1  

10 
--.- 

---L 
.--5-. 

3 8 
Other ( E l e c t r i c a l  System--General) 1 



. A s  was e x p e c t e d ,  t h e  c l e a r a n c e  l i g h t s  were t h e  most  

f r e q u e n t  ma in t enance .  

I n  r e s p o n s e  t o :  

What kind of maintenance record system do you have? 

22% None 
12% Computerized 
58% Manual 
8% Combination or Missing Data - 

100% 

Most r e p o r t e d  a  manual sys tem.  Those companies t h a t  

have a compu te r i zed  sys t em a r e  l a r g e .  I n  s e v e r a l  c a s e s ,  

o t h e r  companies  were moving i n  t h a t  d i r e c t i o n  and r e c o g n i z e d  

t h e  v a l u e  o f  such  a  sys t em b u t  p l a c e d  a  good manual sys t em 

and b e t t e r  i n s p e c t i o n  a s  h i g h e r  p r i o r i t y  n e e d s .  

The f i n a l  p o r t i o n  o f  t h e  d i s c u s s i o n  d e a l t  w i t h  t h e  

o p i n i o n s  o f  t h e  r e s p o n d e n t s  t o  a  v a r i e t y  of  i t e m s  d e a l i n g  

w i t h  s e v e r a l  s u b j e c t s ,  i n c l u d i n g  ,~.ccidezt c a u s a t i o n  and 

governmenta l  r e g u l a t i o n s .  T h e i r  r e s p o n s e s  a r e  n o t e d  h e r e .  

The following were identified as contributors to large-truck accidents 
in 1972 and 1973. How frequently might these defects cause accidents? 
(The values are percentages ,) 

, 

Front Tire !3lo~-Out 

Rear Tire 'E~o'.~,-L~LI~ 

Trailer-Tjre 5 1 , ~ i - O c c  i 2 / 5 :  130) 1: 1 -- _CC_- 

8 ' 
Brake Failurc ' 117126 /.$~i14, ! 

Couplins D~,v i ce  I S /  6 3 3 1 2 7 ! 2 6 (  
I---__ 

h ? ~ e e l  1 2/14  i 6 0 6  i * 

Lights (Frol:~) - Emzy]- --, 

Lights (Rcar) LA 9 6 7 1 ~ '  - 
TOW-Bar I 31 5 1 3 i 2 0 ; 7 0 !  

i 1 31 6(2O/ill --- 
Cargo Sccurin; C!lai:~ -7-i 35i 1 7  1 19: 



On the average, a r e  d r i v e r s  a b l e  t o  i d e n t i f y  p o t e n t i a l  mechanical 
de fec t s  before  t hese  problems become dangerous? 

92% Yes 
2% No 
6% � on' t Know - 

100% 

Why should t rucks  have r egu la r  s e rv i c ing?  

It reduces r e p a i r  c o s t s ,  Agree 
It increases  r e s a l e  value. Agree 
It reduces down time due t o  f a i l u r e .  Agree 
It prevents  down time due t o  t he  Agree 

enforcement of govt. regula t ions .  
Prevention of i n j u r y  o r  death. Strongly Agree 
It prevents  accidents .  Strongly Agree 
Regular s e rv i c ing  i s  not  necessary,  Disagree 

Which a r e  most l i k e l y  t o  cause an acc ident?  

24% Lef t  Front T i r e  Fa i lu re  
6% Right Front T i r e  Fa i lu re  

54% Don't Know 
16% Ei the r  

Which a r e  most l i k e l y  t o  f a i l ?  

16% Tube-Type T i r e s  
27% Tubeless T i r e s  
55% Don't Know 

2% Unknown 

Are veh ic l e  f a i l u r e s  and d e f e c t s ,  o r  d r i v e r  e r r o r s  most f requent ly  the  
cause of acc idents  with l a r g e  t rucks?  

3% Vehicle o r  Eiechanical F a i l u r e  
882 Driver Error  

9% Both--about equal  

There a r e  a  number of government agencies which a r e  concerned with high- 
way s a f e t y  inc luding  l o c a l  po l i ce ,  s t a t e  motor veh ic l e  adminis t ra t ions ,  
and f e d e r a l  regula tory  bodies. To what ex t en t  do these inf luence  your 
firm? 

Local Pol ice  Not I n f l u e n t i a l  
S t a t e  Po l i ce  I n f l u e n t i a l  
S t a t e  Commercial Vehicle Inspec tors  I n f l u e n t i a l  
Federal  Commercial Vehicle Inspec tors  Not I n f l u e r ~ t i a l *  
Company Inspect ion No Opinion 

*Of those regula ted  by BMCS, they responded i n f l u e n t i a l .  



Are governmental vehic le  mechanical condi t ion regula t ions :  

Governmental Regulations / Escitssivc 1 Abotlt Rii:l,c / Too ii'eak I No i:fic:ct i %.\ 

Federal 1 6% A E 1 5% 2% ----- -A- --- t- 

5; 

Do governmental regula t ions  force  the  f i rm t o  accept maintenance and 
r epa i r  cos t s  t h a t  a r e  excessive? 

827; I 

Local 

--- I - --- -- 
GovernmenialRegularions I Yes I No / No Effect  lion1: Rno:r - --- - -. - -7- ----~_I__._____ -- -.--- 

S t a t e  !142------ 

Federal i 9-v 5;; j 2; 
- .  2X 210 

1 I -- - 

3:; 6%; I 9: I fig I 8X 

Does the  S t a t e  PIWI Program a f f e c t  t he  condit ion (mechanical) of your 
vehic les?  

S t a t e  -- 
Local 

70% No 
30% Yes -- Most of these  were small  i n t r a s t a t e  c a r r i e r s  who were 

not  subjec t  t o  BMCS r u l e s  and regula t ions .  The l a rge  
c a r r i e r s  would not be a f f ec t ed  by t h i s  anyway, s ince  
inspec t ion  i s  j u s t  p l a i n  good business.  

Are d r ive r s  assigned t o  d i f f e r e n t  vehic les  (power un i t s )  fo r  each t r i p  
( i . e . ,  s l i p  s e a t )  or  a r e  they assigned t o  the  same vehic le?  

31 

29% Dif feren t  Vehicle (S l ip  Seat) 
69% Same Vehicle 

Most companies would like to have the same vehicle 

Y 57; 
95z 

assignment since it results in better vehicle condition, but 

cannot justify it on economic grounds. 

&/a 1 -- 
5;; 

At the end of the discussion, HSRI's representative was 

asked to make several ratings of the company, based on his 

observation and evaluation of the company when compared to 

others. These results are reported here but discussed in 

detail at the end of this section. 



Our estimate of the level of maintenance and inspection activities of 
organization. 

What is the OSHA type shop rating? (HSRI's judgment of the working con- 
ditions of the area.) 

Level of Maintenance & Inspection 1 inspecrion 

12% Excellent 
43% Good 
25% Fair 
5% Poor 

, 8% Unacceptable 
6% No Facility at Interview Site 

100% 

EP---- 

Above ETICSR Standards - 
FblcsR Standards 

Below FFICSR Standards 

Non Existent (None) - 

What type of maintenance and inspection program does this company have? 

L-=xiY---a--Y 

38'0 ' uo 
627 j YIZ 
10% 48-z 

01 I 

Insp. Maint. 
6% 5% Sophisticated (Computer Records, etc.) 
34% 48% Adequate (Manual Records or Computer) 
13% 31% Marginal (Some Semblance of a System) 

Insp. Maint. 
Cursory Visual 43% 15% Maintenance Only--Fix if we find it. 
No Inspection 3 % 1% Breakdown maintenance--repairs only to 

keep it going. 

Appearance of Firm: 

Condition 

Spotless 
Clean and Tidy 
Used but not Abused 
Generally Clean but Disorganized 
Dirty but Orderly 
Dirty and Disorganized 
Neglected and Run Down 

Missing Data 

General 
Quarters 

Equipment-- 
Tractors & 
Trailers 

7 % 
31% 
53% 
3% 
2% 
2% 
2% 

*At about 20 locations, facilities were not available for inspection. 



The overwhelming conclusion based on this data and from 

personal discussions during the interviews is that -- while 

maintenance programs exist, adequate detection of vehicle 

defect is lacking. Also, the driver is in an ideal position 

to detect and report mechanical defects and problems, both 

before, during, and after a trip. 

Results of the Supplemental 
Accident Data Acquisition 

The drivers in the matched pair-sample were contacted 

by telephone. In addition to a detailed analysis of certain 

of the variables, a series of frequency counts were made of 

all the.data entries on the form. Some of these are of 

interest and are reported here. 
4 

One hundred fourteen (114) cases or 57 matched pairs 

of drivers were contacted. Using a random sample, these 57 

pairs of cases were chosen to represent the data period of 

79 days. These 57 cases were distributed over 44 days of the , 

data collection period. 

The reports selected for this investigation repre- 

sented accidents which occurred in 50 of the 254 counties in 

Texas. Of these, accident reports were drawn from 50 of the 

counties (20%). As might be expected, the counties containing 

Dallas, Fort Worth and Houston had the most accident reports 

selected. 

Time of day of crash was evenly distributed, with 42.5% 

of the crashes occurring in the AM and 57.5% of the crashes . 
occurring in the PM. 

Vehicle ownership was distributed over several different 

kinds of owners, as tabulated below: 

11% Self--i.e. Driver or Relative 
46% Trucking Company 
1% Broker 
4% Leasor 
37% Other Business Firm 
1% Don't Know 



The distribution of vehicle model year ranged from a 1950 . . 

u n i t  t o  1974 units. 

Percent 

9 
9 
9 
9 
9 
9 

2.6 
1.8 
2 . 6  
2.6 
6.1 
6.1 
7.9 

19.3 
6.1 
21.1 
18.4 

Model Year 

Many different vehicle makes were reported. 

Percent Make 

Chevrolet 
Diamond T (Reo) 
Dodge 
Ford 
White 
GMC 
International 
Mack 
Kenworth 
Peterbilt 

I n  terms of vehicle type, the majority were semi units 

(60%) followed by straight trucks (308), bobtail units (5%), 

doubles (28) , and straight truck and trailer (3%) . 
These vehicles were equipped with one of the following 

cargo body styles. 



Percent Cargo Body Style 

Bobtail 
Chassis Only 
Beverage 
DU''"'' 
Fire Truck 
Flat Bed Container 
Flat Bed with Added Device 
Flat Bed--Other 
Float (Low Boy) 
Gondola (Grain, Hopper) 
Garbage 
Mixer 
Pole 
Van--Conventional 
Van--Refrigerated 
Van--Furniture (Moving) 
Van--Open Top 
Wrecker 
Automobile Carrier 
Tanker--Liquid 
Tanker--Bulk Dry 
Cattle Rack--Livestock 
Utility (Telephone, etc.) 
Boom or Crane 
Other 

The majority of the vehicles were carrying these types 

of cargo and loaded at the time of the crash (66%). 

Percent of All Vehicles Cargo 

Farm Products--Raw 
Mining Products--Raw 
Forest Products--Raw 
Processed Food 
Textile Products--Raw 
Textile Products--Processed 
Building Materials 
Household Goods 
Furniture 
Paper Products 
Chemicals 
Petroleum--Raw 
Petroleum--Processed 
Primary Metal Products 
Fabricated Fletal Products 
Machinery--es. Electrical 
Electrical Machinery 
Transportation Equipment 
Scrap, Refuse, Garbage 
Mixed Cargo--LTL ~ r e i ~ h t  



Percent of All Vehicles Cargo 

9 Mixed Cargo--LTL Freight 
2 Other 

No Load 
General Commodities 

Bobtail 

Subjectivity to the FMCSR was a question asked. The 

answers received were wideranging and thought to be inaccurate 

in some cases. To the best of our determination, the responses 

are as follows: 

Percent Trip Subject to: 

40 FMCSR 
20 PSC (Public Service Commission) 
32 No Regulation 
1 Unknown 
5 Should be FMCSR but responded PSC 
1 Should be FMCSR but responded None 
3 Should be FMCSR but was unknown by 

the driver 

The distribution of operating authority (type of service) 

is shown below. These are driver responses verified to the 

best of our ability. 

Percent Type of Service 

15 Interstate--Common Carrier 
7 Interstate--Contract Carrier 
12 Interstate--Private Carrier 

4 Intrastate--Conunon Carrier 
5 Intrastate--Contract Carrier 
18 Intrastate--Private Carrier 

2 Exempt Agricultural 
31 Local Delivery 
5 Service or Utility 

1 Unknown 

Forty-five percent (458) of the trips were local in 

nature. The average distance from the origin to the point 

of the crash for the other 60% of the trips were 154 miles. 

Eighty-nine percent (89%) of the respondents indicated 



t h a t  t h e y  drove  t h i s  t y p e  of t r u c k  r e g u l a r l y ,  and 9 3 %  i n d i c a t e d  

t h a t  t h e y  r e g u l a r l y  hauled  t h i s  t y p e  of ca rgo .  There were no 

d i f f e r e n c e s  between t h e  d e f e c t  and non-defec t  involved d r i v e r s  

i n  t h i s  r e s p e c t .  

Ninety p e r c e n t  ( 9 0 % )  of  t h e  d r i v e r s  were d r i v i n g  f o r  a  

t r u c k i n g  company o r  t r u c k  u s i n g  company a t  t h e  t ime of t h e  

c r a s h .  Seven p e r c e n t  ( 7 % )  were d r i v i n g  f o r  themselves .  

F i f t y  p e r c e n t  (50%)  of  t h e  v e h i c l e s  were i n  f l e e t s  of  

fewer t h a n  15  v e h i c l e s .  The l a r g e s t  f l e e t  r e p r e s e n t e d  was 

1,700 v e h i c l e s .  Only 2 0 %  of  t h e  v e h i c l e s  were i n  f l e e t s  of  

over  35 v e h i c l e s .  

I n  r e sponse  t o :  

Did you make an  i n s p e c t i o n  of t he  v e h i c l e  p r i o r  t o  beginning t h e  t r i p ?  

46% D e t a i l e d  I n s p e c t i o n  
42% Br ie f  Look-Around 

2% No 
4% Unknown 
5% Yes, But Type Unknown 

F o r t y - s i x  p e r c e n t  ( 4 6 % )  of t h e  d r i v e r s  r e p o r t e d  t h a t  

t h e y  had made a  d e t a i l e d  i n s p e c t i o n  w h i l e  9 3 %  s a i d  they  had 

made some t y p e  of  an i n s p e c t i o n .  Only 8 %  of t h e  d r i v e r s  s t a t e d  

t h a t  t h e y  had d e t e c t e d  a  mechanical  problem p r i o r  t o  t h e  t r i p .  

These problems were f o u r  c a s e s  of bad b r a k e s ,  and one each of 

d e f e c t i v e  l i g h t s ,  f r o n t  end a l ignment ,  t i r e  f a i l u r e ,  and g e n e r a l  

body c o n d i t i o n .  

T h i r t y - e i g h t  p e r c e n t  ( 3 8 % )  of t h e  d r i v e r s  s a i d  t h a t  a  

mechanical  problem was a  cause  o r  c o n t r i b u t o r  t o  t h e  a c c i d e n t ,  

whereas 1 / 2  of  t h e  v e h i c l e s  were chosen because t h e y  had d e f e c t s  

c o n t r i b u t i n g  t o  t h e  c r a s h .  E i t h e r  t h e  d e f e c t s  occur red  d u r i n g  

t h e  t r i p  o r  t h e  d r i v e r s  f a i l e d  t o  d e t e c t  them dur ing  t h e i r  

p r e - t r i p  i n s p e c t i o n .  

These d r i v e r - s t a t e d  a c c i d e n t  c a u s a t i o n  f a c t o r s  and t h e  

reason determined by us  (and t h e  p o l i c e )  a r e  shown below. 



Driver Stated Category - 

Brakes--bad in general 
No Lights or Defective Lights 
Inoperative Brakes 
Front End (Steering Axle) 
Brake Failure following repair 
Tire Failure 
Tow Bar or Chain 
Cargo Tie Down 
Fifth Wheel 
Wheel Failure 
Brake System Failure 
Body 
Suspension 

Our Reason 

The following shows the types of service represented 

by the driver of these accident-involved vehicles. 

Opera t ing  A u t h o r i t y  and Nature  of Opera t ions  

*50 o r  more u n i t s .  **Less than  50 u n i t s .  Unknown 3. 

I n t r a s t a t e  

Largi. Sma l l  
----- -- 

2 ' 2  

1 

- 

F r e i g h t  
C l a s s i f i c a t i o n  

General  F r e i g h t  
o r  M u l t i p l e  
C l a s s i f i c a t i o n  

S p e c i a l i z e d  

Exempt ~ l g r i c u l t u r a l  

Local  Dc l ive ry  

S e r v i c e  o r  U t i l i t y  

I - - -  

! T L e e  

C a r r i e r  
L ~ ~ ~ ~ A  s,?, 1 1 k - t  13 

Common 

Cont rac t  

P r i v a t e  

Common 

C o n t r a c t  

P r i v a t e  

5 
2 

,- 

8 
1 
5 

1 
1 

-P- 
I 

9 

2 

1 

2 

15 

3 

28 

8 



O f  the  1 1 4  d r i v e r s  interviewed, 33% were engaged i n  . . 

i n t e r s t a t e  commerce and 6 7 %  were engaged i n  i n t r a s t a t e  or 

loca l  de l ivery .  

Grouped according t o  dr iver-reported f l e e t  s i z e ,  we 

ge t  the  following: 

F lee t  Size 
No. of U n i t s  Group 

Unknown 

Percent 

A de ta i l ed  analys is  comparing i n t r a s t a t e  and i n t e r s t a t e  

c a r r i e r s  on severa l  defec t  and non-defect c r i t e r i a  follows. 

D .  Analysis of Motor C a r i ~ e r  C h a r a c ~ e r i s t i c s  . 

I n  order  t o  separate  the  motor c a r r i e r s  studied i n  

t h i s  pro jec t  by c h a r a c t e r i s t i c s  of t h e i r  maintenance p r a c t i c e s ,  

they were divided i n t o  three  ca tegor ies  of f l e e t  s i z e  and by 

t h e i r  operating author i ty .  Size i s  expressed as small ( 1 - 5 ) ,  

medium ( 6 - 1 9 ) ,  and l a rge  ( 2 0 + ) ,  and operating authoriy i s  

given a s  i n t e r -  o r  i n t r a s t a t e .  

The inspect ion,  maintenance, and d r i v e r  survey var iables  

presented i n  the  following t a b l e s  were dichotomized as  necessary 

so t h a t  an ent ry  i n t o  the t a b l e  i s  an indica t ion  of "good" 

prac t ice .  I n  var iable  1 6 ,  f o r  example, a  "yesu response t o  

whether a  p r e - t r i p  vehicle  condition repor t  i s  required was 

tabulated a s  a  good response. The values shown i n  the t a b l e s  

represent  the  percentage of good responses w i t h i n  each of the  

ca tegor ies  described. 

Table 6 shows the da ta  f o r  motor c a r r i e r  inspection 

va r i ab les ,  and the  col lapsing of the  ca tegor ies  i n  the  l a s t  





four columns i s  of p a r t i c u l a r  i n t e r e s t .  The d i f ferences  i n  

responses by i n t e r / i n t r a s t a t e  do not show any dramatic d i f f e r -  

ences, while a  cons i s t en t  pa t t e rn  emerges when a  comparison i s  

made between small and l a rge  f l e e t  s i z e s .  I n  almost every 

va r i ab le ,  l a rge r  f l e e t  s i z e  i s  associated with b e t t e r  inspec- 

t i o n  p rac t i ces .  It  can be concluded t h a t  the  g rea te r  the  

number of .vehicles under the  cont ro l  of a  s ing le  c a r r i e r ,  the  

b e t t e r  w i l l  be t h e i r  inspect ion p r a c t i c e s ,  i r r e spec t ive  of 

the  kind of hauling done by the company. 

The da ta  f o r  the  motor c a r r i e r  maintenance va r i ab les  

a re  shown i n  Table 7 .  A s  i n  the  previous case ,  the s i z e  

d i f ference  among c a r r i e r s  shows a  more marked e f f e c t  than 

does the  d i f fe rence  i n  operat ing au thor i ty .  I t  can be con- 

cluded t h a t  t h e  maintenance p rac t i ces  of l a r g e r  companies a re  

more adequate than those of the smaller ones. 

In t ry ing  t o  r e l a t e  the  information on inspection and 

maintenance pxact ices  t o  on-thk- i o ~ 3  pelforir~ance , we turn  t o  

t h e . d a t a  reported by the  d r i v e r  and shown i n  Table 8 .  Because 

of the  small numbers involved, most of the  var iables  give very 

l i t t l e  indica t ion  of d i f ference  between f l e e t s  of d i f f e r e n t  

s i ze .  Variable 2 1 ,  however, indica t ing  whether a  de ta i l ed  

inspect ion was made p r i o r  t o  the  t r i p  i n  the  accident popu- 

l a t i o n  sampled, shows c l e a r l y  the advantage of a  good inspec- 

t i o n  system. In the  l a rge  f l e e t  s i z e  group, twice as  many 

vehicles  i n  the  inspected category showed no defec ts  a s  were 

i n  the  de fec t  group. For the small f l e e t  s i z e  group, the  

reverse i s  t rue .  Although we cannot s t a t e  the  reason why from 

these da ta  alone,  l a rge  f l e e t s  have both b e t t e r  inspect ion 

p rac t i ces  and a  smaller proportion of de fec t  associated 

accidents .  This r e s u l t  i s  summarized i n  Table 9 .  

The e f f e c t  of commercial vehic le  systematic preventive 

maintenance on s p e c i f i c  causes of acc idents  i s  a  general  e f f e c t .  
Namely, the presence of a  maintenance and inspect ion system re- 

duces t h e  l ikel ihood of a  defec t  and hence a n  accident given two 







TABLE 9 

SUMMARY OF VEHICLE DEFECTS AS A 
FUNCTION OF CARRIER SIZE 

Sample S i z e .  Computat ion f o r  Tab le  9: 

(1) D e f e c t  

( 2 )  No D e f e c t  

112 Cases  i n  O r i g i n a l  Data  F i l e  
- 1 9  Cases  i n  Mis s ing  Group 

7 9  Cases  i n  T a b l e  and Miss ing  Data  

SMALL 

n=16 

21% 

n=21 

28% 

(1) D e f e c t  

( 2 )  No D e f e c t  

- 1 7  Cases  o f  Mis s ing  Data  - 
62 Cases  i n  T a b l e  

LARGE 

n=18 

24% 

n=2 1 

28% 

Miss ing  Data  

4 
9 

1 3  

1 
3 

4 

Smal l  

I n t e r  3 
I n t r a  1 3  

TOTAL 16 

I n t e r  4 
I n t r a  17  

TOTAL 2 1  

La rge  

5 
1 3  

18  

1 4  
7 

2 1  
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important f a c t o r s :  (1) a  good d e t e c t i o n  and r epo r t i ng  

system, and ( 2 )  an adequate resource  a l l o c a t i o n  t o  ensure 

e f f e c t i v e  r e p a i r s .  (This  should no t  be construed t o  mean 

t h a t  unlimited resources  should be used i n  maintenance; 

indeed, over-maintenance can a l s o  be a  cause of defec t s - -  

hence, p o t e n t i a l  a c c i d e n t s ) .  

Our d a t a  i n d i c a t e  t h a t  t h e  l a r g e r  t he  c a r r i e r ,  t he  

l e s s  d e f e c t  r e l a t e d  c rashes  a r e  l i k e l y  t o  occur.  This does 

n o t  appear t o  be due t o  t h e  physical  s i z e  of t he  c a r r i e r  

per  s e  (number of u n i t s ) ,  bu t  t o  t h e  wi l l ingness  and 

a b i l i t y  of t h e  c a r r i e r  t o  a l l o c a t e  funds t o  provide f o r  

adequate maintenance with an e f f e c t i v e  inspec t ion /de tec t ion  

system t o  back i t  up. Cer ta in  smal l  c a r r i e r s  a l s o  achieve 

t h i s  goal  by proper management and resource  a l l o c a t i o n .  
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APPENDIX A 

MOTOR VEHICLE INSPECTION: BACKGROUND AND 

REVIEW OF THE LITERATURE 

INTRODUCTION 

An analysis of the effectiveness of motor carrier safety 

regulations requires an ability to evaluate the efficacy of 

motor vehicle inspection in general as well as an understanding 

of the structure of the motor carrier industry. A substantial 

amount of research has gone into the former area because the 

field is rather complex. One of the functions of this appendix 

is to review the literature on vehicle maintenance and safety 

to help determine the methodology that is most suitable for an 

evaluation of the effectiveness of motor carrier safety regu- 

lations, Two alternative analytical approaches to the problex 

will be reviewed. The first uses a step-by-step approach to 

tie preventive maintenance to limiting performance character- 

istics. The second attempts to use expert opinion to rank the 

safety importance of particular components. In addition, an 

idea of current maintenance practices will be obtained by 

reviewing the trade journal literature. 

Maintenance procedures of U.S. carriers vary widely 

from routine checks on certain vehicle components to the use 

of replacement theory to determine optimal replacement inter- 

vals. The basic criteria of optimality seem to be economic 

considerations and not safety. However, these two factors 

are generally not conflicting so that minimizing costs due to 

maintenance problems often results in greater safety. 

A brief review of the monthly articles on maintenance 

in some of the major trade journals illustrates some of the 

factors that carriers are advised to consider during their 

routine maintenance inspection. Tires are probably the most 

frequently mentioned components that are discussed in these 



Drivers and maintenance men are often exhorted to 

check tire pressure--a practice which, according to one 

maintenance expert, is often neglected (Shea, 1972).* Tire 

pressure in relation to top vehicle speed and load is dis- 

cussed in the literature and information about tube-type 

and tubeless tires is often provided. Since radial tires 

are becoming more popular they are often discussed, and the 

major theme of these discussions is that they should be 

compatible with other vehicle components. 

Brakes are also often mentioned. A common admonition 

is that maintenance personnel should check for air leaks. 

The effect of speed on brake wear is also occasionally 

commented on. Lubrication is another factor commonly dis- 

cussed, especially ixthods of increasing the lubrication 

intervals. 

The failure of drivers to check basic components 

during the pre-trip inspection i s  often examined. The items 

most commonly overlooked are locking devices on trailer 

sliding tandems, missing or loose wheel nuts, amount of 

water in air tanks, tire pressure, and fifth wheel. 

Another common item of discussion, especially recently 

during the energy crisis, is fuel consumption. The effects 

of such factors as speed, idling, and tire pressure on fuel 

consumption are some of the major points of consideration. 

While all of the above factors are straightforward, 

most are essential to the safe operation of large trucks. 

If drivers are ignoring such fundamental factors as the 

presence of wheel nuts, much can be done to improve safety 

merely by stressing the importance of such factors on 

carriers. If drivers can be made aware of these problems, 

as many of the articles reviewed are attempting, then the 

payoff should be great. 

*~enotes a reference located in the Bibliography. 



However, other problems exist. Among them is the fact 

that, according to a number of drivers, maintenance personnel 

pay no attention to many of the defects that drivers do write 

up. Furthermore, many drivers besides overlooking obvious 

defects before leaving (dispatched) their terminals, are 

unable to detect many less obvious defects by visual inspec- 

t ion. 

This survey suggests that problems such as exhaust 

leakage or steering malfunctions are not often considered. 

In addition, defects such as defective windshield wipers, 

which are not blatant safety hazards or do not significantly 

increase operating costs, also seem to be neglected. 

Studies conducted by the Bureau of Motor Carrier Safety 

demonstrate the conr..quences of the negligence involved in 

some pre-trip inspections. A controlled sampling survey con- 

ducted by the Bureau in 1970 resulted in 16.5% of the vehicles 

sampled being ordered out-of-service and 27.8% being classified 

"unsafe" (BMCS, 19'71) . 
Road checks of selected vehicles by the BMCS indicate 

that the most frequently reported defects are those relating 

to braking systems and lighting devices. For example, in 

1968, of 53,067 vehicles inspected, brake defects were 

reported 26,989 times and 9,678 of these reports involved 

out-of-service conditions. There were 26,216 lighting device 

defects of all types and 2,002 lighting device out-of-service 

defects (BMCS, undated). 

The Bureau of Motor Carrier Safety has issued a truck 

driver's pre-trip checklist of items which should be checked 

before each trip. This list includes all the components 

mentioned above and many others (BMCS , 1972) . The Bureau 

has also issued a pamphlet which recommends the procedure 

for pre-trip inspections (BMCS, 1971). Hopefully, articles 

such as these will improve carriers' awareness of their 

inspection responsibilities. 



Knowledge of the structure of the motor carrier industry 

is essential so that a comparison can be made between accidents 

involving trucks that are subject to motor carrier regulation 

and those that are not. It is also important to know whether 

specific carriers are aware of the applicability of Federal 

Motor Carrier Safety Regulations to their operations. Because 

of the complexity of BMCS jurisdictional criteria, many of the 

smaller carriers are uncertain about whether they are subject 

to BMCS regulations. 

The next portion of this appendix provides a background 

into the research on evaluation of the effectiveness of motor 

vehicle inspection and the defective equipment/safety problem. 

Particular attention will be paid to the work that has been 

done on the limit performance characteristics of various 

vehicle components and their effects on accident causation. 

The last section of this appendix is devoted to a 

description of the legal structure of the motor carrier 

industry from the perspective of Federal regulation. This 

perspective is chosen because many of the regulations of the 

BMCS are based on Interstate Commerce Commission concepts 

and apply to the services over which ICC has jurisdiction. 

11. BACKGROUND: RESEARCH INTO THE EFFECTIVENESS 
OF MOTOR VEHICLE SAFETY REGULATIONS 

Poor mechanical condition has for many years been con- 

sidered a cause of a substantial number of motor vehicle 

accidents. Such a relation is both intuitively plausible and 

is supported by frequent involvement in crashes of vehicles 

with glaring mechanical deficiencies. Public concern has led 

to the enactment of various program to upgrade the quality of 

the vehicle population. Most prominent among these efforts 

have been the periodic motor vehicle inspection programs (PMVI). 

Most public attention has been focussed on the programs' effect 

on private passenger cars. 



The f e d e r a l  government h a s  long been involved i n  t h e  . 

a r e a  of motor c a r r i e r  o p e r a t i o n s - - f i r s t  under t h e  I n t e r s t a t e  

Commerce Commission and more r e c e n t l y  under t h e  Department of 

T r a n s p o r t a t i o n .  The Bureau of Motor C a r r i e r  S a f e t y  (BMCS) 

has  played an a c t i v e  r o l e  i n  e s t a b l i s h i n g  and e n f o r c i n g  

s t a n d a r d s  of v e h i c l e  equipment and c o n d i t i o n  i n  t h e  motor 

t r a n s p o r t a t i o n  i n d u s t r y .  The s t a n d a r d s  have been c o d i f i e d  

i n  t h e  F e d e r a l  Motor C a r r i e r  S a f e t y  Regu la t ions  (FMCSR). 

Programs cover  f o u r  major a r e a s :  f i e l d  i n s p e c t i o n  of d r i v e r s  

and t r u c k s  moving i n  i n t e r s t a t e  commerce; s a f e t y  su rveys  of  

c a r r i e r ' s  o p e r a t i o n s  a t  t e r m i n a l s ;  in-depth  i n v e s t i g a t i o n  of  

p a r t i c u l a r  c r a s h e s ;  and c o l l e c t i o n  and a n a l y s i s  of c a r r i e r  

r e p o r t e d  a c c i d e n t  d a t a .  These programs have i n  a l l  l i k e l i h o o d  

served t o  improve t h e  s a f e t y  l e v e l  of t h e  i n d u s t r y  (BMCS, 1 9 7 2 ) .  
+ 

U n t i l  r e c e n t l y  t h e  r e l a t i o n s h i p s  among maintenance 

a c t i v i t y ,  v e h i c l e  c o n d i t i o n ,  v e h i c l e  i n s p e c t i o n ,  and a c c i d e n t  

c a u s a t i o n  have r e c e i v e d ,  l i k e  most o t h e r  highway s a f e t y  a r e a s ,  

s c a n t  s c l s n t i f i c  e v a i u a t i o n .  Most programs were p r e d i c t e d  on 

t h e  i n t u i t i v e  concept  t h a t  i n s p e c t i o n  appeared  t o  be a  good 

idea .  L i t t l e  was done t o  e v a l u a t e  t h e  programs' e f f e c t i v e n e s s .  

S ince  t h e  mid-1960fs,  s t u d i e s  have been a c t i v e l y  pursued i n  a  

number of a r e a s :  a t t e m p t s  t o  d e f i n e  s t a t i s t i c a l  r e l a t i o n s h i p s  

between t h e  e x i s t e n c e  of  i n s p e c t i o n  programs and a c c i d e n t  

r a t e s ;  e m p i r i c a l  measurement o f  t h e  e f f e c t  of v e h i c l e  inspec-  

t i o n  programs on t h e  mechanical  c o n d i t i o n  of motor v e h i c l e s  

i n v o l v e d - i n  c r a s h e s ,  w i t h  " c l i n i c a l "  examinat ions  of v e h i c l e s  

involved i n  c r a s h e s  t o  de termine  t h e  r o l e  played by mechanical  

d e f e c t s  i n  a c c i d e n t  c a u s a t i o n ;  and mathematical  and e n g i n e e r i n g  

a n a l y s e s  of t h e  r e l a t i o n s h i p s  among maintenance p r a c t i c e ,  

i n i t i a l  v e h i c l e  q u a l i t y ,  inspect . ion  a c t i v i t i e s ,  degraded 

component c o n d i t i o n ,  and a c c i d e n t s .  

S t a t i s t i c a l  comparisons of j u r i s d i c t i o n s  wi th  and wi thou t  

p e r i o d i c  motor v e h i c l e  i n s p e c t i o n  programs have produced r e s u l t s  

f a v o r a b l e  t o  i n s p e c t i o n .  The most commonly c i t e d  i n v e s t i g a t i o n  

i s  t h a t  of  Buxbaum and Col ton  (Buxbaum, 1966) i n  which they  



ana lyzed  a g e - a d j u s t e d  motor v e h i c l e  m o r t a l i t y  r a t e s  p e r  100,000 

t o t a l  p o p u l a t i o n .  I n  t h e i r  i n i t i a l  s t u d y  t h e y  found h i g h l y  

s i g n i f i c a n t  d i f f e r e n c e s  among i n s p e c t i o n  and n o n - i n s p e c t i o n  

j u r i s d i c t i o n s  f o r  non-white males  i n  t h e  45 t o  54 yea r -o ld  

a g e  c a t e g o r y .  I n  t h e  second  s t u d y ,  such  s i g n i f i c a n t  d i f f e r -  

e n c e s  appea red  f o r  b o t h  w h i t e  and non-white males  i n  t h e  1 5  

t o  64 yea r -o ld  a g e  groups .  T h e i r  second s t u d y  a l s o  c o n t r o l l e d  

f o r  o t h e r  . f a c t o r s  l i k e  p o p u l a t i o n  d e n s i t y  and mean income. 

However, i n  a  r e - a n a l y s i s  o f  s i m i l a r  d a t a ,  Fuchs and Leveson, 

u s i n g  a  s l i g h t l y  d i f f e r e n t  s t a t i s t i c a l  methodology and v a r -  

i a b l e s  more d i r e c t l y  t i e d  t o  d r i v i n g  e x p e r i e n c e ,  e . g . ,  p e r  

c a p i t a  g a s o l i n e  consumpt ion ,  found  no s t a t i s t i c a l l y  s i g n i f -  

i c a n t  r e l a t i o n s h i p  between i n s p e c t i o n  and d e a t h  r a t e s  ( 1 9 6 7 ) .  

Using s l i g h t l y  d i f f e r e n t  d a t a ,  i . e , ,  m i l e a g e  d e a t h  r a t e s ,  

Recht  found a  s t a t i s t i c a l l y  s i g n i f i c a n t  b u t  s m a l l  e f f e c t  o f  

i n s p e c t i o n ,  He used  t h e  same p r e d i c t o r  v a r i a b l e s  a s  Fuchs 

and Leveson (1967) .  I n  an  e a r l i e r  r ev i ew of  t h e  d a t a ,  Mayer 

,.,,LC i n d i c a t i o r s  of a r e i a t i o n -  and Houl t  conc luded  t h a t  t h e r e  - - - - - -  

ship.  between i n s p e c t i o n  and f a t a l i t y  r a t e s ,  b u t  t h a t  t h e  

p i c t u r e  was s o  c louded  by t h e  i n h e r e n t  v a r i a b i l i t y  i n  t h e  

d a t a  t h a t  it would be  d i f f i c u l t  t o  d e m o n s t r a t e  c o n c l u s i v e l y  

a  r e l a t i o n s h i p  ( 1 9 6 3 ) ,  B i n t z  a n a l y z e d  t r e n d s  i n  a c c i d e n t  

r a t e s  o v e r  an  ex t ended  p e r i o d  and found t h a t  s t a t e s  w i t h o u t  

PMVI programs had e x p e r i e n c e d  a  g r e a t e r  r e d u c t i o n  i n  c r a s h  

r a t e s  t h a n  t h o s e  t h a t  had p e r i o d i c  i n s p e c t i o n  ( 1 9 6 6 ) .  

To f i n d  a  more p r e c i s e  r e l a t i o n s h i p  between i n s p e c t i o n  

and a c c i d e n t  e x p e r i e n c e ,  R e i n f u r t  and h i s  c o l l e a g u e s  (1971)  

fo l lowed  t h e  a c c i d e n t  e x p e r i e n c e  o f  v e h i c l e s  i n  North C a r o l i n a  

a s  t h e  s t a t e ' s  i n s p e c t i o n  program was phased i n .  No d i f f e r e n c e  

was d i s c e r n e d  i n  a c c i d e n t  e x p e r i e n c e  among v e h i c l e s  which had 

and had n o t  been i n s p e c t e d .  A s i m i l a r  s t u d y  f o r  F l o r i d a  i s  

now b e i n g  conducted .  To t e s t  t h e  h y p o t h e s i s  t h a t  o l d e r  

v e h i c l e s  might  be  o v e r i n v o l v e d  i n  a c c i d e n t s  due t o  mechan ica l  

d e f e c t s ,  H a l l  and L i t t l e  (1968)  examined f a t a l  and o t h e r  c r a s h  

e x p e r i e n c e  f o r  a  l a r g e ' s a m p l e  of a c c i d e n t s  i n  t h r e e  Michigan 



counties. They concluded that older vehicles were not signif- 

icantly overinvolved. These results were challenged by Joksch 

on a number of empirical and methodological grounds. Joksch 

concluded that older vehicles were relatively overinvolved in 

accidents. Multi-disciplinary Accident Investigation teams 

sponsored by the National Highway Traffic Safety Administration 

have also reviewed the role of mechanical defects in crashes. 

A team at the Indiana University devoted painstaking effort 

to the problem. The Indiana investigation concluded that in 

6% of the crashes a mechanical problem was the primary cause 

of the accident. In another 8% of the crashes defects con- 

tributed substantially to either the causation or the severity 

of the accident (Treat, 1973, 1973, 1971). The investigatio~ 

also concluded that "at fault" vehicles in accidents had a 

significantly higher incidence of defects in categories of 

tire tread depth, brake lining thickness, wheel alignment, 

windshield wiper operations, and horn operation than did the 

general car population. 

A detailed study of truck accidents by Scott (197l), 

which used police reports, indicated that trucks reported as 

being mechanically defective were significantly overinvolved 

in single-vehicle accidents and that trucks engaged in heavy 

service operations, like dump trucks and pole trucks, had 

substantially higher frequencies of reported defects than the 

general truck population. This research conclusively indicatss 

that a small fraction of, but still substantial numbers of, 

crashes result from vehicle defects. Moreover, the studies 

suggest a frequent association between problem drivers and 

problem vehicles, from which it might be hypothesized that 

certain crashes normally attributed to driver error may have 

resulted from non-obvious degradations in performance, partic- 

ularly of vehicle handling components. Scott postulated that 

such overinvolvement was more likely a function of driver 

characteristics and exposure factors than of differences in 

mechanical condition (1971). The safest conclusion that can 



be drawn from these studies is that they present irrefutable 

evidence for the extreme difficulty in drawing inferences 

from statistical analyses of aggregate accident data. 

More directly related to the question of degraded 

mechanical condition and accident causation have been 

"clinical" or in-depth investigations of crashes. The 

earliest reported study of this kind was performed by a 

group at the Harvard Medical School, which discovered a 

large incidence of mechanical defects contributing to acci- 

dents that had been considered to be the result of driver 

errors (Harvard Medical School, undated). The published 

summaries of BMCS investigations of motor carrier crashes 

indicate a 10%-15% involvement of mechanical defects in 

contributing to crashes as shown in Table 1. 

TABLE 1.--Reported Involvement of Mechanical Defects in 
Contributing to Motor Carrier Crashes as 
Reported from BMCS Accident Investigations. 

Year Total Crashes Involving 
Crashes Mechanical Defects Percent 

SOURCE: Bureau of Motor Carrier Safety, Summary of 
Accident Investigations, 1967-1972, 

A third type of study has measured the mechanical con- 

dition of vehicles against variables such as the age of the 

vehicle, vehicle mileage, driver economic and demographic 

characteristics, and the type of inspection system used. 

The number of studies has been small because of the high 

cost of a large sample of vehicles needed to describe the 

population adequately. The earliest study, conducted by 

Sherman and McCutchen at the Highway Safety Research Institute, 



used a sample of vehicles from the municipal inspection 

stations in Washington, D.C.; Cincinnati, Ohio; Memphis, 

Tennessee; and a sample of vehicles on the road in Ann Arbor, 

Michigan. Using consistent inspection criteria in each 

city, these investigators found substantial differences 

between cities with no inspection and frequent inspection. 

(Ann Arbor, with no inspection system, had the highest 

failure rate; Memphis, with the most frequent inspection, 

had the lowest failure rate (McCutchen and Sherman, 1968). 

Another early study conducted by TRW, Inc., used data 

generated by diagnostic facilities around the country to 

describe factors which affected mechanical condition. The 

study found that the age/mileage relationship was the most 

consistent explanatory item (1968). The most ambitious 

investigation was conducted under NHTSA direction by Ultra- 

system, Inc. This study attempted to draw an unbiased, 

representative sample of the national vehicle population in 

order to establish the effect of vehicle inspection and many 

other factors on the vehicle's condition. The study found 

significant differences among inspection states taken as a 

whole and a non-inspection state--California. The con- 

clusions, however, were marred by the investigator's data . 

collection difficulties, which forced them to use extreme 

techniques such as recruiting volunteers through newspaper 

advertising and using regular diagnostic facility customers, 

These techniques raise questions about the sample's repre- 

sentativeness (Fisher, et al., 1972). Most recently, Creswell 

and others at HSRI evaluated a spot inspection system in 

Michigan. The investigation reaffirmed the consistent rela- 
tionship between vehicle condition and vehicle age, vehicle 

mileage, owner age, and owner's economic status, but it found 

only a slight relationship between the spot inspection pro- 

gram and vehicle condition (Creswell, et al., in preparation). 

In the truck area, BMCS conducted a controlled sample 

.of vehicle corldition to measure the degree of bias in their 



normal i n s p e c t i o n  p r o c e d u r e s .  While t h e  s t u d y  conc luded  t h a t  

BMCS'r normal i n s p e c t i o n  was r e a s o n a b l y  u n b i a s e d ,  it  d i d  

r e v e a l  s u b s t a n t i a l  v a r i a t i o n  i n  c o n d i t i o n  among r e g i o n s  o f  

t h e  c o u n t r y  and among t y p e s  o f  c a r r i e r s  (BMCS, 1971; Morr i son  

and S e i f f ,  1 9 7 2 ) .  From t h e s e  s t u d i e s ,  it  can  be  conc luded  

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

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

v a r i e s  from component t o  component, and t h a t  t h e  c o n d i t i o n  

of v e h i c l e s  i s  v e r y  s t r o n g l y  i n f l u e n c e  by t h e i r  age ,  m i l e a g e ,  

and owner c h a r a c t e r i s t i c s .  

Mathemat ica l  and e n g i n e e r i n g  a n a l y s e s  have been made o f  

t h e  r e l a t i o n s h i p s  among t h e  e l e m e n t s  o f  i n h e r e n t  component 

q u a l i t y ,  u sage ,  owner main tenance  p r a c t i c e ,  i n s p e c t i o n  e f f o r t s ,  

degraded  component c o n d i t i o n ,  v e h i c l e  per formance ,  and a c c i d e n t  

c a u s a t i o n .  A s u b s t a n t i a l  p o r t i o n  of  t h i s  work h a s  been pe r -  

formed by t h e  Highway S a f e t y  Research  I n s t i t u t e  by O'Day and 

Creswe l l  (1967, 1971, 1968 ,  1969)  and by S e q e l ,  Murphy and 

o t h e r s  (1971,  1972,' 1 9 7 1 ) .  The f i r s t  two r e s e a r c h e r s  have  

c o n c e n t r a t e d  on d e f i n i n g  h e u r i s t i c  and ma thema t i ca l  models  

of t h e  e f f e c t s  o f  owner r e p a i r  p r a c t i c e ,  i n h e r e n t  component 

f a i l u r e  r a t e ,  and v e h i c l e  i n s p e c t i o n  on component c o n d i t i o n .  

The second g roup  h a s  engaged i n  an e x t e n s i v e  program of  

d e s c r i b i n g  t h e  i n f l u e n c e  of  v a r i o u s  d e s i g n  pa rame te r s  on t h e  

h a n d l i n g  per formance  o f  v e h i c l e s .  T h i s  d e s c r i p t i o n  h a s  been 

summarized i n  a  s e r i e s  of  h e u r i s t i c  models ,  which p r o v i d e  a  

u s e f u l  c o n c e p t u a l  app roach  t o  t h e  problem. 

One o f  t h e s e  models i s  shown i n  F i g u r e  1. A c o n v e n i e n t  

s t a r t i n g  p o i n t  i n  t h i s  model i s  t h e  box l a b e l e d  "Component 

F a i l u r e  and Degrada t ion . "  How o f t e n  an  i t e m  f a i l s  o r  how 

r a p i d l y  per formance  d e g r a d e s  i s  a f f e c t e d  by a  number o f  

f a c t o r s :  i n i t i a l  q u a l i t y ,  v e h i c l e  u s e  under  d i f f e r e n t  s e r v i c e  

c o n d i t i o n s ,  t h e  g e n e r a l  envi ronment ,  and most i m p o r t a n t l y  i n  

t h e  p r e s e n t  c o n t e x t ,  t h e  o p e r a t o r ' s  p r e v e n t i v e  main tenance  

program. For example w i t h  p r o p e r  l u b r i c a t i o n ,  p r e v e n t i v e  

main tenance  c a n  r e d u c e  wear e x p e r i e n c e d  by moving p a r t s ,  o r  





c l o s e  c o n t r o l  of t i r e  p r e s s u r e  can  enhance t r e a d  l i f e .  The 

BMCS program e n t e r s  t h e  p r o c e s s  i n  two ways. F i r s t  by 

s p e c i f y i n g  minimum s t a n d a r d s  f o r  component q u a l i t y ,  FMCSR 

l i m i t s  t h e  p o s s i b i l i t i e s  f o r  e x c e s s i v e  wear produced by 

inadequa te  d e v i c e s .  Second, by r e q u i r i n g  e s t a b l i s h e d  p re -  

v e n t i v e  maintenance p rocedures ,  t h e  r e g u l a t i o n s  may l i m i t  

t h e  r a p i d i t y  of wear. While t h e  r e l a t i o n  between p r e v e n t i v e  

maintenance and l o n g e r  component l i f e  i s  q u i t e  p l a u s i b l e ,  

l i t t l e  q u a n t i t a t i v e  ev idence  i s  a v a i l a b l e  t o  d e f i n e  it 

p r e c i s e l y .  

Given t h a t  a component h a s  f a i l e d  o r  degraded i n  per-  

formance below some a c c e p t a b l e  l e v e l ,  i t  i s  s t i l l  n e c e s s a r y  

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

E s t a b l i s h e d  p r e v e n t i v e  maintenance programs w i l l  h e l p  i n s u r e  , 
t h a t  d e f e c t s ,  when t h e y  do o c c u r ,  w i l l  be d e t e c t e d  and r e p a i r e d  

qu ick ly .  Backing up t h i s  o w n e r - i n i t i a t e d  d e t e c t i o n , a n d  r e p a i r  

a c t i v i t y  a r e  t h e '  BMCS road i n s p e c t i o n s  and t h e  s t a t e  p e r i o d i c  

inspection a c t i v i t i e s .  These two programs can be c o n s i d e r e d  

complementary. The s t a t e  i n s p e c t i o n  programs r e q u i r e  t h a t  

a l l  t h e  v e h i c l e s  i n  t h e  f l e e t  b e  brought  t o  s t a n d a r d  a t  some 

s p e c i f i e d  i n t e r v a l .  Complementing t h i s ,  t h e  BMCS s p o t  check 

program p r o v i d e s  t h e  o p e r a t o r  an  i n c e n t i v e  t o  m a i n t a i n  v e h i c l e  

c o n d i t i o n  between r e q u i r e d  i n s p e c t i o n s  i n  o r d e r  t o  avoid  t h e  

l o s s e s  a s s o c i a t e d  w i t h  having a  u n i t  t a k e n  "ou t -o f - se rv ice"  

w h i l e  e n r o u t e  o r  having o t h e r  s a n c t i o n s  imposed. F u r t h e r ,  

t h e  BMCS s p o t  i n s p e c t i o n s  have a  d i r e c t  e f f e c t  of  c a u s i n g  t h e  

r e p a i r  of v e h i c l e s  found d e f e c t i v e .  The combined e f f e c t  of 

p r e v e n t i v e  maintenance,  s t a t e  i n s p e c t i o n ,  and BMCS a c t i v i t i e s '  

s e r v e s  t o  de te rmine  t h e  mean t ime d u r a t i o n  of  a  d e f e c t  on a  

p a r t i c u l a r  v e h i c l e  and hence t h e  p r o p o r t i o n  of  v e h i c l e s  i n  

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

The above r e l a t i o n s h i p s  can be  summarized by t h e  

e q u a t i o n  (OtDay and Creswel l ,  1 9 6 7 )  : 



T - I repair 
% Defective = 

Tfail ' Trepair - I 
where : 

% Defective is the percent of vehicles in the 
total population having a particular 
defect; 

Trepair is the mean time to repair a defect 
once it has occurred; 

Tfail is the mean time to failure; 

I is a parameter representing the fre- 
quency and efficiency of inspection. 

Considering the equation, if a component fails slowly, i.e., 

has a long mean time to failure, and is repaired quickly, 

i . e . ,  has a short mean time to repair, the effect of an 

inspection system, either periodic or spot, will be small. 

Conversely, if a component fails quickly an2 is repairz2 

slowly, there is a large potential effect for inspection. 

These effects are illustrated in Figure 2. In the figure, the 

vertical axis represents the proportion of the vehicle pop- 

ulation that is defective, and the horizontal axis is the nean 

time to repair, plotted with shorter times to the right. The 

upper two curves represent the performance of a relatively 

short-lived component, say headlight aim, with and without an 

annual state inspection program. The lower two curves indi- 

cate the behavior of a moderately long-lived co~ponent, say 

passenger car tail lights, again with and without inspection. 

In the case of the short-lived component, if the operator 

seldom repairs the component when it becomes defective because 

of some combination of difficulty in detection of the failure, 

expense of repair, or lack of significant effect on operating, 

as opposed to safety, performance, the proportion of vehicles 

with the component being defective is shown by point " A " .  

Imposition of an annual state inspection system would reduce 
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outage  s u b s t a n t i a l l y  t o  t h e  p o i n t  marked "B". I f ,  however, 

t h e  owner i n s t i t u t e d  a  meaningful  p r e v e n t i v e  maintenance 

program, which would reduce  t h e  mean t ime t o  r e p a i r  t o  t h r e e  

months, t h e n  t h e  p r o p o r t i o n  of  d e f e c t i v e  v e h i c l e s  w i l l  f a l l  

t o  t h e  p o i n t  marked "C". On t h e  o t h e r  hand, f o r  a  long- l ived  

component t h a t  i s  r e p a i r e d  r a t h e r  q u i c k l y ,  impos i t ion  of a  

s t a t e  i n s p e c t i o n  program o r  enhanced p r e v e n t i v e  maintenance 

w i l l  produce r e l a t i v e l y  s m a l l  d e c r e a s e s  i n  t h e  f requency of  

d e f e c t i v e  v e h i c l e s  on t h e  road.  T h i s  is  i l l u s t r a t e d  by p o i n t  

"D" on t h e  g raph ,  

Reviewing t h e  argument,  t h e  BMCS a c t i v i t i e s  have t h r e e  

e f f e c t s  i n  t h e  p r e s e n t  model. Most i m p o r t a n t l y ,  by r e q u i r i n g  

and e n f o r c i n g  p r e v e n t i v e  maintenance programs, BMCS can have 

a  s u b s t a n t i a l  impact  on t h e  mean time t o  r e p a i r  and an i n f l u -  

ence on t h e  mean t ime t o  f a i l u r e .  

S e c o n d a r i l y ,  through enforcement  proced.ures used by t h e  

s p o t  i n s p e c t i o n  program, RMCS r a n  4 F r e c t l y  r sduce  t h e  number 

of d e f e c t i v e  v e h i c l e s  i n  a  f a s h i o n  analogous t o  t h e  o p e r a t i o n  

of  t h e  s t a t e  p e r i o d i c  i n s p e c t i o n  program. However, t h e  

secondary e f f e c t  i s  probably  q u i t e  s m a l l ,  c o n s i d e r i n g  t h e  

r e l a t i v e l y  s m a l l  f r a c t i o n  of t h e  p o p u l a t i o n  i n s p e c t e d  each 

yea r .  The v a r i a b l e s  t h e n  f o r  a  f u t u r e  s t u d y  could  be t o  

d i s c o v e r  t h e  impact of t h e  MCSR had on o p e r a t o r ' s  p r e v e n t i v e  

maintenance p r a c t i c e ,  t o  de termine  t h e  e f f e c t  of d i f f e r e n t  

degrees  of  p r e v e n t i v e  maintenance on d e f e c t  occur rence ,  and 

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

on poor maintenance p r a c t i c e .  

Once a  component has  worn t o  a  p a r t i c u l a r  p o i n t  o r  

f a i l e d  comple te ly ,  t h e  performance of t h e  v e h i c l e  w i l l  be 

degraded i n  some f a s h i o n .  The amount of d e g r a d a t i o n  w i l l  

depend on t h e  type  of component, t h e  performance measure 

s e l e c t e d ,  and t h e  t y p e  o f  performance,  Type of performance 

can be  d e f i n e d  a s  nominal o r  l i m i t i n g .  Nominal performance 

r e f e r s  t o  t h e  a b i l i t y  of  t h e  v e h i c l e  t o  perform o r d i n a r y  



maneuvers or other tasks under usual driving conditions, 

such as the typical stopping distance in traffic, and limit 

performance covers the most extreme condition encountered, 

such as full emergency braking to avoid a crash. Performance 

measurements can either be of system output, e.g., stopping 

distance, or of component related phenomena, e.g., wheel 

cylinder mechanical gain. System output measurements are 

most directly related to the safety effects of ultimate 

concern. Yet often it will only be possible to measure 

directly the effect of component wear or failure on specific 

phenomena, and then to relate changes in the phenomena to 

system output measures. 

On these matters, it would be quite difficult to 

characterize the state-of-the-art in large commercial vehicle, 

performance. Present knowledge varies from component system 

to component system and within designs for particular com- 

ponents. Rigorous analytical and experimental methods have 

been more widely adopted in recent years, and are likely to 

become more prevalent as increasingly strict performance 

standards are required. Areas affecting controlability-- 

tires, brakes, steering, and suspension--have been heavily 

studies; and other component systems--headlighting, visi- 

bility, and rear lighting--have received some attention. 

The majority of the studies have concentrated on performance 

within the range of normal specifications. These investi- 

gations have been directed toward design improvements rather 

than determining the effect of wear and failure under present 

designs, In the area of wear and failure vs. performance 

analysis, tire tread wear and brake failures have received 

some attention. For tires, the onset velocity for hydro- 

planing is dramatically, almost exponentially, reduced as the 

tread wears (Clark, 1971; Doughaday and Palmer, 1970). In 

the area of brake performance, Murphy, Segel, and others (1971) 

have experimentally induced brake failures in commercial 

vehicles and compared the performance of the degraded system 



with the .standard braking system. A summary of their results 

is shown in Table 2. 

TABLE 2.--Stopping Distance for Regular and Emergency Brakin: 
Systems. 

"Measured in feet. Standard stopping 
as shortest stoppinq distance either with or 

TRUCK TYPE 

Light 

Medium 

Heavy . 

locked. ~ e ~ r a d e h  stopping distance for ligh 
indicates performance of service brakes with 

distance measured 
without wheeis 
t and medium truc:<s 
power assist 

STOPPING DISTANCE* 

disabled. - Heavy truck stopping distance measured with nand 
brake. 

LOADED 

Standard Degraded 

191 238 

282 744 

248 2200 

In addition to examining commercial vehicle performance under 

a variety of conditions, the study also performed a detailed 

theoretical and simulation analysis of brake performance. .Of 

several performance measurements, brake force is most closely 

related to stopping distance, and the authors establishe2. the 

following relationship:** 

UNLOADED 

Standard Degraded 

150 160 

307 352 

263 1594 

where : 

FX is brake force; 

P1' Po are brake line pressure and brake shoe 
retainer spring pushout pressure; 

*This is one of a series of rather complicated equations 
and applies to hydraulic brake systems. For a complete 
,expression see reference 31. 



EFF is the mechanical efficiency of the 
brake mechanism; 

BF is the braking factor which is related 
to drum drag and the actuating force of 
the brake shoe; 

(r/R) is the ratio of effective drum radius to 
effective tire radius; 

AWC is the wheel cylinder area. 

Stopping distance is then determined by the sum of brake 

forces over axles, the frictional properties of the tire/road 

interface, and the momentum of the vehicle. Given such a 

relationship, it is then possible to predict the effect of 

some failure, like a leaky wheel cylinder which reduces 

effective line pressure, on stopping distance under various * 

conditions of vehicle velocity, load, and tire condition. 

Unfortunately, very few if any analyses of this nature have 

been performed. 

Continuing the argument, it is possible to consider the 

effect of increased stopping distance, or degraded performance 

of other component systems, on accident causation. As illus- 

trated in the model in Figure 1, the crash process itself is 

a function of driver behavior, of vehicle performance, and of 

road environment (which for simplicity can be assumed to 

include the behavior and performance of other vehicles in the 

traffic stream). This area is the most poorly understood of 

the whole process, even though it is most closely related to 

the ultimate goal of reducing crash losses. Modeling and 

analysis have been performed only for the most simplified 

situations. For example, rear-end collisions are a function 

of the initial velocities of the vehicles involved, the 

deceleration rate of the lead vehicle, the initial spacing 

between vehicles, the reaction time of the following driver, 

and the deceleration rate of the following vehicle. Yet even 

in a recent paper the variability of the situation has caused 



one author to adopt various simplifying assumptions, such as 

identical initial velocities and/or decleration rates for both 

vehicles (Tolle, 1973). Given these limitations, the study 

did show substantial increases in the probability of a crash, 

given a particular overtaking, as velocities increased and as 

initial spacings decreased. While the author did not ex- 

plicitly examine the effect of changes in brake force, his 

model indicates that a given percentage reduction in brake 

force produces twice as great a percentage increase in the 

probability of an accident occurring. However, the model does 

not identify the probability that such potentially crash- 

producing events will occur. In a detailed analysis of truck 

accident involvement on the Ohio Turnpike, Scott (1971) 

examined the relative frequencies of trucks overtaking cars 

and vice-versa and determined that trucks were substantially 

over-involved relative to the number of truck-overtaking car 

events, as the striking vehicle in rear-end accidents. Scott 

was unable to determine if the overirlvoiventent was due LLI 

generally poorer stopping distances of trucks, or to trucks' 

general lack of agility in crash-avoidance situations, or to 

a higher incidence of brake defects in trucks, or to the 

tendency of truck drivers to highball on downgrades in order 

to build up momentum for climbing the next hill. While no 

one has been able to predict precisely the effect of reduced 

braking performance on the number of accidents, these twc 

studies indicate that such an analysis can potentially be 

performed and empirically verified. Furthermore, with 

sufficient data and understanding of the crash process, similar 

analyses can be performed,for the performance of other com- 

ponents in other types of crashes. 

Over the past several pages, the relationship between 

preventive maintenance procedures and specific crash causes 

has been examined in some detail. Stated again, the relation- 

ship is: preventive maintenance determines how rapidly a 

component will fail and how long the component will remain in 



t h e  f a i l e d  s t a t e  b e f o r e  i t  i s  r e p l a c e d ;  g i v e n  t h a t  a  component 

h a s  f a i l e d  it w i l l  a d v e r s e l y  a f f e c t  t h e  o p e r a t i n g  per formance  

of t h e  v e h i c l e ;  deg raded  o p e r a t i n g  pe r fo rmance  w i l l  i n c r e a s e  

t h e  p r o b a b i l i t y  o f  a  c r a s h  o c c u r r i n g  i n  a  p a r t i c u l a r  t r a f f i c  

s i t u a t i o n ;  f i n a l l y ,  t h e  i n c r e a s e  ( o r  d e c r e a s e )  i n  p r o b a b i l i t y  

o f  an  a c c i d e n t  i n  a  g i v e n  s i t u a t i o n  i n t e g r a t e d  o v e r  t h e  

d u r a t i o n  of  t h e  f a i l u r e  y i e l d s  t h e  n e t  change i n  a c c i d e n t  

p r o b a b i l i t y  a t t r i b u t a b l e  t o  a  change i n  p r e v e n t i v e  main tenance  

p r a c t i c e .  A s  h a s  been  s e e n ,  t h e  r e l a t i o n s h i p s  a r e  q u i t e  com- 

p l e x ,  and t h e  a n a l y s i s  i s  o f t e n  confounded by o t h e r  v a r i a b l e s  

l i k e  t h e  r e l a t i o n  between t i r e  t r e a d  c o n d i t i o n  and b r a k i n g  

per formance  o r  l i k e  t h e  i n t e r a c t i o n  between t h e  f o l l o w i n g  d i s -  

t a n c e  chosen  by t h e  d r i v e r  and s t o p p i n g  d i s t a n c e  i n  p r o d u c i n g  

r e a r - e n d  c r a s h e s .  

The p r e s e n t  s t a t e - o f - t h e - a r t  d o e s  n o t  a l l o w  one t o  p r e -  

d i c t  d i r e c t l y  t h e  e f f e c t  o f  t h e  s y s t e m a t i c  p r e v e n t i v e  main- 

t e n a n c e  on c r a s h  c a u s a t i o n ,  b u t  many o f  t h e  p i e c e s  a r e  p r e s e n t .  

F u r t h e r ,  by breaking t h e  p r o c e s s  i n t o  a  number of s t e p s , ' o n e  

c a n ' m o r e  s p e c i f i c a l l y  d e t e r m i n e  t h e  r e l a t i o n s h i p  t h a t  i s  

u l t i m a t e l y  b e i n g  s o u g h t ,  and even  i f  comple t e  measurement i s  

n o t  p o s s i b l e ,  s p e c i f i c  a r e a s  c a n  b e  v e r i f i e d  by h a r d  e v i d e n c e .  

The s t e p - b y - s t e p  appraoch  used h e r e  a l s o  s u g g e s t s  two 

o t h e r  i m p o r t a n t  p o i n t s  f o r  t h e  e v a l u a t i o n .  F i r s t ,  s t a t i s t i c a l  

a n a l y s e s  o f  a c c i d e n t  d a t a  t o  d e t e r m i n e  e f f e c t s  must b e  p e r -  

formed w i t h  g r e a t  c a r e ,  c o n s i d e r i n g  t h e  number o f  confounding  

v a r i a b l e s ,  b u t  when such  a n a l y s e s  do  i n d i c a t e  s i g n i f i c a n t  

e f f e c t s ,  t h e y  r e p r e s e n t  v e r y  s t r o n g  e v i d e n c e  o f  program 

e f f e c t i v e n e s s .  Second, " s o f t "  d e f e c t s ,  i . e . ,  t h o s e  n o t  

p roduc ing  immediate  c a t e s t r o p h i c  f a i l u r e s ,  may s i g n i f i c a n t l y  

c o n t r i b u t e  t o  c r a s h  c a u s a t i o n  b u t  e s c a p e  even  in -dep th  

i n v e s t i g a t i o n s ,  and so c e r t a i n  s u s p i c i o u s  c l a s s e s  o f  c r a s h e s ,  

p a r t i c u l a r l y  t h o s e  i n v o l v i n g  l o s s - o f - c o n t r o l ,  need  t o  b e  

c r i t i c a l l y  r ev i ewed  f o r  b o t h  d i r e c t  and i n d i r e c t  e v i d e n c e  o f  

mechan ica l  p rob lems ,  even  though t h e y  may be c l a s s i f i e d  a s  

examples  o f  d r i v e r  e r r o r  o r  poor  r o a d  c o n d i t i o n s .  



The major  problem w i t h  t h e  s t ep -by- s t ep  approach  i s  

t h a t  i s  does  n o t  y i e l d  immediate answers .  An a l t e r n a t i v e  

approach ,  which i s  d i s c u s s e d  i n  t h e  n e x t  few pages ,  a t t e m ? t s  

a more d i r e c t  approach  t o  r e s o l v i n g  problems.  Components 

a r e  ranked i n  t e rms  of  s a f e t y  c r i t i c a l i t y  by a  p a n e l  of  

e x p e r t s .  Then t h e  f r equency  o f  f a i l u r e  o f  e a c h  component 

i s  de termined.  The p r o d u c t  of s a f e t y  c r i t i c a l i t y  and f a i l u r e  

f requency i s  used t o  i n d i c a t e  t h e  l i k e l y  impor tance  of a  

p a r t i c u l a r  component t o  s a f e t y  and hence t o  e s t a b l i s h  main- 

t enance  p r i o r i t i e s .  The approach  was f i r s t  evolved  by 

Opera t ions  Research  I n c o r p o r a t e d  and was l a t e r  r e f i n e d  and 

e l a b o r a t e d  by Booz-Allen, u s i n g  much more d e t a i l e d  component 

s p e c i f i c . a t i o n s .  A summary of  t h e  Booz-Allen s t u d y  f o l l o w s ,  

Defec t  p r o b a b i l i t i e s  were e s t i m a t e d  from l e a s i n g  

f l e e t  main tenance  and r e p a i r  d a t a  c o v e r i n g  327,000 main- 

t enance  and r e p a i r  a c t i o n s  o v e r  t h r e e  y e a r s  on a  f l e e t  of 

abou t  6,000 c a r s .  T h i s  s o u r c e  was used  because  it came 

from a  c o n t r o l l e d  sample w i t h  a  comple te  main tenance  h i s t o r y  

and was t h e  o n l y  s o u r c e  t h a t  c o n t a i n e d  comprehensive d a t a  

on a c t u a l  f a i l u r e s .  

The e f f e c t  of  a  f a u l t  i s  a  r e l a t i v e  measure.  That  i s ,  

it i s  a  measure o f  t h e  s e v e r i t y  of  a  g e n e r i c  f a u l t  i n  coni- 

p a r i s o n  w i t h  o t h e r  f a u l t s  where a  g e n e r i c  f a u l t  i s  t h e  

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

The "Delphi"  t e c h n i q u e  was used t o  e s t i m a t e  t h e s e  e f f e c t s .  

T h i s  p rocedure  a s  a p p l i e d  t o  t h i s  problem c a l l s  f o r  

a number of knowledgeable peop le  t o  t a k e  a  rank-ordered  l i s t  

of e f f e c t s  and e s t i m a t e  t h e  r e l a t i v e  impor tance  of  e a c h  lqi th  

r e s p e c t  t o  t h e  one above it on t h e  l i s t ,  t o g e t h e r  w i t h  a  

r a t i o n a l e  f o r  t h e i r  e s t i m a t e .  The r e s u l t s  a r e  summarized and 

r e c i r c u l a t e d  f o r  a d d i t i o n a l  b a l l o t i n g  rounds  u n t i l  convergencs  

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

by t h e  e x p e r t s  i s  l e s s  t h a n  10 p e r c e n t .  The e f f e c t s  s c a l p  

developed c o v e r s  approx ima te ly  f o u r  codes  of  magnitude.  



The t h r e e  p r imary  f a u l t s  l e a d i n g  t o  a  s a f e t y  f a i l u r e  

are  l o s s  of  dynamic c o n t r o l ,  l o s s  o f  d r i v e r  v i s u a l  i n p u t s ,  

and d r i v e r  impai rment .  Loss  o f  t h e  dynamic c o n t r o l  f u n c t i o n s  

o c c u r s  t h r o u g h  l o s s  o f  t h e  b r a k i n g ,  s t e e r i n g ,  o r  power manage- 

ment f u n c t i o n s ,  where power management i s  d e f i n e d  a s  t h o s e  

f u n c t i o n s  a s s o c i a t e d  w i t h  a c c e l e r a t i o n  and d e c e l e r a t i o n  of  

t h e  v e h i c l e ,  e x c l u d i n g  t h e  b r a k i n g  sys tem.  Loss o f  v i s u a l  

i n p u t s  i s  c o n s i d e r e d  a s  o r i g i n a t i n g  from e x t r a v e h i c u l a r  o r  

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

The D e l p h i  t e c h n i q u e s  o f  e s t i m a t i n g  e f f e c t s  y i e l d e d  a 

s e m i - l o g a r i t h m i c  p l o t  o f  e f f e c t  v e r s u s  f a u l t  c a t e g o r y ,  where 

t h e  e f f e c t  was on t h e  l o g  s c a l e  and cove red  f i v e  o r d e r s  of  

magni tude t o  10'. The l o c a t i o n  of  a  s p e c i f i c  d e f e c t  

( e , g . ,  s t e e r i n g  sys t em jammed) on t h i s  s c a l e  was d e t e r n i n e d  

by a s k i n g  t h e  e x p e r t s  who p a r t i c i p a t e d  i n  t h e  De lph i  t e c h -  

n i q u e  t o  d e c i d e  which two f a u l t s  t h e  s p e c i f i c  d e f e c t  l i e s  

between. T h i s  was t h e n  p l o t t e d  on t h e  g raph  and t h e  r e s u l t i n g  

e f f e c t  de t e rmined .  

Once component c r i t i c a l i t i e s  were computed, t h e  b e g e f i t s  

o f  c u r r e n t  s t a n d a r d s  i n  c r i t i c a l i t y  r e d u c t i o n  were a s s e s s e d ,  

Only a few o f  t h e  motor v e h i c l e  s t a n d a r d s  i n  e f f e c t  d u r i n g  

t h e  c o u r s e  o f  t h e  s t u d y  d i r e c t l y  a f f e c t e d  v e h i c l e  component 

c r i t i c a l i t y ,  

The major  t a s k  o f  t h e  s t u d y  was t o  f o r m u l a t e  new 

s t a n d a r d s  which would r e d u c e  t h e  c r i t i c a l i t y  of t h o s e  com- 

ponen t s  and  subsys tems  found t o  r ank  h i g h e s t  on t h e  o r d e r e d  

c r i t i c a l i t y  t e s t .  S t a n d a r d s  can  t a k e  two forms:  (1) t h o s e  

which a f f e c t  f a i l u r e  p r o b a b i l i t y  by i n c r e a s i n g  t h e  r e l i a b i l i t y  

of components--e.g., s p e c i f y  r ep l acemen t  p a r t  q u a l i t y  and 

s t a n d a r d i z e  motor  v e h i c l e  i n s p e c t i o n ;  ( 2 )  t h o s e  which a f f e c t  

p r o b a b i l i t y  by i n c o r p o r a t i n g  redundancy i n  a  subsys tem s o  

t h a t  a  f a i l u r e  o f  one  component d o e s  n o t  r e s u l t  i n  a  f a u l t .  

A comparison of  t h e  s t e p - b y - s t e p  approach  w i t h  t h e  

c r i t i c a l i t y  method, t h e r e f o r e ,  r e v e a l s  t h a t  t h e  former  



attempts 'to identify the sequence of events, leading to an 

accident due to defective equipment and to assess the 

efficacy of intervention at the start'of the sequence on 

the events which follow. The sequence includes the fre- 

quence and persistence of a defect, the effect on vehicle 

performance, the interaction of vehicles before the onset 

of difficulties and the action of the driver prior to the 

crash. While the step-by-step approach provides several 

points of intervention and a strong theoretical basis for 

inspection procedures, it is extremely difficult to define 

and conduct the empirical procedure necessary to determine 

the various relationships. 

The criticality method avoids these empirical diffi- 

culties by obtaining the opinions of "experts." However, the 

question of how these experts derived their opinions remains. 

The criticality method actually avoids the difficulties by 

assuming that if consensus can be obtained among these experts, 

then their answers will probably be correct. However, there 

is no scientific justification for this expert opinion; there- 

fore, the results are open to skepticism. The advantage of 

this method is that it provides answers quickly and that 

utilization of the knowledge of people who are active in the 

field in an inspection program is probably better than not 

having a program of having one based on guesswork. 

111. AN OVERVIEW OF THE JURISDICTION OF THE 
BUREAU OF MOTOR CARRIER SAFETY 

Introduction 

Of the several federal agencies which are responsible 

for the regulation of motor carriers, two are of interest here. 

They are the Interstate Commerce Commission which is responsible 

for the economic regulation of interstate common and contract 

carriers and the Bureau of Motor Carrier Safety which is respon- 

sible for the safety aspects of all interstate motor carriers-- 

common, contract, exempt and private. To accurately assess the 

role of the Bureau of Motor Carrier Safety (BMCS), a knowledge 



of the sources and history of the regulatory authority of the 

Bureau is essential as well as an understanding of the circum- 

stances in which they apply.* 

Interstate Commerce Commission 

With the passage of Part I1 of the Interstate Commerce Act 

in 1935, motor carriers were subjected to federal [safety] 

regulations if they engaged in interstate commerce. The per- 

tinent sections of the Interstate Commerce Act charge that 

the Interstate Commerce commission (ICC) has the responsibility 

to establish: 

. . . reasonab le  requirements  w i t h  r e s p e c t  t o  adequate  
s e r v i c e ,  t r a n s p o r t a t i o n  of baggage and express ,  uniform 
systems of accounts ,  r e c o r d s  and r e p o r t s ,  p r e s e r v a t i o n  
of records ,  q u a l i f i c a t i o n s  of d r i v e r s  and maximum hours  
of s e r v i c e  of employees and s a f e t y  of o p e r a t i o n  of equip- 
ment. ** 

It is these latter areas--qualifications of drivers, hours of 

service and safety of operation of equipment which are of 

primary interest here. The act defined two types of commerce 

which were (and still are) subject to 'regulation: 

(1) Interstate Commerce: . . . Commerce between any 
p l a c e  i n  a s t a t e  and any p l a c e  i n  ano ther  s t a t e  o r  
betweeneplaces i n  t h e  s t a t e  through ano ther  s t a t e ,  
whether such commerce moves wholly by motor v e h i c l e  
o r  p a r t l y  by motor v e h i c l e ,  o r  p a r t l y  by r a i l ,  
express  o r  water.** 

(2) Foreign Commerce: . . . Commerce whether such 
commerce moves wholly by motor v e h i c l e  o r  p a r t l y  by 
motor v e h i c l e  and p a r t l y  by r a i l ,  express  o r  wa te r ,  
(a)  between any p l a c e  i n  t h e  United S t a t e s  and any 
p l a c e  i n  a f o r e i g n  couc t ry ,  o r  between p l a c e s  i n  t h e  
United S t a t e s  through a f o r e i g n  country;  (b) between 
any p l a c e  i n  t h e  United S t a t e s  and p l a c e  i n  a t e r r i -  
t o r i a l  possess ion  of t h e  United S t a t e s  i n s o f a r  a s  

*It should be noted, however, that this is only a simplis- 
tic approach to a complex legal and operational system. There 
are many legal and administrative decisions affecting the jur- 
isdictions and operation of the two agencies. 

**Definitions of terms from Interstate Commerce Act, 49USCA, 
Transportation. 



such t r a n s p o r t a t i o n  t a k e s  p l a c e  w i t h i n  t h e  United 
S t a t e s  . . , . Truck movements from i n t e r i o r  p o i n t s  
t o  docks  where t h e  t r a f f i c  i s  t r a n s f e r r e d  t o  v e s s e l s  
f o r  f u r t h e r  shipment t o  p o i n t s  o u t s i d e  t h e  United 
S t a t e s ,  u n i n t e r r u p t e d  except  f o r  t h e  necessa ry  i n t e r -  
change, a r e  i n  f o r e i g n  commerce. 

The a c t  a l s o  p e r m i t s  t h e  use  of a  t h i r d  p a r t y  ( b r o k e r )  i n  

a r r a n g i n g  f o r  t r a n s p o r t a t i o n  s e r v i c e s  [ a s  d e f i n e d  by t h e  I n t e r -  

s t a t e  Commerce A c t ] ,  v i z  . . . 
The term 'broker '  means any person n o t  included i n  t h e  
term 'motor c a r r i e r '  and n o t  a  bona f i d e  employee o r  
agen t  of any such c a r r i e r ,  who o r  which, a s  p r i n c i p a l  
o r  a g e n t ,  sells o r  o f f e r s  f o r  s a l e  any t r a n s p o r t a t i o n  
s u b j e c t  t o  t h i s  c h a p t e r ,  o r  n e g o t i a t e s  f o r ,  o r  ho lds  
himself  o r  i t s e l f  ou t  by s o l i c i t a t i o n ,  adver t i sement ,  
o r  o the rwise  a s  one who s e l l s ,  p rov ides ,  f u r n i s h e s ,  
c o n t r a c t s ,  o r  a r r a n g e s  f o r  such t r a n s p o r t a t i o n .  

For a l l  t y p e s  of c a r r i e r s ,  t h e  Act s p e c i f i e s  t h a t  t h e  

I n t e r s t a t e  Commerce Commission is  t h e  r e g u l a t o r y  body which 

h a s  t h e  a u t h o r i t y  t o  e s t a b l i s h  t h e  r a t e s ,  r o u t e s ,  r u l e s ,  regu- 

l a t i o n s  and c o n d i t i o n s  ( i n c l u d i n g  s a f e t y )  governing t h e  movement 

of goods i n  i n t e r s t a t e  and f o r e i g n  commerce. (The i n t e n t  o f ,  

t h e  s h i p p e r  a t  t h e  time t h e  goods a r e  f i r s t  p laced  i n t o  commerce 

de termines  whether i t l s  i n t e r - s t a t e  o r  i n t r a - s t a t e  commerce. 

Thus t h e  e f f e c t  of t h e  a c t  i s  f a r  reaching--even t o  t h e  l o c a l  

l e v e l . )  Most goods' a r e  s u b j e c t  t o  economic r e g u l a t i o n s  ( r a t e s ) .  

--- However, a g r i c u l t u r a l  p roduc t s  ( a s  a  g e n e r a l  c l a s s )  a r e  g e n e r a l l y  

exempt from economic r e g u l a t i o n s  and hence t h e  movers of t h e s e  

goods a r e  c a l l e d  Exempt C a r r i e r s .  

The exempt c a r r i e r  and p r i v a t e  c a r r i e r ,  w h i l e  exempt 

from economic r e g u l a t i o n s ,  a r e  n o n e t h e l e s s  s u b j e c t  t o  t h e  

s a f e t y  r e g u l a t i o n s .  

~ n o t h e r  exemption t o  c a r r i e r s  of i n t e r s t a t e  commerce h a s  

t o  do w i t h  t h e  movement of goods w i t h i n  commercial zones. While 

h i g h l y  s p e c i f i e d ,  t h e  zones can g e n e r a l l y  he though t  of a s  a r e a s  

immediately surrounding t h e  m u n i c i p a l i t i e s  i n  t h e  United S t a t e s .  

Movement of i n t e r s t a t e  goods w i t h i n  t h e s e  commercial zones i s  

g e n e r a l l y  exempt from c e r t a i n  s a f e t y  and economic r e g u l a t i o n s  



whereas movement of i n t e r s t a t e  goods o u t  of o r  i n t o  t h e  zone 

is  s u b j e c t  t o  r e g u l a t i o n s .  

C a r r i e r s  a r e  a l s o  c l a s s i f i e d  by Type of Route S e r v i c e  

such t h a t :  
t 

A. REGULAR-ROUTE SCHEDULED SERVICE -- one who under takes  t o  
t r a n s p o r t  p r o p e r t y  f o r  compensation between f i x e d  
t e r m i n i  and over  a  r e g u l a r  r o u t e  o r  r o u t e s  upon 
e s t a b l i s h e d  o r  f i x e d  t ime schedu les .  

B. REGULAR-ROUTE NONSCHEDULED SERVICE -- same a s  A ,  excep t  n o t  
on a  f i x e d  schedule .  

C. IRREGULAR-ROUTE RADIAL SERVICE -- o p e r a t e s  over  i r r e g u l a r  
r o u t e s  from a  f i x e d  base p o i n t  o r  p o i n t s  t o  p l a c e s  
l o c a t e d  wi th  a  r a d i a l  a r e a  f i x e d  o r  a u t h o r i z e d  by 
t h e  I C C  o r  from such p l a c e s  back t o  t h e  f i x e d  p o i n t .  

D. IRREGULAR-ROUTE NONRADIAL SERVICE -- same a s  C , excep t  t h e  
a r e a  w i t h i n  which t h e  s e r v i c e  may o p e r a t e  i s  d e f i n e d  
geograph ica l ly .  

E .  LOCAL CARTAGE SERVICE -- one who t r a n s p o r t s  p r o p e r t y  wholly 
w i t h i n  a  m u n i c i p a l i t y  o r  between cont iguous  munici- 
p a l i t i e s  o r  w i t h i n  a  zone a d j a c e n t  t o  and commercially 
a  p a r t  of any such m u n i c i p a l i t y  o r  m u n i c i p a l i t i e s .  
That  i s ,  a  l o c a l  c a r t a g e  s e r v i c e  o p e r a t e s  w i t h i n  a  
commercial zone. 

Thus t h e  I n t e r s t a t e  Commerce Act n o t  on ly  de f ined  i n t e r s t a t e  

commerce b u t  a l s o  e x e r t e d  c o n t r o l s  over  t h e  movement of goods 

and t h e  movers of t h o s e  goods. 
- -- -- --- - 

Bureau of Motor C a r r i e r  S a f e t y  

-. 
I n  1966 t h e  Department of T r a n s p o r t a t i o n  Act* t r a n s -  - . - - -  

£er red  t h e  s a f e t y  f u n c t i o n s  of t h e  I n t e r s t a t e  Commerce 

Commission t o  t h e  Department of T r a n s p o r t a t i o n ,  Bureau of  

Motor C a r r i e r  S a f e t y , * *  w i t h i n  t h e  ~ e d e r ' a l  Highway Admin- 

- i s t r a t i o n .  The Bureau h a s  t h e  r e s p o n s i b i l i t y  f o r  P a r t s  390 

through 397 under T i t l e  49 of t h e  Code of Federa l  Regula t ions .  

*P.L. 89-670, 80 S t a t  931 ( 1 9 6 6 ) ,  49 U.S.C. S e c t i o n s  
1651-1659 (Supp. I V ,  1968) ( e f f e c t i v e  4-1-67). 

**See 49 CFR S e c t i o n  1.48 ( a ) ,  ( f ) ,  ( g )  , ( h )  , (k) (1971) .  



In the words of the Bureau, their mission is: 

. . . to reduce commercial vehicle accidents; to decrease 
fatalities, injuries, and property losses caused by 
commercial vehicle accidents; and to help reduce casual- 
ties and economic loss due to all types of motor vehicle 
accidents (driver--vehicle--highway--cargo). The Bureau 
also initiates research and development projects within 
the Highway Administration to devise safer means of 
operating commercial vehicles. The authority for the 
Bureau' s various programs is contained in the Department 
of Transportation Act, the Interstate Commerce Act, and 
the Explosives and Combustibles Act. 

The Bureau, under a delegation from the Federal 
Highway Administrator, promulgates and administers the 
Motor Carrier Safety Regulations and the Hazardous 
Materials Regulations governing trucks and buses oper- 
ating in interstate or foreign commerce. * 

These safety functions, codified as the Federal Motor Carrier 

Safety Regulations (FMCSR) include: Qualifications of Drivers; 

Driving of Motor Vehicles; Parts and Accessories Necessary for 

Safe Operation; Notification, Reporting and Recording of 

Accidents; Hours of Service of Drivers; [Vehicle] Inspection . 

and Maintenance; Transportation of Hazardous Materials, 

Driving and Parking Rules; and Transportation of Migrant 

Workers.. The FMCSR apply to - all c'lasses of carriers including 

for hire (common and contract) carriers of property, for-hire 

carriers of passengers, and carriers of agricultural commodities, 

--- livestock, and horticultural commodities engaged in interstate 
and foreign commerce. The other functions (economic) detailed 

by the Interstate Commerce Act and previously described are 

still administered by the ICC. 

Conclusion 

As the above description indicates, the circumstances 

in which BMCS regulations apply, although well defined are 

rather complicated. An ideal study of the effects of these 

*Publication: The Bureau of Motor Carrier Safety, 
Federal Highway Administration, U.S. Department of Transportation. 



regulations on safety would require exact knowledge of their 

applicability to each' accident surveyed. Since such data 

are unavailable, a substitute must be developed which will 

correlate with BMCS jurisdiction. 
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