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PREFACE 

This  r e p o r t  conta ins p re l im ina ry  r e s u l t s .  As such, c e r t a i n  

q u a l i f i c a t i o n s  a re  i n  o rder  which t he  reader  must be aware c f .  The 

o b j e c t i v e  o f  t h i s  study i s  t o  q u a n t i f y  the  ac tua l  s a f e t y  b e n e f i t s  

o f  FMVSS-121 us ing r i go rous  s t a t i s t i c a l  techniques. The da tz  base 

f o r  t h i s  eva lua t i on  i s  be ing gathered over  a  two year  per iod.  These 

tabu1 a t i o n s  a re  based on p r e l  im inary  data f i  1  es con ta i n i ng  t he  

a v a i l a b l e  i n f o rma t i on  a f t e r  one year  o f  data  c o l l e c t i o n .  

The sample design f o r  t h i s  study i s  based upon knowledge o f  

t he  purchasers o f  1974 and 1975 a i r -b raked  veh ic les .  Th is  i n f o r -  

mat ion was g rac i ous l y  prov ided by the  f o l l o w i n g  manufacturers:  

Chrys le r  (Dodge) 

Ford 

F re i gh t1  i n e r  

Genera1 Motors (GMC, Chevrol e t )  

I n t e r n a t i o n a l  Harvester  

Mack 

White 

A s t a t i s t i c a l l y  sound s tudy cou ld  n o t  have been employed w i t hou t  

t h e i r  ass i  stance. 

For t he  se lec ted  veh ic les ,  i n f o rma t i on  on t he  mileage, main- 

tenance, and acc idents  i s  obta ined from e x i s t i n g  company o r  owner 

records.  Th is  i n f o rma t i on  cou ld  n ~ t  be c o l l e c t e d  w i t hou t  the  coop- 

e r a t i o n  and ass is tance prov ided by the  n e a r l y  500 owners o f  t r u c k s  

p a r t i c i p a t i n g  i n  t h e  study. The i d e n t i t i e s  o f  these companies and 

i n d i v i d u a l s  must be kept  c o n f i d e n t i a l  i n  keeping w i t h  t he  Pr ivacy 

Ac t  o f  1974. However, t he  t r u c k i n g  i n d u s t r y  i s  t o  be commended f o r  

t h e i r  understanding, cooperat ion,  and pat ience i n  t h i s  eva lua t i on  

o f  t he  121 standard. 

While t h i s  s tudy i s  p red ica ted  on t h e  cooperat ion o f  t h e  

t r u c k  manufacturers and owners, the  f i n d i n g s  and op in ions  presented 

i n  t h i s  r e p o r t  a re  s o l e l y  those o f  the  authors.  
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1. INTRODUCTION 

The o v e r a l l  o b j e c t i v e  o f  t h i s  study i s  t o  q u a n t i f y  t h e  

sa fe t y  impact o f  Federal Motor Vehic le  Safety  Standard NG. 1 2 i ,  -- A i r  

Brake Systems. The major data c o l l e c t i o n  a c t i v i t y  invo lves  a  

n a t i o n a l  sample o f  veh ic les  whose mileage, accidents,  and brake 

system maintenance a re  being monitored over a  two-year per iod .  Th is  

r e p o r t  i s  based on p re l im ina ry  data f i l e s  con ta i n i ng  in fo rmat ion  

from the  f i r s t  h a l f  o f  the  study--calendar year  1976. The purpose 

o f  t h i s  r e p o r t  i s  t o  descr ibe  t he  progress t o  date and i l l u s t r a t e  

the  k i n d  o f  r e s u l t s  which w i l l  be a v a i l a b l e  a t  t he  end o f  the  

program. 

Th is  i n t r o d u c t o r y  chapter  has th ree  sect ions.  Sect ion 1.1 

presents a  b r i e f  overview o f  the p r o j e c t  and descr ibes the cu r ren t  

s t a tus .  Resul ts from the  ana l ys i s  o f  t he  p r e l i m i n a r y  data f i l e s  

a re  summarized i n  Sect ion 1.2.  The f i n a l  sec t ion ,  Sect ion 1.3, 

descr ibes t he  o rgan i za t i on  o f  t he  r e p o r t .  The purpose o f  t h i s  

chapter  i s  t o  p rov ide  t he  reader w i t h  a  summary o f  the  f i n d i n g s  

and a b r i e f  d e s c r i p t i o n  o f  the  i n f o rma t i on  conta ined i n  t he  remain- 

i ng chapters.  

1.1 Overview 

Pr imary ob jec t i ves  i nvo l ve  a  comparison o f  p rope r t y  damage, 

i n j u r y ,  and f a t a l  acc ident  r a t e s  f o r  pre-  and post-standard veh ic les .  

Secondary ob jec t i ves  address maintenance and opera t iona l  exper- 

iences. Three data sources a re  u t i l i z e d  t o  meet these ob jec t i ves  

as shown i n  F igure 1 .l. The major e f f o r t  i s  t he  mon i to r ing  o f  

a  na t i ona l  sample o f  f l e e t s  (and veh i c l es )  which were se lec ted  
us ing  probabi  1 i ty-based samp7 i n g  techniques. In fo rmat ion  on 

exposure (mi leage) , acc idents ,  and brake system maintenance i s  

be ing recorded over a two-year pe r i od  on these veh ic les .  



FATAL ACCIDENTS INJURY ACCIDENTS 

FLEET SAMPLE 

FLEET REPORTED ACCIDENTS 

FIGURE 1.1 - -  DATA SOURCES 

I n  o rder  f o r  t he  a n a l y s i s  t o  i n c l u d e  apprec iab le  numbers 

o f  i n j u r y  and f a t a l  acc iden ts ,  supplemental data  a re  be ing  i n c o r -  

po ra ted  from two sources. F i r s t ,  a  census o f  a l l  f a t a l  acc idents  

o c c u r r i n g  i n  t he  48 cont iguous s t a t e s  p l us  t h e  D i s t r i c t  o f  Columbia, 

i n v o l v i n g  late-model ( 1  974 o r  newer) a i  r -braked t r ucks ,  i s  be ing 

ob ta ined  through t h e  NHTSA F a t a l  Acc ident  Repor t ing System (FARS). 

A d d i t i o n a l  i n f o rma t i on  on these acc idents  i s  be ing  c o l  1  ec ted  by 

te lephone i n t e r v i ew .  Secondly, i n j u r y  acc iden ts  r epo r t ed  t o  t he  

Bureau o f  Motor C a r r i e r  Sa fe ty  (BMCS) by Author ized C a r r i e r s  

(Common and Cont rac t )  w i  11 a1 so be incorpora ted .  A d d i t i o n a l  

i n f o r m a t i o n  on these acc iden ts  i s  be ing ob ta ined  by m a i l .  Exposure 

da ta  ob ta ined  through t h e  f l e e t  mon i t o r i ng  a c t i v i t y  w i  11 a1 low 

c a l c u l a t i o n  o f  acc iden t  r a t e s  f o r  p rope r t y  damage, i n j u r y ,  and 

f a t a l  acc idents .  

The importance o f  t he  f l e e t  and v e h i c l e  s e l e c t i o n  procedures 

used f o r  t he  mon i t o r i ng  program cannot be overemphasized. They a re  

c e n t r a l  t o  t h e  va lue of t he  r e s u l t s  generated. To e x t r a p o l a t e  t o  

a  l a r g e r  popu la t i on  o f  veh i c l es  i n  use, i t  i s  necessary t o  employ 



a  p robab i l i t y -based  method o f  s e l e c t i n g  t he  f l e e t s  and veh ic les  t o  

be s tud ied.  The f i r s t  s tep  was t o  ob ta i n  sa les l i s t s  from the  

major manufacturers o f  a i r -b raked  t rucks .  Vehic les f o r  s tudy were 

se lec ted  from these l i s t s  i n  such a  way t h a t  t h e  p r o b a b i l i t y  o f  

s e l e c t i o n  i s  known f o r  every veh ic le .  The sampling design i nvo l ved  

th ree  major steps: t he  s e l e c t i o n  o f  36 geographic areas o f  t he  

count ry ,  the  s e l e c t i o n  o f  554 t r u c k  owners loca ted  w i t h i n  t he  

se lec ted  areas, and t he  s e l e c t i o n  o f  5,398 veh ic les  w i t h i n  t h e  

se lec ted  f l e e t s .  

To ob ta i n  s u f f i c i e n t  s tudy veh ic les  manufactured before 

and a f t e r  FMVSS 121 went i n t o  e f f e c t  (March, 1975), t he  produc- 

t i o n  pe r i od  chosen was January, 1974 through January, 1976. 

Dur i  ng t h a t  pev'iod, es t imated 246,000 pre-standard veh ic les  

and 100,000 post -s tandard veh i c l es  were produced. Manufacturers 

p rov i d i ng  sa les data f o r  t h e  sampling frame accounted f o r  about 

90% of t he  p roduc t ion  o f  a i r -b raked  veh ic les .  Table 1 .I shows 

t he  sampling frame i n  r e l a t i o n  t o  t o t a l  product ion.  

TABLE I .  1 

SAMPLING FRAME 

PRE-STANDARD POST-STANDARD 

ESTIMATE[? 

PRODUCTION 1/74 . 1/76 246,000 100,000 

PARTICIPATING 

MANUFACTURERS 21 3,000 90,000 

SAMPLING FRAME 185,000 42,000 

No more than 42,000 post -s tandard veh ic les  cou ld  be inc luded  i n  

the  sampling frame because o f  the  t ime- lag  between t he  l i s t i n g  o f  

the  veh i c l e  under " f a c t o r y  sa les"  and t he  updat ing o f  the  manu- 

f ac tu re r s '  warranty  f i l e s ,  which were t h e  source o f  data f o r  t h e  

sampl i ng frame. 



Figure 1 . 2  shows the 36 selected geographic areas. 

FIGURE 1 . 2 - -  SELECTED AREAS 

These are areas where the vehicle records are maintained, not  

necessarily the areas of vehicle operation, The sample design 

i s  presented i n  detail  in Chapter 2. 

During implementation, Task 2 ,  the selected f lee ts  were 

visited to  secure cooperation and i n i t i a t e  data coll ection. Tab1 e 

1 . 2  shows the number of f lee ts  currently i n  the study, classified 

by f l ee t  size and carr ier  type. 

TABLE 1.2 

STUDY F L E E 5  
1 1 / FLEET SIZE I PRIVATE FOR HIRE 1 

I 
SMALL 
('-49) 

MEDIUM g4 
(50-399) I 
LARGE 

UNKNOWN 

TOTAL 370 104 



The f lee t  size i s  the total number of air-braked vehicles owned. 

While 474 f leets  are currently participating, only 382 of these 

were among those ori g i  nal ly selected. Nearly 100 addi t i  ona 1 

f lee ts  are being visited in our continuing effor ts  t o  monitor 

the selected vehicles, even t h o u g h  the current owner may not  be 

the purchaser indicated on the manufacturers ' 1 i s t s .  The magni - 
tude of this  problem i s  indicated by the fact t h a t  during imple- 

mentation over 800 owners were visited in our attempts t o  secure 

data collection on vehicles which our records indicated were owned 

by a total of 554 companies or individuals. The vehicle selection 

procedures require t h a t  every effor t  be made t o  locate the selected 

vehicle regardless of the current owner. Vehicle substitutions 

cannot be made for the convenience of d a t a  collection. 

Table 1.3 shows the number of currently participating 

vehicles by brake type and vehicle type. 

TABLE 1.3 

STUDY VEHICLES 

/ VEHICLE I BRAKE TYPE 
I TYPE I P R E  POST I 

Data collection in the f lee t  monitoring program i s  accom- 

pl ished by local ly-based personnel employed by HSRI. Descriptive 

information on the companies and vehicles was obtained during the 

in i t ia l  v i s i t .  Fleets are then revisited quarterly t o  update the 

mileage, maintenance, andaccident information. Data forms are 

STRAIGHT TRUCK 

TRACTOR 

SCHOOL BUS 

TOTAL 

360 634 

986 576 

146 475 

1492 1685 



subsequent ly forwarded t o  HSRI  f o r  processing. Imp1 ementat ion 

o f  the  f l e e t  mon i t o r i ng  program i s  descr ibed i n  more d e t a i l  i n  

Chapter 3. 

1.2 P re l  im ina ry  Resu l t s  

The p r e i  im ina ry  na tu re  of these r e s u l t s  must be emphasized. 

Data c o l l e c t i o n  i s  incomplete.  Because o f  t he  pre7 i m i  nary  na tu re  

o f  t h e  data and t he  analyses, r e s o l u t i o n  o f  t he  s tudy ques t ions  

cannot be expected. These r e s u l t s  a re  presented t o  determine i f  

t he  s t a t i s t i c s  computed a re  adequate t o  address t he  s tudy ob jec t i ves .  

I n  a l l  o f  t he  t a b u l a t i o n s  presented, t h e  data have been 

weighted i n  p r o p o r t i o n  t o  t h e  i nve rse  o f  t he  v e h i c l e  s e l e c t i o n  

p r o b a b i l i t i e s ,  so t h a t  t he  s t a t i s t i c s  computed apply  t o  t h e  v e h i c l e  

popu la t i on  de f i ned  by t h e  sampling frame. The accuracy o f  these 

est imates i s  measured by t h e  95% conf idence i n t e r v a l  s  computed. 

S t a t i s t i c a l l y ,  t h i s  means t h a t  p r i o r  t o  t h e  experiment t h e  proba- 

b i l i t y  t h a t  t h e  t r u e  mean would be o u t s i d e  t he  i n t e r v a l  i s  o n l y  

one i n  twenty.  B a s i c a l l y ,  t he  w i d t h  o f  t h e  i n t e r v a l  i s  determined 

by t he  v a r i a t i o n  i n  t h e  s t a t i s t i c  and t h e  amount o f  da ta  (sample 

s i z e ) .  

1.2.1 Exposure. A major  f i n d i n g  a t  t h i s  p o i n t  i s  t h a t  

t he re  a re  s i g n i f i c a n t  d i  f fe rences  between t he  pre-  and post -s tandard 

veh i c l es  i n  terms o f  owners, types o f  veh ic les ,  and usage. For 

example, 20% o f  t he  pre-s tandard veh i c l es  were purchased by l a r g e  

f l e e t s  (400 o r  more a i r - b raked  power u n i t s ) ,  w h i l e  o n l y  9% o f  t he  

post -s tandard veh i c l es  were purchased by l a r g e  f l e e t s .  With 

respec t  t o  c a r r i e r  type, " f o r  h i r e "  f l e e t s  purchased 40% o f  t he  

pre-s tandard veh i c l es  w h i l e  o n l y  purchas ing 18% o f  the  post -s tandard 

veh ic les .  S t r a i g h t  t r ucks  increased f rom 13% o f  t he  pre-s tandard 

veh i c l es  t o  46% o f  the  post -s tandard.  F i n a l l y ,  t h e  usual  t r i p  was 

i n  t he  " l o c a l "  area f o r  43% o f  the  pre-s tandard veh i c l es  and 54% 

o f  the  post-standard.  



These d i f f e rences  r e f l e c t  changes i n  t h e  sa les o f  a i r -  

braked t r ucks  dur ing  the years 1974-1975. Large f l e e t s  may have 

"over-bought" prc-s tc \ndard v e h i c . 1 ~ ~  L o  , ~ v o i  tl p~lrl;h,\s i ! r ( l  t lit! n im. t \  

expensive 121-equipped t rucks .  And as l a rge  f l e e t s  tend t o  buy 

t r a c t o r s  t h a t  a re  commonly used i n  i n t e r c i t y  t r i p s ,  these d i f f e r -  

ences would be explained. Furthermore, the t r u c k i n g  i ndus t r y  

experienced an economic slump i n  l a t e  1975, which may have a f f ec ted  

purchasing by t he  " f o r  h i r e "  f l e e t s  more than t he  p r i v a t e  f l e e t s .  

The observed d i f f e rences  i n  t h e  composit ion o f  t he  pre- 

and post-standard groups o f  veh ic les  a re  impor tant  because they 

d i r e c t l y  i n f l uence  t he  exposure (mi leage) o f  the  veh ic les .  D i  s- 

t r i b u t i o n s  o f  t o t a l  mileage a re  shown i n  t he  nex t  f o u r  f i g u r e s  

(F igures 1.3 through 1.6).  

The mileage d i s t r i b u t i o n  by f l e e t  s i z e  i s  shown i n  F igure 

1.3. The r o l e  o f  l a r g e  f l e e t s  should be noted i n  p a r t i c u l a r .  

1 PHESTANDARD POST-STANDARD 1 
FIGURE 1.3 -- MILEAGE DISTRIBUTION BY FLEET S I Z E  

Large f l e e t s  accounted f o r  on l y  0.5% o f  a l l  owners i n  t he  sampling 

frame, bu t  contained from 9% t o  20% o f  the  veh ic les .  I n  t h i s  
f i gu re ,  i t  can be seen t h a t  they account f o r  20% t o  30% o f  t he  

t o t a l  mileage. No t i ce  t h a t  t he  p ropo r t i on  of t o t a l  mi leage i s  



apprec iab ly  l ess  f o r  t h e  post -s tandard veh ic les ,  r e f l e c t i n g  t h e  

sma l le r  p r o p o r t i o n  o f  veh i c l es  i n  t h i s  category .  

The mi leage d i s t r i b u t i o n  by c a r r i e r  type i s  shown i n  

F igure  1.4. The p r o p o r t i o n  of t o t a l  mi leage accumulated by veh i c l es  

i n  " f o r  h i r e "  f l e e t s  changes from 54% t o  37%. The " f o r  h i r e "  f l e e t s  

tend  t o  be l a r g e r  and t o  accumulate more mi leage per  veh i c l e .  

I PRE3TANDARD POST-STANDARD I 
FIGURE 1.4 -- MILEAGE DISTRIBUTION BY CARRIER TYPE 

The mi leage d i s t r i b u t i o n  by v e h i c l e  type i s  shown i n  F i gu re  

1.5. No t i ce  t h a t  t h e  pre-s tandard t r a c t o r s  account f o r  82% o f  t h e  

m i  leage accumulated by pre-s tandard veh i c l es  i n  t h e  sampl i n g  frame, 

and t h a t  t h i s  p r o p o r t i o n  drops t o  64% fo r  t h e  post -s tandard veh i c l es .  

CSCHOOL BUS 

PRE STANDARD POST STANDARD 

FIGURE 1.5 -- MILEAGE DISTRIBUTION BY VEHICLE TYPE 
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Simi l a r  d i f f e rences  are shown i n  the mileage d i s t r i b u t i o n  

by usual t r i p  d is tance , Figure 1.6. 

PRE STANDARD POST4TANDARD 

FIGURE 1.6 -- MILEAGE DISTRIBUTION BY TRIP DISTANCE 

These f i g u r e s  i l l u s t r a t e  t h a t  the  exposure o f  pre- and post -  

standard veh ic les  i s  no t  the  same. The d i f f e rences  a r i s e  from 

d i f f e rences  i n  t he  composit ion o f  t he  two groups. The pre-standard 

group conta ins more t r a c t o r s  i n  l a rge  f o r - h i r e  f l e e t s ,  w h i l e  the  

post-standard group conta ins more s t r a i g h t  t r ucks  i n  smal l  p r i v a t e  

f l e e t s .  These two groups cannot be compared unless the  r e s u l t s  

a re  ad justed t o  some common exposure d i s t r i b u t i o n .  The exposure 

d i s t r i b u t i o n  shown i n  Table 1.4 i s  t he  average o f  t he  d i s t r i b u t i o n s  

f o r  t he  pre- and post-standard vehic les,  and i s  t he  d i s t r i b u t i o n  

used i n  comparing the  acc ident  r a t e s  i n  the  nex t  sect ion.  

TABLE 1 $ 4  

AVERAGE MILEAGE DISTRIWTKW 



1.2.2 Accident Rates. F igures 1.11 through 1.13 present  

t he  r e s u l t  o f  analyses o f  1976 acc ident  data f o r  pre-  and pos t -  

standard veh ic les .  The numbers represent  t he  average number o f  

acc idents  per  100 m i l l i o n  v e h i c l e  m i les ;  t he  bands a re  95% con- 

f i dence  i n t e r v a l s  t h a t  r e f l e c t  t he  accuracy o f  t he  est imate.  Over- 

a1 1 , t h e  r a t e s  a re  somewhat 1 ower than were expected, r e f l e c t i n g  

v a r i a t i o n s  i n  r e p o r t i n g  discussed i n  Chapter 3. 

Acc ident  r a t e s  a re  presented by v e h i c l e  type i n  F igure  1.7. 

FIGURE 1.7 -- ACCIDENT RATE BY VEHICLE TYPE 

T 

lo00 
95% CONFIDENCE INTERVAL 

PRE-STANDARD 
800 

w 
l- a 600 
P: 
+ 
5 
0 
u 400 
Y 

200 

0 

i 

The percent  changes are:  t r a c t o r s  down 4%, s t r a i g h t  t r ucks  down 

21%, and school buses down 59%. These r e s u l t s  a re  based on a 

t o t a l  o f  o n l y  268 acc idents ,  and o n l y  about 84 o f  these acc idents  

i nvo l ved  s t r a i g h t  t r ucks  o r  school buses. Accident r e p o r t i n g  was 

on l y  p a r t i a l l y  complete f o r  the  school buses, which may exp la i n  

t he  h i gh  acc iden t  r a t e  observed f o r  t h i s  pre-standard v e h i c l e  

type 

b 



Post-standard t r a c t o r s  show on l y  a 4% reduc t i on  i n  acc ident  

r a t e .  However, the mix o f  pre- and post-standard equipment on com- 

b i n a t i o n  veh i c l es  has n o t  y e t  been taken i n t o  account. So f a r ,  i t  

would appear t h a t  post-standard t r a c t o r s  are p u l l i n g  pre-standard 

t r a i l e r s  most o f  the t ime. In fo rmat ion  i s  be ing gathered which 

w i l l  a l l ow  acc ident  r a t e s  t o  be computed separa te ly  f o r  t he  var ious  

combinations of pre- and post-standard squi  pment on combS n a t i o n  

vehic les.  

F igure  1.8 shows t h a t  the  acc iden t  r a t e  i s  up by 17% i n  

the  l o c a l  t r i p  d is tance  category,  and down 35% i n  t he  i n t e r c i t y  

category.  Since t r a c t o r s  a re  used predominately i n  i n t e r c i t y  

t r i p s ,  these r e s u l t s  prevent  t he  f o rmu la t i on  o f  any s t rong  con- 

c l  u s i  ons. 

I 95% CONFIDENCE INTERVAL 1 

PIE-STANDARD 

1 LOCAL INTERCITY 1 
FIGURE 1.8 -- ACCIDENT RATE BY TRIP DISTANCE 

F igure  1.9 shows the  o v e r a l l  comparison o f  acc iden t  r a t e s  

f o r  t he  pre- and post-standard vehic les.  The o v e r a l l  r a t e  f o r  t h e  

post-standard veh ic les  i s  19% lower.  The d i f f e r e n c e  i n  these two 

acc iden t  r a t e s  i s  25 acc idents  pe r  hundred m i l l i o n  veh i c l e  m i l es .  



300 - 95% CONFIDENCE INTERVAL 

@I PRESTANDARD 

u 
C 
a 
a POSTSTANDARD 

5 ZOO - 
u 
0 
v 
U a 

130 

100 - 105 

i 
I 

25 - 
0 

PRE POST 

- 
REDUCTION 

-- 

FIGURE 1.9 -- OVERALL ACCIDENT RATE 

Note t h a t  a ze ro  d i f f e r e n c e  l i e s  w e l l  w i t h i n  t h e  con f idence  i n t e r -  

v a l  shown. Thus, s t a t i s t i c a l l y ,  t h e r e  i s  no ev idence a t  t h i s  

p o i n t  t o  suppor t  t h e  hypo thes is  t h a t  121-equipped v e h i c l e s  have 

d i f f e r e n t  a c c i d e n t  r a t e s  than  p re -s tandard  v e h i c l e s  . One must 

keep i n  mind, however, t h a t  these i n t e r i m  f i n d i n g s  have severa l  

weaknesses: these  d a t a  a r e  n o t  complete; p a r t i c i p a t i n g  companies 

v a r y  i n  t h e i r  r e p o r t i n g  t h r e s h o l d s  on acc iden ts ;  t h e  a c c i d e n t  

sample s i z e  i s  sma l l ;  and t h e  exposure i n f o r m a t i o n  has n o t  y e t  

been c l a s s i f i e d  i n t o  t h e  v a r i o u s  combinat ions o f  121 equipment 

on t r a c t o r - t r a i l e r  u n i t s .  A l l  o f  those problems a r e  be ing  

addressed d u r i n g  t h e  oncoming p o r t i o n  o f  t h e  s tudy.  

1.2.3 Brake System Maintenance. F igu res  1.10 th rough  

1.13 i 11 u s t r a t e  t h e  r e s u l t s  o f  ana lyses o f  t h e  maintenance exper-  

i e n c e  o f  t h e  moni tored v e h i c l e s .  Whi l e  t h e  d i f f e r e n c e s  between 

p re -  and pos t -s tandard  v e h i c l e s  a r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  

t h e y  a r e  q u i t e  l a r g e .  

Tab le  1.5 shows t h e  average odometer read ings  as o f  

January, 1977 f o r  t h e  s t u d y  v e h i c l e s .  Note' t h e  low mi leage on 

t h e  121-equipped s t r a i g h t  t r u c k s  and school  buses. 



T A B L E  1.5 

MEAN ODOMETER READING 
JANUARY 1977 

BY VEHICLE TYPE 

TRACTOR 21 1.200 122,750 

STRAIGHT TRUCK 43.548 21,470 

SCHOOL BUS 1 25,401 14,003 

Figure 1.10 shows the maintenance data analyzed by com- 
puting the interval in miles between maintenance entries.  The 
f i r s t  column in the figure shows a computation restricted t o  
entries involving the same component. The second column shows 
entries for any component in the same major group of components. 
The third column represents intervals between each successive 
entry in the maintenance record. I n  a l l  three columns, the inter- 
vals for 121 tractors are markedly shorter. Note that preventive 
maintenance has been excluded from these computations. 

TRACTOR 

0 1 
SAME SAME ANY MAINTENANCE I 

'PM EXCLUDED COMPONENT MAJOR GROUP 1 
F IGURE I .  10 - - MEAN MAINTENANCE I N T E R V A L  : TRACTORS 



Figure 1.11 shows s i m i l a r  r e s u l t s  f o r  s t r a i g h t  t rucks .  

Note t h a t  w h i l e  t he  t r a c t o r s  had maintenance i n t e r v a l s  o f  20,000 

t o  40,000 mi les ,  the  s t r a i g h t  t r u c k  i n t e r v a l s  are 5,000 t o  10,000 

m i l es .  I n  general ,  maintenance i n t e r v a l s  vary  w i t h  usage, so 

t h a t  t he  same k i n d  o f  exposure problems t h a t  occur i n  comgaring 

acc iden t  r a t e s  a l s o  apply  t o  the  comparison o f  maintenance dsta .  

FIGURE 1 -11  -- MEAN MAINTENANCE INTERVAL : STRAIGHT TRUCKS 

S i m i l a r  r e s u l t s  a re  shown f o r  school buses i n  F igure  1.12. 
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Figure 1  . I 3  shows t h a t  a i r  generat ion i s  t he  on l y  major 

component group t o  show a  longer  i n t e r v a l  (by 11%) f o r  the 121 

i n t e r c i t y  t r a c t o r s .  Note a l s o  t h a t  t he  maintenance i n t e r v a l  on 

the  a n t i - s k i d  components i s  on ly  about 20,000 mi les .  

FIGURE 1  . I 3  -- MEAN MILES TO FIRST OCCURRENCE 
BY MAJOR COMPONENT GROUP 

The d i f f e rences  i n  maintenance i n t e r v a l s  shown i n  F igure 

1.10 through 1.13 a re  no t  s t a t i s t i c a l l y  s i g n i f i c a n t .  However, 

they are subs tan t i a l  and, based on t he  conf idence i n t e r v a l s  shown, 

a re  l i k e l y  t o  become s t a t i s t i c a l l y  s i g n i f i c a n t  w i t h  the a d d i t i o n  

o f  the  second year  o f  data. 
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1.2.4 Summary. One o f  t he  purposes o f  the  i n t e r i m  r e p o r t  

i s  t o  p rov ide  a l l  i n t e r e s t e d  p a r t i e s  w i t h  a  b e t t e r  idea o f  t he  

s tudy design, t he  problems associated w i t h  acqu i r i ng  cons i s t en t  

and r e l i a b l e  f i e l d  data, and t he  methods be ing employed t o  assbrc 

a  f a i r  and accurate comparison o f  pre- and post-121 veh ic les .  

The r e s u l t s  t o  date a re  s u f f i c i e n t  t o  i l l u s t r a t e  how pre- and 

post-standard veh ic les  i n  t he  sampling frame d i f f e r  i n  t h e i r  owner- 

ship,  types, and exposure. 

The mid-po in t  f i n d i n g s  show t h a t  121-equipped veh ic les  

have s l i g h t l y  lower acc ident  r a t e s  and apprec iab ly  h igher  



maintenance r a t e s  than non-121 veh ic les ,  b u t  n e i t h e r  o f  those 

d i f f e r e n c e s  i s  s t a t i s t i c a l l y  s i g n i f i c a n t .  

Many of t he  problems i n  t h e  present  ana l ys i s  a re  be ing 

addressed. A t r i p  survey i s  be ing conducted t o  determine t he  

p r o p o r t i o n  o f  mi leage accumulated by t r a c t o r - t r a i  l e r s  w i t h  t he  

va r ious  mixes o f  pre- and post -s tandard brakes. The r e s u l t s  o f  

t h i s  survey should shed some l i g h t  on t h e  acc iden t  exper ience 

o f  t he  combinat ion u n i t s .  A t  t h e  end o f  t h e  program, supplemen- 

t a r y  da ta  on i n j u r y  and f a t a l  acc iden ts  w i l l  be a v a i l a b l e  f rom 

the  fo l low-up  o f  BMCS and FARS acc idents  c u r r e n t l y  i n  progress.  

More i n f o rma t i on  on these tasks  i s  presented i n  Chapter 7 .  

F i n a l l y ,  t h e  f l e e t  mon i t o r i ng  program i s  be ing  expanded t o  o b t a i n  

e a r l y - 1  i f e  brake system maintenance data on t he  pre-s tandard 

veh ic les ,  and t o  i n i t i a t e  da ta  c o l l e c t i o n  on post -Not ice 7 veh i c l es .  

The a d d i t i o n a l  maintenance da ta  w i l l  a l l o w  a comparison o f  main- 

tenance exper ience over t h e  complete h i s t o r y  o f  bo th  pre-  and 

post -s tandard veh ic les .  The a d d i t i o n  of post -Not ice 7 veh i c l es  

w i l l  a l l o w  an eva lua t i on  t o  be made o f  t he  e f f e c t  o f  t h i s  most 

r ecen t  m o d i f i c a t i o n  i n  t he  standard. Many o f  t he  c r i t i c i s m s  o f  

t h e  e a r l y  121 veh i c l es  were addressed w i t h  t he  No t i ce  7 m o d i f i -  

ca t i ons .  

1.3 Report  Organ iza t ion  

Sec t ion  1.1 p rov ided  an overview o f  t he  s tudy design. 

Th is  i n f o r m a t i o n  i s  discussed more f u l l y  i n  the  "P lan o f  Work and 

Methodology" w r i t t e n  a t  the  end o f  Task 1. D e t a i l s  were n o t  

a v a i l a b l e  a t  t h a t  t ime  on t he  sampling frame and the  sample 

design. Chapter 2 o f  t h i s  r e p o r t  i s  p rov ided  t o  supply  a  d e t a i l e d  

d e s c r i p t i o n  o f  t h i s  work. Task 2 was t he  implementat ion o f  t he  

f 1 e e t  sample. The procedures used and r e s u l t i n g  response r a t e s  

a re  discussed i n  Chapter 3. 

P re l im ina ry  r e s u l t s  a re  presented i n  Chapters 4 through 6. 



Descriptive information on the trucks and their owners are dis- 
\ 

cussed in Chapter 4. Mileage, accidents, and accident rates are 

presented in Chapter 5. Chapter 6 presents the results of analysis 
of brake system maintenance data. 

Finally, the supplemental data collection activities 
currently in progress are briefly described in Chapter 7. These 
activities include the trip survey, fatal accident follow-up, 
BMCS accident follow-up, the addition of early-1 i fe brake system 
maintenance data on the pre-standard vehicles, and initiation of 
data collection on post-Notice 7 vehicles. 





2. SAMPLE DESIGN 

The goal o f  the  sample design was t o  ob ta in  two na t iona l  

probabi 1  i t y  samples o f  t rucks,  one o f  a i r -braked t r ucks  meeting 

the 121 standard and one o f  a i r -braked t rucks  which d i d  n o t  meet 

t h i s  standard. Since the purpose o f  the  study was t o  compare t he  

acc ident  experience o f  the two samples, i t  was considered impor tant  

f o r  t he  two t o  be as much a l i k e  on o ther  r e l evan t  va r iab les  as 

poss ib le .  Un fo r tuna te ly  ( f rom the  p o i n t  o f  view o f  t h i s  comparative 

s tudy) ,  a f t e r  February 28, 1975, v i r t u a l l y  a1 1  a i  r -braked veh ic les  

manufactured i n  the  Uni ted States f o r  domestic use had t o  conform 

t o  the new 121 standard, so i t  was no t  poss ib le  t o  match the  two 

samples exac t l y  i n  terms o f  veh i c l e  age and mi les  d r i ven .  However, 

i t  was decided t o  draw t he  pre-standard sample on ly  from t r ucks  

manufactured a f t e r  January 1, 1974, so t h a t  the  two samples would 

be as s i m i l a r  as poss ib le  i n  regard t o  the  age and usage o f  the 

sample veh ic les .  

Thus, the bas ic  p l an  was t o  ob ta in  samples o f  a i r -b raked  

t r ucks  manufactured i n  1974 and 1975 and t o  study t he  e f f ec t i veness  

of t h e i r  brake performance du r i ng  two years o f  use, 1976 and 1977. 

Since expensive f i e l d  contacts  would be requ i red  w i t h  the owners 

o f  most o f  the  sampled vehic les ,  i t  was considered necessary t o  

c l u s t e r  the  sample by geographic area and by company t o  the max- 

imum feas ib l e  sx ten t .  The f o l l o w i n g  sect ions w i l l  d e t a i l  the f o u r  

steps invo lved  i n  drawing these two samples by a  mu l t i - s tage ,  

s t r a t i f i e d ,  c lus tered,  c o n t r o l l e d  p r o b a b i l i t y  design: development 

o f  the  frame, c r e a t i o n  and s e l e c t i o n  o f  the  pr imary sampling u n i t s  

(PSU's), s e l e c t i o n  o f  f l e e t s  w i t h i n  t he  se lected PSU's, and selec- 

t i o n  o f  sample veh ic les  w i t h  the se lected f l e e t s .  These sect ions 

a re  fo l l owed by a  sho r t  sec t ion  on sampling weights. 



2.1 Frame Development 

Not s u r p r i s i n g l y ,  t he re  a re  no s i n g l e  master l i s t s  o f  a i r -  

braked t r ucks  manufacturered i n  1974 and 1975 read i  l y  avai  1  ab le  i n  

t h e  p u b l i c  domain. The c l o s e s t  approximat ion t o  t h i s  i s  t he  T R I N C  

tape developed commercial ly by Dun and Bradst reet ,  Inc .  us ing  

a v a i l a b l e  i n fo rma t i on  from s t a t e  motor veh i c l e  r e g i s t r a t i o n  f i l e s  

assembled by R. L. Polk and Reuben Donnel ly.  However, these data 

do n o t  i nc l ude  t he  s t a t e  o f  Oklahoma, a re  months o r  years behind 

i n  many o the r  s ta tes ,  a re  o f t e n  inaccurate,  a re  adm i t t ed l y  incom- 

p l e te ,  and a r e  q u i t e  expensive. I n  add i t i on ,  i t  i s  u s u a l l y  n o t  

poss ib l e  t o  d i s t i n g u i s h  a i r -b raked  veh ic les  from hydraul ic -braked 

veh ic les  i n  these records, and, s ince the  da te  o f  f i r s t  r e g i s t r a t i o n  

i s  almost always cons iderably  d i f f e r e n t  f rom the  da te  o f  manufacture, 

i t  i s  n o t  poss ib l e  t o  d i s t i n g u i s h  c l e a r l y  pre-standard veh ic les  

from veh i c l es  meet ing the  121 brake standard. 

Due t o  these problems w i t h  the Polk-Donnel ly data,  i n f o r -  

mat ion was requested d i r e c t l y  f rom the  major t r u c k  manufactur ing 

companies which j o i n t l y  account f o r  about 95;: o f  Un i ted  States 

on-road t r u c k  product ion.  Over t he  nex t  few months seven o f  these 

companies prov ided the  computeri zed da ta  necessary t o  the  devel op- 

ment o f  n a t i o n a l  frames o f  pre- and post -s tandard veh ic les .  Two 

companies, P e t e r b i l t  and Kenworth ( s u b s i d i a r i e s  o f  Paccar) which 

account f o r  about 6% o f  t o t a l  U.S. p roduc t ion  were w i l l i n g  t o  

cooperate b u t  were unable t o  p rov ide  computerized data.  They 

o f f e r e d  t o  o b t a i n  t he  needed data from t h e i r  f i l e s  o r  t o  l e t  HSRI 

s t a f f  have access t o  the f i l e s ,  b u t  t h i s  was deemed too  t ime con- 

suming and expensive. 

F ive  companies, Ford, General Motors (separa te ly  f o r  Chev- 

r o l e t  and GMC) , Mack, Chrysl  e r ,  and I n t e r n a t i o n a l  Harvester ,  pro- 

v ided computer tapes which had separate l i s t i n g s  o f  t h e i r  pre- and 

post -s tandard 1974 and 1975 (and some e a r l y  1976) a i r -b raked  veh ic les  

i n c l u d i n g  V I N  number and the  name and address o f  the  purchaser. 



White Motor Company provided similar data in computer printout 
form in alphabetical order by purchaser, including i t s  Autocar 
and Western Star divisions, b u t  i t  did not provide the computer 
tape i t s e l f .  Freightliner provided i t s  data on computer tape 
a1 ready aggregated by purchasing company. This tape 1 i sted the 
numbers of pre- and post-standard vehicles purchased by each 
company, b u t  i t  did not include vehicle VIN numbers. This was 
the ideal form into which a l l  the vehicle data from the other 
manufacturers had to be transformed in order to draw the sample 
of participating companies. 

I n  most cases the data source for these company l i s t s  was 
the company purchase or warranty record f i l e s .  Thus, i f  the pur- 
chaser's name ii?d not been received or the warranty not registered, 
the vehicle might not be included in the manufacturer's l i s t .  These 
l i s t s  were received between January and April 1976, and a few vehi- 
cles manufacturered in early 1976 were included. However, since, 
as expected, there was often a substantial delay between purchase 
and the adding of the warranty information to  the warranty f i l e ,  
many of the post-standard vehicles manufactured in 1975 were not 
included in these l i s t s .  

This data collection procedure placed the responsi b i  1 i t y  on 
the manufacturers to determine which of their  vehicles were pre- 
standard and which were post-standard, and subsequent field follow- 
u p  with the selected study vehicles shows that this  distinction 
was generally accurate. Specific instructions were not given for 
buses built  on truck chasis ( i  . e n ,  school buses), b u t  these were 
generally included. Buses built  on other than a commercial chasis 
( i  . e . ,  intercity,  t rans i t ,  and suburban) were excluded. Vehicles 
sold t o  purchasers outside of the contiguous United States were 
excluded by a1 1 t h e  manufacturers. These l i s t s  from the seven com- 
panies provided data on 185,183 pre-standard vehicles and only 43,043 



post -s tandard veh ic les .  The l a t t e r  f i g u r e  was l a t e r  reduced t o  

42,301 when i t  was d iscovered t h a t  one l a r g e  o rder  t o  a  domestic 

f i r m  was used e n t i r e l y  f o r  expor t .  

Table 2.1 shows t h e  d i s t r i b u t i o n  o f  the  l i s t e d  veh i c l es  by 

manufacturer.  I n t e r n a t i o n a l  Harvester  was t h e  l a r g e s t  s e l  l e r  o f  

bo th  pre-s tandard and post -s tandard veh ic les ,  while Ford ranked 

second i n  bo th  types of l i s t i n g s .  Together they  account f o r  w e l l  

over  h a l f  o f  t he  veh i c l es  i n  the  sampling frame. 

Un fo r tuna te ly ,  i t  i s  d i f f i c u l t  t o  o b t a i n  good publ  i shed  

da ta  on a i r - b raked  veh i c l es  manufactured du r i ng  t h e  s tudy per iods  

f o r  comparison w i t h  t he  v e h i c l e  l i s t s  prov ided by t h e  manufacturers.  

Data publ  i shed by t h e  Motor Veh ic le  Manufacturers Assoc ia t i  on con- 

ce rn i ng  t r u c k s  and buses s o l d  each month ca tego r i ze  veh i c l es  by 

we igh t  c l a s s  r a t h e r  than by whether o r  n o t  they have a i r  brakes. 

Table 2.2 prov ides some comparison da ta  by manufacturer  on 

t he  est imated numbers o f  a i r - b raked  t r u c k s  and buses which were 

produced f rom January 1974 through February 1975 and from March 1975 

through January 1976. These es t imates  were ob ta ined  by assuming 

t h a t  15% of Class 6  veh i c l es  (19,501-26,000 I bs .  GVWR), 85% o f  

Class 7  veh i c l es  (26,001-33,000 l b s .  GVWR), and 100% o f  Class 8  

veh i c l es  (over  33,000 1 bs. GVWR) were a i r -b raked  veh ic les .  These 

est imates a re  adm i t t ed l y  rough and probably  va ry  from manufacturer 

t o  manufacturer.  They p robab ly  a1 so 1 ead t o  underest imat ion o f  

t h e  numbers o f  a i r -b raked  buses. I t  should be noted t h a t  t he  

est imates i n  Table 2.2 i n c l u d e  t r a n s i t  and i n t e r c i t y  buses as w e l l  

as school buses. The two t a b l e s  agree i n  showing I n t e r n a t i o n a l  
Harvester  and Ford as t he  l ead ing  manufacturers o f  a i r - b raked  

veh i c l es  i n  bo th  per iod,  and t he  o the r  manufacturers have rough ly  

s i m i l a r  rank ings i n  bo th  t a b l e s  f o r  bo th  per iods.  

The est imates i n  Table 2.2 suggest t h a t  t he  seven manufac- 

t u r e r s  inc luded  i n  t h i s  s tudy produced a t  l e a s t  87% o f  t h e  pre-  

s tandard veh i c l es  and 90% o f  t he  post -s tandard veh i c l es  d u r i n g  





TABLE 2 . 2  

ESTIMATES OF AIR-BRAKED PRE-STANDARD AND POST-STANDARD 
TRUCKS AND BUSES BY MANUFACTURER, BASED ON 

FACTORY SALES DATA* FOR TWO PERIODS 

I PRE-STANDARD VEHICLES /'  POST-STANDP.RD VEEICLFS 
Manufacturer  1 (Jan. 1974-Feb. 1975)  8 (March i975-Jan.  1976) 

I 
Number Percen T ~ u m b e r  L Percent  

I1 

*These f i g u r e s  i n c l u d e  t r u c k s  and buses manufacturered i n  
t h e  U.S. f o r  domest ic s a l e  and t r u c k s  and buses manufactured i n  
Canada and impor ted  t o  t h e  U.S. They were pub1 i shed  i n  month ly  
r e p o r t s  by  t h e  S t a t i s t i c s  Department o f  t h e  Motor V e h i c l e  Manufac- 
t u r e r s  A s s o c i a t i o n  o f  t h e  U n i t e d  S ta tes .  The es t ima tes  o f  a i r -  
b raked v e h i c l e s  a r e  based on a 15% r a t e  f o r  Class 6, an 85% r a t e  
f o r  Class 7, and a 700% r a t e  f o r  Class 8 v e h i c l e s .  

!??RUCKS: 
Chevrol  e t  1 16,643 6.8 8.134 8.1 

i-Some F r e i g h t l i n e r  t r u c k s  a re  i n c l u d e d  i n  t h e  White da ta ,  
and some a r e  i n c l u d e d  i n  t h e  "Others"  ca tegory .  

Diamond Reo 
Dodge 
Duplex 
Ford 
FWD 
GMC 
I n t l  Harves te r  
Mack 
Whi te-f 
Others? 

SUB-TOTAL 

BUSES: 
Chevro le t  
Ford  
GMC 
I n t l  Harves te r  
Others 

SUB-TOTAL 

TOTAL 

P a r t i c i p a t i n g  
M a n u f a c t u r e r s t  
( e x c l  "Others"  ) 

4,296 1.8 286 0.3 
6,767 1.8 1 1,319 1 . 3  

208 0.1 158 0.2 
45,165 18.4 

633 0.3 
22,648 9.2 
54,558 22.3 
30,239 12.3 
28,746 11.7 
24,385 10.0 

234,288 95.7 

20,087 20.1 1 125 0.1 
8,620 8.6 

I 24,469 24.5 / 12,221 12.2 
8,900 8.9 1 2,134 7.1 

91,453 91.5 

659 0.3 I 

1,799 0.7 1 
2,982 1.2 
2,269 0.9 
2,871 1.2 

10,580 4.3 

244,868 100.0 

212,475 86.8 

7 48 0.8 
843 0.9 

2,078 2.1 
2,294 2.3 
2,515 2.5 
8,478 8.5 

99,931 100.0 

89,713 89.8 



these two product ion per iods.  When i t  i s  considered t h a t  the  

F re i gh t1  i n e r  veh ic les  a re  s p l i t  between White and t he  "Others" 

category and t h a t  the  "Other" bus manufacturers produced main ly  

t r a n s i t  and i n t e r c i t y  buses, then i t  seems l i k e l y  t h a t  w e l l  over 

90% o f  t he  veh ic les  o f  i n t e r e s t  were produced by the  seven p a r t i c -  

i p a t i n g  manufacturers. Thus, the coverage o f  manufacturers seems 

h igh  enough t h a t  t he re  i s  l i t t l e  l i k e l i h o o d  o f  s i g n i f i c a n t  b i a s  

from exc lud ing  Paccar and a few sma l le r  manufacturers f rom the  

study. 

Un fo r tuna te ly ,  the est imates i n  Table 2.2 a l s o  suggest t h a t  

the  frame l i s t s  a re  somewhat low, n o t  on l y  f o r  t he  post -s tandard 

veh ic les  as expected, bu t  a l so  f o r  the pre-standard veh ic les .  The 

pre-standard 7 i s t s  seem p a r t i c u l a r l y  d e f i c i e n t  f o r  Mack and Dodge 

veh ic les .  Sinc? i n  Table 2.2 some F r e i g h t l i n e r  veh ic les  are 

inc luded  i n  Nhi t e  product ion and some are  inc luded  i n  t he  "Other" 

category,  i t  i s  d i f f i c u l t  t o  judge t he  completeness o f  the White 

and F r e i g h t l i n e r  l i s t s .  O f  course, a l l  o f  t he  manufacturers appear 

low i n  t h e i r  post-standard l i s t s ,  a l though again Mack and Dodge 

seem p a r t i c u l a r l y  low. It i s  hoped t h a t  t he re  are n o t  any s i g n i f -  

i c a n t  d i f f e rences  between each manufacturer 's  veh ic les  which a re  

inc luded  i n  t he  frame l i s t s  and those which were l e f t  o f f ,  and 

t h a t  t h e  somewhat uneven coverage o f  veh ic les  o f  d i f f e r e n t  manu- 

fac tu re rs  w i l l  n o t  s e r i o u s l y  a f f e c t  the  bas ic  goal of developing 

two samples o f  pre-standard and post-standard vehi c les  whose 

exper ience w i t h  the  two d i f f e r e n t  types o f  a i r -b rakes  can be 

c a r e f u l l y  compared. 

As mentioned above, i t  was necessary t o  t rans fo rm the  14 

veh i c l e  l i s t i n g s  i n t o  14 purchaser l i s t i n g s  i n  o rder  t o  draw an 

e f f i c i e n t  sample o f  purchasers. Much o f  t h i s  aggregat ion task  

c a r r i e d  o u t  by spec ia l  cornputer programs which assigned a common 

purchaser i d e n t i f i c a t i o n  number t o  veh ic les  w i t h  the  same pur-  

chaser name and address on one manufacturer 's  l i s t .  However, t h i s  



task  a l s o  i nvo l ved  a  cons iderab le  amount o f  r a t h e r  ted ious  c l e r i c a l  

work due t o  many s i t u a t i o n s  i n  which t h e r e  were smal l  d i f f e r e n c e s  

i n  name and/or address f o r  what appeared t o  be the same purchaser 

i n  one manufacturer 's  1  i s t i n g .  Th is  i t e r a t i v e  process o f  combining 

veh i c l es  i n t o  purchaser f l e e t s  f rom one manufacturer l e d  t o  the  

c rea t i ons  o f  two new f i l e s  , one con ta i n i ng  83,741 r~anu fac tu re r -  

s p e c i f i c  purchasers o f  pre-standard veh ic les  and one con ta i n i ng  

17,161 manufacturer -spec i f ic  purchasers o f  post -s tandard veh ic le .  

The degree o f  over lap  due t o  t he  same purchaser ' s  buy ing bo th  pre- 

s tandard and post -s tandard veh ic les  was n o t  determined u n t i  1 a f t e r  

t h e  s e l e c t i o n  o f  t he  p r imary  sampling u n i t s .  The f l e e t  s i z e  d i s -  

t r i b u t i o n s  f o r  the  two f i l e s  are shown i n  Table 2.3. 

2.2 PSU Crea t ion  and Se lec t i on  

I n  o rder  t o  develop an e f f i c i e n t  sample design, cons iderab le  

s t a t i s t i c a l  i n f o rma t i on  on t he  popu la t i on  t o  be s tud ied  and t h e  

va r i ab l es  i nvo l ved  i s  requi red.  Such i n f o rma t i on  i s  n o t  a v a i l a b l e  

f o r  the  t r u c k i n g  i ndus t r y .  A sample des ign a l so  a l lows  c o n t r o l  t o  

be exer ted  on aspects o f  data  c o l l e c t i o n  which i n f l u e n c e  cost .  

Methodo log ica l l y ,  t h i s  s tudy c o n s t i t u t e s  a  major s tep  forward i n  

a t tempt ing  t o  q u a n t i f y  t he  ac tua l  s a f e t y  b e n e f i t s  o f  a  Federal 

Motor Veh ic le  Safety  Standard us ing  r i go rous  s t a t i s t i c a l  sampling 

techniques. Cost c o n t r o l  i s  an impor tan t  cons idera t ion  anytime 

endeavors w i t h  a  h i gh  degree o f  u n c e r t a i n t y  a re  attempted. I n i t i a l  

es t imates i n d i c a t e d  da ta  c o l l e c t i o n  cos ts  cou ld  be i n  excess o f  

one m i l l i o n  d o l l a r s .  A major o b j e c t i v e  o f  the  sample design was 

t o  reduce these costs .  

The geographic area over  which data c o l l e c t i o n  must take 

p lace was i d e n t i f i e d  as a  major c o s t  f a c t o r .  Th is  s i t u a t i o n  was 

addressed by us ing  a  design i n  which the  f i r s t  stage i nvo l ves  the  

s e l e c t i o n  o f  s p e c i f i c  geographic areas w i t h i n  which da ta  c o l l e c t i o n  

w i l l  be c a r r i e d  ou t .  From a  sampling p o i n t  o f  view a  l a r g e  number 





o f  such areas i s  des i rab le .  Cost cons idera t ions  d i c t a t e d  a maximum 

o f  36 areas f o r  da ta  c o l l e c t i o n .  

The county u n i t  prov ided t he  most appropr ia te  geographic 

bas is  f o r  t he  c r e a t i o n  of pr imary sampling u n i t s  (PSU's). PSU's 

cons is ted  o f  one o r  more whole count ies  or independent c i t i e s .  

Using coun t ies  as u n i t s  w i t h i n  p r imary  areas permi t ted  s t r a t i f i c a -  

t i o n  by va r i ab l es  pub l i shed  on t he  county l e v e l ,  whereas z i p  codes 

do n o t  have a s imple geographical  base. Therefore,  i t  was necessary 

t o  add a county i d e n t i f i c a t i o n  number t o  each record  i n  t he  pur-  

chaser f l e e t  f i l e s ,  and f o r  t h i s  purpose the  f i v e - d i g i t  s t a t e  and 

county code prov ided i n  Federal I n f o rma t i on  Processing System 

(FIPS) standards was used. A program f o r  conver t ing  pos ta l  se r v i ce  

z i p  codes t o  FIPS county codes was prepared and t h i s  process was 

c a r r i e d  ou t  by computer f o r  purchasers whose z i p  codes were recor -  

ded i n  the  purchaser f l e e t  f i l e s .  Un fo r tuna te ly ,  t h i s  record ing  

was n e i t h e r  complete nor  always accurate,  and a l a r g e  c l e r i c a l  

e f f o r t  was a l s o  assoc ia ted w i t h  the  task  o f  l ook i ng  up communities 

i n  a  z i p  code d i r e c t o r y ,  checking county assignments t o  the  wrong 

s ta te ,  e tc .  Only 0.6% o f  t he  post -s tandard veh i c l e  purchasers 

w i t h  0.8% o f  the  post -s tandard veh i c l es  cou ld  n o t  be assigned a 

county code, b u t  3. OX o f  the  pre-standard veh i c l e  purchasers w i t h  

5 .41 o f  the  pre-standard veh ic les  lacked s u f f i c i e n t  i n f o rma t i on  

f o r  a  county assignment and had t o  be ignored i n  the  subsequent 

sampl i n g  processes. 

Once the  FIPS codes were added t o  the  f l e e t  records,  the  

nex t  task  was t o  aggregate t he  purchaser f l e e t  data by the 3106 

coun t ies  and independent c i t i e s  i n  the  cont iguous Un i ted  States.  

Data entered on each county record  inc luded  the  FIPS code, the  

county name, the number of pre-standard f l e e t s  and veh ic les ,  the  

number o f  post -s tandard f l e e t s  and veh ic les ,  the  t o t a l  numbers 

o f  f l e e t s  and veh ic les ,  the  numbers o f  f l e e t s  w i t h  11-50 veh ic les ,  

t he  numbers o f  f l e e t s  w i t h  50+ veh ic les ,  the  1974 county popu- 

l a t i o n ,  and t h e  1972 county r e t a i l  gaso l ine  sa les.  



I n  then f u r t h e r  aggregat ing the count ies  and independent 

c i t i e s  i n t o  PSU's on l y  two o f  these numbers were used, t he  number 

of post-standard veh ic les  and the  number o f  f l e e t s  con ta i n i ng  11 

o r  more post-standard veh ic les .  I n  forming the  PSU's the  minimal 

s i z e  was taken t o  be a t  l e a s t  two f l e e t s  w i t h  more than 10 post -  

standard veh ic les  - o r  a t  l e a s t  200 t o t a l  post-standard veh ic les .  

Consider ing the  4.2 t o  1  r a t i o  o f  pre-standard veh ic les  t o  post -  

s tandard veh ic les  i n  the  two sample frames, i t  was thought more 

impor tan t  t o  e x e r t  d i r e c t  c o n t r o l  on the  sample s i z e  f o r  the post -  

standard veh ic les .  The re1 a t i o n s h i  p o f  pre- and post -s tandard 

veh i c l e  counts was re l ' ed  on t o  ma in ta in  c o n t r o l  on the  sample 

s i z e  f o r  t he  pre-standard veh ic les .  

The act t ja l  process o f  PSU format ion was a l a r g e  and t ime- 

consuming manual task.  Ou t l i ne  maps o f  each o f  t he  s t a tes  were 

obta ined and the  two c r i t e r i o n  numbers p l us  the  FIPS code were 

entered f o r  each o f  t he  3,106 count ies  and independent c i t i e s .  

Then l i n e s  were drawn d e l i n e a t i n g  count ies  and groups o f  count ies  

which met one o r  both o f  the  minimum c r i t e r i a  and which were as 

geograph ica l l y  compact and centered arobnd one major c i t y  as 

f eas ib l e .  Not s u r p r i s i n g l y ,  the re  proved t o  be many vas t  r u r a l  

areas con ta i n i ng  very few post-standard t rucks ,  and these areas 

had t o  be formed i n t o  very  l a r g e  PSU's. A t o t a l  o f  187 PSU's were 

formed. Twenty- f ive o f  these contained on l y  one county o r  indepen- 

dent  c i t y ,  bu t  the  average was 16.7 count ies ,  and t he  l a r g e s t  PSU 

i n  terms o f  number o f  count ies  contained 83. Where f e a s i b l e  these 

PSU' s  were fvrnied w i t h i n  s t a t e  boundaries, bu t  20 were composed of 

p a r t s  o f  two o r  niore s ta tes ,  i n c l u d i n g  one w i t h  p a r t s  from f i v e  

s ta tes .  The number o f  l a r g e  ( 1 1 t )  post -s tandard purchases i n  a  

PSU va r i ed  from none (14 PSU's) t o  19 (Los Angeles), w h i l e  t he  

number of post-standard veh ic les  va r i ed  from 99 t o  1,042. 

The name and FIPS county code f o r  the  major county i n  each 

PSU were used as the  name and i d e n t i f i c a t i o n  code f o r  t h a t  PSU. 



A1 so, t h e  number o f  component coun t ies  and t h r e e  s t r a t i  f i  c a t i  on 

c h a r a c t e r i s t i c s  (exp la ined  below) were determined f o r  each PSU. 

These numbers were coded and keypunched i n t o  a  new complete county 

f i l e ,  which i n d i c a t e d  t o  which PSU each county was assigned, and 

t h i s  new f i l e  was matched w i t h  t h e  o l d  f i l e  t o  add t h e  PSU i d e n t i -  

f i c a t i o n  number, t h e  number o f  coun t ies ,  and t h e  s t r a t i f i c a t i o n  

i n f o r m a t i o n  t o  t h e  o l d  county f i l e .  Ja ta  f rom t h i s  f i l e  were then 

aggregated i n t o  a  new f i l e  c o n t a i n i n g  t h e  187 PSU's, 36 o f  which 

were subsequent ly s e l e c t e d  f o r  t h e  n a t i o n a l  sample by a  c o n t r o l l e d  

p r o b a b i l i t y  s e l e c t i o n  procedure. 

The p r o b a b i l i t y  of s e l e c t i o n  o f  each PSU was d i r e c t l y  

r e l a t e d  t o  i t s  p r o p o r t i o n  of t h e  t o t a l  n a t i o n a l  l i s t i n g  o f  pos t -  

s tandard t r u c k s .  However, b e f o r e  de te rm in ing  these probabi  1  i t i e s ,  

adjustments were made t o  two s e t s  o f  PSU's. There were f o u r  PSU's 

which had fewer than 132 post -s tandard v e h i c l e s ,  and i n  these 

Py' s t h i s  number was a r b i t r a r i l y  increased t o  132. These were 

Monterey, C a l i f o r n i a  (99) ;  San Joaquin, C a l i f o r n i a  (107); A l l e n ,  

Ind iana  (114); and E r i e ,  Pennsylvania (122). The o t h e r  adjustment 

i n v o l v e d  h a l v i n g  t h e  numbers of post -s tandard v e h i c l e s  i n  t h e  15 

PSU's w i t h  no l a r g e  (11+) purchases o f  post -s tandard v e h i c l e s  and 

i n  t h e  32 PSU's w i t h  o n l y  one such f l e e t .  Th is  was done i n  o rder  

t o  reduce t h e  expected number of l a rge -a rea  PSU's t o  be se lec ted,  

because t h e  w i d e l y  d ispersed f l e e t s  i n  these PSU's were expected 

t o  make f o r  p a r t i c u l a r l y  expensive f i e l d  data  c o l l e c t i o n  cos ts .  

By these adjustments t h e  e f f e c t i v e  t o t a l  number o f  post -s tandard 

v e h i c l e s  i n  t h e  187 PSU's was reduced from 41,974 t o  37,308. Thus 

t h e  average number o f  post -s tandard v e h i c l e s  per  s e l e c t e d  PSU was 

1,036.111, and t h e  i n i t i a l  s e l e c t i o n  p r o b a b i l i t y  f o r  each PSU was 

t h i s  number d i v i d e d  i n t o  t h e  ad jus ted  number o f  pos t -s tandard  

v e h i c l e s  i n  t h e  PSU. 

I n  o rder  t o  app ly  t h e  Groves-Hess Con t ro l  l e d  S e l e c t i o n  Com- 

p u t e r  Program (CONSEL) t h e  187 PSU p r o b a b i l i t i e s  were f u r t h e r  



aggregated into a 120-cell matrix using the three previously-coded 

s trat i f icat ion variables. The f i r s t  s t rat i f icat ion variable was 

region, and i t  used the four major regions of the Census Bureau: 

(1) Northeast; ( 2 )  North Central; (3) Sou th ;  and (4) West. States 

included in each of these regions are shown in Figure 2 . 1 .  The 

second was a three-category urbanicity variable defined as follows: 

1. PSU with a t  least  60% of total  population living 

in SMSA's and one SMSA county population over 

400,000. 

2 .  PSU with a t  least  60% of total  population living 

in SMSA's and no SMSA county population over 

400,000. 

3. PSU h i  t h  less than  60% of population in SMSA's. 

The thi rd s t r a t i  f i cation variable was a ten-category geo- 

graphic size and post-standard vehicle concentration code defined 

below, with the number of PSU's in each category shown t o  the right.  

Under 50 mile radius, no large (11+) f lee ts  N =  1 
Over 50 mile radius, no large f lee ts  N =  14 
Under 50 mile radius, one large f lee t  N =  9 
Over 50 mile radius, one large f l ee t  N =  23 
Under 50 mile radius, two large f lee ts  N = 30 
Over. 50 mile radius, two large f lee ts  N = 53 
Under 50 mile radius, three large f lee ts  N =  16 
Over 50 mile radius, three large f lee ts  N =  6 
Four to six large f lee ts  N = 23 
Seven to nineteen large f lee ts  N =  1 2  

The probabi 1 i ty matrix consisted of a combined 12-category 

regi on-urbani ci ty row variable and the ten-category size column 

variable. However, only 63 of the 120 ce l l s  were actually occupied 

by one or more of the 187 PSU's. These probabilities were summed 

in each cell and across ce3 1 s t o  obtain the row and column marginals. 

I n  order t o  pair selected PSU's in the calculation of sampling error ,  

even numbers of PSU's were selected in each region. Accordingly, i t  - 
was decided to  choose exactly six PSU's each from the Northeast and 





West and twelve PSU's each from the  Nor th  Cent ra l  r eg i on  and from 

the  South. Wt ih in  each reg ion  the  number o f  se l ec t i ons  from each 

u r b a n i c i t y  type was a l so  s e t  a t  an i n t e g e r  number. Th is  led t o  an 

adjustment i n  the  c e l l  p r o b a b i l i t i e s  i n  each row by t he  constant  

f a c t o r  necessary t o  make t h e  sum o f  the  c e l l  p r o b a b i l i t i e s  i n  each 

row e x a c t l y  equal t o  these des i red  i n t e g e r  row marg ina ls .  The 

ad jus ted  i n p u t  m a t r i x  t o  the  CONSEL program i s  shown i n  Table 2.4, 

a long w i t h  the  adjustment f a c t o r s  used i n  each row. N a t u r a l l y  

these same adjustment f a c t o r s  a l so  a f f e c t e d  a l l  o f  the  i n d i v i d u a l  
1 

PSU s e l e c t i o n  probabi  1 i t i e s  f o r  PSU' s  w i t h i n  each row ( reg ion-  

u r b a n i c i  ty  s t ra tum) .  

The ou tpu t  f rom the  CONSEL program was a  l i s t i n g  of a  number 

o f  poss ib l e  pa t t e rns  of a l l o c a t i o n  o f  36 PSU's t o  t h e  63 occupied 

c e l l s  i n  the  ma t r i x .  Each l i s t e d  p a t t e r n  had a  p r o b a b i l i t y  weight  

assoc ia ted w i t h  it, and these weights cumulated t o  10,000. A 

random number between 1  and 10,000 was chosen from a  random number 

t a b l e  (3944), and t h i s  r e s u l t e d  i n  the  cho ice o f  a l l o c a t i o n  p a t t e r n  

6  which i s  shown i n  Table 2 . 5 .  

Thus t h e  36 PSU's were t o  be se lec ted  from the  27 non-empty 

c e l l s  o f  Pa t t e rn  6. I f  a  chosen s t ra tum was composed o f  more than 

one PSU, a  f u r t h e r  s e l e c t i o n  process was requ i r ed  t o  s e l e c t  the  

p a r t i c u l a r  PSU(s) t o  represent  t h a t  c s l l  i n  the  n a t i o n a l  sample. 

As a  p r e l i m i n a r y  step the  numbers o f  post -s tandard veh ic les  f o r  

t h e  PSU's i n  each se lec ted  c e l l  were cumulated f o r  a l l  the  PSU's 

i n  t h a t  c e l l  i n  o rder  t o  pe rm i t  a  random choice among e l i g i b l e  

PSU's i n  p r o p o r t i o n  t o  o the r  PSU's number o f  post-standard veh ic les .  

The c e l l  PSU se lec t i ons  were then made i n  t he  f o l l o w i n g  manner. 

1. I f  t he re  was on l y  one PSU i n  a  one-se lect ion s t ra tum o r  i f  t he re  

were o n l y  two PSU's i n  a two-se lec t ion  stratum, these PSU's 

were of course se lec ted  w i t h  c e r t a i n t y .  

2. I f  a l l  o f  the  FSU's i n  a  se lec ted  s t ra tum were from the  same 

s ta te ,  t he  cho ice among these PSU's was made by a  c o n t r o l l e d  



TABLE 2 .4  

INPUT MATRIX OF ADJUSTED SELECTION P R O B A B I L I T I E S  FOR 120 STRATA, 
WITH ADJUSTMENT FACTORS USED TO CHANGE THE ORIGINAL MATRIX 

REGION: URBANICITY 

NORTHEAST: 1 
2 
3 

NORTHCENTRAL: 1 
2 
3 

SOUTH: 1 
2 
3 

WEST: 1 
2 

TOTAL 

-- S I Z E  CATEGORY i TO7 A L  
1 2 3 4 5 6 7 8 9 10 

ADJUSTMENT 
FACTOR 



TABLE 2.5  

PSU ALLOCATION PATTERN 6, SHOWING THE NUMBER OF PSUs 
TO BE SELECTED FROM EACH OF 1 2 0  STRATA 

R e g i o n :  Urban ic i  t y  

NORTHEAST: 1 
2 
3 

NORTH CENTRAL: 1 
2 
3 

SOUTH: 1 
2 
3 

WEST: 1 
2 
3 

TOTAL 

SIZE CATEGORY I I 



probabi  1  i ty  procedure such t h a t  each PSU's chance o f  s e l e c t i o n  

was equal t o  i t s  p r o p o r t i o n  of the t o t a l  s t ra tum number o f  

post -s tandard veh ic les .  

3, For t he  remain ing se lec ted  s t r a t a  w i t h i n  each r e g i o n  a  new 

Cont ro l  l e d  Se lec t i on  process was used t o  a1 l o c a t e  t h e  se iec-  

t i o n s  among the  var ious  s t a t e s  i n  t he  reg ion.  I n  t h e  North- 

eas t  t h i s  i nvo l ved  a  4 x  5 m a t r i x  us ing  one-decimal p lace  

probabi  1 i t i e s  t o  a1 l o c a t e  four se l ec t i ons  among f o u r  s t r a t a .  

Seven poss ib l e  pa t t e rns  were generated, and Pa t t e rn  2 was 

randomly chosen. I n  t he  Nor th  Cen t ra l  r eg i on  a  7 x 10 m a t r i x  

us i ng  one-decimal p lace  probabi  1  i t i e s  was i n p u t  i n t o  t h e  

CONSEL program i n  o rder  t o  a l l o c a t e  11 se lec t i ons  among 7 

s t r a t a .  Ten poss ib l e  p a t t e r n s  were generated, and Pa t t e rn  2 

was chosen by random number. I n  the  South an 8 x 17 m a t r i x  

us i ng  two-decimal p lace  probabi  1 i t i e s  was u t i  1  i z e d  t o  a1 l o c a t e  

11 se lec t i ons  among 9 s t r a t a .  Twenty-four p o s s i b l e  pa t t e rns  

were generated, and Pa t t e rn  8 was se lec ted  by random number. 

Th is  r e s u l t e d  i n  s e l e c t i o n s  be ing spread among t en  s ta tes ,  

b u t  6 o f  t he  7  non-chosen s t a t e s  a re  p a r t  o f  the  South A t l a n t i c  

sub-region. I n  t he  West i t  was apparent t h a t  t h e  f o u r  non- 

determined s e l e c t i o n s  were sure t o  be spread among t h ree  o r  

f o u r  s t a tes ,  so the  c o n t r o l l e d  s e l e c t i o n  program was n o t  used. 

There t he  choice i n  each s t ra tum was made by random number, 

and i n  t he  two -se lec t i on  s t ra tum the  s t ra tum was d i v i d e d  i n  

h a l f  and t h e  same random number was used w i t h  each h a l f .  

4. For t he  s t r a t a  en te red  i n  t he  CONSEL program the  chosen p a t t e r n  

determined which s t a t e s  w i t h i n  a  s t ra tum were t o  be a l l o c a t e d  

a  PSU. I f  t he re  was o n l y  one PSU f rom t h a t  s t a t e  i n  a  stratum, 

then t h a t  PSU was au toma t i ca l l y  chosen. I f  t he re  was more 

than one PSU from t h a t  s t a t e  i n  t he  s t ra tum,  then a  cho ice was 

made among them by means o f  t he  random number procedure. 

The 36 chosen PSU's a re  shown on t he  map i n  F igure  2.2 and 





are  l i s t e d  i n  Table 2 .6  w i t h  t h e i r  i n d i v i d u a l  s e l e c t i o n  p r o b a b i l -  

i t i e s ,  numbers of pre- and post -s tandard veh ic les ,  e t c .  Nine o f  

the  se lec ted  PSU' s  cons is ted  o f  o n l y  one county, w h i l e  one l a r g e  

se lec ted  PSU conta ined 61 coun t ies  (Southern M i ssou r i ) ,  and t h e  

average was 13.2. Only 6 o f  t he  47 PSU's whose p r o b a b i l i t i e s  

were reduced due t o  l a c k  of l a r g e  post -s tandard f l e e t s  were se lec ted  

i n  t he  sample. 

The se lec ted  PSU's compose 19.3% o f  a17 o f  t h e  PSU's and 

con ta i n  15.3% of t he  coun t ies  and independent c i t i e s  and 21 -8% 

o f  t he  popu la t i on  o f  t he  cont iguous Un i ted  States.  As can be seen 

i n  t he  bottom row o f  Table 2.6, they con ta i n  very  s i m i l a r  percen- 

tages o f  t he  t o t a l  county-determined pre-  and post -s tandard veh ic les ,  

24.5% and 25.0%. So t he  f i r s t  stage i n  t he  sampling process reduced 

t he  number o f  veh i c l es  e l i g i b l e  f o r  s e l e c t i o n  i n  t he  s tudy t o  about 

one q u a r t e r  o f  the  o r i g i n a l  master frame. 

2.3 F l e e t  Se lec t i on  

Before choosing p a r t i c u l a r  purchaser f l e e t s  f o r  p a r t i c i p a t i o n  

i n  t h e  eva lua t i on  study, a f u r t h e r  consol  i d a t i o n  o f  t he  y e a r - s p e c i f i c  

and manufacturer -spec i f ic  purchaser 1  i s t s  was c a r r i e d  o u t  i n  t h e  

36 se lec ted  PSU's. Th is  c o n s o l i d a t i o n  was aimed a t  making i t  more 

l i k e l y  t h a t  bo th  pre- and post -s tandard veh i c l es  would be chosen 

from t h e  same purchaser, thus reduc ing f i e l d  con tac t  cos ts ,  than 

i f  t he  purchaser se l ec t i ons  had been made from the  uncombined l i s t s .  

The consol  i d a t i o n  procedure i nvo l ved  c r e a t i n g  a  new f i  l e  

f o r  each PSU which l i s t e d  a l l  o f  t he  purchases from the  var ious  

manufacturers '  l i s t s  o f  e i t h e r  pre-  o r  post -s tandard veh i c l es .  

These new f i l e s  were p r i n t e d  and t he  l i s t s  were checked v i s u a l l y  

f o r  more than one ins tance  o f  t he  same purchaser. When t h e  records 

showed two o r  more purchases by t he  same purchaser,  a  c o r r e c t i o n  

ca rd  was made which combi-ned a l l  t he  purchase data f o r  one pur-  

chaser i n t o  a  s i n g l e  record.  Th is  c o n s o l i d a t i o n  process was 
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c a r r i e d  ou t  i n  each o f  the  36 se lec ted  PSU's, and, as shown i n  

Table 2.7, i t  r e s u l t e d  i n  a  20.3% reduc t i on  i n  t he  number of pur-  

chaser f l e e t s  a v a i l a b l e  f o r  s e l e c t i o n  i n  t h e  36 PSU's--from 20,240 

t o  16,051. ? 'h is conso l i da t i on  process a l so  prov ided a  f a i r l y  

thorough checking o f  the v e h i c l e  and purchaser assignments i n  the  

36 PSU's, and t h i s  r e s u l t e d  i n  some changes i n  t he  number o f  e l i -  

g i b l e  veh i c l es  i n  most o f  t he  PSU's. Overa l l  the  number of pre-  

s tandard veh i c l es  i n  t he  36 PSU's changed from 42,911 t o  44,381, 

a  3.4% increase; w h i l e  t he  number o f  post-standard veh i c l es  changed 

from 10,481 t o  f0,109, a  3.5% decrease. 

Table 2.7 a l s o  demonstrates t h a t  on l y  a  smal l  p r o p o r t i o n  

o f  t he  purchaser f l e e t s  were j o i n t  f l e e t s  con ta i n i ng  bo th  pre-  

and post -s tandard veh ic les .  Over f o u r  f i f t h s  o f  t he  l i s t e d  f l e e t s  

i n  t he  36 PSU's contained on l y  pre-standard veh ic les ,  w h i l e  about 

one e i g h t h  conta ined on l y  post-standard veh ic les ,  and o n l y  7 .2% 

conta ined bo th  types o f  veh ic les .  These j o i n t  f l e e t s ,  and a l s o  

l a r g e  s i zed  f l e e t s ,  were subs tan t i a l  l y  over-sampled t o  reduce 

f i e l d  costs .  Table 2.8 shows the  d i s t r i b u t i o n  of a l l  f l e e t s  and 

veh ic les  i n  the  36 PSU's i n  16 d i f f e r e n t  c e l l s  o f  a  m a t r i x  based 

on f o u r  s i z e  ca tegor ies  o f  t he  number o f  pre-s tandard veh i c l es  i n  

a  f l e e t  and on f ou r  s i z e  ca tegor ies  o f  the  number o f  post-standard 

veh ic les  i n  the  f l e e t .  

Th is  d i s t r i b u t i o n  m a t r i x  was used t o  t r y  ou t  d i f f e r e n t  se t s  

o f  c e l l  s e l e c t i o n  p r o b a b i l i t i e s  w i t h  the goal o f  determin ing a  s e t  

o f  c e l l  p r o b a b i l i t i e s  which would p rov ide  a  s u f f i c i e n t  number of 

s tudy veh ic les  f rom a  l i m i t e d  number o f  f l e e t s  w i t h  " t o o  l a rge "  a 

d i f f e r e n c e  betdeen the  l a r g e s t  and sma l les t  probabi 1  i t i e s  i n  the  

set .  The f i n a l  s e t  o f  c e l l  s e l e c t i o n  p r o b a b i l i t i e s  decided upon 

i s  shown i n  Table 2.9. These p r o b a b i l i t i e s  p rov ide  t h a t  most 

j o i n t  f l e e t s  be se lec ted  w i t h  tw i ce  the p r o b a b i l i t i e s  o f  post -  

standard o n l y  f l e e t s  con ta i n i ng  s i m i l a r  numbers o f  post -s tandard 

veh ic les ,  and w i t h i n  t he  j o i n t  f l e e t s ,  l a r g e  j o i n t  f l e e t s  ( C e l l s  

7-8, 10-12) have twenty t imes as l a r g e  a  chance o f  s e l e c t i o n  as 



TABLE 2.7 

EFFECT OF COMBINING PRE-STANDARD AND POST-STANDARD PURCHASES ACROSS MANUFACTURERS AND 
D I S T R I T U I O N  OF PRE- ONLY, POST- ONLY, AND J O I N T  PRE- AND POST- FLEETS,  BY PSU 

25 Chicago. I l l i n o i s  
26 S t .  Paul. Elinnesota 
31 Olathe,  Kansas 
32 F o r t  Uayne, Indiana 
41 Kankakee, I l l i n o i s  
42 Saglnaw, Michigan 
43 Southern Missouri 
44 Madison. Wisconsin 
51 L o u i s v i l l e .  Kentucky 
52 North F l o r i d a  
53 Miami, F l o r i d a  

71 South Georgia 
72 L i t t l e  Rock. Arkansas 
7 3  Central  M iss iss ipp i  
74 Southeast Oklahoma 
75 Chattanooga. Tennessee 
81 Fresno, C a l i f o r n i a  



TABLE 2.8 

DISTRIBUTIOIJ  OF E L I G I B L E  FLEETS AND VEHICLES I N  THE 36 SELECTED 
PSU 'S  I N  RELATION TO FOUR S I Z E  CATEGORIES OF PRE-STANDARD AND 

POST-STANDARD VEHICLES, WITH PERCENTAGES . - I N  I T A L I C S  

F l e e t s  12883 (8O.J)  (i7.8) I 295 ( 1 . 8 )  14 ( 0 . 1 )  16051 ! i ? 5 . 9 )  
Pre-Vehlcles 28743 ( c 4 . 8 )  ( 1 2 . 9 )  4935 (11.1) 4992 ( 1 1 . 2 )  44381 ( 1 7 5 . 9 1  

I- Pre-Mean 2 .23  16.73 356.57 
Post-Vehicles -- 4342 143.3 )  3741 ( 3 7 . 1 )  

l 2 . 7 :  ] 
,,:Qb ( 2G .G)  1 10109(199.0j 

Post-Mean - -  1.52 12.70 0.63 

*Cel l  77 conta ins  j o i n t  f l e e t s  w i t h  between one and f i v e  pre-s tandard veh i c l es  and between 
one and f i v e  post -s tandard ven i c l es  and which have a t o t a l  s i z e  o f  2, 3, 4, o r  5. C e l l  6 conta ins  
ilrnilar f l e e t s  whose t o t a l  s i z e  i s  6, 7 ,  8, 9, o r  10. 



TABLE 2.9 

pi = P r o b a b i l i t y  o f  s e l e c t i o n  o f  t h e  PSU (see Tab le  2 .6) .  
~1 = Number o f  Pre-Standard v e h i c l e s  i n  t h e  f l e e t .  
N~ = Number o f  Post -Standard  v e h i c l e s  i n  t h e  f l e e t .  

FLEET SELECTION PROBABILITIES USED I N  THE SELECTION OF FLEETS 
FROM DIFFERENT FLEET S I Z E  CELLS I N  THE 36 PSUs 

* C e l l  17 c o n t a i n s  j o i n t  f l e e t s  w i t h  between one and f i v e  p re -  
s t a n d a r d  v e h i c l e s  and between one and f i v e  pos t - s tandard  v e h i c l e s  and 
which  have a t o t a l  s i z e  o f  2-5. C e l l  6 c o n t a i n s  s i m i l a r  f l e e t s  whose 
t o t a l  s i z e  i s  6-10. 

b 
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NUMBER OF POST-STANDARD VEHICLES I N  FLEET 
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t h a t  o f  very  smal l  j o i n t  f l e e t s  ( C e l l  17) .  Also,  due t o  the  much 

l a r g e r  number o f  pre-standard o n l y  f l e e t s  compared t o  post -s tandard 

o n l y  f l e e t s ,  and due t o  the  des i r e  t o  choose roughly  equal numbers 

o f  pre- and ~ o s t - s t a n d a r d  veh ic les  f o r  i n c l u s i o n  i n  t he  study, pos t -  

standard o n l y  f l e e t s  were g iven a s e l e c t i o n  p r o b a b i l i t y  3.82 t imes 

I 
as g rea t  as s i m i l a r - s i z e d  pre-standard o n l j  f l e e t s .  I t  w f  11 be 

noted t h a t  f o r  C e l l s  2-3, 5-12, and 17 t h e , p r o b a b i l i t i e s  w i t h i n  

one PSU are  constant  f o r  a l l  f l e e t s  assigned t o  a  p a r t i c u l a r  c e l l .  

However, f o r  pre-standard on l y  f l e e t s  con ta i n i ng  more than 50 

veh ic les  ( C e l l  4 )  and f o r  a l l  f l e e t s  con ta i n i ng  more than 50 post -  

standard veh ic les  ( C e l l s  13-16) the  s e l e c t i o n  probabi 1  i t y  i s  

f l e e t - s p e c i f i c ,  depending on the  s i z e  o f  N1 and N2 r espec t i ve l y .  

Before dpp ly ing  these p r o b a b i l i t i e s  i n  Table 2.9 t o  the  

ac tua l  s e l e ~ t i c : ~  of f l ee t s ,  the  f l e e t s  w i t h i n  each PSU l i s t  were 

so r t ed  i n  the f o l l ow ing  manner. F i r s t ,  a l l  f l e e t s  w i t h  no pos t -  

standard veh ic les  were so r t ed  i n  ascending o rder  by number o f  pre-  

standard veh ic les .  Then a1 1 f l e e t s  w i t h  one post-standard veh ic les  

were so r ted  i n  descending o rder  by number of pre-standard veh ic les .  

Then a l l  f l e e t s  w i t h  two post -s tandard veh ic les  were so r t ed  i n  

ascending o rder  by number o f  pre-standard veh ic les .  Th is  process 

was continued, a1 t e r n a t i n g  descending and ascendi r~g o rder  f o r  

number o f  pre-standard veh ic les  wh i l e  always ascending on number 

o f  post-standard veh ic les ,  u n t i l  t he  e n t i r e  l i s t  of f l e e t s  had 

been orderea. Then t he  i n d i v i d u a l  s e l e c t i o n  p r o b a b i l i t y  f o r  each 

f l e e t  on t he  l i s t  was determined (on t he  bas is  o f  i t s  c e l l  se lec-  

t i o n  p r o b a b i l i t y  bu t  t r e a t i n g  P i  as a  constant  .1322), and these 

i n d i v i d u a l  p r o b a b i l i t i e s  were cumulated throughout the e n t i  r e  

l i s t .  F i n a l l y ,  the s e l e c t i o n  i n t e r v a l  was determined f o r  each 

PSU by d i v i d i n g  ,1322 i n t o  t he  PSU s e l e c t i o n  p r o b a b i l i t y ;  a  random 

number l ess  than t h i s  i n t e r v a l  was found; t h e  f l e e t  whose curnu- 

l a t i v e  t o t a l  f i r s t  i nc luded  t h i s  random number was chosen as t he  

f i r s t  se l ec t i on ;  the  PSU i n t e r v a l  was added t o  the  random s t a r t  

number i n  o rder  t o  choose t he  f l e e t  whose cumulat ive t o t a l  f i r s t  



i nc luded  t h i s  second number; and t h i s  process o f  adding t he  PSU 

i n t e r v a l  and s e l e c t i n g  the  appropr ia te  f l e e t s  based on t h e  cumu- 

l a t i v e  t o t a l s  was cont inued throughout  t h e  PSU f l e e t  l i s t .  

It should  be noted t h a t  due t o  a programming e r r o r  t he  

purchaser i d e n t i f i c a t i o n  number was p a r t i  a1 l y  o r  complete ly  des- 

t r oyed  on t he  PSU f l e e t  l i s t i n g  on which t ' i e  s e l e c t i o n s  were made. 

For some se lec ted  f l e e t s  t he  purchaser name and address f i e l d s  

were a l s o  b lank  on t h i s  l i s t i n g .  I n  these cases i t  was necessary 

t o  go back t o  the  PSU i n i t i a l  combined purchaser l i s t  and t o  seek 

a purchaser w i t h  t he  same numbers o f  pre-  and post -s tandard veh i c l es  

as the  u n i d e n t i f i e d  se l ec ted  f l e e t .  I f  t he re  was more than one 

purchaser who matched t h e  se lec ted  f l e e t  on these numbers, then a 

random choice was made among these matching candidates.  

Th is  process r e s u l t e d  i n  t he  s e l e c t i o n  o f  554 purchaser 

f l e e t s  i n  t h e  36 PSU's, an average o f  about 15 per  PSU. However, 

t he  v a r i a t i o n  i n  number o f  se lec ted  f l e e t s  was very  l a rge ,  f rom 

o n l y  two i n  Olathe, Kansas, t o  43 i n  Northwest Pennsylvania. There 

were t h r e e  se lec ted  f l e e t s  which were so l a r g e  t h a t  t h e i r  cumulat ive 

t o t a l s  inc luded  two s e l e c t i o n  numbers. There were a l s o  f i v e  PSU's 

where some f l e e t s  were double-se lected because t he  PSU s e l e c t i o n  

p r o b a b i l i t y  was l e s s  than .1322, r e s u l t i n g  i n  an i n t e r v a l  o f  l e s s  

than 1.00. Since a l l  f l e e t s  i n  C e l l s  7 and 8, and 10 t o  16 had 

s e l e c t i o n  p r o b a b i l i t i e s  of 1.00 o r  more, i t  i s  n o t  s u r p r i s i n g  

t h a t  17 f l e e t s  i n  these f i v e  PSU's ended up be ing  double-se lected 

and t h e i r  veh i c l es  a re  weighted acco rd i ng l y  i n  t he  data ana lys is .  

2.4 Veh ic le  Se lec t i on  

For  f l e e t s  w i t h  f rom 1 t o  50 post -s tandard veh i c l es  ( C e l l s  

5-12 and 17) t he  v e h i c l e  s e l e c t i o n  process was q u i t e  s t r a i g h t f o r w a r d .  

It invo l ved  s imp ly  s e l e c t i n g  a1 1 post -s tandard veh i c l es  and 1 /3 -82  

o f  the  pre-s tandard veh i c l es  i n  these f l e e t s .  S i m i l a r l y  f o r  pre-  

s tandard o n l y  f l e e t s  w i t h  f rom 1 t o  50 veh i c l es  ( C e l l s  2 and 3 )  



a l l  veh ic les  i n  these f l e e t s  were au toma t i ca l l y  se lec ted  ( t h e  3.82 

f a c t o r  having been app l i ed  t o  t he  o r i g i n a l  f l e e t  se l ec t i on ) .  

However, f o r  f l e e t s  w i t h  more than 50 post -s tandard veh i c l es  

( C e l l s  13-16) and f o r  pre-standard on l y  f l e e t s  w i t h  more than 50 

veh ic les  (Ce l l  4 )  i n d i v i d u a l  veh i c l e  s e l e c t i o n  p robab i l  i t i e s  had 

t o  be worked o u t  i n  r e l a t i o n  t o  t h e  numbers o f  e l i g i b l e  veh ic les .  

Th is  was because i t  was considered des i r ab le  i n  these l a r g e  f l e e t s  

t o  t ry  t o  l i m i t  the  number o f  se lec ted  veh ic les  o f  one type  t o  

about 50 i n  o rder  n o t  t o  p lace  t o o  g rea t  a  burden on the  se lec ted  

company and a l s o  so as t o  n o t  concent ra te  t he  s tudy veh ic les  t o o  

much i n  a  few l a r g e  f lee ts .  Accord ing ly ,  i n  these l a r g e  f l e e t s  

a  s e l e c t i o n  i n t e r v a l  was determined i n d i v i d u a l l y  f o r  each f l e e t  

which would p rov ide  50 post-standard veh ic les  (50 pre-standard 

veh i c l es  f o r  C e l l  4 ) ,  and t h i s  same i n t e r v a l  was mu1 t i p l i e d  by 

3.82 f o r  t he  s e l e c t i o n  of pre-standard veh ic les  from f l e e t s  i n  

C e l l s  14-16. These c e l l  v e h i c l e  s e l e c t i o n  p r o b a b i l i t i e s  a re  

summarized i n  Table 2.10. 

For t he  t h ree  very  l a r g e  double-se lected f l e e t s  t he  v e h i c l e  
100 100 s e l e c t i o n  probabi  1  i t i e s  were doubled t o  -- and - r a t h e r  

N2 
than doub l ing  t he  weight  o f  each se lec ted  veh ic le .  Th i s  l e d  t o  

t he  s e l e c t i o n  o f  105 pre-standard and 100 post -s tandard veh ic les  

from the  b i gges t  company. However, t h i s  doubl ing o f  t h e  veh i c l e  

s e l e c t i o n  p r o b a b i l i t i e s  cou ld  n o t  be app l i ed  t o  t he  17 double- 

se lec ted  f l e e t s  i n  the  f i v e  PSU's  w i t h  a  s e l e c t i o n  p r o b a b i l i t y  

l e s s  than .1322, because i n  these f l e e t s  a l l  o f  the  post -s tandard 

veh i c l es  were a l ready  se lec ted  w i t h  c e r t a i n t y .  Thus t he  veh ic les  

i n  these f l e e t s  a re  double-weighted, 

I n  o rder  t o  determine the  VIN numbers o f  t he  e l i g i b l e  

veh ic les  i n  the  se lec ted  f l e e t s ,  i t  was necessary t o  go back t o  

the  manufacturers '  model-speci f i c  1  i s t s .  The uncombined purchaser 

l i s t  f o r  each PSU was s tud ied  t o  ob ta i n  t he  i n d i v i d u a l  manufacturers '  



TABLE 2.10 

PRE-STANDARD AND POST-STANDARD VEHICLE SELECTION PROBABILITIES 
USED IN THE SELECTION OF VEHICLES FROM SELECTED FLEETS 

FROM DIFFERENT FLEET SIZE CELLS IN THE 36 PSU'  S 

Post-Standard -- 

N1 = Number of Pre-Standard Vehicles in the fleet. 
N2 = Number of Post-Standard Vehicles in the fleet. 

*Cell 17 conta ins  j o i n t  f l e e t s  w i t h  between one and f i v e  pre- 
standard veh i c les  and between one and f i v e  pos t -s tandard  veh i c les  and 
which have a t o t a l  s i z e  of 2-5. C e l l  6 conta ins  s i m i l a r  f l e e t s  whose 
total size i s  6-10. 



components o f  the  veh i c l e  t o t a l s  f o r  the  se lec ted  f l e e t s ,  and 

these components were 1  i s t e d  by purchaser i d e n t i f i c a t i o n  number 

on a  separate form f o r  each f l e e t .  Then the  veh ic les  belonging 

t o  these p a r t i c u l a r  purchasers were r e t r i e v e d  from the  manufac- 

t u r e r s '  v e h i c l e  tapes on a  computer l i s t i n g .  These tape l i s t i n g s ,  

o r  t he  White computer p r i n t o u t ,  were then used t o  s e l e c t  t he  

appropr ia te  f r a c t i o n  o f  pre- and post -s tandard veh ic les  depending 

on t he  c e l l  l o c a t i o n  o f  the  p a r t i c u l a r  f l e e t .  When a  f r a c t i o n a l  

s e l e c t i o n  o f  a  p a r t i c u l a r  veh i c l e  l i s t  was t o  be made, a  systemat ic 

s e l e c t i o n  procedure was fo l lowed by making the  f i r s t  s e l e c t i o n  on 

the  bas is  o f  a random nulnber l ess  than t he  i n t e r v a l  and then con- 

s e c u t i v e l y  adding the  i n t e r v a l  t o  make t he  nex t  s e l e c t i o n  u n t i l  

t he  e l i g i b l e  v ~ ~ i c l e  l i s t  was exhausted. The V I N  numbers o f  the  

se lec ted  veh ic les  were then t r ansc r i bed  onto a  form f o r  use i n  

contacts  w i t h  t he  se lec ted  purchasers. I n  t he  case o f  se lec ted  

purchasers o f  F re i gh t1  i n e r  veh ic les  a  1  i s t  o f  these purchasers 

had t o  be sent  t o  F r e i g h t l i n e r  i n  order  t o  ob ta i n  t he  VIN numbers 

o f  the  e l i g i b l e  veh ic les ,  s ince F r e i g h t l i n e r  had on l y  prov ided 

aggregated purchaser data t o  H S R I  i n i t i a l l y .  

Th is  veh i c l e  s e l e c t i o n  procedure r e s u l t e d  i n  t he  s e l e c t i o n  

o f  2,690 pre-standard and 2,708 post-standard veh ic les  from the  

554 se lec ted  purchaser f l e e t s  i n  t he  36 se lec ted  PSU's. A com- 

par i son  o f  t he  numbers o f  e l i g i b l e  f l e e t s  and veh ic les  and a c t u a l l y  

se lec ted  f l e e t s  and veh ic les  i n  each PSU i s  g iven i n  Table 2.11. 

The d i s t r i b u t i o n  o f  the  se iec ted  f l e e t s  and veh ic les  by c e l l  i n  

the  f l e e t  s i ze  m a t r i x  i s  given i n  Table 2.12. I t  can be seen t h a t  

about 59% (unwei ghted) o f  the  se lec ted  pre-standard veh ic les  and 

88% o f  the  se lec ted  post-standard veh ic les  come from the 53% o f  

t he  f l e e t s  which are j o i n t  ( C e l l s  6-8, 10-12, 14-17), wh i l e  51% 

o f  the se lec ted  pre-standard veh ic les  and 342 o f  t he  se lec ted  

post-standard veh ic les  come from the  7% o f  t he  f l e e t s  which have 

a t  l e a s t  51 veh ic les  o f  one type ( C e l l s  4, 8, 12-16). 



TABLE 2.11 

ELIGIBLE FLEETS AND VEHICLES AND SELECTED FLEETS AND VEHICLES IN THE 36 PSUs 

Area Area Nane 
Number - 

Paterson. New Jersey 
Har t fo rd ,  Connecticut 
Norristown, Pennsylvania 
Phi ladelphia,  Pennsylvania 
Upstate New York 
Northwest Pennsylvania 
Akron, Ohio 
Milwaukee. Wisconsin 
Mt. Clemens. Michigan 
C inc innat i .  Ohio 
Chicago, I l l i n o i s  
St .  Paul. Minnesota 
Olathe, Kansas 
Fo r t  Wayne. Indiana 
Kankahee. I l l i n o i s  
Saginaw, Michigan 
Southern Missour i  
Madison. Wisconsin 
L o u i s v i l l e .  Kentucky 
North F l o r i d a  
Miami, F l o r i da  
F o r t  Worth. Texas 
Houston, Texas 
Charleston, West V i r g i n i a  
Anniston. Alabama 
South Georgia 
Centra l  M i ss i ss i pp i  
Southeast Oklahoma 
Chattanooga. Tennessee 
Fresno, C a l i f o r n i a  
Seat t le .  Washington 
Los Angeles. C a l i f o r n i a  
Portland. Oregon 
Salem, Oregon 
Idaho-Nevada 

To ta l  36 PSUs 

E l i g i b l e  
F l ee t s  

485 
31 0 
384 
225 
307 
961 
351 
227 
209 
242 

1145 
156 
64 

150 
358 
464 
887 
462 
241 
557 
230 
279 
918 
268 
124 
440 
868 
318 
579 
536 
359 

1142 
400 
268 
531 - 

16051 

Tota l  
E l i g i b l e  
Vehic les 

Mean 
No. o f  

Vehic les 
Selected 

F l ee t s  

Veh. i n  
Selected 

F l ee t s  

635 
186 
314 
51 7 
143 
347 
891 
450 
285 
106 
382 
299 
877 
875 
157 
122 
241 
438 
319 
528 

4115 
264 
254 
179 
269 
306 
177 
36 1 
182 
63 
90 

21 1 
521 
154 
106 
- 

15595 

. 

NO. o f  
E l i g i b l e  
Vehic les 

20.48 
16.91 
17.44 
64.63 
8.94 
8.07 
41.5 

30.00 
20.36 
11.78 
22.47 
42.71 

438.50 
58.33 
14.27 
8.13 

14.18 
31.29 
13.87 
24.00 

1028.80 
22.00 
18.14 
9.94 

15.82 
9.27 
8.05 

51.57 
9.10 
5.73 
9.00 

21.10 
74.43 
19.25 
8.83 

Selec ted  Vehic les 

Pre- Post- To ta l  

221 88 309 
26 82 108 

100 84 184 
112 92 204 

36 42 78 
123 41 164 
123 65 188 
95 69 164 
55 85 140 
17 6 1 78 

120 99 219 
38 94 132 
71 100 171 

185 76 261 
25 64 89 
28 48 76 
6 3 57 120 

114 93 207 
78 91 169 

154 68 222 
120 114 234 
54 112 166 
80 83 163 
29 86 115 
45 128 173 
74 93 167 
66 35 101 
64 109 173 
54 58 112 
17 28 45 
25 33 58 
81 59 140 
7 1 79 150 
49 72 121 
26 34 - -- 

60 - 
2690 2708 5398 



TABLE 2.12 

DISTRIBUTION OF SELECTED FLEETS AND VEHICLES 
(UNWEIGHTED AND WEIGHTED) IN  THE 36 SELECTED PSU' 5 

IN RELATION TO FLEET SIZE CELL, WITH PERCENTAGES IN ITALICS 

Pre  Vehs: Unwtd. 

-11 17 contains j o i n t  f l e e t s  w i t h  between one and f i v e  p h - s t a n d a r d  vehicles and between one 
and f ive post-standard vehicles and which have a t o t a l  s i z e  o f  2 ,  3 ,  4 ,  o r  5.  C e l l  6 contains s i m i l a r  
f l e e t s  whose t o t a l  s i z e  i s  6-10. 



2.5 Resu l t i ng  Sampling Weights 

If i t  were n o t  f o r  the  d i f f e r e n t  c o ~ l s t a n t  fac to rs  inc luded  

i n  the  f l e e t  s e l e c t i o n  p r o b a b i l i t i e s  i n  the  d i f f e r e n t  c e l l s ,  the  

sample design would be almost a  completely se l f -we igh t i ng  one. 

However, as noted e a r l i e r ,  these constant  f a c t o r s  va r i ed  as much 

as 20 t o  1 among the  d i f f e r e n t  c e l l s  o f  the f l e e t  s i z e  ma t r i x ,  

and accord ing ly  d i f f e r e n t  we igh t ing  f a c t o r s  must be used i n  the  

ana l ys i s  o f  veh ic les  se lec ted  from f l e e t s  loca ted  i n  t he  d i f f e r e n t  

c e l l s .  These weight values by c e l l  a re  shown i n  Table 2.13. 

These same weights can be used i n  the  ana l ys i s  o f  both t he  

sample o f  pre-standard veh ic les  and o f  t he  sample o f  post -s tandard 

veh ic les .  Pre-standard veh i c l es  always have 113.82 o f  the se lec-  

t i o n  p r o b a b i l i t y  of post-standard veh ic les  from the  same c e l l ,  b u t  

t h i s  f a c t o r  does n o t  need t o  be taken i n t o  account because the two 

samples a re  expected t o  a1 ways be analyzed separate ly .  

I n  a d d i t i o n  t o  t he  weights shown i n  Table 2.13, t he re  are 

67 pre-standard veh ic les  and 71 post-standard veh ic les  from the  

17 double se lec ted  f l e e t s  i n  the  Patterson, New Jersey, Upstate 

New York, Northwest Pennsyl vani  a, South Georgia, and L i t t l e  Rock, 

Arkansas PSU's which have weights of 2 i ns tead  of 1. Taking 

these i n t o  account and app ly ing  the  weights of Table 2.13 t o  the  

numbers o f  veh ic les  se lec ted  by c e l l  i n  Table 2.12, one ob ta ins  

weighted values o f  6,895 f o r  the  pre-standard veh i c l e  sample and 

o f  5,490 f o r  the post -s tandard veh i c l e  sample. 

A1 though the  sampling procedures were developed i n  order  

t o  ob ta i n  weighted n a t i o n a l  samples of pre-standard and post -  

standard veh ic les ,  they can a l s o  be used t o  produce a weighted 

n a t i o n a l  sample o f  i n i t i a l  purchasers o f  1974 and 1975 a i r -b raked  

veh ic les .  As can be seen i n  Table 2.14 f o r  Ce l l s  5-12 and 17 the  

i n i t i a l  purchase weights a re  the  same as the  veh i c l e  weights 

( i n c l u d i n g  the  17 double-selected f l e e t s ) ,  and f o r  C e l l s  2  and 3 



TABLE 2.13 

*Cel l  17 conta ins j o i n t  f l e e t s  w i t h  between one and f i v e  
pre-standard vehl c l  es and between one and f i v e  post -s tandard 
veh ic les  and which have a t o t a l  s i z e  o f  2-5. Cell 6 conta ins 
s i m i l a r  f l e e t s  whose t o t a l  s i z e  i s  6-10. 

SAMPLING WEIGHTS FOR VEHICLES SELECTED FROM FLEETS 
I N  THE DIFFERENT FLEET S I Z E  CELLS 

+Vehicles i n  C e l l s  7, 8, 10, and 11 from the  seventeen 
double-selected f l e e t s  a re  weighted 2. 
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TABLE 2.14 

SAMPLING WEIGHTS FOR SELECTED I N I T I A L  PURCHASERS 
I N  THE DIFFERENT FLEET S I Z E  CELLS 

N1 = Number of Pre-Standard vehicles in fleet. 
N2 = Number of Post-Standard vehicles in fleet. 

*Cell 17 contains joint f lee ts  with between one and five 
pre-standard vehicles and between one and five post-standard vehicles 
and which have a total  size of 2-5. Cell 6 contains similar f lee ts  
whose total  size i s  6-10. 
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the purchaser weights are j u s t  3.82 t imes the veh i c l e  weights. 

However, f o r  the  se lected l a r g e  f l e e t s  i n  C e l l s  4  and 13-16, 

spec i f i c  i n d i v i d u a l  weights are ca l cu la ted  us ing the ac tua l  

numbers o f  pre-standard o r  post-standard veh ic les  purchased. Use 

of these weights r e s u l t s  i n  a  weighted value o f  11,295 f o r  the  

n a t i o n a l  sample o f  i n i t i a l  purchasers o f  1974 and 1975 a i r -b raked  

t r ucks  and buses. 

The l a r g e  we igh t ing  f a c t o r s  app l i ed  t o  some veh ic les  some- 

t imes pe rm i t  v a r i a t i o n  i n  j u s t  a  few veh ic les  t o  have a r a t h e r  

l a r g e  e f f e c t  on the sample r e s u l t s .  Table 2.15 presents data on 

t he  frequencies o f  the d i f f e r e n t  weight categor ies i n  t he  t o t a l  

sample. I t  can be seen t h a t  al though on l y  smal l  p ropor t ions  o f  

the veh ic les  have weights o f  20, these veh ic les  account f o r  c lose  , 

t o  h a l f  of the  t o t a l  weighted sample values i n  both the  pre- 

standard and post-standard veh i c l e  samples. 

TABLE 2.15 

DISTRIBUTION OF PRE-STANDARD AND POST-STANDARD VEHICLES 
I N  THE THREE WEIGHT CATEGORIES FOR 

ALL KNOWN ELIGIBLE VEHICLES 

Type o f  Vehic le  

PRE-STANDARD: 
Unwtd. 

Wtd. 

POST-STANDARD: 

Unwtd. 
Wtd. 

Wtd = 1  

N % 

1457 55.1 
1457 21.4 

2103 79.1 
2103 38.8 

Wtd 2 

N % 

1022 38.6 
2044 30.0 

432 16.3 
864 15.9 

Wtd = 20 

N % 

166 6.3 
3320 48.7 

123 4.6 
2460 45.3 

TOTAL 

N % 

2645 100.0 
6821 100.1 

2658 100.0 
5427 100.0 





3. IMPLEMENTATION 

This  chapter  documents t h e  work performed under Task 11, 

Implementation. The sample design descr ibed i n  Chapter 2 r e s u l t e d  

i n  t he  s e l e c t i o n  o f  554 f l e e t s  l oca ted  i n  36 geographic areas.  

The 36 areas conta ined an average o f  approximately t h i r t e e n  count ies 

per  area. The o b j e c t i v e  o f  t h i s  task  was t o  secure t he  cooperat ion 

o f  the  owners and lo r  users o f  t he  se lec ted  veh ic les .  Inc luded  was 

t he  t r a i n i n g  o f  l o c a l l y  based personnel t o  c a r r y  o u t  t h e  ongoing 

da ta  c o l l e c t i o n  a c t i v i t y .  The major problem encountered i nvo l ved  

veh ic les  locared  ou ts ide  the  se lec ted  geographic areas. 

The m d t e r i a l  i n  t h i s  chapter  i s  organized i n t o  f i v e  sect ions.  

The f i r s t  sec t ion ,  3.1, descr ibes the data c o l l e c t i o n  system. The 

implementat ion methods, i n c l u d i n g  t r a i n i n g  o f  personnel , data forms, 

and the  Data C o l l e c t i o n  Handbook, a re  descr ibed i n  t he  second 

sect ion,  3.2. Problems encountered and t he  r e s u l t i n g  response 

r a t e  a re  discussed i n  Sect ion 3.3 Sect ion 3.4 presents  a des- 

c r i p t i o n  o f  the  f l e e t s  and veh ic les  which a re  c u r r e n t l y  p a r t i c -  

i p a t i n g  i n  t h e  study. The l a s t  sect ion,  3.5, descr ibes data 

reduc t i on  i n c l u d i n g  coding, e d i t i n g ,  and f i l e  b u i l d i n g .  

3.1 Data C o l l e c t i o n  Methodology 

The data c o l l e c t i o n  system was implemented i n  August, 

1976, w i t h  t he  goa l  o f  c o l l e c t i n g  t ime l y ,  accurate da ta  t o  f u l f i l l  

t he  ana l ys i s  requirements.  

B a s i c a l l y ,  t h e  p l an  was t o  e s t a b l i s h  con tac t  by telephone 

w i t h  t he  owners o f  the  veh ic les  and t o  arrange f o r  a v i s i t  t o  t h e  

s i t e  o f  t he  v e h i c l e  and i t s  owner. Such an i n i t i a l  v i s i t  was t o  

be fo l lowed by subsequent q u a r t e r l y  v i s i t s  over a p e r i o d  o f  18 

months t o  record  c e r t a i n  data on a con t i nu ing  bas is .  



The o b j e c t i v e  o f  the  f i r s t  data c o l l e c t i o n  v i s i t  was t o  

e s t a b l i s h  face  t o  face con tac t  w i t h  the  v e h i c l e  owner (and t he  

veh ic le ,  i f  poss ib l e ) ,  e x p l a i n  the  p r o j e c t ,  and secure h i s  cooper- 

a t i on .  Dur ing t h i s  i n i t i a l  v i s i t  the  f o l l o w i n g  i n fo rma t i on  was 

t o  be co l l ec ted :  

F l e e t  Desc r i p t i on  (Type o f  F l ee t ,  What Hauled, 
Where, Dispatch P rac t i ces )  

Veh ic le  Desc r i p t i on  (Type o f  Vehicle,  Cargo, 
Brakes, Use) 

Accident I n fo rma t i on  (Accidents P r i o r  t o  V i s i t )  

Exposure I n fo rma t i on  (Usual T r i p  Distance, e t c .  ) 

Maintenance I n f o r m a t i  on (General I n s p e c t i  on and 

b 
Maintenance Prac t i ces  
and Brake System Related 
Flai n  tenance) 

The data forms f o r  r eco rd ing  t h i s  i n f o rma t i on  a re  exp la ined  i n  

d e t a i l  i n  Sect ion 3.2. On a  q u a r t e r l y  bas is  f o l l o w i n g  the  i n i t i a l  

v i s i t ,  t he  owner was t o  be re-contacted t o  o b t a i n  updated i n f o r -  

mat ion on mileage, acc idents ,  and brake system maintenance. 

The da ta  c o l l e c t i o n  p l an  was implemented by developing 

and t r a i n i n g  a  s t a f f  o f  H S R I  f i e l d  managers t o  c a r r y  o u t  t h e  

i n i t i a l  v i s i t s  t o  t h e  .36 data c o l l e c t i o n  reg ions,  as i t  was con- 

s idered  most economical t o  implement the  data c o l . l e c t i o n  on a  

reg iona l  bas is .  Arrangements were made w i t h  a  n a t i o n a l  temporary 

he lp  o rgan i za t i on  t o  p rov ide  f i e l d  data c o l  l e c t i o n  personnel i n  

each reg ion  served by i t s  o f f i c e s .  Th is  f i e l d  data c o l l e c t i o n  

person was then respons ib le  f o r  p e r i o d i c a l l y  con tac t i ng  t h e  se lec ted  

v e h i c l e  owners o r  lessees t o  record  t he  con t i nu ing  data. 

Each f i e l d  manager was g iven  responsi  b i  1 i ty  f o r  implemen- 

t i n g  t he  s tudy w i t h  a  number o f  reg ions.  P r i o r  t o  o r  du r i ng  h i s  

v i s i t  t o  a  r eg ion  he would telephone t he  purchasers o f  the  se lec ted  

veh i c l es  and arrange f o r  personal v i s i t s .  Simultaneously,  t h e  



temporary help office would be contacted and a local f ie ld data 
collection person would be assigned t o  the field manager. Armed 
with a set  o f  appointments, the field manager would journey to the 
region and make contact with the field data collector. The f ie ld 
manager would spend approximately a half day training the f ie ld 
data collector in his tasks, and then the two would proceed to the 
f i r s t  data collection appointment. After describing the purpose of 
the project and securing the cooperation of the owner, the f ie ld 
manager and f ie ld data collector would seek t o  complete the neces- 
sary data forms and elements. Usually the f ie ld manager would 
conduct the interview and complete the company description data 
form. Either or b o t h  the field manager and f ie ld data collector 
would then comp?ete the vehicle description(s) and ascertain the 
location of the maintenance records and accident reports. After 
a1 1 data were collected (or arranged for la te r  collection i f  not 
available a t  that appointment), the field manager would arrange 
for the next quarterly v i s i t  by the field data collector, and the 
two would then depart for the next company. Just a f te r  leaving the 
company the field manager would complete his Field Manager Report 
Form summarizing the status of the v is i t .  Such a scenario would 
be repeated for each selected company in the region, and for each 
region assigned t o  a particular field manager. 

Once a region was implemented, the field manager would make 
arrangements for the repeat quarterly v is i t s  with the field data 
collector. Any problems that might arise on the repeat v i s i t  were 
to  be handled by telephone and/or l e t t e r  whenever possible. I f  

complications arose which could n o t  be handled in this  manner, then 
a repeat v i s i t  by the f ie ld manager or a v i s i t  by an HSRI project 
s taff  person would be required. 

Following each quarterly v i s i t ,  the field data collector 
was to return the forms by mail t o  HSRI for processing. 



The f i e l d  data c o l l e c t i o n  s t a f f  was a l s o  a v a i l a b l e  f o r  

spec ia l  s tud ies  and surveys, s ince  data forms and i n s t r u c t i o n s  

could e a s i l y  be supp l ied  t o  them f o r  t he  c o l l e c t i o n  o f  a d d i t i o n a l  

types o f  data on subsequent q u a r t e r l y  v i s i t s .  

3.2 Data Forms, Handbook, and T r a i n i n g  

Th is  sec t i on  presents a  b r i e f  d e s c r i p t i o n  o f  t he  data 

c o l  l e c t i o n  m a t e r i a l s  organized under t h e i r  r espec t i ve  headings. 

3.2.1 Data Forms. The da ta  elements necessary t o  operate 

a survey can be c l a s s i f i e d  i n t o  these groups: 

1, Ana lys is  Var iab les 
2. Sample D e f i n i t i o n  
3. Data C o l l e c t i o n  and Contro l  

Group One elements a re  those i tems necessary t o  s a t i s f y  

t he  a n a l y t i c a l  needs f o r  t e s t i n g  t he  study hypotheses. 

Group Two elements a re  those necessary t o  d e f i n e  and 

cons t ruc t  t he  sample and t o  a l l o w  f o r  expailsion o f  the  sample 

r e s u l t s  t o  the  study populat ion.  

Group Three elements a re  those housekeeping and book- 

keeping i tems necessary t o  ma in ta in  the  records and mon i to r  data 

c o l l e c t i o n  i n  an o r d e r l y  fash ion.  

HSRI  developed a number o f  data forms f o r  r eco rd ing  da ta  

s p e c i f i c  t o  c e r t a i n  hypothesi  s /ana lys i  s  requirements and a1 so forms 

e s p e c i a l l y  designed f o r  t he  sample d e f i n i t i o n  and da ta  c o l l e c t i o n  

and c o n t r o l  needs. It should be noted t h a t  c e r t a i n  i tems ( p a r t i c -  

u l a r l y  da ta  c o l l e c t i o n  and c o n t r o l  elements) a re  necessary on a l l  

forms. Therefore,  c e r t a i n  elements a re  repeated on forms t o  

pe rm i t  accurate record  keeping . 
The f o l l o w i n g  i s  a  l i s t  o f  the  data forms, fo l lowed by a 

b r i e f  exp lana t ion  o f  each w i t h  an i n d i c a t i o n  o f  the  form's  p r imary  

f unc t i on :  ( 1  ) Ana lys is  Var iab les,  ( 2 )  Sample D e f i n i t i o n ,  and 



( 3 )  Data C o l l e c t i o n  and Contro l .  The s p e c i f i c  data forms a re  

loca ted  i n  Appendix B. 

Refez2ence Card: To permi t  an economy o f  data form repro-  

duc t ion ,  c e r t a i n  code t ab les  were reproduced on a separate ca rd  

t o  be used i n  con junc t ion  w i t h  severa l  data forms. These code 

t ab les  were t oo  l a r g e  t o  be economical ly reproduced on each data 

form. 

Fleet and Vehicle Selection Record: To record  f o r  each 

se lec ted  purchaser t he  name and address, t he  bas ic  f l e e t  s e l e c t i o n  

c r i t e r i o n  and source (manufacturer), and t h e  numbers o f  pre- and 

post-standard veh i c l es  from the  manufacturers' 1  i s t s  . Data element 

Type 2 .  

Study :'ehicZi Inventory: To l i s t  o g t  t he  s p e c i f i c  se lec ted  

s tudy veh ic les  f rom the  manufacturers '  1 i s t s  and permi t record ing  

a d d i t i o n a l  bas ic  i d e n t i f i c a t i o n  i n f o rma t i on  about t he  veh ic les .  

Data element Type 2. 

Cooperation and DiscZosure Statement: Required t o  p rov ide  

t h e  se lected purchasers w i t h  i n f o rma t i on  about t h e  survey and 

s o l i c i t  t h e i r  informed consent and p a r t i c i p a t i o n .  

Cor~pang Description: To record  t he  compl e t e  and s p e c i f i c  

name of t he  company, names o f  contacts  w i t h i n  t h e  company, and 

i n f o rma t i on  about t h e  company's operat ions,  o rgan iza t ion ,  cargo, 

v e h i c l e  maintenance and i nspec t i on  f a c i l i t i e s  and p rac t i ces ,  and 

t o t a l  f l e e t  i nven to ry .  Data elements Types 1 and 3. 

Company Description--Copy: To reproduce t he  company name 

and con tac t  information f o r  r e t e n t i o n  by t h e  f i e l d  data c o l l e c t o r .  

Company VLsit Log: To record  t he  frequency and na tu re  o f  

each v i s i t  and/or con tac t  w i t h  a  company. Data element Type 3. 

Vehicle Cescription: To record  s p e c i f i c  da ta  concerni  ng 

each s tudy veh i c l e  i n  a  f l e e t .  Major data elements i nc l ude  weight  



c lass ,  t r u c k  and body s t y l e ,  a x l e  and brake c o n f i g u r a t i o n  by ax le ,  

and general  exposure i n f o rma t i on .  Data element Type 1. 

Vehicle Maintenance and Mileage History: To reco rd  two 

groups o f  i n f o rma t i on :  (1  ) brake system maintenance, and ( 2 )  veh ic-  

u l a r  mi leage. The brake system maintenance data p rov ides  f o r  a 

chronology o f  r e p a i r s  t o  t h e  brake system i n c l u d i n g  date,  mi leage, 

component, work performed, 121 s ta tus ,  r e p a i r  t ime, e t c .  The 

v e h i c l e  mi leage i s  a  qua r t e r  by q u a r t e r  r eco rd i ng  o f  t h e  cumulat ive 

mi leage and t h e  source of t he  m i  1 eage reading.  Data element Type 1 .  

HSRI Accident Report: To record  s p e c i f i c  i n f o rma t i on  about 

acc iden ts  occu r r i ng  t o  s tudy veh ic les .  An acc iden t  i s  de f i ned  as 

any i n c i d e n t  o c c u r r i n g  t o  a  v e h i c l e  which r e s u l t s  i n  t h e  expen- 

d i t u r e  o f  e f f o r t  o r  d o l l a r s  t o  cor rect - -whether  i n  hours o f  down 

t ime  o r  c rash  damage r e p a i r .  Major  da ta  elements i n c l u d e  acc iden t  

l o c a t i o n  i n f o rma t i on ,  t r i p  i n f o rma t i on ,  cargo and load ing ,  spec ia l  

cond i t i ons ,  v e h i c l e  d e s c r i p t i o n  and composi t ion,  acc iden t  l o s s  

type, and a  n a r r a t i v e  d e s c r i p t i o n  of t he  c o l l i s i o n  f ac to r s .  Data 

element Type 1. 

Vehicle Record Contact Log: TO record  t he  number and types 

o f  con tac ts  w i t h  s p e c i f i c  v e h i c l e  records.  Data element Type 3. 

Field Manager Report: To keep t r a c k  o f  t he  s t a t u s  o f  t he  

con tac t  w i t h  a  p a r t i c u l a r  f l e e t  d u r i n g  t h e  i n i t i a l  f l e e t  con tac t  

and t o  p rov i de  f o r  t h e  r eco rd i ng  of  t he  impressions o f  t he  f i e l d  

manager f o l l o w i n g  h i s  i n i t i a l  v i s i t  t o  a  f l e e t .  Data element 

Type 3. 

Trip Information Survey: TO record  da ta  on t r i p  d i s t ance  

and t r a c t o r  and t r a i l e r  brake t ype  on randomly se l ec ted  u n i t s  and 

days. Data element Type 1. 

3.2.2 Handbook. To a s s i s t  i n  t h e  t r a i n i n g  o f  t he  data 

c o l l e c t o r s  i n  t he  understanding and use o f  t he  da ta  forms a  compre- 

hensive data c o l l e c t i o n  handbook was prepared. The purpose o f  t h e  



book was t o  serve bo th  as a  t r a i n i n g  a i d  and a  re fe rence  docu- 

ment once da ta  c o l l e c t i o n  had begun. Major  sec t ions  i n  t h e  book 

inc lude :  P r o j e c t  Descr ip t ion ;  Truck Brakes Simp1 i f i e d  (how t r ucks  

and brakes work);  An Example o f  a  Truck ing Company (a  d iscuss ion  

o f  the  o rgan i za t i on  o f  a  t y p i c a l  t r u c k i n g  company); Data Co l lec -  

t i o n  Forms--Descr ipt ion and Use; Data Col l e c t i o n  and Re1 ated 

In fo rmat ion ;  and A Set o f  Data Forms. Th is  book le t  was d i s t r i b u t e d  

t o  a l l  f i e l d  managers and f i e l d  da ta  c o l l e c t i o n  personnel as a  

reference document. 

3.2,3 T ra i n i ng .  The t r a i n i n g  o f  t he  f i e l d  s t a f f  was 

conducted i n  two phases. F i r s t  t h e  s t a f f  o f  f i e l d  managers was 

assembled p r i o r  t o  t h e  implementat ion o f  t he  da ta  c o l l e c t i o n  and 

b r i e f e d  on a l l  8spects o f  t he  data c o l l e c t i o n ,  t h e  p r o j e c t  pur -  

poses and goal s, and U n i v e r s i t y  po l  i c i e s  and procedures. Secondly, 

each f i e l d  manager t r a i n e d  t h e  f i e l d  da ta  c o l l e c t o r  i n  each reg ion  

assigned t o  him. 

The t r a i n i n g  f o r  t h e  f i e l d  manager s t a f f  i nc luded  seminars 

on the  s t r u c t u r e  of t he  t r u c k i n g  i n d u s t r y ,  on methods o f  con tac t i ng  

t r u c k i n g  companies and o b t a i n i n g  cooperat ion,  on understanding o f  

s p e c i f i c  data elements, and on use and complet ion o f  the  data 

forms. Th i s  l a t t e r  p o i n t  i nc luded  a  thorough exp lana t ion  o f  each 

da ta  form and a  complet ion exe rc i se  a t  HSRI f o l l owed  by f i e l d  

v i s i t s  t o  severa l  area t r u c k i n g  companies. 

I n  t he  f i e l d ,  t h e  f i e l d  manager met w i t h  t he  f i e l d  data 

c o l l e c t i o n  person f o r  t he  r eg ion  and spent approx imate ly  a h a l f  

day t r a i n i n g  him o r  her  i n  t h e  use o f  the  da ta  forms p r i o r  t o  a r i j  

v i s i t s  t o  t r u c k i n g  companies. Whi le a t  t he  t r u c k i n g  companies, t he  

f i e l d  manager moni tored t h e  complet ion o f  t h e  forms as an a d d i t i o n a l  

t r a i n i n g  e f f o r t .  

Continued con tac t  was mainta ined w i t h  the  f i e l d  data 

c o l l e c t o r s  bo th  t o  mon i to r  t he  q u a l i t y  o f  t h e  da ta  and t o  answer 

quest ions concerning data c o l  l e c t i o n .  



Response Rate 

Th i s  sec t i on  descr ibes t he  problems encountered d u r i n g  

implementat ion,  and t h e  r e s u l t i n g  response r a t e .  The problems 

encountered can be grouped i n t o  two general  ca tegor ies  : 1 o c a t i  ng 

t he  veh i c l es  and t h e i r  records,  and secur ing  cooperat ion.  The 

most se r ious  problems f a l l  i n t o  t h e  f i r s t  category.  I n f o rma t i on  

on response r a t e s  i s  presented f o l l ow ing  a  d iscuss ion  of t he  

reasons f o r  non-response. F i n a l l y ,  our  assessment o f  da ta  qua1 i t y  

i s  presented. 

F l e e t s  and veh i c l es  were se lec ted  based on t h e  purchaser ' s  

address as p rov ided  by t he  manufacturers. I n  many cases t h e  

veh ic les ,  o r  more t o  t h e  p o i n t ,  t h e i r  records,  were n o t  a v a i l a b l e  

a t  t h a t  address. Th is  s i t u a t i o n  was a n t i c i p a t e d  f o r  l a r g e  f l e e t s  

w i t h  many remote t e rm ina l s .  Most o f  these f l e e t s  a re  Au thor i zed  

C a r r i e r s  and have very  good c e n t r a l  record  systems. Major  d i f f i -  

c u l  t i e s  arose when governmental purchasers, body bu i  1  ders  , o r  

l esso rs  were se lected.  S ta tes  o f t e n  made l a r g e  purchases o f  

veh i c l es  f o r  use by t h e i r  highway departments o r  p u b l i c  schools.  

These veh i c l es  would subsequent ly be d i s t r i b u t e d  across t h e  s ta te .  

I n  such cases, records a r e  u s u a l l y  mainta ined where t he  v e h i c l e  i s  

used. In severa l  cases i t  has been necessary f o r  data c o l l e c t i o n  

personnel t o  t r a v e l  throughout  t he  s t a t e  i n  o rder  t o  mon i to r  t he  

se lec ted  veh ic les .  I n  t h e  absence o f  a  system o f  c e n t r a l  records,  

the  q u a l i t y  and completeness o f  t h e  records mainta ined a t  t h e  

remote l o c a t i o n s  was o f t e n  found l ack i ng .  A s i m i l a r  s i t u a t i o n  

i n v o l v i n g  veh i c l es  and t h e i r  records l oca ted  a t  remote s i t e s  was 

encountered i n  some medium-sized p r i v a t e  f l e e t s .  

The s i t u a t i o n  was much more d i f f i c u l t  when t he  se lec ted  

f l e e t  was a  body b u i l d e r  o r  l esso r .  The normal s i t u a t i o n  f o r  a  

body b u i l d e r  i s  t h a t  a l l  o f  t he  veh i c l es  he purchases w i l l  sub- 

sequent ly  be so ld .  Body b u i l d e r s  were o f t e n  r e l u c t a n t  t o  revea l  

t he  names o f  t h e i r  customers. Several s t a t e d  t h a t  they  d i d  n o t  



keep records o f  t h e i r  sa les!  Lessors were a l so  r e l u c t a n t  t o  reveal  

t he  names o f  customers. I n  a  few ins tances t he  f i e l d  personnel 

were lucky .  I n  one area a  l esso r  would n o t  supply customer names 

f o r  a  l a r g e  purchase o f  veh ic les .  I n  subsequent conversat ions 

w i t h  o ther  se lec ted  f l e e t s  a p a r t i c u l a r  school d i s t r i c t  was men- 

t i oned  f r equen t l y  because they  had rep1 aced t h e i r  e n t i r e  f l e e t  

w i t h  long-term lease veh ic les  r e c e n t l y .  Our f i e l d  person was 

advised t h a t  i f  he was i n t e r e s t e d  i n  121 "problems" he should 

v i s i t  t h i s  school d i s t r i c t .  On making t he  v i s i t  he found t h e  

veh i c l es  he had been unable t o  l o c a t e  through t he  lessor .  Since 

t h e  school d i s t r i c t  was having problems, they  were more than 

w i l l i n g  t o  cooperate. Such good for tune was unusual. 

I n  t he  aSsence o f  such a  f o r t u i  tou:; l o c a t i o n  method, 

veh i c l es  were sometimes loca ted  by reques t ing  a  search o f  r e g i s -  

t r a t i o n  records by t he  s t a t e  Department o f  Motor Vehic les .  O f  

course, f o r  t h i s  t o  be successfu l ,  i t  i s  necessary t o  a t  l e a s t  

know t h e  s t a t e  i n  which t he  v e h i c l e  i s  r eg i s t e red .  A lso n o t  a l l  

s t a tes  w i l l  pe rmi t  t he  use o f  t h e i r  r e g i s t r a t i o n  records f o r  such 

a  purpose. 

I n  o ther  cases, veh ic les  were n o t  a t  the  expected l o c a t i o n  

because d e l i v e r y  had been cancel l e d  o r  they had been subsequently 

so ld .  Wher d e l i v e r y  was n o t  taken the  veh ic les  would sometimes 

go t o  a  l o c a l  dea le r  f o r  sa le .  While t he  dealers ,  i n  most cases, 

were w i l l i n g  t o  p rov ide  new purchasers names, t he  a d d i t i o n a l  f i e l d  

work r equ i r ed  was sometimes s tagger ing.  Vehic les  which were 

re tu rned  t o  a  dea le r  i n  Wisconsin were found as f a r  away as Main?,  

Nor th  Dakota, and Alabama. 

Each t ime veh ic les  were found t o  be owned by someone o the r  

than t he  se lec ted  o r i g i n a l  purchaser, a  " sub - f l ee t "  was c rea ted  t o  

i d e n t i f y  the  ac tua l  owner. k t o t a l  o f  554 purchasers o f  veh ic les  

were o r i g i n a l l y  se lected.  Over 250 a d d i t i o n a l  "sub- f lee ts "  were 

v i s i t e d  because veh i c l es  were found t o  be owned o r  operated by 



someone other than the purchaser 1 isted by the manufacturer. O f  
the 480 currently active f l ee t s ,  124 are "sub-fleets." Many are 
located outside the original geographic areas. 

Even when the selected vehicles were s t ?  l l  being operated 

by the original purchasers i n  the selected geographic areas, there 
were often problems encountered in securing the cooperation of 

their  owners. One must keep in mind that  quarterly collection of 

brake system maintenance, mileage, and accident data impose a sig- 
nificant burden on the participating f lee ts  even though project 

personnel are provided t o  record the information. In general, 
small f lee ts  and municipal f lee ts  were most cooperative. I n  the 

larger f lee ts  the decision to  participate was often shifted from 

one individual to another which necessitated several contacts and 

some time delay. In some companies the decision was referred to 

their  legal s taff  who general ly would determine that participation 

was "not in the best interests of the company." This determination 

took several months in many cases. 

Authorized Carriers tended to be more cooperative than 

private carriers.  They seemed more knowledgeable about matters 

that influence the trucking industry as a whole. These companies 

are the most visible element of the trucking industry, and seem 

to be aware tha t ,  for many people, they represent the trucking 

industry. In a private company the trucking operation i s  usually 

only a small part of the overall operation, often viewed as a 

service division. Private companies d o  n o t  always see themselves 

as part of the trucking industry even though they may operate 

200-300 vehicles. As a consequence of this  view, they seem t o  
be less interested in the problems facing the trucking industry 
than Authorized Carriers. 

As mentioned, cooperation was most d i f f icu l t  to secure 
froni the body builders and leasing companies. Here our interest  
was in their  customers. I n  general, these companies f e l t  i t  would 



be "bad business" t o  a l l o w  our people t o  con tac t  t h e i r  customers. 

Lessors were o f t e n  w i l l i n g  t o  p rov ide  data on t h e  veh i c l es  from 

t h e i r  own records,  b u t  o f t e n  requested t h a t  no con tac t  be made 

w i t h  t he  lessees. 

Cooperat ion was a l s o  i n f l uenced  by t he  q u a l i t y  and d e t a i l  

o f  the records mainta ined by the  company, The l a r g e  Author ized 

C a r r i e r s  u s u a l l y  have soph i s t i ca ted  systems o f  c e n t r a l  records.  

These records were found t o  be gene ra l l y  complete and da ta  c o l l e c -  

t i o n  posed no ser ious  problems i n  these companies once t h e  dec i s i on  

t o  p a r t i c i p a t e  i n  t h e  s tudy was obtained. Th is  was o f t e n  n o t  t he  

case i n  t he  p r i v a t e  f l e e t s .  While acc ident  r e p o r t s  u s u a l l y  a re  

kep t  a t  a  c e n t r a l  l o ca t i on ,  maintenance records a re  o f t e n  kep t  

o n l y  a t  t he  major  dom ic i l e  o f  t h e  veh ic le ,  o r  w i t h  t h e  veh i c l e ,  

and mileage may be a v a i l a b l e  a t  e i t h e r  l o c a t i o n .  Again, t he  f a c t  

t h a t  " t ruck ing" i s  n o t  t he  major business o f  t h e  p r i v a t e  f i r m  

seems t o  be r e f l e c t e d  i n  t h e  s o p h i s t i c a t i o n  o f  t h e  f l e e t  opera t ion ,  

e s p e c i a l l y  f o r  t he  medium and smal l  s i z e  f l e e t s .  Data c o l l e c t i o n  

i s  much more d i f f i c u l t  and poses a g rea te r  inconvenience f o r  t he  

f l e e t  opera to r  i n  these cases. Thus, t h e  p r i v a t e  f l e e t  operator  

i s  somewhat more l i k e l y  t o  choose n o t  t o  p a r t i c i p a t e .  

To summarize the  implementat ion problems, veh i c l es  loca ted  

ou t s i de  the se lec ted  f l e e t s  and areas a re  respons ib le  f o r  much o f  

t he  r educ t i on  i n  sample s i ze .  While se lec ted  owners sometimes 

were n o t  w i l l i n g  t o  p a r t i c i p a t e ,  t h i s  problem was secondary. In 
ca tego r i z i ng  t he  problems by t he  type  o f  f l e e t  se lec ted ,  body 

b u i l d e r s  and l eas i ng  companies posed f a r  and away the  most d i f f i -  

c u l  t y  through t h e  combinat ion of re luc tance  t o  cooperate and d ispersed 

vehic les ,  Some governmental f l e e t s  posed n e a r l y  equal problems 

w i t h  respec t  t o  d ispersed veh i c l es  o r  records.  The governmental pur-  

chasers, however, were u s u a l l y  most h e l p f u l  i n  t r y i n g  t o  meet our 

da ta  needs, solnetimes t o  t he  p o i n t  o f  keeping a d d i t i o n a l  records f o r  

t h i s  p r o j e c t .  Implementat ion went most smoothly i n  t he  Author ized 



Car r i e r s .  Records were usual  l y  complete and eas i  l y  access ib le ,  

and t he  f l e e t  opera to rs  were u s u a l l y  w i l l i n g  t o  cooperate.  P r i v a t e  

f l e e t s  tended t o  have l e s s  complete records which were sometimes 

d i f f i c u l t  t o  access. Perhaps f o r  t h i s  reason, p r i v a t e  f l e e t s  were 

somewhat 1  ess wi  1 1  i ng t o  cooperate. 

Another p roduc t  of t he  implementat ion process i s  t he  iden-  

t i f i c a t i o n  o f  veh i c l es  which a re  n o t  p a r t  o f  the  des i r ed  popu la t ion .  

These a re  r e f e r r e d  t o  as "non-sample" u n i t s .  I n  t h i s  s tudy t he  

des i r ed  popu la t i on  was r e s t r i c t e d  t o  veh i c l es  opera t ing  i n  t he  

cont iguous Un i t ed  S ta tes  d u r i n g  t he  s tudy per iod .  Vehic les  known 

t o  have been manufactured f o r  expo r t  were excluded from t h e  o r i g -  

i na l  sample frame. However, some domes t i ca l l y  s o l d  veh i c l es  a re  

subsequent ly exported, and o the r  veh i c l es  may become inoperab le  

due t o  acc idents ,  f i r e s ,  e t c .  From con tac ts  w i t h  personnel  a t  t h e  

se l ec ted  f l e e t s  i t  was learned t h a t  45 se lec ted  pre-s tandard veh i c l es  

and 50 se lec ted  post -s tandard veh i c l es  were n o t  ope ra t i ng  i n  t he  

cont iguous Un i t ed  States a f t e r  January 1, 3976. Most o f  these 

veh i c l es  had been shipped overseas, b u t  a  few had been scrapped 

due t o  acc idents ,  f i r e s ,  e t c .  These veh i c l es  a re  considered non- 

sample u n i t s ,  and thus t he  numbers o f  e l i g i b l e  se l ec ted  veh i c l es  

have been reduced t o  2,645 pre-s tandard and 2,658 post -s tandard 

t r ucks  and buses. I n  f i v e  o f  t h e  se lec ted  f l e e t s  a l l  of t h e  

se l ec ted  veh i c l es  were "non-sample" u n i t s ,  and thus t he  t o t a l  

number o f  e l  i g i b l e  f l e e t s  has been reduced t o  549. 

I n  e s t a b l i s h i n g  t h e  des i r ed  sample s i zes  f o r  t h i s  s tudy 

i t  had been d i f f i c u l t  t o  es t imate  what k i n d  o f  response r a t e  t o  

expect because no s tudy o f  t h i s  s o r t  had ever been c a r r i e d  o u t  i n  

t h e  t r u c k i n g  i n d u s t r y  before.  It was hoped t o  o b t a i n  p a r t i c i p a t i o n  

by 66% o f  t he  554 se lec ted  f l e e t s  o r  365 f l e e t s ,  and i t  was hoped 

t o  be ab le  t o  s tudy 72% o f  t he  5,398 se lec ted  veh i c l es  o r  3,887 

veh ic les .  I n  regard  t o  f l e e t s ,  t he  H S R I  p r o j e c t  s t a f f  has been 

ab le  t o  achieve i t s  response r a t e  goal .  A t  l e a s t  one se lec ted  



vehicle i s  currently participating in the study from 382 of the 
549 s t i  11-el igi ble selected f lee ts ,  for a resulting f lee t  response 
rate of 69.6%. The total  active sample of 480 f lee ts  and sub- 
f lee ts  currently includes 356 original purchasers operating a t  
least  some of their  purchased vehicles themselves. The remaining 
124 active f lee ts  are owners or lessees who obtained their  selected 
vehicles from 32 of these purchasers, or from 10 purchasers who are 
not currently participating with their  own selected vehicles, or 
from 16 original purchasers who did not retain any of their  selected 
vehicles themselves. However, i t  i s  not possible to  calculate a 
response rate for this  total  of 480 separate currently participating 
operators of selected vehicles because i t  i s  not known to  how many 
sub-fleets non-p~rticipating purchasers have sent their  selected 
vehicles. 

As can be seen i n  Table 3.1, the current response rate 
for vehicles i s  considerably lower than had been hoped for ,  about 
56% for the pre-standard sample and about 67% for the post-standard 
sample. Overall the current weighted selected vehicle response 
rate i s  61.3%. HSRI f ie ld staff are continuing to  work on obtaining 
participation from re1 uctant f leets  and on tracing missing or sold 
vehicles, and i t  i s  anticipated that the final weighted vehicle 
response rate will be a t  least  68%. The lower response rate for 
the pre-standard vehicles reflects the greater likelihood that 
such vehicles are no longer with their  original purchaser and thus 
are more d i f f icu l t  t o  locate. 

The effect of non-response must be considered when inter- 
preting the result  of any survey. An evaluation of this  effect 
requires information on the characteri s t ics  of the non-response 
group. If the characteristics of the non-response group are 
different from the responding group, then the sample results will 
be biased. The amount of bias i s  a function of the size of the 
difference and the size of the non-response group. Unfortunately, 



TABLE 3.1 

UNWEIGHTED AND WEIGHTED RESPONSE RATES FOR THE 
PRE-STANDARD AND POST-STANDARD VEHICLE SAMPLES 

Vehic les 

PRE- STANDARD: 
N 

Wtd N 

POST- STANDARD : 
N 

Wtd N 

TOTAL : 
N 

Wtd N 

E l i g i b l e  
Sample 

2645 
682 1 

2658 
5427 

5303 
12248 

P a r t i c i p a t i n g  
Samp 1 e 

1492 
3853 

1685 
3655 

31 77 
7508 

P a r t i c i p a t i n g  
Response Rate 

56.4 
56.5 

63.4 
67.3 

59.9 
61 - 3  

Dai 1y Mileage 
I n f o  Sample 

1099 
2630 

1175 
2482 

D a i l y  Mileage 
Response Rate 

41.6 
38.6 

44.2 
45.7 



almost no th ing  i s  knownof the  veh ic les  which could n o t  be loca ted .  

I n  Chapter 4, d i s t r i b u t i o n s  by manufacturer and GVWR c lass  a re  

compared f o r  the  responding veh ic les  and t he  t o t a l  popu la t ion .  

The f a c t  t h a t  these d i s t r i b u t i o n s  a re  comparable imp l i es  t h a t  

t h e  non-responding veh ic les  should have s im i  1  a r  c h a r a c t e r i s t i c s .  

Fur ther  work wi 11 be d i r e c t e d  towards ob ta i n i ng  i n fo rma t i on  on 

the  non-responding veh ic les .  A t  t h i s  p o i n t ,  t he  reader should be 

caut ioned t h a t  t he  magnitude o f  t he  non-response i n  t h i s  study 

has the  p o t e n t i a l  t o  b i as  t he  observed r e s u l t s  i f  the  experiences 

o f  the  non-response veh ic les  a re  apprec iab ly  d i f f e r e n t  from those 

o f  the  responding veh ic les .  

A  f i n a l  area o f  concern a t  t h e  complet ion o f  t he  imple- 

mentat ion phase i s  t he  o v e r a l l  q u a l i t y  o f  t he  da ta  co l l ec ted .  Our 

present  assessment i s  prov ided i n  the f o l  1  owing paragraphs. 

Mi leage data a re  accurate and complete. Odometer readings 

a re  u s u a l l y  recorded i n  maintenance o r  o the r  company records. 

Maintenance i n fo rma t i on  i s  more d i f f i c u l t  t o  obta in .  Mon i to r ing  

o f  maintenance da ta  has o n l y  been es tab l i shed  f o r  about 70% o f  

the  s tudy veh ic les .  For these veh ic les ,  the i d e n t i f i c a t i o n  o f  the  

component r epa i red  and t he  type o f  work performed i s  nea r l y  always 

adequate. However, we f i n d  t h a t  the  records a v a i l a b l e  t o  us do 

n o t  always i nc l ude  minor work l i k e  adjustments, no r  do they inc lude  

warranty  work, The exc lus ion  o f  some minor work i n  some o f  t he  

records being monitored does n o t  seem t o  be a  ser ious  problem. 

Records on warranty work, however, a re  almost never kep t  by t he  

t r u c k  owner. Our e f f o r t s  t o  c o l l e c t  t h i s  i n f o rma t i on  from dea le rs  

when they a re  i d e n t i f i e d  i s  seldom successfu l .  I n  general ,  warranty 

work i s  n o t  inc luded  i n  t he  maintenance data c o l l e c t e d .  Another 

problem i s  t h a t  we a re  n o t  ab le  t o  v e r i f y  t he  opera t iona l  s t a tus  

o f  the  brake system. We have found t h a t  owners n e a r l y  always 

respond t h a t  the  system i s  100% opera t iona l  w i t h  no mod i f i ca t i ons  

(except f o r  bus owners who have been d i r e c t e d  t o  d isconnect  



components). We have no o the r  means o f  assessing ope ra t i ona l  

s t a tus .  

The number o f  acc iden t  r e p o r t s  rece ived  i s  o n l y  about 1/5 

t h e  expected number. While t he  o r i g i n a l  es t imate was 1  i t t l e  more 

than a  guess, l a r g e  v a r i a t i o n s  i n  t h e  apparent r e p o r t i n g  t h resho ld  

have been observed from f l e e t  t o  f l e e t .  Some f l e e t s  do keep 

records on even t h e  most minor  acc iden ts  which may i n v o l v e  o n l y  

down t ime  and no p rope r t y  damage, w h i l e  o the rs  say they  keep 

records on o n l y  BMCS r e p o r t a b l e  acc idents  ($2,000 p rope r t y  o r  any 

i n j u r y ) .  I n  general ,  f l e e t s  which were expected t o  have h i ghe r  

acc iden t  r a t e s  ( s t r a i g h t  t r u c k s  i n  l o c a l  d r i v i n g  environments) 

o f t e n  have t he  poorest  records.  Th is  s i t u a t i o n  i s  n o t  expected 

t o  b i as  t h e  comparison o f  pre-  and post -s tandard veh i c l es  ( t h e  

m a j o r i t y  o f  t he  f l e e t s  have bo th  t ypes) .  F i n a l l y ,  i n  those f l e e t s  

w i t h  maintenance records,  we f i n d  t h a t  c o l l  i s i o n  damage i s  u s u a l l y  

i nd i ca ted .  Th i s  p rov ides  what would seem t o  be a  f a i r l y  good 

n o t i f i c a t i o n  o f  acc iden t  involvement.  

3.4 Study Vehic les and F l e e t s  

Th i s  sec t i on  presents  d e s c r i p t i v e  i n f o r m a t i o n  on t he  

veh i c l es  and f l e e t s  c u r r e n t l y  p a r t i c i p a t i n g  i n  t h e  study. Sampling 

weights  have n o t  been taken i n t o  account i n  the  p repa ra t i on  o f  

these t abu la t i ons .  S i m i l a r  t ab l es  us ing t he  sampling weights  a re  

shown i n  Chapter 4. Table 3.2 shows t h e  number o f  s tudy veh i c l es  

by brake type  i n  each exposure category.  These ca tegor ies  a re  

de f i ned  by t h e  f o l l o w i n g  va r i ab l es  and l e v e l s :  

Va r i ab l e  Level  s  

1. Veh ic le  Type S t r a i g h t  Truck, T rac to r ,  
and School Bus 

2. T r i p  Length Local  , I n t e r c i t y  
3. F l e e t  Size,  i . e .  Small (1-49) ; Large (50+) 

A l l  Power U n i t s  
4. C a r r i e r  Type P r i va te ;  For H i r e  



TABLE 3.2 

UNWEIGHTED DISTRIBUTION OF STUDY VEHICLES BY EXPOSURE CELL 

liZe I / Llcal I n t e r -  
C i t v  

PRE-STANDARD VEHICLES: --- 
F l e e t  

Small 
(1  -49) 

M iss ing  P r i v a t e  1 53 27 
Data For H i r i !  0 

C a r r i e r  

i a r g e  
(50+) 

POST-STANDARD VEHICLES: 

S t r a i g h t  T r k  

p r i v a t e  
For Hire  

F l e e t  I C a r r i e r  I S t r a i g h t  T rk  

61 30 
33 16 

P r i v a t e  
For Hire  

I n t e r -  lize / Type I heal city 

69 56 
1 14 

(1-49) For Hire  

Large P r i v a t e  
(501) I For Hire  

I 

147 170 
7 13 

Miss ing  
Data 

T rac to r  I School Bus I 

TOTAL 

P r i v a t e  
For Hire  

306 328 

- - - -  - 

T r a c t o r  ( School Bus I 

I n t e r -  
c i t y  

31 69 
6 0 

I n t e r -  
] 

c i t y  

I 

I n t e r -  I n t e r -  
C i t v  I bcal C i tv  

TOTAL 

TOTAL 



Considerable v a r i a t i o n  e x i s t s  i n  t he  number o f  veh ic les  per  c e l l .  

Sampling c o n t r o l  cou ld  on l y  be exer ted  on t he  number o f  veh ic les  

per purchaser snd t h e  brake type (pre-  and post -s tandard) .  D is-  

t r i b u t i o n  across the  o the r  exposure va r i ab l es  was l e f t  t o  chance. 

Small numbers o f  veh ic les  i n  these c e l l s  b a s i c a l l y  r e f l e c t  a  low 

frequency o f  occurrence. For exanple, t he re  are ve ry  few "For 

H i r e "  school bus f l e e t s ,  and as a  consequence, very few s tudy 

veh i c l es  f a l l  i n  t h i s  category.  Table 3.3 shows t he  unweighted 

percentage d i s t r i b u t i o n  o f  s tudy veh i c l es  f o r  t he  same exposure 

ca tegor ies .  

I n  Chapter 5, acc iden t  r a t e s  a re  computed f a r  6 exposure 

c e l l s  de f i ned  by t he  i n t e r v a l s  o f  v e h i c l e  type and t r i p  d is tance.  

The unweighted numbers and percentages o f  s tudy veh i c l es  i n  these 

c e l l s  a re  shown i n  Table 3.4. The percentcges f o r  each v e h i c l e  

t ype  a re  q u i t e  d i f f e r e n t  f o r  t he  pre- and post -s tandard veh ic les .  

Approximately 66% o f  t he  pre-standard veh ic les  a re  t r a c t o r s  w h i l e  

o n l y  34% o f  t he  post -s tandard veh ic les  a re  t r a c t o r s .  School 

buses account f o r  about 10% o f  the  pre-standard veh ic les  and 28% 

o f  t he  post -s tandard veh ic les .  These d i f fe rences  presumably 

r e f l e c t  a d i f f e r e n c e  i n  t he  sa les p a t t e r n  f o r  the  pre-  and pos t -  

standard veh ic les .  

Table 3.5 shows t he  unweighted d i s t r i b u t i o n  o f  s tudy 

veh i c l es  by t he  s i z e  o f  the  f l e e t  the  v e h i c l e  i s  loca ted  i n .  

F l e e t  s i z e  i s  determined by the  t o t a l  number o f  a i r -b raked  power 

u n i t s  owned by t h e  f l e e t .  These d i s t r i b u t i o n s  a re  f a i r l y  cornpar- 

ab le  w i t h  rough ly  equal numbers o f  veh ic les  i n  t he  t h ree  s i z e  

categor ies .  I t  must be remembered t h a t  t h i s  unweighted d i s t r i -  

b u t i o n  i s  g r e a t l y  i n f l uenced  by t he  sample design s ince  smal l  

purchases o f  veh i c l es  were under-sampled and l a r g e  purchases were 

over-sampled. 

Table 3.6 shows t he  breakdown o f  s tudy veh ic les  by whether 

they a re  loca ted  i n  p r i v a t e  o r  " f o r  h i r e "  f l e e t s .  Approximately 



TABLE 3.3 

UNWEIGHTED PERCENT DISTRIBUTION OF STUDY VEHICLES 
BY EXPOSURE CELL 

PRE-STANDARD VEHICLES : 

POST-STANDARD VEHICLES : 
- - 

Fleet 
Size 

Small 
(1  -49) 

Large 
(SO+) 

Missing 
Data 

Carrier 
TY pe 

Private 
For Hire 

Private 
For Hire 

Private 
For Hire 

TOTAL 

Size 

Small 
(1-49) 

Large 
(SO+) 

Missing 
Data 

Straight Trk 
Local Inter- 

% City % 

4.1 2.0 
2.2 1.1 

4.6 3.7 
0.1 0.9 

3.6 1.8 
0.0 0.0 

14.5 9.6 

Carrier 
TY pe 

private 
For Hire 

Private 
For Hire 

Private 
For Hire 

TOTAL 

Tractor 
Local Inter- 

% City % 

1.6 7.1 
0.4 3.0 

1.2 9.3 
10.1 31.9 

0.5 0.8 
0.0 0.1 

13.9 52.2 

Straight Trk 
b c a l  Inter-  

% City % 

6.4 3.9 
0.4 0.7 

8.7 10.1 
0.4 0.8 

1.8 4.1 
0.4 0.0 

18.2 19.5 

School Bus 
Local Inter-  

% City % 

4.2 0.2 
0.3 0.3 

4.2 0.2 
0.1 0.0 

0.4 0.0 
0.0 0.0 

9.1 0.7 

Tractor 
Local Inter- 

% City % 

2.0 6.4 
0.8 1.1 

2.0 1.6 
3.2 15.7 

0.4 1.0 
0.0 0.1 

8.2 25.9 

TOTAL 
% 

19.2 
7.2 

23.3 
43.2 

7.0 
0.1 

100.0 

School Bus 
i aca l  in te r -  

% City % 

9.1 0.4 
1.6 0.2 

14.7 0.2 
0.7 0.1 

1.1 0.0 
0.0 0.0 

27.3 0.9 

TOTAL 
% 

28.1 
4.8 

37.4 
20.9 

2 . 4  
0.4 

100.0 



TABLE 3.4 

UNWEIGHTED DISTRIBUTION OF STUDY VEHICLES 
BY EXPOSURE--6 CELLS 

POST-STANDARD VEHICLES : 

PRE-STANDARD VEHICLES: 

Vehic le  Type 

S t r a i g h t  Truck 

T rac to r  

School Bus 

TOTAL 

Vehic le  Type 

S t r a i g h t  Truck 

T rac to r  

School Bus 

TOTAL 

Local 1 i n t e r - c i t y  1 TOTAL 
9' Freq /O 

217 14.5 

207 13.9 

136 9.1 

560 37.5 

Local 

Freq % 

306 18.2 

139 8.2 

460 27.3 

905 53.7 

I 

% 
I' 

Freq Freq % 
I 
I 

I n t e r - C i  t y  

Freq % 

328 19.5 

437 25.9 

15 0.9 

780 46.3 

143 9.6 

779 52.2 

10 0.7 

932 62.5 

TOTAL 

Freq % 

634 37.6 

576 34.2 

475 28.2 

1 1685 100.0 

360 24.1 

986 66.1 

146 9.8 

1492 100.0 



TABLE 3.5 

UNWEIGHTED DISTRIBUTION OF STUDY VEHICLES 
BY FLEET SIZE 

TABLE 3.6 

UNWEIGHTED DISTRIBUTION OF STUDY VEHICLES 
BY CARRIER TYPE 

POST-STANDARD VEHICLES 
Frequency Percent 

554 32.9 

646 38.4 

336 19.9 

149 8.8 

1685 100.0 

Fleet Size 

Small 
(1-49) 

Med i um 
(50-399) 

Large 
(400t) 

Missing 
Data 

TOTAL 

PRE-STANDARD VEHICLES 
Frequency Percent 

395 26.5 

378 25.4 

539 36.1 

I 

I blj 12.0 

1492 100.0 

POST-STANDARD VEHICLES 
Frequency Percent 

1245 73.9 
440 26.1 

1685 100.0 

Carrier Type 

Private 
For Hi re 

TOTAL 

PRE-STANDARD VEHICLES - 
Frequency Percent 

740 49.6 
752 50.4 

1492 100.0 



50% o f  the  pre-standard veh ic les  are i n  p r i v a t e  f l e e t s  w h i l e  nea r l y  

74% o f  the  post -s tandard veh ic les  a re  i n  p r i v a t e  f l e e t s .  Again, 

t h i s  d i s t r i b u t i o n  i s  in f luenced by changes i n  t he  sa les  pa t t e rns .  

The prev ious t ab les  a l l  presented d i s t r i b u t i o n s  o f  veh ic les .  

Comparable t a b l e s  w i l l  now be presented desc r i b i ng  t he  f l e e t s  those 

veh i c l es  a re  l oca ted  i n .  Table 3.7 shows t he  unweighted d i s t r i -  

b u t i o n  o f  f l e e t s  by exposure category as def ined by t y p i c a l  t r i p  

length,  f l e e t  s i ze ,  and c a r r i e r  type. (No at tempt  was made t o  

cha rac te r i ze  f l e e t s  by brake type o r  v e h i c l e  type s ince  many have 

veh i c l es  o f  more than one type. ) Near ly  52% o f  the  f l e e t s  i n d i -  

cated t h a t  t h e i r  t y p i c a l  t r i p  was w i t h i n  t : ~ e  l o c a l  v i c i n i t y .  

Al though most o f  these f l e e t s  a re  smal l ,  the  prev ious t ab les  

i n d i c a t e d  t h a t  38% o f  the  pre-standard and 54% o f  the  post -s tandard 

veh i c l es  a re  t y p i c a l l y  i nvo l ved  i n  l o c a l  t r i p s .  

An unweighted breakdown o f  t he  s tudy f l e e t s  by c a r r i e r  

type i s  shown i n  Table 3.8. Approximately 78% are p r i v a t e  and 

22% " f o r  h i r e . "  The unweighted d i s t r i b u t i o n  o f  t he  study f l e e t s  

by f l e e t  s i z e  i s  shown i n  Table 3.9. Small f l e e t s  c o n s t i t u t e  

nea r l y  66% o f  the  study f l e e t s ,  w h i l e  l a r g e  f l e e t s  a re  4%. I n  

making these p r e l i m i n a r y  t abu la t i ons  i t  was discovered t h a t  m iss ing  

da ta  e x i s t e d  on f l e e t  s i z e  i n  n e a r l y  7% o f  the  s tudy f l e e t s .  Com- 

p l e t e  i n fo rma t i on  w i l l  be obta ined on subsequent company v i s i t s  

i n  these cases. The smal l  f l e e t  s i z e  category i s  shown i n  more 

d e t a i l  i n  Table 3.10. One o b j e c t i v e  o f  t he  s tudy design was t o  

i nc l ude  owner-operators and smal l  f l e e t s  i n  t he  eva lua t ion .  O f  

course, t o t a l  f l e e t  s i z e  was n o t  known, o n l y  the  number o f  new 

veh ic les  purchased s ince  January, 1974. From the  unweighted d i s -  

t r i b u t i o n  i n  Table 3.10 i t  i s  ev iden t  t h a t  apprec iab le  numbers 

of s l  ng le -veh ic le  owner-operators (39) and o the r  small f l e e t s  a re  

c u r r e n t l y  p a r t i c i p a t i n g  i n  t h e  study. These small f l e e t s  which 

compose 66% o f  t he  study f l e e t s  i n c l u d e  about 33% o f  t he  study 

veh ic les .  



TABLE 3.7 

UNWEIGHTED DISTRIBUTION OF STUDY FLEETS 
BY EXPOSURE CATEGORY 

TABLE 3.8 

F l e e t  
Size 

Small 
(1-49) 

Medium 
(50-399) 

Large 
(400+) 

Missing 
Data 

UNWEIGHTED DISTRIBUTION OF STUDY FLEETS 
BY CARRIER TYPE 

C a r r i e r  
TY pe 

Private 
ForHire 

Private 
ForHire 

b 

C a r r i e r  Type 

PRIVATE 

FOR HIRE 
Common 
Contract 
Exempt 

TOTAL 

* 
Frequency Percent 

370 78.1 

6 7 14.1 
3 1 6.5 
6 1.3 

474 100.0 
4 

TOTAL 

Freq % 

250 52.1 
62 73.1 

84 17.7 
27 5.7 

USUAL TRIP LENGTH 

9 1.9 
10 2.1 

27 5.7 
5 1.1 

474 100.0 

Local 

Freq % 

145 30.6 
25 5.3 

53 11.2 
3 0.6 

Private 1 5 1 .I 

I n t e r - C i  t y  

3 0.6 
2 0.4 

10 2.1 
0 0.0 

133 28.1 

For Hire 

Private 
ForHire 

TOTAL 

< 200 M i .  
Freq % 

67 14.1 
18 3.8 

16 3.4 
17 3.6 

1 0;2 
7 1.5 

5 1.1 
3 0.6 

95 20.0 

1 0.2 

12 2.5 
2 0.4 

246 51.9 

> 200 M i .  
Freq % 

38 8.0 
19 4.0 

15 3.2 
7 1.5 



TABLE 3.9 

UNWEIGHTED DISTRIBUTION OF STUDY FLEETS 
BY FLEET SIZE* 

*Number o f  a i r -b raked  power u n i t s .  

TABLE 3.10 

UNWEIGHTED DISTRIBUTION OF STUDY FLEETS 
BY FLEET SIZE* FOR SMALL FLEETS 

*Number o f  a i r -b raked  power u n i t s .  

c 

F l e e t  S ize 

1 
2 
3 
4 
5 

6-10 
11-20 
21 -30 
31 -49 

TOTAL 

Frequency Percent 

3 9 8.2 
25 5.3 
15 3.2 
16 3.4 
15 3.2 
46 9.7 
63 13.3 
4 2 8.9 
5 1 10.8 

31 2 65.8 



3.5 Data Processing 

As data c o l l e c t i o n  implementation continued, data began 

f l ow ing  i n t o  HSRI. Systems were es tab l i shed  t o  keep t r a c k  of the 

data, moni tor  i t s  q u a l i t y ,  reduce i t  t o  machine readable form, 

and c rea te  data f i l e s  s u i t a b l e  f o r  analys is .  The f o l l o w i n g  sec- 

t i o n s  descr ibe the  var ious a c t i v i t i e s .  

3.5.1 Data Form Receipt  and Storage. A t  t he  beginn ing 

o f  the  data c o l l e c t i o n  phase, a f i l i n g  system was s e t  up t o  r ece i ve  

and s to re  the  d8ta forms. Th i r ty -seven f i l e  drawers were s e t  up 

(one f o r  each area p lus  a miscel laneous drawer) w i t h  a f i l e  pocket 

f o r  each f l e e t .  W i th i n  each f i l e  pocket was space f o r  t h e  Com- 

pany Desc r i p t i on  forms and f o r  each vehic le .  

As the  var ious data forms a r r i ved ,  they were screened f o r  

l e g i b i l i t y  and f i l e d  i n  t he  appropr ia te  f o l d e r .  Any notes o r  

comments rece ived from the  f i e l d  ( e i t h e r  v i a  the  data form o r  f rom 

the  f i e l d  manager) were a l s o  f i l e d .  

Two record  systems were es tab l i shed  t o  keep t r a c k  o f  each 

a rea ' s  data c o l l e c t i o n  progress. A manual record  notebook f o r  

each area was prepared t o  keep a w r i t t e n  record  o f  the  s ta tus  o f  

t he  area. Also a computer based f i l e  ( F l e e t  and Vehic le  Status 

F i l e )  was es tab l i shed  whereby a data card was begun f o r  each f l e e t  

and veh i c l e  which achieved a c t i v e  s ta tus .  Th is  system al lowed f o r  - 
checking i n  each form, t r a c k i n g  i t s  coding through t he  f i l e - b u i l d  

process, and p e r m i t t i n g  automatic summaries o f  the  s ta tus  of each 

data form. Summaries were prepared showing which f l e e t ,  veh ic le ,  

and data forms had been completed and which were y e t  t o  be begun 

o r  completed. 

Once e d i t e d  and coded, each da ta  form was re tu rned  t o  i t s  

f o l d e r  f o r  permanent storage. 

3.4.2 Data Q u a l i t y  Moni tor ing.  Steps were taken t o  i nsu re  

t he  q u a l i t y  o f  the data as i t  f lowed i n t o  HSRI. The data forms, as 



they arrived for f i l ing  were reviewed by HSRI s t a f f .  This pur- 
pose was two-fold. Firs t ,  the data forms from the in i t i a l  v i s i t  
were scanned as to completeness and consistency of the data,  and 
each f l ee t  contact was reviewed by HSRI s ta f f  and the f ie ld  manager 
to evaluate the data source, t o  monitor the quality, and t o  pro- 
vide for follow-up of any problem d d r i n g  the implementation. As 
additional data forms were received from the quarterly v is i t s  , 
each was scanned before f i  1 ing. 

As a part of the data reduction process, each form was 
edited prior to  coding. The editing process consisted of reviewing 
a f l ee t  folder (containing a1 1 vehicles) for consistency across 
the f l ee t  and within the region. Legibility, completeness of 
response, and consistency of response were the primary factors 
reviewed. Where errors,  omissions, or discrepancies were noted, 
they were corrected ei ther  by reference t o  other information or 
by re-contacting the f ie ld  manager or f ie ld data collector. Data 
quality control pervaded a1 1 aspects of the record keeping and 
data reduction phases, and effor ts  i n  each phase are described in 
that section. However, a conscious e f for t  was undertaken to 

review each data form as a separate effor t .  

3.5.3 Data Reduction. After each data form had been 
edited i t  was reduced to  a machine readable form through a coding 
process. Coding forms were prepared t o  serve as the vehicle 
between the data form and the key entry process. Each data form 
had a corresponding coding form (or several forms) upon which 
the desired codes were entered. Below i s  a l i s t  of the forms and 
the i r  use. 

Coding Form - Use 

FLEET SELECTION CRITERION Record f l ee t  selection/vehicle 
selection parameters and 
basic f l ee t  identification 
and size information 

FIELD MANAGER REPORT Code the Field Manager Report data 



COMPANY DESCRIPTION Code the Colnpany Description data 
VEHICL'Z DGSCRIPTION Code the Ve,iicle Description data 
MILEAGE CODING FORM #I Code the quarterly mileage for the 

f i r s t  three quarters to  provide 
immediate mi leage information 

MAINTENANCE AND MILEAGE Code the maintenance data, quarters 
4-6 mi leage, and any previous 
mileages not  recorded on the 
Mileage Coding Form #1 

ACCIDENT COUNT DATA FILE Code the accident date and type for 
a l l  incoming accidents to  provide 
a count of accidents 

HSRI ACCIDENT REPORT Code a l l  relevant information con- 
cerning each accident 

A majority of the data entries have their  code table printed 
on the form. Where t.ables were long or repeated, often reference 
cards were prepared for easy use by the coders. Often the editing 
and coding were performed a t  the same time and were done by area, 
again to  enhance qua1 i t y  control and to  make the most eff ic ient  
use of staff time. 

The f i r s t  groups of forms t o  be coded were the Company, 
Fleet, Field Manager, and Fleet Selection forms by area. Then the 
Mileage Coding Form $1 and Vehicle Description forms were completed 
followed by a coding of the maintenance data and accident count 
f i l e s .  The accident form was the las t  to  be coded on a batch basis. 
Subsequent data coding exercises followed the same batch processing. 

Following the coding of each type or group of data forms, 
the coding forms were keypunched onto punched cards. 

3.5.4 File Building. As each data form was keypunched i t  
was accumulated in a f i l e  until sufficient l ike cards were avail- 
able for the f i l e  building process. 

This data f i l e  building process consisted of four dis t inct  
operations: (1) error checking, ( 2 )  f i l e  construction, ( 3 )  error 
checking, and ( 4 )  f i l e  combination. 



( 1 )  Error Checking: Special purpose computer programs 
were prepared for each data form t o  provide for a check on the 
code values. The common checks were for incorrect value ranges 
and for consistency checks. Also some relational checks were 
made. Typical errors included o u t  of range codes, missing entr ies ,  
inconsistent coding among s i m i  i ar data i terns, and improper re1 a t i  on- 
ships between variables. The errors were l is ted out along with 
case number to  f ac i l i t a t e  tracking and correcting the errors. 
Once detected in this  manner the errors were corrected. Dis- 
covered coding errors were less than .5%. 

( 2 )  File Construction: The f i l e  construction consisted 
of feeding the data into the HSRI SR Computer Data Analysis System 
for formatting and building into a usable data analysis f i l e .  One 
f i l e  for each coding form was created. The process included gen- 
erating the desired variables (dictionary) and specifying the data 
values to  be included. This i s  largely a machine process yielding 
a data f i l e ,  a dictionary, and an error l i s t .  Errors were again 
tracked down and corrected. 

( 3 )  Error Checking: Error checking was again undertaken, 
th i s  time util izing the power of the computer and a bui l t  data set  
to check for relational type errors and consistency. For example, 
i f  a vehicle i s  equipped with 121 brakes, then a l l  brake related 
questions should ref lect  this .  Errors were discovered and corrected. 
Fol lowing th is  exercise, several complete and corrected data f i  les 
existed. They were: 

1 .  Fleet File 
2 .  Vehicle File 
3 .  Mileage File 
4. Accident Count File 
5. Maintenance File 
6. Accident File* 
7 .  Trip Information File* 

*As of the interim report, these f i l e s  had not been created. 
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( 4 )  F i l e  Combination: To p rov ide  f o r  usable data f i l e s ,  

several  data f i l e s  were created ou t  o f  these s i n g l e  f i l e s .  The 

f o l l o w i n g  descr ibes each f i l e .  

1.  FLEET F I L E  -- con ta in ing  F l e e t  Analys is  var iab les  f o r  480 

f l e e t s ,  one record  per  f l e e t ,  and in fo rmat ion  on the  se lected 

f l e e t s  as obtained from th ree  data forms. . 

Form F S :  F l e e t  and Vehic le  Se lec t ion  Record des- 

c r i  b ing  f l e e t  s e l e c t i o n  and sampling parameters 

as w e l l  as the  f l e e t  sampling frame t o t a l s  and 

the  se lected f l e e t  sample s izes.  

Form FM: F i e l d  Manager Report d e t a i l i n g  the  s ta tus  

o f  the  f l e e t  contacts  and data c o l l e c t i o n  imple- 

mentat ion and g i v i n g  the f i e l d  manager's impression 

o f  the  f l e e t .  

Form CD: Company Descr ip t ion  p rov id i ng  in fo rmat ion  

about the  o rgan iza t ion  and opera t jon  o f  t he  company, 

i t s  maintenance p rac t i ces ,  and f l e e t  s ize.  

2. VEHICLE F I L E  -- con ta in ing  d e s c r i p t i v e  i nformat i  on on 3,188 

vehic les,  one record  per  veh ic le ,  and d e s c r i p t i v e  in fo rmat ion  

about each veh i c l e  i n  the  f l e e t .  Inc luded i s  in fo rmat ion  con- 

cern ing  the veh i c l e  make, model, body s t y l e ,  t y p i c a l  use, and 

brake in fo rmat ion  by axle.  

3. THE COMBINED ANALYSIS P I L E  -- c ~ n t a i  n i ng  se lected FI  e e t  and 

Vehic le  ana lys is  var iab les  as w e l l  as t he  Mileage and Accident 

Count va r iab les ,  one record  per  veh i c l e  i n  which there  i s  any 

associated mileage en t ry .  To ta l  e n t r i e s  = 2,613. The Combined 

F l e e t  and Truck Analys is  F i l e  i s  a  combination o f  f ou r  data f i l e s  

which permi t  speedy access t o  d e s c r i p t i v e  in fo rmat ion  about the  

sample o f  f l e e t s ,  t h e i r  associated vehic les,  accumulated mileage 

and acc ident  frequency. The f o u r  s u b - f i l e s  ( cons i s t i ng  o f  on l y  

a c t i v e  f l e e t s  and veh ic les )  which make up the  Combined Analys is  

F i l e  are:  



a. Fleet AnaZysis FiZe 
b. Vehicle Analysis File 
c. Mileage File 
d .  Accident Count File 

Sub- f i l es  fa)  and (b)  above are subsets o f  va r i ab les  from the  

F l e e t  and Veh ic le  Ana lys is  F i l e s  r e s p e c t i v e l y  and pe rm i t  a des- 

c r i p t i o n  o f  t he  sample f l e e t s  and sample veh ic les .  The Mi leage 

F i  l e  conta ins i n fo rma t i on  concerning t he  m i  leage accumulated by 

each veh i c l e  f o r  t h e  s tudy per iod.  The Accident Count F i l e  con- 

t a i n s  no ta t i ons  as t o  when an acc ident  occurred and t h e  type o f  

accident.  The Combined Ana lys is  F i l e  prov ides a  d e s c r i p t i o n  o f  

t he  veh i c l es '  exposure and can be used t o  compute acc iden t  r a t e s  

(acc idents  pe r  hundred nvi 11 i o n  veh i c l e  m i les ) .  

4.  MAINTENANCE FILE -- con ta in i ng  se lec ted  F l e e t  and Veh ic le  

va r i ab les  as w e l l  as t he  Maintenance Var iab les,  one reco rd  pe r  

maintenance en t ry .  To ta l  e n t r i e s  = 8,308. The Maintenance F i l e  

i s  composed o f  two sub - f i  l es .  

a. Selected Combined FiZe Vmiables 
b. The Maintenance File 

Cer ta i n  va r i ab les  which descr ibe  t he  veh ic le ,  i t s  company 

and opera t ion  were se lec ted  from t h e  Combined F i l e  and coupled t o  

. the  Complete Maintenance A c t i v i t y  F i l e .  Each maintenance a c t i v i t y  

i s  1  i s t e d  as a  separate record.  

5 .  SPECIAL COMBINED FILE -- con ta in i ng  - a1 1 veh ic les  f rom the  F l e e t  

F i l e ,  t he  Vehic le  F i l e ,  and a l l  acc idents  repor ted  f o r  - a l l  veh ic les  

whether veh i c l e  mi leage i s  a v a i l a b l e  o r  no t ,  one record  p e r  vehic le .  

To ta l  e n t r i e s  = 3,188. 

A document desc r i b i ng  each ana l ys i s  data f i l e  w i t h  associ-  

a ted  i n fo rma t i on  was prepared f o r  use i n  analyz ing t h e  s tudy data. 

Contained i n  t h i s  book le t  a re  t he  f o l l ow ing :  ( a )  F ive  Var iab le  
L i s t s ,  ( b )  A Set of Code Tables, ( c )  A Set of Data Forms Keyed t o  

t h e  F l e e t  and Vehic le  Ana lys is  F i l e s ,  (d)  A J u l i a n  Day-Gregorian 

Day Conversion Table, and (e)  Marginal  D i s t r i b u t i o n s  w i t h  Means 

f o r  Each Data F i l e  (except  t h e  Specia l  Combined F i l e ) .  



4. DESCRIPTION OF THE SAMPLIYG FRAME 

This  sec t i on  presents d e s c r i p t i v e  s t a t i s t i c s  on t h e  veh ic les  

and purchasers inc luded  i n  t he  sampling frame. Since t h e  pur-  

chasers and veh ic les  were se lec ted  w i t h  known p r o b a b i l i t i e s ,  the  

c o l l e c t e d  sample data p rov ide  a bas is  f o r  a  d e s c r i p t i o n  o f  t h e  

segment o f  t h e  t r u c k i n g  i n d u s t r y  inc luded  i n  t he  sampl i n g  frame. 

As descr ibed i n  Chapter 2, t h i s  frame cons is ted  o f  175,210 pre- 

standard veh ic les  and 41,974 post -s tandard veh ic les  produced by 

seven major manufacturers and so ld  t o  98,299 purchasers between 

January, 1974 and February, 1976 (Table 2.6). Taken i n  t o t a l ,  

these s t a t i s t i c s  p a r t r a y  a  s t r i k i n g  p i c t u r e  o f  t h e  changes i n  t he  

sa les and use o f  a i r -b raked  t r ucks  du r i ng  t h e  pe r i od  o f  implemen- 

t a t i o n  o f  FMVSS 121. 

The s t a t i s t i c s  presented a re  computed by we igh t ing  t he  

observat ions f o r  each s tudy v e h i c l e  by i t s  sampling weight.  The 

sampling weight  i s  p ropo r t i ona l  t o  t he  inverse  o f  t h e  veh i c l e  

s e l e c t i o n  probabi 1  i ty. N i n e t y - f i v e  percent  conf idence i n t e r v a l s  

a re  a l s o  computed t o  show the  accuracy o f  these s t a t i s t i c s .  Th is  

i n t e r v a l  i s  computed as - + 2 t imes t he  standard e r r o r .  The s i z e  o f  

t he  standard e r r o r  depends on t h e  s i z e  o f  t he  sample, t h e  charac- 

t e r i s t i c s  o f  t he  sample design ( s t r a t i f i c a t i o n ,  c l u s t e r i n g ,  e t c .  ) , 
and t he  ex ten t  o f  homogeneity i n  t he  d i s t r i b u t i o n  o f  the  v a r i a b l e  

o f  i n t e r e s t  among t h e  pr imary sampling areas. The s t a t i s t i c a l  

meaning o f  t he  95% conf idence i n t e r v a l  i s  t ha t ,  p r i o r  t o  t he  data 

c o l l e c t i o n ,  t he  odds a re  on l y  one i n  twenty t h a t  t h e  t r u e  value 

of t he  s t a t i s t i c  w i l l  f a l l  ou ts ide  the computed conf idence i n t e r v a l .  

I n  general ,  t h e  sampl i n g  e r r o r s  (and conf idence i n t e r v a l s )  

computed from t h e  p re l im ina ry  data f i l e s  a re  q u i t e  l a r g e  consid- 

e r i n g  t he  sample s i zes  invo lved.  Ana lys is  o f  t he  sampling e r r o r s  

f o r  a  number of v e h i c l e  c h a r a c t e r i s t i c s  i n d i c a t e s  t h a t  these e r r o r s  



are two t o  four times the error expected in a simple random sample. 
This result  i s  due to  the considerable homogeneity of the vehicle 
characteristics found within f lee ts  and areas. The effect of this  
observed homogeneity i s  increased by the relatively small number 
(36) of primary sample units (geographic areas).  

The reader should also be reminded that the confidence 
intervals presented -- do n o t  take into account any possible non- 
response error.  This error will be negligible i f  the character- 
i s t i c s  of the non-responding vehicles are not appreciably differ-  
ent from those of the participating vehicles. This topic was 
discussed in more detail in Section 3.3. 

Descriptive s t a t i s t i c s  on the vehicles are presented in 
Section 4.1. Descriptive s t a t i s t i c s  on the purchasers of these 
vehicles are presented in Section 4 .2 .  

4.1 Description of the Vehicles 

This section presents descriptive information on the vehicles 
in the sampling frame. Data elements for these tabulations come 
from the Vehicle Description Form described in Section 3.2 and 
shown in Appendix B. The s t a t i s t i c s  presented delineate signif- 
icant differences in the types of vehicles and their  use. 

The in i t i a l  tables presented are an attempt to compare data 
pub1 ished in other sources which describe the total  sampling frame 
with estimates computed from the sample. This information i s  
followed by descriptive information which compares the vehicles 
in the pre- and post-standard sampling frames. 

I f  some descriptive information i s  available for b o t h  the 
sample and the total  sampling frame, one can then check for possible 
bias in the sample by comparison. One such comparison involves the 
vehicle manufacturer. The results of  th i s  comparison for both the 
pre- and post-standard samples are shown in Table 4.1. This 



TABLE 4.1 

COMPARISON OF MANUFACTURER PROPORTIONS FOR THE WHOLE FRAME 
AND THE ACTIVE SAMPLE VEHICLES 

I PRE-sTANDARD VEHICLES n POST-STANDARD VEHICLES 
Manufacturer - A~Y:; :$'Tame % Act ive  Sample Unwtd. % Ac t i ve  Sample Wtd. % 

Chevrol e t  10.4 4.0 5.4 (+ 2.8) 9.2 5.5 11.1 (5 7.0) 

Dodge 1 0.3 0.0 0.0 I 0.1 0.1 0.03 

Ford 23.9 26.5 ( k 8 . 0 )  46.3 44.8 (+10.0) 

Fre ight1 i n e r  3.1 4.7 ( t  4.8) 2.4 5.6 ( 2  5.8) 

GMC 1 10.9 9.1 10.2 (? 5.0) # 8.8 5.2 7.0 (+ 3 -2 )  

I n t l  Harvester 1 31.7 36.7 35.3 (510.4) 11 33.8 35.8 26.4 (+  5.4) 

Mack 1 8.3 10.6 10.1 (+ 4.4) 1 5.3 2.4 1.3 (+ 1 -41  

White 1 5.9 12.5 7.7 (2 5.6) 11 3.8 2.0 2.2 (5  2.6) 

~ u t o  Car I -- 0.0 0.0 II -- 0.1 0.5 (* 1.0) 

White Western 

N, WTD N 

- - 0.2 0.1 (2  0.2) 

1492 3852 

- - 0.3 1.2 (* 2.4) 

1686 3656 
-- 



comparison shows some differences between the frame and sample 
percentages for the different manufacturers, especially between 
the frame percentages and the unwei ghted sample percentages. 
However, as would be expected, the use of the sample weights tends 
to reduce most o f  the sample and frame differences t o  amounts that 
are within the sampling error.  

Another comparison i s  provided by Table 4 .2  i n  which the 
estimated total  factory sales of pre- and post-standard vehicles 
in Classes 6 ,  7 ,  and 8 are compared with the weighted distributions 
of the active pre- and post-standard samples in these three classes. 
In th is  comparison b o t h  samples appear t o  be somewhat lower than 
would be expected in Class 8 ,  b u t  whether this  i s  a real bias or 
an a r t i f ac t  of inadequate estimation formulae for determining 
factory sales of ai r-braked vehicles cannot be ascertained. In 
any event, b o t h  the factory sales and the sample data agree in 
indicating a post-standard decline in average GVWR for air-braked 
vehicles. 

The major objective of th is  study i s  a comparison of acci- 
dent rates (accidents per one hundred mil lion vehicle miles) for 
the pre- and post-standard vehicles t o  determine the safety impact 
of FMVSS 121. However, other factors such as the driving environ- 
ment also influence the accident rate for any vehicle. The com- 
parison between pre- and post-standard vehicles will only be valid 
insofar as these exposure variables are controlled for in the 
analysis. The analysis approach for this  study i s  to  categorize 
the exposure (mileage) by the various types of vehicle usage. 
Adjustments will have t o  be applied i f  the populations of  pre- 
and post-standard vehicles are distributed differently across the 
exposure categories. A d irect  comparison cannot be made i f  the 
usage i s  not the same. For this  reason, the exposure distribution 
of the pre- and post-standard vehicles in the sampling frame i s  of 
central interest .  





The exposure ca tegor ies  are def ined by f o u r  va r i ab l es .  

These va r i ab l es  and t h e i r  l e v e l s  are:  

Var iab le  Level s  

1  Veh ic le  Type S t r a i g h t  Truck, T rac to r ,  School Bus 
2 T r i p  Distance Local ,  I n t e r c i t y  
3  F l e e t  S ize Small i i -49) ,  Large (50+), Unknown 
4  C a r r i e r  Type P r i va te ,  For H i r e  

The f l e e t  s i z e  v a r i a b l e  i s  based upon the  t o t a l  number o f  a i r -  

braked u n i t s .  A t h i r d  category  i s  shown f o r  t h i s  v a r i a b l e  t o  

i nc l ude  t he  6-8% miss ing  data which i s  present  i n  t he  p r e l i m i n a r y  

data f i l e s  used t o  produce these t abu la t i ons ,  There a re  almost 

no miss ing data on the  o the r  th ree  exposure va r iab les .  The pro-  

p o r t i o n s  o f  pre-  and post -s tandard veh ic les  i n  t he  exposure cate-  

gor ies  de f ined  by these va r i ab l es  are shown i n  Table 4.3. 

Combining the  data i n  Table 4.3, t he  p ropo r t i ons  o f  pre-  

standard and post -s tandard veh ic les  i n  t he  has ic  s i x  exposure 

c e l l s  de f i ned  by veh i c l e  type and t r i p  d is tance  a re  shown i n  

Table 4.4. Apprec iab le  d i f ferences can be seen i n  these propor-  

t i o n s  f o r  the  pre- and post -s tandard veh ic les .  These d i f f e r e n c e s  

and the  95% confidence values assoc ia ted w i t h  them are  shown i n  

Table 4.5 where i t  can q u i c k l y  be seen t h a t  t r a c t o r s  make up a  

s i g n i f i c a n t l y  l a r g e r  p ropo r t i on  o f  the  pre-standard popu la t i on  

than o f  the  post -s tandard popula t ion.  A poss ib le  exp lana t ion  f o r  

these d i f f e r e n c e s  i n  t h e  t ype  o f  v e h i c l e  purchased be fo re  and 

a f t e r  t he  standard may be t he  re luc tance  o f  some f l e e t s  t o  purchase 

t he  121-equipped veh ic le .  The l a rge ,  over- the-road f l e e t s  would 

have been most i n c l i n e d  t o  a1 t e r  t h e i r  purchases, and bes t  ab le  

f i n a n c i a l l y  t o  do so. Small f l e e t s  and munic ipa l  f l e e t s  may have 

been l ess  l i k e l y  t o  do so. I n  f a c t ,  i n  e a r l y  1975, as t he  e f f e c -  

t i v e  date o f  the  standard approached, i n d u s t r y  pub1 i c a t i o n s  repor ted  

t h a t  l a r g e  f l e e t s  were "over-buying" pre-s tandard 1974 and 1975 

vehic les ,  presumably t o  avo id  purchasing the  121 u n i t s .  I f  the  



TABLE 4 . 3  

WEIGHTED PROPORTIONS OF VEHICLES 

PRE-STANDARD : 

F l e e t  C a r r i e r  S t r a i g h t  Truck Trac to r  

S ize  TY pe I n t e r -  I n t e r -  
Ci t v  Local C i t v  

Small P r i v a t e  11.0% 3.4% 5.3% 12.0% 
(1-49) For Hire 3.5 4.5 0.2 5,9 

Large j P i i v a t e  / 2.4 2.1 0.4 7.7 
( 5 0 4  F o r t l i r e  0.1 0.4 5.9 18.1 

Unknown P r i v a t e  2.0 1 . 7  1 For Hi r i i  0.0 0.0 1 A:; A:; 
TOTAL 19.0 12.1 13.0 43.0 

POST- STANDARD : 

F l e e t  C a r r i e r  
S ize  

Small 
( 1 - 4 9 )  

- -  - 

Trac to r  

Large 
( 5 0 t )  

Unknown 

Inter- 
Ci tv 

P r i v a t e  
F o r H i r e  

WTD N = 3,655 

17.2% 10.6% 
1 . 8  1.6 

p r i v a t e  ] 6.7 5.1 

I n t e r -  TOTAL 
C i  tv 

For Hire 

P r i v a t e  
For Hire 

TOTAL 

School Bus 

0.2 0 .4  

0 .8  1 .9  
0 . 3  0.0 

27.0 19.6 
-- 

I n t e r -  
Ci t v  

N = 1,685 

7 

TOTAL 

60.9% 

33.0 



TABLE 4.4 

WEIGHTED PROPORTIONS OF VEHICLES--6 EXPOSURE CELLS 

(95% CONFIDENCE INTERVAL) 

Pre-Standard N = 1492 WTD N = 3853 
Post-Standard N = 1685 WTD N = 3655 

V e h i c l e  Type 

PRE-STANDARD: 
S t r a i g h t T r u c k  
T r a c t o r  
Bus 

TOTAL 

POST- STANDARD : 
S t r a i g h t  Truck 
T r a c t o r  
Bus 

TOTAL 

TABLE 4.5 

WEIGHTED DIFFERENCES I N  THE PROPORTIONS OF 
PRE- AND POST-STANDARD VEHICLES-- 

6 EXPOSURE CELLS 

Loca l  I I n t e r c i t y  I i TOTAL 

% C I 

19.0 (14.6)  
13.1 (26.4) 
10,7 (26.6) 

42.8 (k8.6) 

27.1 (k8.8)  
8.3 ( i 5 . 8 )  

18.9 ( t 7 . 2 )  

54.3 (27.2) 

% C I 

V e h i c l e  Type 

S t r a i g h t  Truck 
T r a c t o r  
School Bus 

TOTAL 

% C I 

I n t e r c i t y  
% C I 

7.5 (26.2) 
-17.6 ( t 1 4 . 0 )  

- - - - 
-11.5 ( t11.8)  

Loca l  
% C I 

8.2 (510.2) 
-4.8 (55.4)  

8.1 ( t 5 . 8 )  

11.5 (211.8) 

TOTAL 
% C I 

15.6 (112.8) 
-22.4 (214.4) 

6.8 (27.2) 

12.0 (24.6) 3 1 . 0  ( r 7 . 0 )  
42.9 (k10.2)  

2.2 (53.0) 

57.2 (28.6) 

19.5 ( t 7 . 0 )  
25.3 ( t6 .6)  

0.9 (20.6) 

45.7 ( i 7 . 2 )  

5 6 . 0 ( + 1 1 . 0 )  
13.0 (28.0)  

100.0 

46.6 ( r9 .8 )  
33.6 (28.4) 
19.8 ( t 7 . 4 )  

100.0 



over-buyi  ng was more p reva len t  i n  the  1  arge over- the-road f l e e t s ,  

the  d i s t r i b u t i o n  o f  v e h i c l e  t ype  would be d l t e r e d  s ince  these 

f l e e t s  purchase t r a c t o r s  p r i m a r i l y .  The p ropo r t i on  o f  veh ic les  

used f o r  i n t e r c i t y  t r i p s  would, o f  course, a1 so be in f luenced .  

Th is  t r e n d  was a ided by an economic slump which t he  t ruck 'ng 
I 

i n d u s t r y  experienced i n  1975. 

Weighted d i s t r i b u t i o n s  o f  veh ic les  by f l e e t  s i z e  a re  shown 

i n  Table 4.6. The d i f f e r e n c e  i n  the  p ropo r t i ons  o f  pre-  and pos t -  

standard veh i c l es  l oca ted  i n  smal l ,  medium, and l a r g e  f l e e t s  i s  

o n l y  s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  t h e  medium s i z e  f l e e t s .  The 

weighted p ropo r t i ons  o f  veh ic les  loca ted  i n  " p r i v a t e "  and " f o r  

h i r e "  f l e e t s  i s  shown i n  Table 4.7. The d i f f e rences  i n  these 

p ropo r t i ons  f o r  pre- and post -s tandard veh ic les  a re  s t a t i s t i c a l l y  

s i g n i f i c a n t  a t  the  95% l e v e l .  The g rea te r  p ropo r t i on  o f  pre-  

s tandard veh ic les  i n  " f o r  h i r e "  f l e e t s  i s  cons i s t en t  w i t h  t he  

over-buying o f  1  arge over- the-road f l e e t s  s ince  these a re  mos t l y  

" f o r  h i r e . "  

Table 4.8 and 4.9 present  two o the r  k inds o f  d e s c r i p t i v e  

i n f o rma t i on  about the  pre-standard and post-standard veh ic les  

broken down by v e h i c l e  type. These a re  gross v e h i c l e  weight  

r a t i n g  and cab s t y l e .  I n  regard  t o  GVWR, a i r -b raked  t r a c t o r s  and 

buses have about the  same d i s t r i b u t i o n s  bo th  be fo re  and a f t e r  t he  

implementat ion of t he  121 standard, w i t h  most t r a c t o r s  i n  Class 8  

and most buses i n  Class 6. However, f o r  s t r a i g h t  t r ucks  t he re  

appears t o  be a s u b s t a n t i a l  d e c l i n e  i n  average GVWR i n  t he  post -  

standard per iod ,  Th is  and t he  p ropo r t i ona te  increase i n  s t r a i g h t  

t r u c k  purchases i n  the  post -s tandard pe r i od  undoubtedly account 

f o r  the  o v e r a l l  dec l i ne  i n  Class 8  veh ic les  noted i n  Table 4.2. 

I n  regard t o  cab s t y l e ,  the  post -s tandard t r a c t o r s  seem 

s u b s t a n t i a l l y  more 1 i k e l y  than t he  pre-standard t r a c t o r s  t o  have 

a cab-over o r  t i l t  cab s t y l i n g  w i t h  o r  w i t hou t  a  s leeper  (50.8% 

cab-over s t y l e  f o r  t he  post -s tandard t r a c t o r s  and 34.3% f o r  the  



TABLE 4.6 

WEIGHTED PROPORTIONS AND DIFFERENCES OF PRE- AND POST-STANDARD 
VEHICLES BY FLEET S I Z E  

(95% CONFIDENCE INTERVAL) 

TABLE 4.7 

Brake Type 

Pre-Standard 
Post-Standard 

D i f f e rence  

WEIGHTED PROPORTIONS AND DIFFERENCES OF PRE- AND POST-STANDARD 
VEHICLES BY CARRIER TYPE 

(95% CONFIDENCE INTERVAL) 

FLEET S I Z E  

Sma 1 1 
(1  -49) 

% C I 

56.0 ( t 9 .8 )  
60.8 (k9.0) 

4.9 (k13.2) 

Brake Type 

Pre-Standard 

Pos t-Standard 

Di f fe rence  

Med i um 
(50-399) 
% C I 

15.4 ( t 4 .4 )  
23.4 (k7.0) 

8.1 ( t 7 . 6 )  

CARRIER TYPE 

Large 
(4oo t )  

% C I 

19.9 ( t 8 . 2 )  
9.4 ( ~ 8 . 2 )  

-10.6 ( ~ 1 1 . 6 )  

P r i  vate 
% C I 

60.3 (k11.2) 

81.6 (k7.2) 

21.4 (214.8) 

Unknown 

% 

8.7 
9.4 
-- 

For H i  r e  
% C I 

39.7 (k11.2) 

18.4 (L7.2) 

-21.4 (214.8) 



TABLE 4.8 

GVWR WEIGHTED PROPORTIONS BY VEHICLE TYPE 

(95% CONFIDENCE INTERVAL) 

PRE-STANDARD VEHICLES : 
I I 

Weight Class S t r a i g h t  
Trucks T rac to rs  Buses A1 1 

Vehic les 

Class 5 1.4 4.0 2.9 
< 19,000# 1 (k4.0) 5 g 2  ( t 2 .2 )  (28.0) (51 .6) 

Class 6 2.4 76.2 15.7 
19,001-26,000# ( t3.8)  (k27.8) (k6.6) 

Class 7 1 29.2 10.1 19.8 17.3 
26,001-33,000# ( ('9.4) (k6.8) (k25.4) ( t6 .4 )  

Class 8 . 85.8 0.0 63.2 
> 33,OOO# ( t10.4) ( t8 .4 )  (57.0) 

Unknown 0.2 0.0 0.8 
(53.4) ( t o .  4) (k1 ,o) 

TOTAL 100.1 99.9 100.0 99.9 

POST-STANDARD VEHICLES : 
I 

Weight Class I ::::;,ght T rac to rs  A1 1 Buses Vehic les 

Class 5 
< 19,000# 

2 . 5  0.6 3.3 2.0 
(23.4) ( 4 . 2 )  (55.4) (51.8) 

Class 6 
19,001-26,000# 

Class 7 
26,001-33,000# 

-- - - 

TOTAL 99.9 100.1 99.7 100.0 

18.2 3.8 74.0 24.4 
(k10.0) ( t4 .8)  (522.0) (t lO.O) 

39.6 8.8 22.4 25.9 
(514.2) (56.2) (519.4) (59.6) 

Class 8 
> 33,000# 

Unknown 

- - 

39.3 86.7 0.0 47.5 
( t15.8) ( t8 .2 )  (29.6) 

0.3 0.2 0.0 0.2 
(+o .4) (k0.2) ( t o  .2)  



TABLE 4.9 

CAB STYLE WEIGHTED PROPORTIONS BY VEHICLE TYPE 

(95% CONFIDENCE INTERVAL) 

PRE-STANDARD VEHICLES : 

Cab S t y l e  1 Straipht t o r s  Buses A1 1 
Trucks Vehi c i  es 

Convent ional  o r  
Long Convent ional  

S h o r t  
Convent ional  

Cab Over o r  1 26.8 12.3 
T i 1  t Cab I ( t12.6)  ( + 6  ,O) 

Cab Over o r  T i 1  t 
Cab w i t h  S leeper  

TOTAL 100.0 100.0 100.0 100.1 

POST-STANDARD VEHICLES : 
I 

Cab Style !jtrai ght T r a c t o r s  Buses A1 1 I Trucks Veh ic les  
- -- - 

Convent ional  o r  
Long Convent ional  

S h o r t  15.5 13.3 
Convent ional  1 (k12.2) (21 1.4) 

Cab Over o r  32.1 
T i l t  Cab (26.8) (21 9.2) 

Cab Over o r  T i 1  t 18.7 
Cab w i t h  S leeper  (20. 2) ( f14.2) 

TOTAL 100.0 100,O 100.0 99.9 



pre-standard t r a c t o r s ) .  The post-standard s t r a i g h t  t r ucks  a re  

cons iderab ly  less  l i k e l y  t o  have such cab s t y l i n g  than the  pre- 
- 

standard s t r a i g h t  t r ucks  (9.2% cab-over s t y l e  f o r  the  post-standard 

s t r a i g h t  t r ucks  and 27.5% f o r  t he  pre-standard s t r a i g h t  t r ucks ) .  

Th is  l a t t e r  d i f f e r e n c e  seems cons i s t en t  w i t h  t he  dec l i ne  i n  average 

s i z e  o f  t he  post-standard s t r a i g h t  t rucks .  

Two o the r  t ab l es  o f  i n t e r e s t  concern the  post-standard 

veh ic les  on ly .  Table 4.10 presents data on the  cu r ren t  opera t iona l  

s t a tus  o f  the 121 brakes. Th is  shows t h a t  the  brakes have been 

mod i f ied  on on l y  about 5% o f  the post-standard s t r a i g h t  t r ucks  

and t r a c t o r s ,  bu t  the  brakes have been modif ied on about one-half 

of the post-standard buses. By f a r ,  the  most f requent  m o d i f i c a t i o n  

invo lves  d isconnect ing the a n t i - l o c k  system, a  m o d i f i c a t i o n  which 

was o f i c i a l l y  author ized f o r  buses by NHTSA i n  January 1976. Only 

0.5% o f  the  pre-standard veh ic les  are repor ted  t o  have mod i f ied  

t h e i r  o r i g i n a l  brakes by the  a d d i t i o n  o f  an a n t i - l o c k  system. 

Table 4.11 shows the d i s t r i b u t i o n  o f  the  121 a n t i - l o c k  

system i n  t he  post-standard sample among s i x  major system manufac- 

t u re r s .  On the  bas is  o f  these sample f i nd i ngs  i t  appears t h a t  

Kelsey-Hayes and Eaton tend t o  dominate t he  market. 

4.2 Desc r i p t i on  o f  the  Purchasers 

Th is  sec t ion  prov ides a d e s c r i p t i o n  o f  the  purchasers o f  

the  t r ucks  on the  manufacturers '  sales l i s t s .  The d e s c r i p t i v e  

in fo rmat ion  obtained f o r  the  study f l e e t s  i s  weighted i n  propor- 

t i o n  t o  the  inverse  o f  t he  s e l e c t i o n  p r o b a b i l i t y  f o r  each f l e e t .  

Several qua1 i f i  c a t i  ons must accompany these r e s u l t s .  F i r s t ,  these 

r e s u l t s  do n o t  necessa r i l y  descr ibe the popu la t ion  o f  a l l  owners 

of a i r -braked vehic les .  These r e s u l t s  on l y  descr ibe the  f l e e t s  

( o r  i n d i v i d u a l s )  who purchased a i  r -braked veh ic les  produced du r i ng  

the  pe r i od  January 1, 1974-February 1, 1976. As discussed i n  

Chapter 2, on l y  about h a l f  o f  t he  veh ic les  manufactured a f t e r  the  



TABLE 4.10 

OPERATIONAL STATUS OF BRAKES ON REAR-MOST AXLE 
OF POST-STANDARD TRUCKS AND BUSES 

(95% CONFIDENCE INTERVAL) 

Brake Status 

TABLE 4.1 1 

Trucks 1 Buses I I A1 1 Vehicles 

As O r i g i n a l l y  
Equi pped 

Ant i -Lock 
Disconnected 

Some Other 
M o d i f i c a t i o n  

Both Disconnected 
Ant i -Lock & Another 
M o d i f i c a t i o n  

ANTI-LOCK MANUFACTURERS FOR POST-STANDARD TRUCKS AND BUSES 

(95% CONFIDENCE INTERVAL) 

95.1 (k5.8) 

4.6 (k5.8) 

0.1 (k0.2) 

0.2 (k0.4) 

49.4 (520.2) 

37.8 (514.0) 

11.3 (221.8) 

1 . 2 ( + 2 . 0 )  

A l l  Vehicles 

14.5 ( t  7.0) 

5.0 ( 2  4.6) 

34.6 ( =  9.2) 

40.5 (510.0) 

1.6 (5  1 .6)  

3 . 8 ( + 3 . 6 )  

86.0 ( t 7 .8 )  

11.2 ( t5 .6 )  

2.4 (k4.6) 

0 . 4 ( + 0 . 4 )  

Buses 

13.2 (214.8) 

3.6 (+  4.4) 

28.6 (111.8) 

53.4 (222.8) 

1.3 ( +  1.8) 

O .O(  - -  

Ant i -Lock 
Manufacturers 

A.C. 

Bendi x 

Eaton 

Kel sey-Hayes 

Rockwell 

Wagner 

Trucks 

14.8 (t 6.4) 

5.4 ( t  6.2) 

36.2 ( +  9.4) 

37.1 ( t10.4)  

1.7 (5  2.2) 

4 . 8 ( + 6 . 0 )  



121 standard took e f f e c t  had names o f  purchasers l i s t e d  i n  t he  

manufacturers '  records a t  t he  t ime  the  l i s t s  were obta ined.  Th i s  

c o n d i t i o n  f u r t h e r  l i m i t s  t h e  popu la t i on  o f  owners f rom which the  

sample was drawn. 

A second qual  i f i c a t i o n  a r i s e s  f rom the  sampling approach 

used. The o b j e c t i v e  was t o  o b t a i n  a  sample o f  t rucks ,  n o t  f l e e t s .  

F l e e t s  on l y  represen t  c l u s t e r s  o f  veh i c l es  f o r  data c o l l e c t i o n  

purposes. Rather than t r y  t o  o b t a i n  a  un i f o rm  sample o f  f l e e t s ,  

the  sample des ign c a l l e d  f o r  l a r g e  f l e e t s  t o  be over-sampled 

(se lec ted  w i t h  h igher  p r o b a b i l i t i e s ) .  It a l s o  c a l l e d  f o r  f l e e t s  

w i t h  bo th  pre- and post -s tandard veh i c l es  t o  be over-sampled as 

compared w i t h  f l e e t s  which purchased o n l y  pre-s tandard o r  o n l y  

post -s tandard keh i c l es .  Th i s  was done because da ta  c o l l e c t i o n  

cos ts  per  v e h i c l e  a re  lower  i n  a  l a r g e r  f l e e t .  The e f f e c t  o f  

these f ac to r s  i s  t h a t  t he  conf idence i n t e r v a l s  tend t o  be l a r g e r  

f o r  t he  f l e e t  s t a t i s t i c s  than f o r  t h e  v e h i c l e  s t a t i s t i c s  because 

t h e  design was n o t  t a i l o r e d  t o  these est imates.  

Another qual  i f i  c a t i o n  addresses a d d i t i o n a l  f l e e t s  ("sub- 

f l e e t s " )  which a re  inc luded  i n  t he  study. These a d d i t i o n a l  f l e e t s  

a r i s e  when se lec ted  veh i c l es  a re  found t o  be l oca ted  i n  f l e e t s  

o t h e r  than t he  se lec ted  f l e e t .  Th i s  occurs when t he  v e h i c l e  i s  

so ld ,  o r  when t h e  se lec ted  " f l e e t "  i s  a  body-bu i lder  o r  l esso r .  

O f  554 f l e e t s  o r i g i n a l l y  se lected,  356 a re  p a r t i c i p a t i n g  and 

inc luded  i n  t he  p r e l  im ina ry  da ta  f i l e s .  D e s c r i p t i v e  i n f o rma t i on  

on 124 a d d i t i o n a l  " sub - f l ee t s "  i s  a l s o  inc luded  i n  t he  p r e l i m i n a r y  

f i l e s .  However, o n l y  26 o f  the  sub - f l ee t s  a re  inc luded  i n  t he  

d e s c r i p t i v e  s t a t i s t i c s  presented. These 26 sub - f l ee t s  represen t  t h e  

16 se lec ted  purchasers who a re  n o t  p a r t i c i p a t i n g  w i t h  the  se lec ted  

veh i c l es  which they  r e t a i n e d  and t h e  10 se lec ted  purchasers who have 

n o t  r e t a i n e d  any o f  t h e i r  se lec ted  veh ic les .  The remain ing 98 

sub - f l ee t s  a re  n o t  inc luded  i n  these t ab les  because t h e i r  prob- 

ab i  1  i t i e s  o f  se l ec t i on ,  and t h e r e f o r e  t h e i r  sample weights,  a re  



n o t  known since they were not directly selected during the sampling 

process. 

A t  th is  point i t  should also be recalled that names and 

addresses were obtained for nearly four times as many pre-standard 

as post-standard vehicles. Sampling probabi 1 i t i e s  were chosen t o  
yield approximately equal sample sizes from each group. However, 

these results are weighted by the inverse of the selection prob- 

ab i l i t i e s ,  and therefore are estimates for the original total  

population of 1 isted purchasers during the 25-month period. This 

population contains approximately four times as many purchasers 

of pre-standard vehicles as post-standard vehicles. Thus, the 

purchaser weights vary from a high of 76.4 for Cell 2 f lee ts  t o  
.207 for the largest participating Cell 16 f lee t .  

Table 4.12 presents the weighted distribution of f lee ts  by 

exposure category. Three exposure variables are shown, typical 

t r i p  distance, f l ee t  s ize,  and I C C  status.  Fleets are no t  dichot- 

omized by brake status,  since most selected f lee ts  which purchased 

121 -equipped vehicles also had purchased pre-standard vehicles. 

Nearly one-half of the f lee ts  indicated that their  typical t r i p  

was within the local vicinity,  and only 16% indicated that their  

typical t r i p  was intercity and a one-way distance greater than 

200 miles. 

Overall distributions by f l ee t  size and carr ier  type are 

shown in Tables 4.13 and 4.14 respectively. Fleet size categories 

are based on the total  number of air-braked power units owned by 

the company. On this  basis, 85% of the f leets  have less than 50 

vehicles and only 0.5% have more than 400 air-braked power units. 

Table 4.14 indicates that about 74% of the f leets  are private. 

The 95% confidence interval on th i s  s t a t i s t i c  i s  64%-84%. Only 

8.9% of the f lee ts  reported that they were operating divisions 

of a larger corporation. 



TABLE 4.12 

WEIGHTED DISTRIBUTION OF FLEETS BY EXPOSURE CATEGORY 
(95% CONFIDENCE INTERVAL) 

N = 376 WTD N = 6542 

FLEET SIZE 

Small (1-49) : 
Private 

For Hire 

Medium (50-399): 
Private 

For Hire 

LOCAL 

34.3 (k10.6) 
5.9 (2 5.0) 

I 

2.7 (t2.6) 
0.0 -- 

i 

TOTAL 

62.3 (t10.8) 
23.1 ( +  9.4) 

6.0 (k4.6) 
1.3 ( +  0.6) 

INTERCITY 

Large (400+) : 
Private 

For Hire 

Unknown : 
Private 

For Hire 

TOTAL 

0.1 ( +  0.2) 
0.4 (20.4) 

5.6 (t 5.2) 
1.2 (t 2.4) 

100.0 -- 

< 200 Mi 1 es 

21.4 (t7.2) 
10.4 ('7.8) 

2.6 (23.2) 
0.8 (i0.4) 

0.0 -- 
0.1 ('0.2) 

2.7 (k3.2) 
0.0 -- 

38.1 C+11.0) 

0.1 (kO.1) 
0.1 (t0.2) 

1.7 (t 1.6) 
1.2 (t 2.4) 

45.9 (t10.6) 

>200 M i  1 es 

6.7 (25.4) 
6.8 (k4.4) 

0.8 (t0.8) 
0.4 (t0.4) 

0.0 -- 
0.2 ('0.2) 

1.2 (k2.4) 
0.0 -- 

16.0 (27.2) 



TABLE 4.13 

WEIGHTED DISTRIBUTION OF FLEETS BY FLEET SIZE 
(95% CONFIDENCE INTERVAL) 

N = 376 WTD N = 6542 

Fleet Size 

Small (1-49) 

Medi urn (50-399) 

Large (400t) 

Unknown 
TOTAL 

TABLE 4.14 

WEIGHTED DISTRIBUTION OF FLEETS BY CARRIER TYPE 
(95% CONFIDENCE INTERVAL) 

I Weighted Distribution 
% 

85.4 

7.3 

0.5 

6.8 

100.0 

N = 376 WTD N = 6542 

C I 
(k6.2) 

(k4.8) 

(+O. 4) 
- - 
- - 

Carrier Type 

Private 

For H i  re 
Corrunon 
Contract 
Exempt 

TOTAL 

Weighted Distribution 
% 

74.1 

25.9 

14.9 
7.5  
3 . 5  

100.0 

C I 

(29.6) 

(59.6) 

( k 5 . 4 )  
( k 6 . 4 )  
(24.0) 



While, in general, the confidence intervals on these sta- 
t i s t i c s  are large, i t  i s  important to realize that a very large 
proportion of  the f lee ts  included in the sampling frame are small, 
private f leets  (62% - + 11%). The large, "for hire" f lee ts  are only 
0.5% of the total number of f leets .  However, these f leets  have 
approximately one quarter of the pre-standard vehicles and one- 
tenth of the post-standard vehicles. 

Information on driver assignment practices i s  given in 
Table 4.15. The majority of companies (62%) assign vehicles to  a 
particular driver. However, in approximately 2 0 0 t h  driver 
may be assigned to any vehicle on a given day. The final 17% 

are owner-operators. 

Table 4. 'i 6 presents additional information on the geographic 
aspects of the sample f lee ts '  operations. While Table 4.12 showed 
that 46% of the f lee ts  considered their  average t r i p  t o  be a local 
one, Table 4.16 shows that 60% of the f lee ts  a t  least  sometimes 
make local t r ips .  About one-sixth operate both locally and intra- 
s ta te ,  and 6% operate local ly , intra-state,  and i nter-state. 
About two-fifths travel only in the local area or commercial zone, 
and a further 30% do n o t  customarily travel between s tates .  

In regard to type of cargo carried, almost three-quarters 
of the f leets  (73%) said they carried specialized cargo of various 
kinds. About  one-sixth (17.4%) said they carried general commod- 
i t i e s ,  5.6% reported carrying primarily exempt commodities, and 
3% were not cargo carrying vehicles (cranes, f i r e  trucks, e t c . ) .  
Two-thirds of the f lee ts  report that their  trucks generally travel 
back home empty, while 22.3% are company loaded. 

One item of  special interest  in regard to  121 brakes i s  the 
company policy toward the coup1 ing of 121 -braked t ra i  lers  with 
non-121-braked tractors and vice versa. Of the 70 f leets  which 
reported owning both post-standard tractors and post-standard 



TABLE 4.15 

WEIGHTED DISTRIBUTION OF FLEETS BY 
GENERAL DRIVER ASSIGNMENT POLICY 

(95% CONFIDENCE INTERVAL) 

Driver Assi gnment 

COMPANY CONTROLLED 
Assignment Seat 
Slip Seat 
Not Speci f i ed 

TABLE 4.16 

OWNER/OPERATOR 1 17.4 

WEIGHTED DISTRIBUTION OF FLEETS BY 
GEOGRAPHIC AREA OF OPERATION 

Weighted Distribution 

(k7.8) 

(95% CONFIDENCE INTERVAL) 

% 

61.5 
19.8 
1.3 

N = 376 WTD N = 6542 

Geographic Area of Operati on 

C I 

(k7.6) 
(25.6) 
(t2.2) 

Local Only 
Commercial Zone Only 
Intra-State Only 
Inter-State Only 
Local and Intra-State 
Local and Inter-State 
Local & Intra-State & Inter-State 
Commercial Zone and Intra-State 
Commercial Zone and Inter-State 
Commercial Zone & Intra-State & Inter-State 
Intra-State and Inter-State 

TOTAL 
Total Local 
Total Commercial Zone 
Total Intra-State 
Total Inter-State 

I 
N = 376 WTD N 

Weighted Distribution 
% I C I 



t r a i l e r s  a t  the  t ime o f  implementation, on ly  21% s a i d  i t  was com- 

pany p o l i c y  - not  t o  couple pre-standard t r a i l e r s  t o  post -s tandard 

t r a c t o r s  and v i c e  versa. The conf idence value f o r  t h i s  s t a t i s t i c  

i s  a  l a r g e  24.8, bu t  s t i l l  i t  i s  l i k e l y  t h a t  very  l a r g e  numbers 

o f  mixed t r a c t o r - t r a i l e r  brake combinations a re  c u r r e n t l y  i n  oper- 

a t i on .  

Table 4.17 prov ides i n f o rma t i on  on repor ted  p r e - t r i  p  and 

p o s t - t r i p  i nspec t i on  p rac t i ces .  About one:tenth o f  the  f l e e t s  

r e p o r t  no r e g ~ ~ l  a r  pre- tri p  i n s p e c t i  on and .;hree-tenths r e p o r t  no 

r e g u l a r  p o s t - t r i p  inspec t ion .  Only a  few f l e e t s  use a  check lane 

i nspec t i on  procedure, bu t  about o n e - f i f t h  use a  p r e - t r i p  check 

l i s t  and one-ninth use a  p o s t - t r i p  veh i c l e  c o n d i t i o n  r e p o r t .  For 

most f l e e t s  the  burden o f  these inspec t ions  i s  p r i m a r i l y  on t he  

d r i v e r  w i t h  the d r i v e r  v i s u a l  check be ing the  most common form 

o f  p r e - t r i p  i nspec t i on  and t he  d r i v e r  o r a l  r e p o r t  be ing t he  most 

common p o s t - t r i  p  i nspec t i on  p rac t i ce .  

I n  regard t o  p e r i o d i c  i nspec t i on  p rac t i ces ,  36% of the  

f l e e t s  r e p o r t  r e g u l a r  v i sua l  i nspec t ions  and 45% r e p o r t  r e g u l a r  

w r i t t e n  inspec t ions ,  b u t  19% r e p o r t  n o t  f o l l o w i n g  any r e g u l a r  

p e r i o d i c  i nspec t i on  p r a c t i c e .  For f l e e t s  which r e p o r t  p r a c t i c i n g  

p e r i o d i c  inspec t ion ,  14.9% use company o f f i c i a l s ,  66.9% use com- 

pany maintenance s t a f f ,  and 18.2% use an ou ts ide  r e p a i r  se rv ice  

t o  conduct the  inspec t ions .  

Turn ing t o  p e r i o d i c  maintenance o f  t h e i r  veh ic les ,  Table 

4.18 i n d i c a t e s  t h a t  a  s i m i l a r  percentage o f  f l e e t s  (18.5%) do n o t  

p r a c t i c e  r egu la r  p e r i o d i c  maintenance. Almost two - t h i r ds  of t hc  

f l e e t s  r e p o r t  per forming t h e i r  own mechanical work on t h e i r  veh i -  

c les ,  bu t  on l y  o n e - f i f t h  o f  the  f l e e t s  which do t h e i r  own mech- 

an i ca l  work and have post-standard veh ic les  r e p o r t  be ing equipped 

t o  diagnose problems w i t h  post -s tandard brakes. An even sma l le r  

p ropor t ion ,  14.7%, r e p o r t  t h a t  t h e i r  mechanics have had speci a1 

t r a i n i n g  i n  dea l i ng  w i t h  the  121 brake system. The pr imary sources 



TABLE 4.17 

WEIGHTED DISTRIBUTION OF FLEETS BY INSPECTION PRACTICES 
(95% CONFIDENCE INTERVAL) 

-- 

N = 376 WTD N = 6541 

Inspecti on Practices 

PRE-TRIP INSPECTION: 
Check Lane 
Check List 
Driver Visual Check 
None 

POST-TRIP INSPECTION: 
Check Lane 
Vehicle Condition Report 
Other Driver Written Report 
Driver Oral Report 
Combination of Methods 
None 

Weighted Distribution 
% 

1.6 
21.7 
66.4 
10.3 

0.5 
11.2 
23.2 
35.4 
0.1 

29.6 

C I - 

(t2 .2 )  
(k7.2) 
(k7.6) 
(54.0)  

(10.6) 
(26.8) 
( t 7 . 4 )  
( i 8 . 2 )  
( t o .  1 ) 
(k8.8) 



TABLE 4.18 

WEIGHTED DISTRIBUTION OF FLEETS BY MAINTENANCE PRACTICES 
(95% CONFIDENCE INTERVAL) 

1. Carry O u t  Regular Periodic 
Mai ntenance 

Maintenance Prac t ice  

2. Perform Own Mechanical Work 

3. Perform Own Mechanical Work 
and Have Pos t-Standard - 
Tractors  c -  T r a i l e r s  

Base N 
Unwtd. Wtd. 

4. Equipped t o  Diagnose 121 
Brake Problems (based 
on Category 3) 

Wtd. D i s t r i b .  
% C I 

5. Special Training t o  Mechanics 
on 121 Brakes (based on 
Category 3 )  

6. Source of Special 121 Brake 
Training (based on 
Category 5 ) :  
a. Truck Company Course 
b. Supplier  Course 
c .  Manufacturer Course 
d .  On-the-Job Training 
e. Dealer Training 
f .  Source Unknown t o  

Respondent 



o f  such spec ia l  t r a i n i n g  as had been rece ived were s u p p l i e r  o r  

manufacturer courses. Large f l e e t s  were much more l i k e l y  t o  have 

121 d iagnos is  f a c i l i t i e s  and spec ia l  t r a i n i n g  than were smal l  

f l e e t s ,  b u t  i t  i s  apparent t h a t  t he re  was s t i l l  a  s u b s t a n t i a l  need 

f o r  upgrading o f  121 brake system maintenance c a p a b i l j t i e s  18 

months a f t e r  the  e f f e c t i v e  date o f  the 121 standard. 



5. MILEAGE, ACCIDENTS, AND ACCIDENT RATES 

Over 100 m i l  1  i o n  veh i c l e  m i les  have been monitored du r i ng  

t he  f i r s t  year  o f  da ta  c o l l e c t i o n ,  1976. The in fo rmat io t i  obta ined 

has been processed and s to red  i n  computerized data f i l e s .  Table 

5.1 prov ides an overview o f  the  number o f  veh ic les ,  days, and 

m i l es  which p rov ide  t h e  bas is  f o r  these p re l im ina ry  mileage and 

acc iden t  f i gu res .  These data represent  t he  f i r s t  year  o f  a  two 

year  data c o l  l e c t i o n  e f f o r t .  Mi leage in fo rmat ion  presented i n  

Sect ion 5.1 inc ludes  average m i l es  per  day and d i s t r i b u t i o n s  o f  

t o t a l  m i  leage broken down by exposure category. The corresponding 

acc iden t  counts f o r  each exposure category a re  presented i n  Sec- 

t i o n  5.2, and acc ident  r a t e s  (number o f  acc idents  per  hundred 

m i l l i o n  veh ic le -m i les )  a re  presented i n  Sect ion 5.3. 

5.1 Mileage 

For each veh ic le ,  t he  mi leage i s  computed by sub t rac t i ng  

the  odometer reading a t  t h e  beginn ing o f  t he  mon i to r ing  pe r i od  

from the  odometer reading a t  t he  end o f  the  mon i to r ing  per iod .  

The number o f  days i s  computed by sub t rac t i ng  t he  respec t i ve  Ju l  i a n  

dates. Mi leage i n f o rma t i on  i s  n o t  complete f o r  a l l  veh ic les  and 

a l l  quar te rs  f o r  1976 i n  t he  data f i l e s  used i n  these computations. 

A l l  a v a i l a b l e  i n f o rma t i on  was u t i  1  i z e d  i nc l ud ing ,  i n  some cases, 

mileages f o r  t he  f i r s t  qua r t e r  o f  1977. Overa l l ,  t h e  mi leage 

analyzed represents  an average o f  about t en  months exposure f o r  

each veh ic le .  

An average d a i l y  mi leage i s  computed f o r  each veh i c l e .  

Every calendar day i s  inc luded  i n  t he  denominator on t h i s  d i v i s i o n  

so t h a t  t h i s  f i g u r e  i s  in f luenced  by t he  amount o f  t ime t h e  v e h i c l e  

i s  o u t  of se r v i ce  as w e l l  as the  average t r a v e l i n g  speed when t h e  

v e h i c l e  i s  i n  se rv ice .  Vehic les  a re  then grouped by exposure 



category  and t he  mean m i l e s  per  day i s  computed f o r  each category  

by brake type.  The exposure va r i ab l es  used and t h e i r  l e v e l s  a re  

l i s t e d  below: 

Va r i ab l e  Levels  

1. Veh ic le  Type S t r a i g h t  Truck, T rac to r ,  School Bus 
2, T r i p  Dis tance Local  , I n t e r c i t y  
3. C a r r i e r  Type P r i va te ,  For H i r e  
4. F l e e t s i z e ,  i . e .  Small (1-49);  Large (50+) 

A l l  Power U n i t s  

These f o u r  v a r i a b l e s  d e f i n e  24 ca tegor ies  w i t h i n  which 

comparisons can be made by brake type.  The use of t he  exposure 

ca tegor ies  a r i s e s  f rom t h e  assumption t h a t  f a c t o r s  o the r  than t h e  

presence o f  121 brakes on t h e  v e h i c l e  in f l l rence t h a t  v e h i c l e ' s  

acc iden t  r a t e .  I n  p a r t i c u l a r ,  d i f f e r e n t  usage environments repre -  

sent  d i f f e r e n t  r i s k s  o f  acc iden t  involvement,  The use o f  these 

exposure ca tegor ies  i s  an a t tempt  t o  c o n t r o l  f o r  t he  major  con- 

founding f a c t o r s  which i n f l u e n c e  t h e  acc iden t  r a t e s  above and 

beyond t h e  e f f e c t  o f  t he  121 brakes. Many o the r  va r i ab l es  may 

be hypothesized as i n f l u e n c i n g  acc iden t  r a t e s .  However, sample 

s i z e  1  i m i t a t i o n s  prec lude i n c l u s i o n  o f  any a d d i t i o n a l  ca tegor ies .  

The i n t e n t  o f  t h e  s tudy i s  t o  c o n t r o l  f o r  these a d d i t i o n a l  f a c t o r s  

i n  t h e  s e l e c t i o n  o f  t he  veh ic les .  Vehic les  f o r  s tudy were se lec ted  

f rom adjacent  p roduc t ion  years  (1974, 1975) t o  min imize d i f fe rences  

i n  v e h i c l e  age. Data c o l l e c t i o n  i s  conducted over  t h e  same ca lendar  

years  f o r  bo th  pre- and post -s tandard veh i c l es  t o  e l i m i n a t e  year-  

to -year  and seasonal v a r i a t i o n s .  F i n a l l y ,  about 50% o f  the  pre-  

standard veh i c l es  a re  l oca ted  i n  t h e  same f l e e t s  as t he  pos t -  

standard veh i c l es  making t he  usage of these veh i c l es  even more 

cornparabl e. 

Table 5.1 presents  average d a i l y  mi leages by brake type  

f o r  each o f  the  24 exposure ca tegor ies .  I n  computing t h e  means, 

t h e  observa t ion  f o r  each v e h i c l e  i s  weighted by t h e  r e l a t i v e  

sampling weight  f o r  t h a t  veh i c l e .  The source o f  these weights 



TABLE 5.1 

VEHICLES, DAYS, AND MILES MONITORED BY VEHICLE TYPE 

STRAIGHT TRUCK: 

Pre- S tandard  
Pos t -S t anda rd  

Pre-Stanaaru 
Pos t -Standard  

SCHOOL BUS: 

Pre-Standard 
Post-Standard 

?re-Standard  
Pos t -Standard  



was discussed in Chapter 2 .  Also shown for each cell i s  the raw 

(unweighted) number of study vehicles and the weighted number of 

vehicles upon which the mean was computed. Because the f l ee t  size 

variable was unknown for some f lee ts  a t  the time these data f i l e s  

were bui l t ,  a third category i s  included in th is  table for these 

vehicles. There are no missing data in these f i l e s  on any of the 

other exposure variables. When the f l ee t  size categories are 

combined, the missing d a t a  category i s  included. 

The unweighted cell  sizes in Table 5.2 range from 0 vehicles 

(large for-hire f lee ts  of school buses) t o  359 (large for-hire 

f lee ts  of interci ty  t rac tors ) .  The average daily mileage ranges 

from 20.1 mi les/day t o  304.3 mi leslday. Appreciable differences 

are shown in some exposure ce l l s  for the pre- and post-standard 

vehicles. However, the same general trends across exposure cate- 

gori es seem t o  prevai 1 . 
To increase cell sizes for computation of accident rates ,  

exposure i s  aggregated into the 6 ce l l s  defined by vehicle type 

and t r i p  distance. Table 5.3 shows the resul t  of this  aggregation 

on average daily mileage by brake type. In addition t o  the weighted 

cell  means, Table 5.3 also shows 95% confidence intervals as plus 

or minus twice the sample error.  As in Chapter 4 ,  sample errors 

are high due t o  the homogeneity of the sample clusters.  Conse- 

quently, the differences shown between the pre- and post-standard 

vehicles are n o t  s t a t i s t i ca l ly  significant. 

Table 5 . 2  has also been aggregated t o  compare the usage of 

the pre- and post-standard vehicles against each of the exposure 

variables separately. These comparisons are shown in Tables 5.4 

through 5.7. For Table 5.4, the Intercity Trip Distance category 

has been further divided into intercity t r ips  with a one-way dis- 

tance less than 200 miles and intercity t r ip s  with a one-way distance 

greater than 200 miles. Also, the f l ee t  size variable has been 

expanded from two t o  three levels for Table 5.6. Confidence 





TABLE 5.3 

WEIGHTED MEAN MILESIDAY BY BRAKE TYPE--6 EXPOSURE CELLS 

(95% CONFIDENCE INTERVAL) 

V e h i c l e  Type 

--- 

STRAIGHT TRUCK: 
Pre- Standard  
Post -Standard  

TRACTOR: 
Pre-Standard 
Post-Standard 

F 
- 

Usual T r i p  Length 

Loca l  I n t e r c i t y  1 Mi les /Day C I  f-- Mi les /Day C I  

I 

TABLE 5.4 

SCHOOL BUS: 
Pre-Standard 
Post -Standard  

WEIGHTED MEAN MILESIDAY BY BRAKE TYPE AND USUAL TRIP LENGTH 
(95% CONFIDENCE INTERVAL) 

Usual T r i p  Length 
- 

N = 2273 WTD N = 5136 

36.3 ('12.5) 
45.2 (k21.5)  

23.8 (i 9 .2 )  
40.7 (k22.1)  

Brake Type 

Pre-Standard 

Post-Standard 

Loca l  

Mi/Day C I  

65.9 ( t 2 4 . 5 )  

N = 2273 WTD N = 5136 

48.2 (510.9) 

I n t e r c i t y  
< 200 M i l e s  
Mi lDay C1 

133.1 (k38.5)  

115.8 (522.0) 

> 200 M i l e s  
Mi/Day C1 

268.7 (179.8)  

299.8 ( ~ 6 1 . 2 )  



TABLE 5 .5  

WEIGHTED MEAN MILESIDAY BY BRAKE TYPE AND VEHICLE TYPE 

(95% CONFIDENCE INTERVAL) 

N = 2273 WTD !I = 5136 

Brake Type 

Pre-Standard 

Post-Standard 

TABLE 5.6 

WEIGHTED MEAN MILES/DAY BY BRAKE TYPE AND FLEET SIZE 

(95% CONFIDENCE INTERVAL) 

V e h i c l e  Type 

N = 2073 WTD N = 4856 

School Bus 

Mi/Day GI 

35.0 (c12.0) 

45.1 (520.9) 

S t r a i g h t  T r k  

Mi/Day C I  

76.6 (k36.6) 

65.4 (k25.7) 

Brake Type 

Pre-Standard 

Post-Standard 

TABLE 5.7 

WEIGHTED MEAN MILESIDAY BY BRAKE TYPE AND CARRIER TYPE 

(95% CONFIDENCE INTERVAL) 

T r a c t o r  

MiIDay CE 

215.6 (k54.8) 

233.8 (262.4) 

F l e e t  S i ze  

N = 2273 WTD N = 5136 

Brake Type 

Pre-Standard 

Post-Standard 

Large (400+) 

MiIDay C I  

203.7 (5100.5) 

270.9 (5165.9) 

Small  (1-40) 

Mi/Day C I  

132.2 ('45.2) 

112.8 (228.0) 

Medium (50-399) 

Mi/Day C I  

127.3 (k30.5)  

76.3 ('40.7) 

C a r r i e r  Type 

P r i v a t e  
M i  l e s l D a y  C I 

112.1 (241.3) 

90.3 (519.6) 

For  H i  r e  
M i  1 es/Day C I 

204.8 ("8.3) 

254.3 (290.8) 



intervals are indicated on each of these tables. In  general, the 
average daily mileage i s  similar for the pre- and post-standard 
vehicles across each of the exposure variables. 

A percentage distribution of total  mileage by brake type 
for the 24 exposure ce l l s  i s  shown in Table 5.8. This distribution 
was computed by multiplying the mean daily mileage for each cell  by 

the weighted proportion of study vehicles in that  ce l l .  The resul t  
of that calculation was then normalized t o  produce a table sum of 
100% for the pre-standard and 100% for the post-standard. Table 
5.9 shows the result  when the exposure distribution i s  collapsed 
to  6 ce l l s .  This tabulation i 1 lustrates some apparent differences 
in the pre- and post-standard samples of vehicles. The post- 
standard tractors account for a lower percentage (64% vs. 82%) of 
the total  mi 7eage than the pre-standard tractors.  This difference 
i s  primarily due to  a smaller proportion of tractors in the post- 
standard sample, since the average daily mileages are comparable. 

The distribution of mileage for the pre- and post-standard 
vehicles can also be compared across f l e e t  size and carr ier  type 
as shown in Tables 5. I 0  and 5.11, respectively. Notice that  the 
proportion of the total  mileage accumulated by vehicles in large 
f lee ts  i s  less for  the post-standard vehicles (22.9% vs, 30.2%), 

reflecting the smaller proportion of vehicles in th is  category. 
The percentage of mileage accumulated in private f lee ts  i s  30% 

higher for the post-standard vehicles. This result  i s  consistent 
with the higher proportion of s t raight  trucks and school buses in 

the post-standard sample. 

Since the mileage distribution shown in Table 5.9 shows 
significant differences between the pre- and post-standard vehicles, 
an average of the two was computed for use when the individual 
cell  accident rates are combined t o  produce overall rates.  This 
distribution i s  shown in Table 5.12. 



TABLE 5.8 

WEIGHTED PERCENT DISTRIBUTION OF MILEAGE 
BY BRAKE TYPE--24 EXPOSURE CELLS* 

PRE-STANDARD VEHICLES: 

POST-STANDARD VEHICLES : 

F l e e t  C a r r i e r  
S ize  Type 

Small private 
(1-49) For Hire 

Large Private 
( 5 0 t )  For Hire 

M i  ss ing  Private 
Data For Hire 

TOTAL 

*WTD Mean Miles/Day x WTD Propor t ions  o f  Vehic les .  

TOTAL 

29.9 
15.3 

14.0 
38.6 

2.0 
0.0 

99.8 

TOTAL 

50.0 
9.0 

12.9 
24.2 

3.5 
U.3 

99.9 

F l e e t  C a r r i e r  
S ize Type 

Small Private 
(1-49) For Hire 

Large Private 
(SO+) For Hire 

M i  s s i  ng Private 
Data For Hire 

TOTAL 

School Bus 

Inter- 
" 

city 

2.0 0.4 
0.0 0.0 

0.4 0.1 
0.0 0.0 

0.0 0.0 
0.0 0.0 

2.4 0.5 

S t r a i g h t  Trk  

Inter- 
Local 

City 

2.7 1.8 
1.6 5.7 

0.3 1.2 
0.0 0.2 

0.4 0.5 
0.0 0.0 

5.0 9.4 

T r a c t o r  

Inter- 
mcal city 

7.5 15.5 
0.1 7.9 

0.3 11.7 
2.2 36.2 

0.2 0.9 
0.0 0.0 

10.3 72.2 

S t r a i g h t  T rk  

Inter- 
city 

8.1 11.0 
1.3 1.8 

1.9 3.3 
0.1 0.1 

0.2 0.8 
0.1 0.0 

11.7 17.0 

T r a c t o r  

Inter- 
city 

1.6 24.7 
0.2 5.2 

0.9 4.3 
1.0 22.9 

0.3 2.0 
0.0 0.2 

4.0 59.3 

School Bus 

Inter- 
Iacal city 

4.4 0.2 
0.4 0.1 

2.5 0.0 
0.1 0.0 

0.2 0 .0  
0.0 0.0 

7.6 0.3 



TABLE 5.9 

WEIGHTED DISTRIBUTION OF MILEAGE 
BY BRAKE TYPE--6 EXPOSURE CELLS* 

PRE-STANDARD VEHICLES : 

POST-STANDARD VEHICLES: 

Vehic le  Type 

S t r a i g h t  Truck 

Trac tor  

School Bus 

TOTAL 

*WTD Mean M i  les/Day x WTD Proport ions o f  Vehicles. 

Usual T r i p  Length 
Local I n t e r c i t y  

5.2 10.0 

10.8 71.1 

2.6 0.3 

18.6 81.4 

Vehic le  Type 

S t r a i g h t  Truck 

Trac tor  

School Bus 

TOTAL 

TOTAL 

15.2 

81.9 

2.9 

100.0 

Usual T r i p  Length 
Local I n t e r c i t y  

11 .O 17.0 

4.2 60.2 

7.2 0.3 

22.5 77.5 

TOTAL 

28.0 

64.4 

7.6 

1 .O 



TABLE 5.10 

WEIGHTED DISTRIBUTION OF MILEAGE 
BY BRAKE TYPE AND FLEET SIZE* 

a FLEET SIZE 

Pre-Standard 1 55.2 14.6 30.2 1 100.0 

Brake Type 

*WTD Mean M i les IDay  x WTD Propor t i ons  o f  Veh ic les .  

Smal I Medium Large 
(1-49) (50-399) (400 t )  

Post-Standard 

TABLE 5.11 

TOTAL 

WEIGHTED DISTRIBUTION OF MILEAGE 
BY BRAKE TYPE AND CARRIER TYPE* 

61 . O  16.1 22.9 100.0 

*WTD Mean M i les lDay  x WTD Propor t i ons  o f  Veh ic les .  

Brake Type 

Pre-Standard 

Pos t -Standard  

TABLE 5.12 

AVERAGE DISTRIBUTION GF WEIGHTED MILEAGE FOR PRE- AND 
POST-STANDARD VEHICLES--6 EXPOSURE CELLS 

CARRIER TYPE 

P r i v a t e  For H i r e  

45.5 54.5 

60.9 39.7 

USUAL TRIP LENGTH 
Veh ic le  Type 

I n t e r c i t y  

S t r a i g h t  Truck 

TOTAL 

100.0 

100.0 

T r a c t o r  1 7.5 65.7 

School Bus 4.9 0.3 

TOTAL 20.5 79.5 



5.2 Accidents 

Accidents involving study vehicles were a1 so grouped 

according t o  the exposure category of the vehicle. All accidents, 

no matter how minor, are included in this  tabulation. Variations 

in the reporting threshold from f l e e t  t o  f l e e t  will influence t h ?  
number of accidents received. The only accidents which have been 

excluded are those in which the study vehicle was parked. Table 
5.13 shows weighted counts of 1976 accidents by brake type and 

exposure cell  along with the weighted total  number of study 

vehicles in each ce l l .  Unweighted data are shown in Table 5.14. 

A more stringent approach i s  t o  only count those accidents 

which f a l l  within the mileage data currently in the f i l e .  I n  

th i s  approach the accident i s  not included in the count unless 

the mileage information i s  complete for the accident date. Using 

this  approach, weighted and unweighted counts of accidents, vehicles, 

and mileage by brake type for 6 exposure ce l l s  are shown in Tables 

5.15 and 5.16, respectively. Nearly 40% fewer accidents are 

included in th i s  tabulation. 

5.3 Accident Rates 

Accident rates expressed as number of accidents per mil 1 ion 

vehicle miles are obtained directly from Table 5.15 by division. 

The results of th is  division are shown in Table 5.17 along with 

the associated 95% confidence intervals. Stat is t ical  ly , the prob- 

ab i l i ty  was one in twenty t h a t  the true mean would f a l l  outside 

the interval pr ior  t o  the experiment. The confidence limits on 
the accident rates are very large. While th is  has also been the 

case on the previous s t a t i s t i c s  presented, i t  i s  informative to  

note the source of th is  variation. For the proportions presented 

in Chapter 4 ,  the design effect was very high, multiplying the 

standard error (and the confidence interval ) by factors of 3 or 4. 

This was also the situation for the average daily mileages, although 



TABLE 5.13 

WEIGHTED COUNTS OF 1976 ACCIDENTS AND VEHICLES 
BY BRAKE TYPE--6 EXPOSURE CELLS 

I USUAL TRIP LENGTH 

Brake Type 

TRACTOR : 
Pre-standard i 25 5 04 1 145 1655 

STRAIGHT TRUCK: 
Pre- Standard 
Post-Standard 

Pos t -Standard 1 l4 
303 1 76 926 

Local  

Accidents Veh ic les  

SCHOOL BUS: 
Pre-Standard I 4  41 4 1 60 8 6 

I n t e r c i t y  

Accidents Veh ic les  

37 730 
42 991 

Post- Standard 689 1 1 3 4 

47 46 3 
8 71 2 

WTD N o f  Accidents = 441 
WTD N o f  Veh ic les  = 7480 



TABLE 5.14 

UNWEIGYTED COUNTS OF 1976 ACCIDENT:, AND VEHICLES 
BY BRAKE TYPE--6 EXPOSURE CELLS 

Number o f  Accidents = 268 
Number o f  Vehicles = 3,176 

Brake Type 

STRAIGHT TRUCK: 
Pre-Standard 
Pos t-Standard 

TRACTOR: 
Pre-Standard 
Post-Standard 

SCHOOL BUS: 
Pre-Standard 
Post-Standard 

USUAL TRIP LENGTH 
Local  

Accidents Vehic les 

18 21 7 
2 1 306 

2 5 207 
14 139 

4 136 
2 5 460 

I n t e r c i t y  
Accidents Vehicles 

4 143 
8 328 

93 779 
52 437 

3 10 
1 15 



TABLE 5.15 

WEIGHTED COUNTS OF ACCIDENTS VEHICLES y AND MILEAGE 
BY BRAKE TYPE FROM MONITORED MILES 

AND ACCIDENTS--6 EXPOSURE CELLS 

Usual T r i p  Length 

Brake Type Local  

No. No. 1 0 0 M i l l i o n  
Acc. Veh. V e h i c l e M i .  

I n t e r c i t y  

No. No. 1 0 0 M i l l i o n  
Acc. Veh. V e h i c l e M i .  

STRAIGHT TRUCK: 
Pre-Standard 

Post-Standard 

I 

WTD N o f  Accidents = 193 
WTD N o f  Vehic les  = 5136 

12 416 0.054756 
9 754 0.11 281 3 

65 1157 0.951814 
36 700 0.523341 

TRACTOR : 1 

SCHOOL BUS: 
Pre-Standard 

Post-Standard 

5 317 0.130315 
3 373 0.068869 

Pre- Standard 
Post-Standard 

13 365 0,148346 
6 166 0.031 989 

24 349 0.034484 0 26 0.002093 
20 501 0.064076 

1 
0 13 0.001597 



TABLE 5.16 

UNWEIGHTED COUNTS OF ACCIDENTS, VEHICLES, AND MILEAGE 
BY BRAKE TYPE FROM MONITORED MILES 
AND ACCIDENTS--6 EXPOSURE CELLS 

Usual T r i p  Length 

Brake Type 

STRAIGHT TRUCK: 
Pre-Standard 

Pos t-Standard 

Loca 1 

No. No. 1 0 0 M i l l i o n  

TRACTOR : 
Pre-Standard 

Pos t-Standard 

UNWTD. N o f  Accidents = 160 
UNWTD. N o f  Vehic les = 2273 

I n t e r c i t y  

No. No. 1 0 0 M i l l i o n  
Acc. Veh. Vehic le  M i .  

12 152 0.016041 
9 199 0.018464 

SCHOOL BUS: 
Pre-Standard 

Pos t-Standard 

Acc. Veh. Vehic le  M i .  

5 96 0.024821 
3 144 0.029589 

13 152 0.027669 
6 97 0.022035 

51 574 0.540673 
36 381 0.339450 

5 118 0.011996 
20 341 0.034990 

0 7 0.000755 
0 13 0.001597 



i n  many cases, t h e  des ign e f f e c t  f a c t o r  was somewhat lower  f o r  

t h e  average mi leages.  However, f o r  the  acc iden t  r a t e s ,  t h e  des ign 

e f f e c t  i s  ve ry  low, i n  some cases even l e s s  than  1, thus produc ing 

sampling e r r o r s  which a r e  n o t  g r e a t l y  d i f f e r e n t  f rom those t h a t  

would be expected i n  a  s imple  random sample design.  U n f o r t u n a t e l y  

however, t h e  v a r i a t i ~ n  i n  acc iden t  r a t e s  Ss so h i g h  t h a t  t h e  con- 

f i dence  i n t e r v a l s  a re  s t i l l  ve ry  l a r g e  i n  s p i t e  o f  t h e  ve ry  ~ o o d  

e f f e c t  o f  t he  sample des ign.  As a r e s u l t ,  t h e  d i f f e r e n c e s  i n  

acc iden t  r a t e s  shown i n  Table 5.17 a r e  n o t  s t a t i s t i c a l l y  s i g n i f -  

i c a n t .  Whi le i n  some cases t h e  d i f f e r e n c e s  a r e  n u m e r i c a l l y  l a r g e ,  

they  a r e  a l l  w e l l  w i t h i n  t h e  range o f  expected random v a r i a t i o n ,  

g i ven  t h e  h i g h  observed va r iance  o f  t h i s  s t a t i s t i c .  

For comparison, a c c i d e n t  r a t e s  were computed which i n c l u d e d  

a l l  acc iden ts  r e r e i v e d  which occur red i n  1976. The exposure 

(mi leage) f o r  t h i s  computat ion i s  ob ta ined  by mu1 t i p l y i n g  t h e  

average d a i l y  mi leage f o r  t h e  exposure c e l l  by t h e  number o f  s tudy  

v e h i c l e s  i n  t h e  c e l l .  Th is  p roduc t  i s  then  m u l t i p l i e d  by 366 days, 

and used as t h e  denominator i n  t h e  r a t e  c a l c u l a t i o n .  The r e s u l t s  

o f  t h i s  computat ion a r e  shown i n  Tab le  5.18 a long w i t h  t h e  assoc i -  

a t e d  95% conf idence i n t e r v a l s .  Not ~ n l y  do t h e  magnitudes o f  t h e  

r a t e s  d i f f e r  apprec iab ly ,  b u t  t h e  d i f f e r e n c e  between p re -  and pos t -  

s tandard v e h i c l e s  reverses f o r  1  oca l  school  buses and i n t e r c i t y  

t r a c t o r s .  These v a r i a t i o n s  may be due t o  t h e  sma l l  c e l l  counts on 

acc idents .  Reca l l  t h a t  Tables 5.17 and 5.18 a r e  based on o n l y  160 

and 268 acc iden ts ,  r e s p e c t i v e l y ,  Confidence i n t e r v a l s  a re  l a r g e  

as i n  t h e  p rev ious  t a b l e  so t h a t  a l l  t h e  observed d i f f e r e n c e s  a r e  

w e l l  w t i h i n  t h e  range o f  random v a r i a t i o n .  

For t h e  f i n a l  comparison, acc iden t  r a t e s  a r e  combined 

across a1 1  exposure c a t e g o r i e s  t o  p rov ide  an o v e r a l l  comparison 

o f  pre-  and post -s tandard veh ic les .  Acc ident  r a t e s  f o r  t h e  i n d i -  

v i d u a l  c e l l s  a r e  weighted u s i n g  t h e  average exposure d i s t r i b u t i o n  

shown i n  Tab le  5.12. T h i s  computat ion i s  a d i r e c t  adjustment,  and 



TABLE 5.17 

WEIGHTED ACCIDENT RATES* BY BRAKE TYPE 
FROM MONITORED MILES--6 EXPOSURE CELLS 

(95% CONFIDENCE INTERVAL) 

*Accidents per  100 m i l l i o n  v e h i c l e  m i les .  

Brake Type 

STRAIGHT TRUCK: 
Pre-Standard 

Post-Standard 

TRACTOR : 
Pre-S tandard 

Post-Standard 

SCHOOL BUS: 
Pre-Standard 

Post-Standard 

Usual T r i p  Length 

Local 
Rate C I  

219 (2417) 
80 (+172) 

88 (5214) 
188 (+335) 

696 (5714) 
312 (+350) 

I n t e r c i t y  
Rate C I  

38 (231 ) 
44 (560) 

68 (+51) 
73 (+48) 

- - 
- - 



TABLE 5.18 

WEIGHTED ACCIDENT RATES* BY BRAKE TYPE 
FROM ESTIMATED MILEAGEk* FOR 1976-- 

6 EXPOSURE CELLS 
- 

I USUAL TRIP LENGTH 

Brake Type 

TRACTOR : 
Pre-Standard 
Post-Standard 

STRAIGHT TRUCK: 
Pre-Standard 
Post-Standard 

SCHOOL BUS: 
Pre- S tandard 
Post-Standard 

Local 

338 (2418) 
243 (2328) 

*Accidents per 100 mi 11 ion veh ic le  miles .  

I n t e r c i t y  
, Rate CI 

**Computed from a1 1 1976 f l e e t  repor ted a c c i d e n t s ,  a1 1 
s tudy veh ic les ,  and mean mi 1 es/day by exposure c e l l .  

Rate CI 



t h e  va r iance  i s  computed as i n  a  l i n e a r  combinat ion.  The combined 

r a t e ,  R, and i t s  var iance a r e  computed as:  

2 
Var (R)  = ei Var ( ri ) 

i = l  

where: t h e  e j  and ri a r e  t h e  mi leage p r o p o r t i o n s  
and a c c i d e n t  r a t e s  f o r  t h e  i n d i v i d u a l  
exposure c e l l s ,  

and : 

The r e s u l t s  o f  t h i s  combinat ion a r e  shown by brake t ype  and v e h i c l e  

t y p e  i n  Tables 5.19 and 5.20 u s i n g  t h e  r a t e s  f rom t h e  mon i to red  

and es t ima ted  mi l e s  r e s p e c t i v e l y .  The d i f f e r e n c e  i n  a c c i d e n t  

r a t e s  and i t s  95% conf idence i n t e r v a l  i s  a l s o  shown. Tab le  5.21 

shows t h e  combined r a t e s  by brake t y p e  and usual  t r i p  d i s t a n c e  

us ing  t h e  r a t e s  f rom es t ima ted  m i l e s .  

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

pos t -s tandard  v e h i c l e s  o f  19% i s  shown by b o t h  methods of c a l c u -  

l a t i o n .  However, a  ze ro  d i f f e r e n c e  i s  w e l l  w i t h i n  t h e  95% con- 

f i d e n c e  l i m i t s .  S t a t i s t i c a l l y ,  t h e r e  i s  no evidence t o  suppor t  

t h e  hypothes is  t h a t  121 equipped v e h i c l e s  have d i f f e r e n t  acc iden t  

r a t e s  than  pre-s tandard v e h i c l e s .  

Look ing a t  t h e  acc iden t  r a t e s  by v e h i c l e  t y p e  one shou ld  

no te  t h a t  the  post -s tandard t r a c t o r s  show a s l i g h t  i nc rease  i n  

Table 5.19 and a  s l i g h t  decrease i n  Tab le  5.20. Cons ider ing t h e  

a n t i - s k i d ,  one m igh t  have expected combinat ion v e h i c l e s  t o  have 

t h e  g r e a t e s t  reduc t ion .  Sample s i z e  and r e p o r t i n g  t h r e s h o l d  a r e  



TABLE 5.19 

COMBINED WEIGHTED ACCIDENT RATES* FROM MONITORED MILES 
BY BRAKE TYPE AND VEHICLE TYPE 

(95% CONFIDENCE INTERVAL) .- 
?-Vehicle Type 

C 

St ra igh t  irk1 Tractor / School Bus - All Vehicles 

Rate CI i~;,t,e U 5  IRate CI 

Pre-Stsndard Post-Standard 106 58 (2158, (275 ;: [?5l{  656 294 [?7- i350 87 +47 

Difference 48 (+175) (275) 362 (2795) 21 (279) 

TABLE 5.20 

COMBINED WEIGHTED ACCIDENT RATES* FROM ESTIMATED MILEAGESf* 
BY BRAKE TYPE AND VEHICLE TYPE 

(95% CONFIDENCE INTERVAL) 
-- .. - -- 

.c 

1 Vehicle Type 1 
Brake Type 

TABLE 5.21 

Pre-Standard 
Post-Standard 
Difference 

COMBINED WEIGHTED ACCIDENT RATES* FROM ESTIMATED MILEAGES*" 
BY BRAKE TYPE AND USUAL TRIP LENGTH 

(95% CONFIDENCE INTERVAL) 

*Accidents per 100 mill ion vehicle miles. 

A" 

Rate CI 
S t ra igh t  Trk 
, 

Rate CI 

139 (t157) 
110 (2125) 
29 (t201) 

**Computed from a l l  1976 f l e e t  reported accidents ,  a l l  
vehfcles, and mean m i  les/day. 

~ r a c t T  I School B U S '  - 
Rate CI [Rate  CI 

99 (178) 
35 (265)  
4 (2102) 

530 (2363) 
218 (2170) 
312 (+401) 

130 ( i69)  
105 ( i55)  
25 ( i88)  



much l e s s  o f  a  problem f o r  t h i s  group. Poss ib le  exp lana t ions  a re :  

1. The mix  o f  121 equipment on t r a c t o r  and t r a i l e r  has n o t  y e t  

been taken i n t o  account. A t r i p  survey i s  i n  progress t o  

determine t h e  exposure o f  t h e  va r ious  combinat ions.  However, 

t he  p r o p o r t i o n  of mi leage accumulated by combinat ion u n i t s  

complete ly  equipped w i t h  121 i s  expected t o  be o n l y  10% t o  

15%. Th i s  f a c t  reduces t h e  expected b e n e f i t s  somewhat. 

2. The 121 systems may n o t  be 100% ope ra t i ona l  a l l  t h e  t ime.  

The inc idence  o f  improper a n t i - s k i d  f u n c t i o n i n g  or improper 

s l ack  adjustment i s  n o t  known. 

3.  The major  b e n e f i t  may come f rom the  general  upgrad ing of 

the  brake system r a t h e r  than t h e  a n t i - s k i d .  

Looking a t  t h e  combined acc iden t  r a t e s  by Usual T r i p  

Dis tance and Brake Type as shown i n  Table 5.21, one a l s o  sees 

v a r i a t i o n s .  The r a t e  i s  up 17% i n  t h e  Local  T r i p  category  and 

down 35% i n  t h e  I n t e r c i t y  category .  Since t he  t r a c t o r s  a re  used 

i n  predominate ly  i n t e r c i t y  t r i p s ,  these r e s u l t s  p reven t  t h e  formu- 

l a t i o n  o f  any s t r ong  conc lus ions.  

A t  t h i s  p o i n t  i t  i s  app rop r i a t e  t o  repea t  some o f  t h e  

q u a l i f i c a t i o n s  which should be kep t  i n  mind. These r e s u l t s  a re  

based on p r e l i m i n a r y  da ta  f i l e s ;  da ta  c o l l e c t i o n  i s  incomplete .  

Records a r e  more d i f f i c u l t  t o  o b t a i n  f rom some f l e e t s  causing t h e  

degree o f  completeness t o  va r y  f rom f l e e t  t o  f l e e t  w h i l e  da ta  

c o l l e c t i o n  i s  i n  process. A un i f o rm  acc iden t  r e p o r t i n g  thresh01 d  

has n o t  been incorpora ted  f o r  these c a l c u l a t i o n s .  The observed 

v a r i a t i o n s  i n  r e p o r t i n g  t h resho ld  may i n f l u e n c e  t h e  r e s u l t s .  Ex- 

posure i n f o r m a t i o n  which de f i nes  t he  mi leage t h a t  121-equipped 

t r a c t o r s  accumulate w h i l e  p u l l  i n g  121 -equipped t r a i l e r s  i s  n o t  y e t  

a v a i l a b l e .  A l l  o f  these problems w i l l  be more adequately addressed 

a t  t he  end o f  t h e  study. 



6. BRAKE SYSTEM MAINTENANCE 

Brake system maintenance records a re  being co l . lec ted t o  

determine whether the re  i s  a  d f f f e rence  i n  the  l e v e l  o f  mainten- 

ance e f f o r t  f o r  the  post-standard veh ic les  as compared t o  t he  pre- 

standard veh ic les .  The i n f o rma t i on  i s  taken from e x i s t i n g  records 

maintained by t he  company o r  t r u c k  owner. F i e l d  data c o l l e c t i o n  

personnel t r ansc r i be  a1 1  brake system maintenance e n t r i e s  i n c l u d i n g  

t he  date, mileage, and r e p a i r  t ime. I n  coding t h i s  in fo rmat ion ,  

the  p a r t  o f  the brake system worked on i s  i d e n t i f i e d  by a  code 

d e f i n i n g  t h e  major component group and the  sub-system. Th is  code 

t a b l e  i s  shown i c  T ~ b l e  6.1. The type o f  work performed i s  coded 

us ing Table 6.2. 

For ana lys is ,  the  r e s u l t i n g  in fo rmat ion  i s  f i l e - b u i l t .  

Th is  f i l e  i s  then merged w i t h  the  company and veh i c l e  d e s c r i p t i o n  

in fo rmat ion .  Two analyses are presented here, The bas ic  compu- 

t a t i o n  i s  a  determinat ion o f  t he  i n t e r v a l  ( i n  m i l es )  between 

successive maintenance en t r i es .  Th is  computation can a1 so be 

r e s t r i c t e d  t o  e n t r i e s  which are s imi  1  ar, such as thcse i n v o l v i n g  

the  exact  same component or those i n v o l v i n g  the  same major com- 

ponent group. Comparisons are then based on means o f  the  computed 

i n t e r v a l s .  The r e s u l t s  o f  t h i s  k i nc  o f  ana lys is  a re  presented 

i n  Sect ion 6.1. 

The second ana lys is  looks a t  the number o f  maintenance 

l a b o r  hours on a per m i l e  basis.  Th is  ana lys is  i s  d i r e c t e d  towar:- 

the  v a r i a t i o n  i n  maintenance as the  veh i c l e  ages. The average 

number of l abo r  hours per m i l e  i s  computed i n  25,000 m i l e  i nc re -  

ments o f  the  odometer reading. O f  course, cons iderab ly  more data 

are requ i red  t o  prov ide t h i s  l e v e l  o f  de ta i  1, P re l im inary  r e s u l t s  

us ing t h i s  approach are presented i n  Sect ion 6.2. 



TABLE 6.1 

BRAKE SUB-SYSTEM CODES 

MAJOR GROUP CODE 

A i r  Generat ion and Storage 
P l  umbi ng and M i  sce l  1 aneous 
A i r  Con t ro l  --Valves 
Anti-Wheel Lock ( E l e c t r i c a l ,  E l e c t r o n i c )  
Brake Appl i c a t i o n  
T roub le  
P e r i o d i c  Maintenance o f  Veh ic le  and Brake System 
Unspec i f ied,  Unknown, o r  Unrecogni za b l  e 
No Maintenance Accomplished o r  Reported Dur ing Repor t ing Per iod 

COMPONENTS 

A i r  Generat ion and Storage ( A i r  System) 

Compressor 
Reservo i r  (Wet, Dry, Protected,  e t c .  ) , Tank 
Check Valve 
A i r  Pressure Gauge 
Governor 
Low A i r  Warning 
D ra in  Valve (Cock)--Manual o r  Automatic 
Pressure Re1 i e f  Valve (Sa fe ty  Valve) 
A i r  F i  l t e r s  and A d d i t i v e  Devices (A1 coho1 Evaporator,  

Dryer, Water Separator,  e t c .  ) 

P l  umbi nq and M i  sce l  1 aneous 

201 A i r  L ines ( R i g i d  and Semi-Rigid) 
202 F l e x i b l e  Hoses--Chassi s 
203 Stop L i g h t  Switch 
204 Glad Hands (T rac to r -T ra i  l e r  A i r 1  i n e  Connector) 
206 T r a i  l e r  Connection Hoses 
207 A i r  Hose (Unspec i f i ed )  

A i  r Cont ro l  

301 Brake Valve (Main Foot Con t ro l )  
302 Hand Cont ro l  Valve ( T r a i l e r )  
303 T rac to r  P r o t e c t i o n  Valve and Cont ro l  (Break-Away Valve) 
304 Relay Valve (Wheel Lock Cont ro l  Modulator )  



TABLE 6.1--Continued 

Quick Release Valve 
Spr-ipg Brake (Parking) Control Valve 
Limiting Valve and Control 
Proportioning Valve and Control (Modulator, 

Front-to-Rear Proportioning) 
Tractor  (Only) Parking Control Valve (306 Preferred)  
T r a i l e r  Supply Valve 
Inversion Vaive 
Valve (No Further Descr ipt ion)  

400 Anti-Wheel Lock (Unspecified o r  To ta l )  

401 Wheel Speed Sensor 
402 Exc i te r  Ring 
403 Warning Light 
404 Mi sce'll  aneo!!? Wiring 
405 Compute;, Anti-Wheel Lock, Including Fuses 
406 RFI F i l l e r  

500 Brake Appl icat ion 

501 Brake Actuator (Brake Chamber, Including Plunger, 
Pi s ton  and Cyl i nder)  

502 Cam, Wedge 
503 Diaphragm (Pancake) 
504 Slack Adjuster--Manual o r  Automatic 
505 Push Rod 
506 Spring Brake Chamber (Emergency Brake Chamber) 
507 Drum 
508 Srake Shoes, Lining, Block 
509 Retractor  Springs 
510 Brakes (Complete System o r  Not Spec i f i ed)  
511 Wheel ( O i l )  Seals  
51 2 Backing P l a t e ,  Spider , Roll e r s  , Mi scel  1 aneous Par t s  

600 Trouble 

601 Brakes Locked 
602 No Brakes 
603 Air Leak (Not Fur ther  Q u a l i f i e d )  

700 Per iodic  Maintenance of Vehicle and Brake System 

800 Unspeci f i e d ,  Unknown, o r  Unrecognizable 

900 No Maintenance Accompl i shed o r  Reported During Reporting Period 



TABLE 6.2 

WORK ACCOMPLISHED CODES 

01 Ad jus t ,  Ca l i b ra te ,  Tune-Up 

02 Balance 

03 Charge 

04 Clean 

05 D i  sconnect 

06 Dra in ,  Bleed, Flush, Backf lush 

07 Exchange, Rep1 ace 

08 Inspec t  

09 I n s t a l l  (where a s i m i l a r  i t em  was n o t  p r e v i o u s l y  p resen t )  

10 Lub r i ca te  

11 Modi fy  

12 Overhaul, Rebui ld  

13 P.M. - - A ,  B, C, D 

14 Re1 i n e  (Brakes),  Re fu rb ish  (Valve Seats),  
Replace (Seat Gaskets) 

15 Remove and Not Replace 

16 Repack (Pack), Reseal 

17 Turn, Resurface, Rebore 

18 Ignored 

19 Noted 

20 Repaired (Use a more p rec i se  term, i f  poss ib le . )  

21 Checked (No f u r t h e r  ment ion o f  r e p a i r s  o r  replacement)  

22 Work Not Stated b u t  Done (Use where p a r t s  a re  s t a t e d  
b u t  no work o r  a c t i o n  i s  l i s t e d . )  

23 Free, Uns t i ck ,  Release, Thaw 

50 No Maintenance Accompl i shed o r  Reported Dur ing 
Report i ng Per iod  



E f f o r t s  have a lso been made t o  apply standard f a i l u r e  

a n a l y s i s ' t e ~ h n l ~ u e s  t o  the maintenance data. Here, the f r a c t i o n  

o f  vehic les which have experienced a " f a i l u r e "  (o r  maintenance 

en t ry )  i s  computed as a func t ion  o f  the number o f  mi les  since the 

l a s t  " f a i l u r e "  (en t ry ) .  This d i s t r i b u t i o n  may be described as a 

simple exponential funct ion,  o r  t h i s  funct ion may be modif ied w i t h  

a constant which provides f o r  an increas ing o r  decreasing f a i l u r e  

r a t e  w i t h  mileage (Wei bu l  i funct ion) .  D i f f i c u l t i e s  have been 

encountered i n  apolying, t h i s  approach i n  the context  o f  a prob- 

abi 1 i t y  based sample and computing variances. However, e f f o r t s  

w i  11 continue t o  develop the necessary software. 

The pre l iminary  data f i l e  used contained 8,308 records on 

2,450 vehicles. Each record i s  a separate maintenance ent ry .  The 

maintenance en t r i es  were d i s t r i b u t e d  by veh ic le  type as fo l lows:  

21% s t r a i g h t  t rucks,  63% t r ac to r s ,  and 16% buses. Approximately 

54% o f  the en t r i es  invo lve 121-equipped vehicles. The average 

number o f  en t r i es  per veh ic le  i s  3.4. Missing data ra tes  for  

selected var iab les are as fo l lows:  

Date 0.6% 
M i  1 eage 33.0% 
Labor Hours 12.0% 
Component 0.3% 
Work Performed 0.3% 

I n  addi t ion,  14% o f  the en t r i es  simply ind icated t h a t  no brake 

system maintenance had been performed. The missing data r a t e  on 

mileage i s  p a r t i c u l a r l y  troublesome. Apparently, t h i s  informat ion 

i s  no t  ava i lab le  from the records kept by the company o r  owner. 

F i e l d  data c o l l e c t i o n  personnel w i l l  be i ns t r uc ted  t o  d i r e c t  t h e i r  

a t t e n t i o n  t o  t h i s  problem i n  the hope t h a t  some improvement can be 

made, Since the qua r t e r l y  mileage in format ion i s  being obtained 

on these vehic les,  i t  w i l l  a l so  be poss ib le  t o  estimate the mileage 

f o r  each maintenance en t r y  from the date. 

The mileage accumulated by the study vehic les as o f  January, 



1977 i s  shown i n  Table 6.3 by v e h i c l e  and brake type. The l a r g e  

d i f f e r e n c e  i n  annual mi leage between t r a c t o r s  and s t r a i g h t  t r ucks  

i s  r e f l e c t e d  i n  these f i gu res .  Weighted d i s t r i b u t i o n s  o f  major 

component group and work accomplished f o r  pre-  and post -s tandard 

veh ic les  a re  shown i n  Tables 6.4 and 6.5, r espec t i ve l y .  The pro-  

p o r t i o n  o f  " a i r  generat ion"  and "brake a p p l i c a t i o n "  e n t r i e s  de- 

creased f o r  t he  post-standard veh ic les  wh i l e  t he  p r o p o r t i o n  o f  

" a i r  c o n t r o l  ," "an t i - s k i d , "  and "p reven t i ve  maintenance" increased. 

Looking a t  t h e  d i s t r i b u t i o n  o f  type o f  work performed shown i n  

Table 6.5, one sees l i t t l e  d i f f e r e n c e  between t he  pre-  and post -  

standard veh ic les .  

A t  t h i s  p o i n t  a general  problem i n  i n t e r p r e t i n g  the  main- 

tenance data should be mentioned. The type and frequency o f  main- 

tenance work i s  i n f l uenced  by the  d r i v i n g  environment t h e  v e h i c l e  

i s  used i n ,  For example, s top  and go c i t y  d r i v i n g  increases t h e  

frequency o f  brake adjustments and re1  i n i  ngs. Maintenance r e s u l  t s  

should be computed separa te ly  f o r  each d r i v i n g  environment j u s t  as 

the  acc iden t  r a t e s  were. For the  p r e l  im inary  r e p o r t ,  maintenance 

r e s u l t s  a re  presented separa te ly  f o r  each v e h i c l e  type based on 

t h e  observat ion t h a t  most s t r a i g h t  t r ucks  a re  used i n  l o c a l  d r i v i n g  

environments and most t r a c t o r s  a re  used i n  i n t e r c i t y  d r i v i n g  

environments. 

6.1 Maintenance I n t e r v a l s  

The maintenance e n t r i e s  f o r  each v e h i c l e  are l i s t e d  sequen- 

t i a l  l y  accord ing t o  t he  da te  and m i  leage. Maintenance i n t e r v a l s  

a re  computed by sub t rac t i ng  t he  odometer readings f o r  se lec ted  

e n t r i e s .  For example, i f  the  maintenance a c t i v i t y  o f  i n t e r e s t  i s  

t he  " r e1  i n i n g  o f  the  brake shoes ," then t h e  maintenance records 

a re  searched and whenever two o r  more e n t r i e s  o f  t h i s  t ype  a re  

found f o r  a veh ic le ,  mi leage i n t e r v a l s  a re  computed by sub t rac t i ng  

the  odometer readings f o r  t he  successive e n t r i e s .  The p r e l  im inary  

data f i l e s  d i d  no t  con ta i n  enough e n t r i e s  t o  p rov ide  s t a b l e  est imates 



TABLE 6.3 

UNWEIGHTED MEAN ODOMETER READING JANUARY , 1977 
BY VEHICLE AND BRAKE TYPE 

TABLE 6.4 

Vehic le  Type 

S t r a i g h t  Truck 

T r a c t o r  

School Bus 

WEIGHTED DISTRIBUTION OF MAJOR COMPONENT GROUP 
FOR PRE- AND POST-STANDARD VEHICLES 

Brake Type 

Pre-Standard 

43,548 

21 1,200 

25,401 

Major Component 
Group 

A i r  Generati  on 
Plumbing , M i  sc. 
Air Cont ro l  
An t i -Sk id  

Post-Standard 

21,470 

122,750 

14,003 

. Brake Type 

Pre-Standard 

8.0% 
5.0 
3.0 
0.1 

Post-Standard 

4.9% 
6.1 
6.1 

11.9 
34.7 

3.3 
9.5 

22.4 
1.2 

100.1% 

Brake Appl i ca t i on 54.1 
"Troub le"  3.5 
P.M. 
No Work 
Unknown 

TOTAL 

3.6 
22.2 

0.6 

100.1% 



TABLE 6.5 

WEIGHTED DISTRIBUTION OF WORK ACCOMPLISHED 
FOR PRE- AND POST-STANDARD VEHICLES 

Work Accompl i shed 

A d j u s t  
Disconnect,  Modi fy ,  Charge, 

Clean, Lub 
Free D r a i n  
Rep1 ace 
I n s p e c t  
I n s t a l  1 
Overhaul 
P reven t i ve  Maintenance (PM) 
Re1 i n e  
Repaired 
Noted 
Unspec i f i ed  
No E n t r y  
Unknown 

TOTAL 

- Brake Type 

Pre-Standard Post-Standard 

26.0% 22.7% 
0.0 2.8 

2.9 3.2 
13.3 13.6 

0.9 1.3 
0.2 1.5 
0.7 0.4 
3.6 9.5 
6.4 0.9 
8.2 9.5 
7.5 7.0 
7.8 4.7 

22.3 22.4 
0.3 0.4 

100.1% 99.9% 



o f  the  i n t e r v a l  f o r  s p e c i f i c  a c t i v i t i e s  l i k e  " r e l i n i n g  of the  

brake shoes." For t h i s  reason, e n t r i e s  were se lec ted  f o r  i n t e r v a l  

computation by us ing  on ly  the  brake sub-system codes, which were 

shown i n  Tabie 6.1. I n t e r v a l s  were computed us ing  t h r e e  d i f f e r e n t  

c r i t e r i a .  The most s e l e c t i v e  c r i t e r i o n  r e q u i r e d  t h a t  t h e  mainten- 

ance e n t r i e s  have t h e  same sub-system code, l i k e  "brake shoe." 

The type o f  work performed was n o t  examined; i t  cou ld  have been a 

" r e l i n i n g "  o r  an " i n s p e c t i o n . "  I n t e r v a l s  were a i s o  computed us ing  

a  more re laxed  c r i t e r i o n  which o n l y  r e q u i r e d  t h a t  t h e  component 

i nvo lved  belong t o  the  same major component groups as de f ined  by 

t h e  "100" l e v e l  codes i n  Table 6.1. F i n a l l y ,  t h e  most re laxed  

c r i t e r i o n  was t h e  computation o f  i n t e r v a l s  between each successive 

maintenance e n t r y ,  regard less o f  t h e  component code. 

The f i r s t  group o f  r e s u l t s  presented i n  t h i s  s e c t i o n  are  

t h e  mean, o r  average, value f o r  these i n t e r v a l s  computed separa te ly  

f o r  t r a c t o r s ,  s t r a i g h t  t rucks ,  and school buses. I n t e r v a l s  were 

weighted i n  p r o p o r t i o n  t o  t h e  inve rse  o f  the  s e l e c t i o n  p r o b a b i l i t y  

f o r  t h e  veh ic le ,  and 95% conf idence i n t e r v a l s  were computed. The 

mean maintenance i n t e r v a l  i s  computed separa te ly  f o r  t h e  pre- and 

post -s tandard veh ic les .  I n  a d d i t i o n ,  t h e  r e d u c t i o n  i s  computed by 

s u b t r a c t i n g  t h e  i n t e r v a l  f o r  the  post-standard veh ic les  from t h a t  

f o r  t h e  pre-standard.  A 95% conf idence i n t e r v a l  i s  a l s o  computed 

f o r  t h i s  reduc t ion .  

These r e s u l t s  are  shown f o r  t r a c t o r s  i n  Table 6.6, s t r a i g h t  

t r u c k s  i n  Table 6.7,  and school buses i n  Table 6.8. The r e d u c t i o n  

i n  t h e  brake system maintenance i n t e r v a l s  shown i n  these t a b l e s  i s  

n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  However, t h e  magnitude o f  the  

r e d u c t i o n  i s  s i zeab le  rang ing f rom 10% t o  60%. Reductions a re  

shown regard less o f  whether t h e  computation o f  i n t e r v a l s  i s  r e -  

s t r i c t e d  t o  t h e  same component, components o f  the  same major group, 

o r  any maintenance e n t r y .  As would be expected, t h e  i n t e r v a l s  

between successive e n t r i e s  are  s h o r t e r  than those between e n t r i e s  

r e l a t i n g  t o  a  s p e c i f i c  component. 



TABLE 6.6 

WEIGHTED MEAN MAINTENANCE INTERVAL FOR TRACTORS BY BRAKE TYPE 

(95% CONFIDENCE INTERVAL) 

SAME COMPONENT: I 
Met hod 

Pre-Standard 234 393 29,750 (+I 3,498) 
Post -Standard  1 189 254 22,602 (+  12,890) 

- - - - - 

N WTD N I n t e r v a l  C I 

Reduct ion 
% Reduction 

SAME MAJOR GROUP : I 
Pre-Standard 278 465 25,063 (+10,318) 

Post-Standard 1 199 284 22,230 (*12,236) 

Reduction 
% Reduction 

ANY MAINTENANCE: I 
Pre-Standard 337 566 18,277 (18,666) 

Post -Standard  1 249 437 12,576 ( ~ 7 , 2 5 6 )  

Reduct ion 
% Reduction 



TABLE 6.7 

WEIGHTED MEAN MAINTENANCE INTERVAL FOR STRAIGHT TRUCKS 
BY BRAKE TYPE 

(95% CONFIDENCE INTERVAL) 

SAME COMPONENT: I 
Met hod 

Pre-Standard 169 7,888 ( t5,460)  
Post-Standard 80 4,192 (+2,710) 

N WTD N I n t e r v a l  C I 

Reduction 
% Reduction 

SAME MAJOR GROUP: 

Pre-Standard 175 8,669 ( t6 ,654)  
Post-Standard 129 3,801 (lt2,928) 

Reduction 
% Reduction 

ANY MAINTENANCE: I 
Pre- Standard 89 234 6,568 (55,942) 

Post-Standard 1 127 344 2,631 (r14,350) 

Reduct ion 
% Reduction 



TABLE 6.8 

WEIGHTED MEAN MAINTENANCE INTERVAL FOR SCHOOL BUSES 
BY BRAKE TYPE 

(95% CONFIDENCE INTERVAL) 

SAME COMPONENT: I 
Method 

Pre- Standard 14 3,333 (+1,544) 
Post-Standard 157 2,009 (5608) 

N WTD N I n t e r v a l  C I 

Reduction 
% Reduction 

SAME MAJOR GROUP: I 
Pre-Standard 20 2 1 2,180 ( t908)  

Pos t -Standard 1 106 168 1,960 (+452) 

Reduction 
% Reduction 

Reduction 
% Reduction 

ANY MAINTENANCE: 

Pre-Standard 
Post-Standard 

3 1 3 5 1,773 (5992) 
137 222 1,260 (+292) 



These t h ree  t ab les  i l l u s t r a t e  t h a t  the  post-standard veh ic les  

have sho r te r  i n t e r v a l s  between brake system maintenance e n t r i e s  f o r  

a l l  th ree  veh i c l e  types: t r a c t o r s ,  s t r a i g h t  t rucks,  and school buses. 

One should a l s o  note t he  r e l a t i v e  magnitudes o f  the  i n t e r v a l s  f o r  

the  t h ree  veh i c l e  types. For the  t r a c t o r s  t he  i n t e r v a l s  a re  about 

25,000 mi les;  f o r  the  s t r a i g h t  t rucks ,  5,000 mi les;  and f o r  the  

school buses, 2,000 mi les.  These i n t e r v a l s  are presumably i n f l  u- 

enced by the  type o f  serv ice,  such as the  amount o f  s top  and go 

d r i v i n g  and the  presence o f  contaminants l i k e  dust  o r  mud. Indeed, 

these comparisons a re  on ly  v a l i d  t o  the  degree t h a t  the  pre- and 

post-standard veh ic les  o f  each type are invo lved  i n  the  same type 

of serv ice,  a t  l e a s t  as f a r  as t he  maintenance i s  concerned. The 

exposure data discussed i n  t he  prev ious chapter d i d  i n d i c a t e  t h a t  

s t r a i g h t  t r ucks  and school buses a re  used predominately i n  l o c a l  

t r i p s  w h i l e  the t r a c t o r s  are used p r i m a r i l y  i n  i n t e r c i t y  t r i p s .  

The maintenance i n t e r v a l s  shown i n  these t ab les  i n d i c a t e  

t h a t  t he  post-standard veh ic les  rece ive  maintenance 30% t o  40% 

more f r equen t l y  than the  pre-standard vehic les.  The i n f l uence  o f  

p reven t i ve  maintenance on t h i s  f i nd ing  i s  addressed i n  t h e  nex t  

group o f  tab les.  Since the  frequency o f  p reven t i ve  maintenance 

i s  p r i m a r i l y  s e t  by company po l i c y ,  d i f f e rences  here might  n o t  

necessar i l y  r e f l e c t  t he  requirements o f  the  brake system. A l l  

maintenance i n t e r v a l  ca l cu la t i ons  were repeated a f t e r  exc lud ing 

a1 1 maintenance e n t r i e s  i n v o l v i n g  p reven t i ve  maintenance. These 

r e s u l t s  a re  shown i n  Tables 6.9 through 6.11 f o r  t r a c t o r s ,  s t r a i g h t  

t rucks ,  and school buses, respec t i ve ly .  The i n t e r v a l s  themselves 

a re  s l i g h t l y  l a r g e r ,  and t he  reduct ions a re  s l i g h t l y  l a rge r .  How- 

ever, the reduct ions are s t i l l  n o t  q u i t e  s t a t i s t i c a l l y  s i g n i f i c a n t  

as can be seen by the  f a c t  t h a t  the  95% conf idence i n t e r v a l s  shown 

exceed the mean. The conf idence i n t e r v a l  i s  formed by t he  mean 

p lus  o r  minus two t imes the  standard e r r o r .  For a  reduc t ion  o r  a  

d i f ference t o  be s i g n i f i c a n t ,  zero must l i e  ou ts ide  the  i n t e r v a l  



TABLE 6.9 

WEIGHTED MEAN MAINTENANCE INTERVAL FOR TRACTORS 
EXCLUDING PREVENTIVE MAINTENANCE BY BRAKE TYPE 

(95% CONFIDENCE INTERVAL) 

SAME COMPONENT: I 
Met hod 

Pre- Standard 368 30,484 (214,184) 
Pos t -Standard 154 16,695 ( 2 9 , 9 8 0 )  

N WTD N I n t e r v a l  C I 

Reduction 
% Reduction 

Reduction 
% Reduction 

SAME MAJOR GROUP: 

Pre-Standard 
Post-Standard 

ANY MAINTENANCE: 1 

261 440 25,400 (+10,800) 
119 194 17,862 ( + 9 , 9 4 4 )  

Pre-Standard 326 549 19,051 (t 8,962) 
Post-Standard 1 199 374 12,863 ( +  8,106) 

Reduction 
% Reduction 



TABLE 6.10 

WEIGHTED MEAN MAINTENANCE INTERVAL FOR STRAIGHT TRUCKS 
EXCLUDING PREVENTIVE MAINTENANCE BY BRAKE TYPE 

(95% CONFIDENCE INTERV~ L )  

SAME COMPONENT: 

P r e - S t a n d ~ ~ r d  168 7,925 ('5,482) 
Pos t -S tandard  66 3,424 (22,488) 

Met hod 

Reduction 
P, Reduction 

N WTD N I n t e r v a l  C I 

SAME MAJOR GROUP: 

Pre-Standard 1 68 174 8,709 (+6,682) 
Post-Standard I 64 

115 3,313 (+3,134) 

Reduction 
% R e d u c t i o n  , 

ANY ?SRINTENANCE: 

Prs-Standard 8 8 233 6,598 (25,960) 
Post-Standard 1 114 31 0 2,593 (51,594) 

Reduction 
% Reduction 



WEIGHTED MEAN MAINTENANCE INTERVAL FOR SCHOOL BUSES 
EXCLUUING PREVENTIVE MAINTENANCE BY BRAKE TYPE 

(95% CONFIDENCE INTERVAL) 

Method I WTD N I n t e r v a l  C I 

SAME COMPONENT: I 
Pre- Standard  14 3,437 (51,552) 

Post -Standard  144 1,839 (2592) 

Reduction 
% Reduction 

Reduction 
% Reduction 

SAME MAJOR GROUP: 

Pre-Standard 
Post -Standard  

ANY MAINTENANCE: 1 

20 2 1 2,210 (+946) 
97 155 1,798 ( t 4 0 6 )  

Pre-Standard 3 1 3 5 1,743 (+996) 
Post-Standard 1 126 207 1,226 (231 8 )  

Reduction 
% Reduction 



formed. Th is ,  o f  course, cannot happen anytime two t imes the  

standard d e v i a t i o n  exceeds the  mean. 

To compute an o v e r a l l  r e s u l t  f o r  a l l  v e h i c l e  types, the  

maintenance i n t e r v a l s  were combined i n  t he  same manner as t he  

acc iden t  r a t e s  i n  t he  prev ious chapter.  A l f  near combinat ion o f  

t he  r e s u l t s  f o r  the  t h ree  veh i c l e  types was computed us ing  t he  

p ropo r t i ons  o f  Table 5.12, t he  average exposure d i s t r i b u t i o n ,  as 

weights.  Th is  ad jus t s  the  r e s u l t s  t o  a  common m ix tu re  of t he  t h ree  

v e h i c l e  types. The o v e r a l l  percent  r educ t i on  ranges from 33% t o  

46%, bu t  t he  r educ t i on  i s  s t i l l  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  as 

i s  shown i n  Table 6.12. 

Time t o  f a i l u r e  i s  sometimes modeled w i t h  an exponent ia l  

func t ion .  O f teq  observat ion has n o t  gone on l ong  enough t o  observe 

two f a i l u r e s  i n  a l l  u n i t s  under observat ion.  I f  t he  o b j e c t i v e  i s  a  

comparison o f  f a i l u r e  r a tes ,  r a t h e r  than a  de te rmina t ion  o f  t he  

magnitude o f  t h e  r a t e ,  then one may d e f i n e  an a r b i t r a r y  s t a r t i n g  

p o i n t  and t r e a t  t he  t ime from t h i s  p o i n t  t o  t he  f i r s t  f a i l u r e  as 

an es t imate  o f  t he  t ime t o  f a i l u r e .  Comparisons o f  r a t es  based on 

these i n t e r v a l s  w i l l  n o t  be biased. Th is  approach was app l i ed  t o  

the  maintenance da ta  by t h i n k i n g  o f  "maintenance r a t e s "  r a t h e r  

than f a i l u r e  ra tes .  I n  t h i s  way i t  i s  appropr ia te  t o  compute an 

i n t e r v a l  f o r  each en t ry .  The f i r s t  r e s u l t s  w i t h  t h i s  approach a re  

shown i n  Table 6.13. The reduc t i on  i n  i n t e r v a l  f o r  the  post -  

standard veh ic les  i s  comparable w i t h  the  prev ious r e s u l t s ,  and t he  

number o f  i n t e r v a l s  (sample s i z e )  i s  g rea te r .  However, these 

r e s u l t s  a re  a l s o  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  because t he  var iance 

increased somewhat. 

Th is  computation was a l s o  repeated exc lud ing  p reven t i ve  

maintenance e n t r i e s .  The r e s u l t  i s  shown i n  Table 6.14. Resul ts 

are s i m i l a r  f o r  t h e  t r a c t o r s  and school buses. However, s t r a i g h t  

t r ucks  show a  33% increase r a t h e r  than a  reduc t ion .  An examinat ion 

o f  t h i s  r esu l  t reveal  s  t h a t  t h e  pre-standard i n t e r v a l  decreased 



TABLE 6.12 

WEIGHTED MEAN MAINTENANCE INTERVAL FOR ALL VEHICLES 
EXCLUDING PREVENTIVE MAINTENANCE BY BRAKE TYPE 

(95% CONFIDENCE INTERVAL) 

Met hod 

SAME COMPONENT : 

Pre-Standard 
Post-Standard 

SAME MAJOR GROUP: I 

I n t e r v a l  C I 

24,205 (i10,450) 
13,056 (1 7,325) 

Reduction 
% Reduction 

11,149 (?12,762) 
46.1% 

Pre-Standard 
Post-Standard 

ANY MAINTENANCE: I 

20,589 (+ 8,036) 
13,884 (-+ 7,310) 

Reduction 
% Reduction 

6,705 ( t 10 ,863 )  
32.6% 

Pre-Standard 
Post-Standard 

15,461 ( i  6,686) 
10,040 ( i  5,944) 

Reduction 
% Reduction 

5,421 ( C  8,946) 
35.1% 



TABLE 6.13 

WEIGHTED MEAN MAINTENANCE INTERVAL INCLUDING 
MILES TO FIRST OCCURRENCE BY VEHICLE TYPE 

(95% CONFIDENCE INTERVAL) 
- - - -- 

Method -----I WTD N I n t e r v a l  C I 

TRACTOR : ! 
Pre-Standard 1 412 7 08 41,512 (*17,950) 

Post-Stand374 1 289 534 22,314 (k 9,444) 

Reduction 
% Reduction 

STRAIGHT TRUCK: 
Pre-Standard 14,860 (512,710) 

61 9 10,325 (rt 3,802) 

Reduction 
% Reduction 

SCHOOL BUS: 

Pre- Standard 148 6,999 ( 2  3,618) 
Post-  Standard 268 3,280 ( 2  1,044) 

Keduc:i.on 1 
% Reduction 



TABLE 6.74 

WEIGHTED MEAN MAINTENANCE INTERVAL INCLUDING M I L E S  TO F I R S T  
OCCURRENCE EXCLUDING PREVENTIVE MAINTENANCE BY VEHICLE TYPE 

(95% CONFIDENCE INTERVAL)  

TRACTOR : I 

M e t  h o d  

P r e - S t a n d a r d  401 691 42,356 (&18,276) 
P o s t - S t a n d a r d  1 264 503 24,888 (113,658) 

- 
N WTD N I n t e r v a l  C I 

Reduction 
% Reduction 

STRAIGHT TRUCK: 

Reduction 
% Reduction 

P r e -  S t a n d a r d  
P o s  t - S t a n d a r d  

118 288 8,180 (15,556) 
170 545 10,912 ('4,190) 

Reduction 
% Reduction 

SCHOOL BUS: 

P r e - S t a n d a r d  
P o s t - S t a n d a r d  

4 4 146 6,983 ('3,658) 
172 258 3,316 (?1,070) 



drastically due to  the exclusion of only two intervals which had 

weights of 20. These data will be reviewed as the maintenance 

records are updated. The small sample sizes in the preliminary 

data f i l e s  are subject t o  this  kind of inconsistency. 

Final ly , mean maintenance intervals were computed for each 

major component group and brake type. These results are shown in 

Table 6.15. Intervals computed from the mileage t o  the f i r s t  entry 

were included t o  increase the number of intervals for comparison. 

All major component groups show reductions in the maintenance 

interval with the exception of "a i r  generation" which shows an  11% 

increase and "preventive maintenance" which shows almost no differ-  

ence. In addi lion, maintenance entries involving the anti-skid 

system have a man inierval approximately one-half of the other 

intervals for pre- - or post-standard vehicles. 

In summary, the computation of maintenance intervals pro- 

duced no s ta t i s t ica l ly  significant findings using the preliminary 

d a t a  f i l e s .  However, large differences were found in almost every 

instance. I f  these trends continue in the remainder of the data 

t o  be collected, one would expect most of these results to become 

s ta t i s t ica l ly  significant. 

6.2 -- Labor Hours Per Mile 

The objective i n  this  analysis i s  t o  address the variation 

in maintenance as a function of vehicle age as reflected by the 

odometer reading. This analysis i s  made in terms o f  the number of 

labor hours of brake system maintenance on a per mile basis without 

regard t o  the component or type of work performed, The odometer 

readings were categorized into 25,000 mile increments. The total  

number of labor hours for each of these increments was obtained by 

summing the entries i n  each, and the rate was computed by dividing 

by 25,000 miles. The results of this  computation are shown in 
Tables 6.16 through 6.18 for intercity tractors,  straight trucks, 



TABLE 6.15 

WEIGHTED MEAN MAINTENANCE INTERVAL INCLUDING M I L E S  TO F I R S T  
OCCURRENCE BY MAJOR COMPONENT GROUP FOR I N T E R C I T Y  TRACTORS 

(95% CONFIDENCE INTERVAL)  

M a j o r  C o m p o n e n t  

A I R  GENERATION: 
P r e - S t a n d a r d  

P o s t - S t a n d a r d  
REDUCTION 

% REDUCTION 

PLUMB I NG : 
P r e - S t a n d a r d  

P o s t - S t a n d a r d  
REDUCTION 

% REDUCTION 

A I R  CONTROL: 
P r e - S t a n d a r d  

P o s t - S t a n d a r d  
REDUCTION 

% REDUCTION 

I WTD N I n t e r v a l  C I 

A N T I - S K I D :  
P r e - S t a n d a r d  

P o s t - S t a n d a r d  
REDUCTION 

% REDUCTION 

P.M. 
P r e -  S t a n d a r d  

P o s  t - S t a n d a r d  
REDUCTION 

% REDUCTION 

- - - - - - - - 
26 88 20,432 (?15,162) 

- - -- 
-- - - 

BRAKE APPLICATION:  
P r e - S t a n d a r d  

P o s t - S t a n d a r d  
REDUCTION 

% REDUCTION 

321 532 47,662 (222,580) 
9 0 186 29,610 (+14,862) 

18,052 (?26,366) 
37.9% 



TABLE 6.16 

WEIGHTED BRAKE SYSTEM MA1 NTENANCE INCREfdENTAL LABOR HOURS 
PER MILE FOR INTERCITY TRACTORS 

Average Over 225,000 M i  1 es : 
Pre-Standard = .000097 

Post-Standard = .000123 

M i  1 eage 
Increment 

Pre-Standard 

UNWTD No. 
Vehic les Rate 

Post-Standard 

UNWTD No. 
Vehic les Rate 



TABLE 6.17 

WEIGHTED BRAKE SYSTEM MAINTENANCE INCREMENTAL LABOR HOURS 
PER MILE FOR STRAIGHT TRUCKS 

TABLE 6.18 

M i  leage 
Increment 

WEIGHTED BRAKE SYSTEM MA1 NTENANCE INCREMENTAL LABOR HOURS 
PER MILE FOR SCHOOL BUSES 

Pre-Standard 

UNWTD No. Rate 
Vehicles 

Post-Standard 

UNWTD No. Rate 
Vehicles 

M i  1 eage 
Increment 

25,000 

50,000 

Pre- Standard 

UNWTD No. Rate 
Vehicles 

22 .000177 

23 .000121 

Post-Standard 

UNWTD No. Rate 
Vehicles 

144 .000207 

8 .000051 



and school buses, respectively. For each increment of 25,000 miles, 
the unweighted number of vehicles with maintenance entries in that 
period are shown along with number of labor hours per mile for pre- 
and post- standard vehicles. These rates are shown graphical 1y for 
intercity tractors in Figure 6.1. 

Averaging over the f i r s t  225,000 miles, the post-standard 
intercity tractors show a 26% increase in the number of labor hours 
of brake system maintenance on a per mile basis. Problems arose 
in this  analysis when the influence of preventive maintenance was 
removed. Excluding the preventi ve maintenance , the pos t-standard 
intercity tractors show a 25% decrease in the incremental labor 
rate.  This result  i s  shown in Table 6.19 and Figure 6.2.  Further 
checking revealed that in some f l ee t s ,  including one large f l e e t ,  
the number of labor hours recorded reflected a l l  preventive main- 
tenance instead of just  brake system preventive maintenance. Other 
f lee ts  show no preventive maintenance. These problems preclude any 
meaningful results i n  th is  area. A clarification will be sent to  
a1 1 f ie ld  s taff  t o  address these problems. 
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FIGURE 6.1 -- Weighted Brake System Maintenance Incremental Labor Hours 
Per M i l e  f o r  I n t e r c i t y  Tractors Only 



TABLE 6.19 

WEIGHTED ERAKE SYSTEM MAINTENANCE INCREMENTAL LABOR HOURS 
PER MILE EXCLUDING PREVENTIVE MAINTENANCE 

FOR INTERCITY TRACTORS 

1 Pre-Standard I Post-Standard 

Average Over 225,000 M i  l e s  : 

M i  1 eage 
Increment 

Pre- S tandard = .000088 
Post-Standard = .000065 

Decrease = 25% 

UNWTD No. Rate 
Vehic les 

UNWTD No. 
Vehic les  Rate 



FIGURE 6.2--Weighted Brake System Maintenance Incremental Labor Hours Per Mile 
Excluding Preventive Maintenance for Intercity Tractors Only 
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7, SUPPLEMENTARY DATA 

This  chapter descr ibes work c u r r e n t l y  i n  progress, o r  

planned, which w i l l  c on t r i bu te  s i g n i f i c a n t l y  t o  the  f i n a l  r esu l t s .  

Inc luded a re  the  fo l low-up a c t i v i t i e s  on f a t a l  and i n j u r y  acc idents  

which a re  descr ibed i n  Sections 7.1 and 7.2, respec t i ve ly .  The 

T r i p  In fo rmat ion  Survey which i s  designed t o  prov ide more d e t a i l e d  

exposure data i s  discussed i n  Sect ion 7.3. The f i n a l  sect ion,  

Sect ion 7.4, descr ibes recent  mod i f i ca t i ons  made i n  t he  f l e e t  

mon i to r ing  program. These mod i f i ca t ions  address the  c o l  l e c t i o n  

o f  add i t i ona l  brake system maintenance data on t h e  pre-standard 

veh ic les  p r i o r  t o  the  beginning o f  t he  cu r ren t  study per iod,  and 

the a d d i t i o n  o f  post -Not ice 7  veh ic les  t o  the  program. 

7.1 Fa ta l  Accidents 

The o b j e c t i v e  i n  t h i s  task  i s  t o  study a l l  f a t a l  acc idents  

i n v o l v i n g  late-model (1974 o r  newer) a i r -b r  aked t rucks.  The ex- 

posure data c o l l e c t e d  from the  na t i ona l  sample of veh ic les  i n  t h e  

f l e e t  mon i to r ing  program w i  11 a1 1 ow c a l c u l a t i o n  o f  acc ident  r a t e s  

f o r  f a t a l  accidents (number o f  f a t a l  accidents per hundred m i  11 i o n  

veh i c l e  m i l es ) .  N o t i f i c a t i o n  on these f a t a l  accidents i s  prov ided 

by the  NHTSA Fa ta l  Accident Report ing System (FARS). A f t e r  n o t i f -  

i c a t i o n ,  t h e  nex t  step i s  t o  ob ta i n  copies o f  t he  s t a t e  p o l i c e  

repor ts .  Arrangements have been made w i t h  a l l  b u t  e i g h t  s t a tes  f o r  

forward ing o f  t he  p o l i c e  r epo r t s  t o  HSRI. Approximately 9% o f  th: 

f a t a l  t r u c k  accidents occurred i n  these e i g h t  s ta tes.  Several o f  

these s ta tes  have p r i vacy  laws which prevent  them from re l eas ing  

t he  in format ion.  I n  the  remaining problem s ta tes  t he  storage 

systems f o r  the  r epo r t s  a re  such t h a t  r e t r i e v a l  i s  d i f f i c u l t .  I t 

i s  hoped t h a t  these problems w i  11 be worked out.  

The in fo rmat ion  on the  p o l i c e  r epo r t s ,  which w i l l  be 



a v a i l a b l e  through t he  FARS data f i l e s ,  i s  no t  s u f f i c i e n t  t o  c a r r y  

o u t  the  des i r ed  ana lys is .  I n  p a r t i c u l a r ,  t he  type o f  brakes i s  

n o t  recorded. I n f o rma t i on  on t h e  exposure va r i ab l es  f o r  t he  

acc iden t  t r i p  i s  a l s o  needed. To g e t  t h i s  i n f o rma t i on ,  HSRI i s  

conduct ing a  fo l l ow-up  on each o f  the  f a t a l  acc idents  by te lephone 

i n t e r v i ew .  Th is  e f f o r t  r equ i r es  con tac t  t o  be made w i t h  t he  owner 

o r  d r i v e r  i n  o rder  t o  ge t  t h e  a d d i t i o n a l  in format ion.  The bas ic  

i n f o rma t i on  sought i s  t h e  v e h i c l e  c o n f i g u r a t i o n  and t he  brake 

type  and ope ra t i ona l  s t a t u s  f o r  each u n i t .  Exposure i n f o rma t i on  

inc ludes  t he  c a r r i e r  t ype  and f l e e t  s i z e  (number o f  a i r - b raked  

power u n i t s ) ,  and t he  one-way d i s t ance  f o r  t h e  acc iden t  t r i p .  

Copies o f  t h e  da ta  forms a re  i n  Appendix C. 

The expected number o f  1976 FARS acc idents  i n v o l v i n g  1974 

o r  newer a i  r -braked t r u c k s  was approx imate ly  1,100. The number 

o f  r e p o r t s  rece ived  f o r  fo l l ow-up  was expected t o  be about 1,000 

due t o  p r i v a c y  and access problems i n  some s ta tes .  Successful  

complet ion of t h e  f o l  low-up was expected on about 70% o f  these, 

o r  700 completed i n t e r v i ews .  About an equal number o f  i n t e r v i e w s  

on 1977 cases i s  a n t i c i p a t e d .  

A l i s t i n g  o f  e l i g i b l e  cases f rom a  p r e l i m i n a r y  1976 FARS 

da ta  f i l e  conta ined 904 cases. Th i s  p r e l i m i n a r y  f i l e  was e s t i -  

mated t o  be 85% complete. As o f  June, 1977, a  t o t a l  o f  862 

e l i g i b l e  1976 cases and 235 1977 cases had been rece ived  f rom 

the  s ta tes .  O f  these, 758 were a l s o  on t he  1976 FARS l i s t i n g .  

Follow-up i n t e r v i e w s  had been completed on 609 1976 cases and 69 

1977 cases. The telephone i n t e r v i e w  has been successfu l  f o r  

about 75% o f  t h e  cases. I n  t he  remaining 25%, e i t h e r  a  te lephone 

number cannot be obta ined o r  t he  con tac t  i s  n o t  completed. I n  

these cases a  se l f - exp lana to r y  ve rs ion  o f  t he  form i s  n a i l e d  ou t .  

Response t o  these m a i l i n g s  i s  c u r r e n t l y  l e s s  than 50%. The t o t a l  

complet ion i s  c u r r e n t l y  expected t o  be 80% t o  85%. 

O f  t he  678 completed i n t e r v i ews ,  536 have been key-punched 



and f i  l e - b u i  1  t. Some p r e l  im ina ry  tabu1 a t i o n s  have been prepared 

f rom t h i s  f i l e ,  and a re  presented i n  Tables 7.1 through 7.7 .  The 

d i s t r i b u t i o n  by model year  i s  shown i n  Table 7.1. The fo l l ow-up  

has revea led about 5% o f  the  veh ic les  t o  be e a r l i e r  than 1974 

model year.  The d i s t r i b u t i o n  by brake type i s  shown i n  Table 7.2. 

About 22% a re  121-equipped. Fol low-up i n d i c a t e s  t h a t  about 7% o f  

t h e  v e h i c l e s  a re  n o t  a i r -braked,  These are  r e f l e c t e d  i n  bo th  the  

" o t h e r "  and t h e  "miss ing data"  ca tegor ies  i n  t h i s  t a b l e .  

P r i v a t e  f l e e t s  own t h e  v e h i c l e s  i n v o l v e d  i n  442 o f  the  

f a t a l  accidents.  Veh ic les  i n  " f o r  h i r e "  f l e e t s  make up t h e  remain- 

i n g  56%. However, m iss ing  data  i s  c u r r e n t l y  13% on t h i s  v a r i a b l e .  

Th is  category  i s  shown i n  Table 7.3 along w i t h  t h e  breakdown o f  

the  " f o r  h i r e "  f l e e t s  i n t o  Common, Contract ,  and Exempt. 

The d i s t r i b u t i o n  o f  v e h i c l e  c o n f i g u r a t i o n s  i s  i n  Table 7.4. 

The most f requent  c o n f i g u r a t i o n  i s  the  t rac to r -semi  t r a i  l e r  which 

i s  i n v o l v e d  i n  77% o f  t h e  f a t a l  accidents.  The var ious mixes o f  

pre-  and post -s tandard brakes on these u n i t s  a re  shown i n  Table 7.5. 

S ix ty -seven percent  a re  equipped w i t h  pre-standard brakes on bo th  

t r a c t o r  and s e m i - t r a i l e r .  Combination u n i t s  f u l l y  equipped w i t h  

the  121 brakes a r e  i n v o l v e d  i n  about 8% o f  t h e  f a t a l  acc idents .  

The m i x t u r e  o f  121 brakes on t h e  t r a c t o r  and non-121 brakes on 

the  t r a i l e r  occurs f o u r  t imes as f r e q u e n t l y  as i t s  opposi te.  

The frequency o f  the  var ious types o f  c o l l i s i o n s  i s  shown 

i n  Table 7.6 by brake type. There i s  l i t t l e  d i f f e r e n c e  i n  the  

d i s t r i b u t i o n s  f o r  t h e  pre-  and post -s tandard veh ic les .  No t i ce  

t h a t  i n  rear -end c o l l i s i o n s ,  the  t r u c k  i s  the s t r i k i n g  v e h i c l e  

about as o f t e n  as i t  i s  the  s t r u c k  veh ic le .  I n  t h e  angle ( o r  

i n t e r s e c t i o n )  c o l l i s i o n s ,  the  t r u c k  i s  the  s t r i k i n g  v e h i c l e  approx- 

i m a t e l y  t w i c e  as o f t e n  as t h e  o the r  veh ic le .  However, i n  these 

c o l l i s i o n s ,  the  s t r i k i n g  v e h i c l e  i s  n o t  n e c e s s a r i l y  a t  f a u l t .  

These acc idents  commonly occur when t h e  o the r  v e h i c l e  p u l l s  i n t o  

the  r i gh t -o f -way  o f  t h e  t r u c k ,  and the t r u c k  i s  unable t o  s top.  



TABLE 7.1 

DISTRIBUTION BY MODEL YEAR 
FATAL ACCIDENTS 

TABLE 7.2 

DISTRIBUTION BY BRAKE TYPE 
FATAL ACCIDENTS 

Brake Type N % 

Pre- Standard  333 62.1 

Post -Standard  116 21.6 

Other  9 1.7 

Unknown 15 2.8 

M i s s i n g  Data 63 11.8 

TOTAL 536 100.0 



TABLE 7.3 

DISTRIBUTION BY CARRIER TYPE 
FATAL ACCIDENTS 

C 4 

C a r r i e r  Type N % 

P r i  va t e  205 38.2 

For H i r e  
Common 168 31.3 
Cont ract  63 11.8 
Exempt 3 0 5.6 
Unknown 2 0.4 

Miss ing Data 68 12.7 

TOTAL 536 100.0 

TABLE 7.4 

DISTRIBUTION OF VEHICLE CONFIGURATION 
FATAL ACCIDENTS 

Con f igu ra t ion  N % 

S t r a i g h t  Truck 74 13.8 

Bobtai  1 14 2.6 

Tractor-Semi t r a i  l e r  413 77.1 

Tractor-Doubl e T r a i  1 c r  24 4.5 

S t r a i  cjht Truck-Fu l l  T r a i l e r  3 0.6 

Other 3 0.6 

Unknown 5 0.9 

TOTAL 536 100.1 
i 



TABLE 7.5 

BRAKE TYPE BY UNIT 
TRACTOR-SEMITRAILER COMBINATIONS 

FATAL ACCIDENTS 

TABLE 7.6 

Semi - T r a i  1 e r  

Pre-Standard 

Post-Standard 

TOTAL 

COLLISION TYPE BY BRAKE TYPE 

FATAL ACCIDENTS 
-- 

TOTAL 

N % 

332 86.7 

51 13.3 

383 100.0 

T r a c t o r  

C o l l i s i o n  Type 

S i n g l e  V e h i c l e  

Head-on 

Rear- End 
Truck S t r i k i n g  
Other S t r i  k i n g  

Angle 
Truck S t r i k i n g  
Other  S t r i k i n g  

S ide  Swipe 

Other  

Unknown 

TOTAL 

Pre-Standard 
N X 

258 67.4 

21 5.5 

279 72.8 

Pos t -Standard 
N % 

74 19.3 

3 0 7.8 

104 27.2 

Brake Type 

Pre- S tandard  
N % 

37 11.3 

84 25.7 

23 7.0 
28 8.6 

62 19.0 
31 9.5 

12 3.7 

33 10.1 

17 5.2 

327 100.1 

Post-Standard 
N % 

17 14.7 

32 27.6 

11 9.5 
11 9.5 

21 18.1 
10 8.6 

5 4.3 

6 5.2 

3 2.6 

116 100.1 



The frequency o f  involvement i n  these c o l l i s i o n s  i s  about the  

same f o r  t he  pre- and post-standard veh ic les .  

The frequency o f  j a c k k n i f i n g  i n  these f a t a l  acc idents  

i s  addressed i n  Table 7.7. No j a c k k n i f i n g  i s  repor ted  i n  over 

75% o f  t he  acc idents  i n v o l v i n g  combination veh ic les .  O f  t he  

j ackkn i f es  repor ted,  a  l i t t l e  over two- th i rds  o f  them are  post -  

impact events. These frequencies have no t  been broken down by 

brake type yet .  

Fa ta l  acc iden t  involvement on a per m i l e  bas is  has no t  y e t  

been computed. Cu r ren t l y  we a re  s tudy ing t he  problem o f  ad jus t i ng  

the  coverage o f  t he  sampling frame t o  correspond w i t h  t he  number 

o f  1974 and 1975 veh ic les  on t h e  road ( r eg i s t e red ) .  ' These r e s u l t s  

w i  11 be completed a t  t he  end o f  the  study. 

7.2 I n j u r y  Accidents 

Supplemental i n f o rma t i on  on i n j u r y  accidents w i  11 be 

obta ined from the  Bureau o f  Motor C a r r i e r  Safety  (BMCS) acc ident  

repor ts .  Add i t i ona l  i n f o rma t i on  a1 so must be obtained f o r  these 

acc idents  on the  brake type and opera t iona l  s t a tus  and the  exposure 

category f o r  the  acc ident  t r i p .  Data forms w i l l  be mai led t o  t he  

c a r r i e r s  t o  c o l l e c t  t h i s  in fo rmat ion .  These forms a re  i n  Appen- 

d i x  D. 

The use o f  BMCS repor ted  acc idents  w i l l  be l i m i t e d  t o  i n j u r y  

accidents repor ted  by Author ized Ca r r i e r s  (Common and Cont rac t )  

i n v o l v i n g  1974 o r  newer veh ic les .  Only a i r -b raked  veh ic les  w i l l  

be used f o r  ana lys is ,  bu t  these cannot be i d e n t i f i e d  u n t i l  a f t e r  

t he  fo l low-up. The sub-set o f  accidents f o r  fo l l ow-up  numbers 

about 4,000 f o r  1976. These have been rece ived from BMCS on 

magnetic tape. 

The Author ized Ca r r i e r s  have been se lected f o r  ana lys is  

o f  i n j u r y  acc idents  because t h e i r  exposure can be determined from 



Table 7.7 

JACKKNIFING OF COMBINATION VEHICLES 

FATAL ACCIDENTS 
c 

Jackkn i fe?  N % 

No 335 76.1 

Yes 
Pre- Impact 20 4.5 
Post- Impact 35 8.0 

Unknown 50 11.4 

TOTAL 440 100.0 



t h e  f l e e t  m o n i t o r i n g  program. The c a r r i e r  t y p e  i s  known f o r  a l l  

f l e e t s  i n  t h e  m o n i t o r i n g  program, and t h e i r  exposure can be 

determined separa te l y .  Combination o f  the  exposure data  w i t h  

t h e  BMCS acc iden t  da ta  w i l l  a l l o w  t h e  involvement i n  i n j u r y  

acc iden ts  t o  be determined on a  pe r  m i l e  bas is .  

Resu l t s  a r e  n o t  a v a i l a b l e  f rom t h i s  a c t i v i t y  a t  t h i s  t ime.  

A computerized m a i l i n g  o f  t h e  supplemental data  forms i s  be ing  

implemented. 

7.3 T r i p  I n f o r m a t i o n  Survey (TIS) 

In o r d e r  t o  o b t a i n  b e t t e r  i n f o r m a t i o n  about how t h e  pre-  

and pos t -s tandard  v e h i c l e s  a r e  a c t u a l  l y  used, t h e  o r i g i n a l  v e h i c l e  

d e s c r i p t i o n  data  d i  i 1  be supplemented w i t h  a  survey concerning 

v e h i c l e  use on s p e c i f i c  randomly-selected dates .  A b r i e f  ques t ion -  

n a i r e  was designed t o  answer f o u r  quest ions:  

1. Was t h e  u n i t  i n  s e r v i c e ?  

2 .  Approximately how many m i l e s  were d r i v e n  
on t h e  survey date? 

3. What i s  t h e  breakdown o f  t h e  mi leage by 
t r i p  d i s t a n c e  ( l o c a l  , shor t -hau l  , long-  
haul ) ? 

4. For t h e  "most p u l l e d "  t r a i l e r ,  what i s  t h e  
brake t y p e  and o p e r a t i o n a l  s t a t u s ?  

A  sample data  form i s  conta ined i n  Appendix B. 

I n  o rde r  t o  g e t  i n f o r m a t i o n  on t h e  v a r i a t i o n  i n  t r i p  

d i s t a n c e  f o r  a  s i n g l e  v e h i c l e ,  as w e l l  as t h e  v a r i a t i o n  i n  t r i p  

d i s t a n c e  f rom v e h i c l e  t o  v e h i c l e ,  o n l y  one- fou r th  o f  t h e  v e h i c l e s  

were s e l e c t e d  f o r  t h e  t r i p  survey. Each s e l e c t e d  v e h i c l e ,  however, 

i s  t o  be surveyed on f o u r  dates.  

The t r i p  survey spans t h e  p e r i o d  f rom June 27, 1977 through 

December 31, 1977. T h i s  p e r i o d  i s  d i v i d e d  i n t o  f o u r  47 day i n t e r -  

v a l s  as shown below. 



Period Dates 
1 June 27 - August 12  
2 August 13 - September 28 
3 September 29 - November 14 
4 November 15 - December 31 

Each selected vehicle was assigned one sample date code numbered 
from 1 to 47, and th i s  code indicated the four dates in 1977 that 
the vehicle was to  be surveyed, each date being 47 days from the 
previous one. A 47 day period i s  a good one from the point of view 
of maximizing the spread of vehicles across weekends and different 
weekdays. I t  should result  in two-sevenths of the vehicles being 
sampled twice on weekdays and twice on weekends, four-sevenths of 

the vehicles being sampled three times on weekdays and once on 
weekends, and one-seventh of the vehicles being sampled on weekdays 
only. The sample date codes and dates are shown in Table 7.8 

I n  selecting the vehicle sub-sample for the Trip Information 
Survey i t  was considered desirable to  obtain approximately equal 
numbers of vehicles from each of the six major exposure categories 
based on brake type and usual t r i p  length. The six categories, 
their  ful l  sample N's, their  TIS sample N's, and their  sampling 
fractions are shown in Table 7.9, along with the systematic selec- 
tion interval and the chosen random s t a r t  number. 

Prior to  selection, each of the six groups was sorted on 
three other exposure variables: vehicle type, carrier type, and 
f l ee t  s i t e .  Within each group, the vehicles were arranged in an 
alternating ascending-descending pattern on these three variables. 
Speci f i  cal ly , the sequence went: 

Private, Straight Trucks 
Small 
Med i um 
Large 
Unknown 

For Hire, Straight Trucks 
Unknown 
Large 
Medi um 
Small 



TABLE 7.8 

TRIP INFORMATION SURVEY SAMPLE DATES 
- 

- -  - - -  

Sample Date Code Period 1 Period 2 Period 3 Period 4 

June 27 
June 28 
June 29 
June 30 
Ju ly  1 
Ju l y  2 
Ju l y  4 
Ju l y  4 
Ju l y  5 
Ju l y  6 
Ju ly  7 
Ju l y  8 
Ju l y  9 
Ju l y  10 
Ju l y  11 
Ju l y  12 
Ju l y  13 
Ju l y  14 
Ju l y  15 
Ju l y  16 
Ju l y  17 
Ju l y  18 
Ju l y  19 
Ju l y  20 , 

Ju l y  21 
Ju l y  22 
Ju l y  23 
Ju l y  24 
Ju l y  25 
Ju ly  26 
Ju l y  27 
Ju l y  28 
Ju ly  29 
Ju l y  30 
Ju ly  31 
Aug. 1 
Aug. 2 
Aug. 3 
Aug. 4 
Aug. 5 
Aug, 6 
Aug. 7 
Aug. 8 
Aug. 9 
Aug. 10 
Aug. 11 
Aug. 12 

Aug. 13 Sept. 29 Nov. 15 
Aug. 14 Sept. 30 Nov. 16 
Aug. 15 Oct. 1 Nov. 17 
Aug. 16 Oct. 2 Nov. 18 
Aug. 17 Oct. 3 Nov. 19 
Aug.18 Oct. 4 Nov.20 
Aug. 19 Oct. 5 Nov. 21 
Aug. 20 Oct. 6 Nov. 22 
Aug. 21 Oct. 7 Nov. 23 
Aug. 22 Oct. 8 Nov. 24 
Aug. 23 Oct. 9 Nov. 25 
Aug. 24 Oct. 10 Nov. 26 
Aug.25 O c t . 1 1  Nov.27 
Aug. 26 Oct. 12 Nov. 28 
Aug. 27 Oct. 13 Nov. 29 
Aug.28 Oc t .14  Nov .30  
Aug.29 Oc t . 15  Dec. 1 
Aug.30 Oc t . 16  Dec. 2 
Aug.31 Oc t . 17  Dec. 3 

Sept. 1 Oct. 18 Dec. 4 
Sept. 2 Oct. 19 Dec. 5 
Sept. 3 Oct. 20 Dec. 6 
Sept. 4 Oct. 21 Dec. 7 
Sept. 5 Oc t . 22  Dec. 8 
Sept. 6 Oct. 23 Dec. 9 
Sept. 7 Oct. 24 Dec. 10 
Sept. 8 Oct. 25 Dec. 11 
Sept. 9 Oct. 26 Dec. 12 
Sep t . 10  Oc t .27  Dec.13 
Sept. 11 Oct. 28 Dec. 14 
Sept. 12 Oct. 29 Dec. 15 
Sept. 13 Oct. 30 Dec. 16 
Sept. 14 Oct. 31 Dec. 17 
Sep t . 15  Nov. 1 Dec.18 
Sep t . 16  Nov. 2 Dec.19 
Sep t .17  Nov. 3 Dec.20 
Sept. 18 Nov. 4 Dec. 21 
Sep t .19  Nov. 5 Dec.22 
Sept. 20 Nov. 6 Dec. 23 
Sep t . 21  Nov. 7 Dec.24 
Sept. 22 Nov. 8 Dec. 25 
Sep t .23  Nov. 9 Dec.26 
Sept. 24 Nov. 10 Dec. 27 
Sept. 25 Nov. 11 Dec. 28 
Sept. 26 Nov. 12 Dec. 29 
Sept .27 Nov.13 Dec.30 
Sep t .28  Nov.14 Dec.31 



TABLE 7.9 

EXPOSURE GROUPS FOR THE T I S  SAMPLE 
- -  -- 

Exposure F u l l  T I  S Sampl i n g  Random Interval 
Groups Sample N Sample N F r a c t i o n  S t a r t  

Pre-Standard 
Loca 1 560 134 ,2381 1 . 7  4.2 
S h o r t  Haul 290 132 ,4545 1.3 2.2 
Long Haul 642 134 .2083 4.4 4.8 

Pos t -Standar t i  
Loca l  905 133 ,1471 4.5 6.8 
S h o r t  Haul 427 133 ,3125 0.6 3.2 
Long Haul 353 131 .3704 2.4 2.7 - 

TOTAL 3177 797 



For Hire, Tractors 
Small 
Med i urn 
Large 
Unknown 

Private, Tractors 
Unknown 
Large 
Medi urn 
Small 

Private, Buses 
Small 
Med i urn 
Large 
Unknown 

For Hire, Buses 
Unknown 
iarge 
Med i urn 
Small 

Then each of these groups was further sorted i n  PSU order t o  ensure 
spreading the t r ip  information survey among the different geographic 
areas as evenly as possible. For each group, the apprapriate 
sampling fraction and systematic selection interval was calculated 
(shown in Table 7.91, a random number less than this interval was 
chosen (also shown in Table 7.9), and a special FORTRAN program was 
used to select the 797 vehicles from the sorted f i les .  

The next procedure involved the selection of a sample 
date code for each selected vehicle. In order to ensure t h a t  
adjacent selected vehicles (which would often be from the same 
selected f l ee t )  were n o t  assigned adjacent survey dates, the 
sample date codes were arranged in the following sequence: 



For  each o f  t he  s i x  groups o f  se l ec ted  veh i c l es ,  a  random s t a r t  

number between 1  and 47 was chosen as t he  sample date code f o r  

t he  f i r s t  v e h i c l e  i n  t h e  group. Then t he  f o l l o w i n g  sample da te  

code i n  sequence was assigned t o  t h e  second veh ic le ,  e t c . ,  con- 

t i n u i n g  t o  t h e  end o f  t he  sequence and t h e r  t o  t he  beg inn ing  o f  

t he  sequence as many t imes as necessary t o  ass ign a  sample da te  

code t o  each se lec ted  v e h i c l e  i n  t h e  group. 

Th i s  completed t h e  v e h i c l e  and da te  s e l e c t i o n  process. 

A spec ia l  form was c rea ted  f o r  each se lec ted  v e h i c l e  l i s t i n g  i t s  

i d e n t i f i c a t i o n ,  sample dates,  and exposure stratum. Th i s  form 

a l s o  p rov ided  space f o r  keeping a  record  o f  a l l  a t tempts  t o  o b t a i n  

t he  TIS i n f o rma t i on  f o r  t h e  se lec ted  sample dates. These forms 

were then assigned among a s t a f f  o f  f i v e  HSRI te lephone i n t e r v i e w e r s  

w i t h  each i n t e r v i e w e r  be ing  respons ib le  f o r  ob ta i n i ng  the  TIS 

i n f o rma t i on  on t h e  se lec ted  dates f o r  a1 1  se lec ted  veh i c l es  i n  

one group of PSU' s. 

The r e s u l t s  of t h i s  survey w i l l  a l l o w  exposure t o  be more 

accu ra te l y  ca tegor i zed  w i t h  r espec t  t o  t r i p  d is tance.  These 

r e s u l t s  w i l l  be used t o  a d j u s t  t he  d i s t r i b u t i o n s  obta ined us i ng  

t he  i n f o r m a t i o n  i n  t he  v e h i c l e  d e s c r i p t i o n  form. These r e s u l t s  

a re  a l s o  in tended t o  a l low,  t h e  mi leage accumulated by t r a c t o r s  t o  

be p a r t i t i o n e d  by t he  brake type  o f  t he  t r a i l e r .  Since the  acc iden t  

da ta  a re  a l ready  capable o f  p a r t i t i o n i n g  on t he  brake t ype  o f  bo th  

t r a c t o r  and t r a i l e r ,  the  a d d i t i o n  o f  t h i s  i n f o rma t i on  i n  t he  



exposure data makes the  c a l c u l a t i o n  o f  acc ident  r a t e s  as a  f unc t i on  

o f  both t r a c t o r  and t r a i l e r  brake type poss ib le .  Th is  in format ion 

should prov ide sound r e s u l t s  on t he  r e l a t i v e  performance o f  the  

var ious mixes o f  brake type on combination veh ic les .  

7.4 Mod i f i ca t i ons  t o  the  F l e e t  Mon i to r ing  Program 

Two mod i f i ca t i ons  t o  t h e  f l e e t  mon i to r ing  program are  des- 

c r i bed  i n  t h i s  sect ion.  The f i r s t  i s  t h e  c o l l e c t i o n  o f  a d d i t i o n a l  

brake system maintenance data f o r  t he  pe r i od  o f  t ime t he  veh ic les  

were i n  se rv ice  p r i o r  t o  the  beginning o f  the  present  data c o l l e c -  

t i o n  pe r i od  (January 1976). The second i s  t he  a d d i t i o n  o f  post-  

Not ice 7 veh ic les  t o  the  mon i to r ing  program. 

While the  o r i g i n a l  study was designed t o  prov ide a compar- 

i son  o f  brake system maintenance experience dur ing  the  study 

per iod,  i t  i s  a l so  des i r ab le  t o  p l o t  maintenance e f f o r t  as a  

f unc t i on  o f  veh i c l e  age (odometer reading) .  Th is  comparison 

requ i res  maintenance data from the  p o i n t  t he  veh i c l e  was f i r s t  

pu t  i n t o  serv ice.  For t he  pre-standard veh ic les ,  t h i s  pe r i od  i s  

approximately 18 months p r i o r  t o  t he  beginning o f  t he  present  

data c o l l e c t i o n  per iod.  Th is  a d d i t i o n a l  data should g r e a t l y  

enhance the  ana lys is  o f  veh i c l e  maintenance. 

On March 1, 1976, FMVSS No, 121 was mod i f ied  apprec iab ly  

(Not ice 7).  These mod i f i ca t i ons  were expected t o  reso lve many 

o f  the problems experienced w i t h  t h e  e a r l y  veh ic les .  Th is  task  

inc ludes  the  se lec t ion ,  implementation, moni tor ing,  coding, anal- 

y s i s ,  and r e p o r t i n g  on t he  acc idents ,  m i  leage, and maintenance 

experience o f  approximately 1,000 post -Not ice 7 veh ic les .  These 

veh ic les  w i l l  be randomly se lected from the  new veh ic le  purchases 

i n  1977 by t he  f l e e t s  c u r r e n t l y  p a r t i c i p a t i n g  i n  the  study. School 

buses w i l l  no t  be added, s ince t h e i r  exemption extended through 

t h i s  year.  Se lec t ion  p r o b a b i l i t i e s  w i l l  be determined on a f l e e t  

by f l e e t  bas is  depending on the number o f  post -Not ice 7 veh ic les  



a v a i l a b l e  f o r  study and the  w i l l  ingness o f  the  owner t o  increase 

h i s  p a r t i c i p a t i o n .  A l l  s tudy f l e e t s  w i l l  be contacted f o r  imple- 

mentat ion o f  t h i s  task.  

It w i l l  n o t  be poss ib le  t o  ex t rapo la te  t he  r e s u l t s  from 

these veh ic les  t o  the  populat ion o f  a l l  1977 veh ic les  as i s  being 

done w i t h  t he  veh ic les  c u r r e n t l y  i n  the  program. However, these 

veh ic les  w i l l  a l l ow  a comparison w i t h i n  the  f l e e t s  c u r r e n t l y  i n  

t he  study. The popu la t ion  descr ibed w i l l  be t h a t  composed o f  a l l  

veh ic les  purchased by study f l e e t s  i n  1977. Since data c o l l e c t i o n  

i s  scheduled t o  end December 31, 1977, veh ic les  which have n o t  

been p u t  i n t o  serv ice  by October 1, 1977 w i l l  n o t  be included. 
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APPENDIX A 

LETTER TO MANUFACTURERS 



DRAFT (Address L i s t  Attached) 

Dear: 
i ma. . 

As I am sure  you know, we are evaluat ing t h e  ef fec t ivehess  of Federal , 
Motor Vehicle Safety Standard ( W S S )  No. 121, Air Brake Systems, in / - 
preventing truck accidents.  In carrying out t h i s  pro jec t  w e  very nuch q'N'n 

need the cooperation of t ruck manufacturers. It i s  our des i r e  t o  g a t h ~ r  
da ta  on the  "real-world" experience of vehic les  complying with FMVSS :,, .DT2 
as quickly a s  possible. To do t h i s  we  nust loca te  the  owners of these  - 

RTC. 

vehicles. We hope t o  be ab le  t o  do this through the  man~fac tu re r s '  se:.+s 
records. 

I We would very m c h  l i k e  t o  have your company cooperate with us,  i f  a t  , .- 

all possible. We bel ieve  i t  is  t o  our mutual advantage t o  evaluate tka'  'Ax 

e f fec t s  of FMVSS No, 121 i n  a systematic and comprehensive fashion. A I- 
RIG.  

key elercent in such an evaluat ion is t h e  determination of na t ional ly  
representa t ive  e f fec t s .  To s a t i s f y  t h i s  requirement, a s t a t i s t i c a l l y  I - 
defens ib le  sampling plan must be followed. In  order  t o  implenient suck """ 
a plan, the t o t a l  population of owners of W S S  No, 121-equipped vehic:es- 
nnrst be known, in  addi t ion  t o  a s u i t a b l e  cont ro l  population such as t k -  "*" 
purchasers of new vehic les  in  a comparable period 12 months previous. - 

RTG 
This s i t u a t i o n  mikes the  cooperation of every manufacturer e s s e n t i a l  t: 
ensure the  v a l i d i t y  of any r e s u l t s  which may be obtained. --- 

INlTl 

The University of Michigan Highway Safety Research 1nstitu.ce is p resen~ ly -  
pa r t i c ipa t ing  in t h i s  p ro jec t  under National Eighway T r a f f i c  Safety OATE 

Adainistrat ion Contract No. DOT-HS-6-01286, "Fleet Accident Evaluatioc 
F7C. of FMVSS 121." Could you please designate a l i a i s o n  i n  pour organization 

that  our Contractor nay contact  i n  regards t o  our program and discuss -- 
our needs with you. INITI 

i 

We are most hopeful t h a t  you w i l l  help us on t h i s  pro jec t .  We want ir fdrr 
be as conplete and objec t ive  as poss ib le  so t h a t  we w i l l  have a f a i r  - 
evaluation of the -cos t lbene f i t s  of t h e  standard. 

RTO. 
I 

S incerely , 

James B, Gregory 
Administrator 

h N  DOT P 1320.65 (4-67 1 OFFICIAL F I L E  COPY 
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Truck Manufacturers 

Mr. Brooks McCormick 
President 
International Harvester Company 
401 N. Michigan Avenue 
Chicago, Illinois 60611 

Mr. Lee A. Iacocca 
President 
Ford Motor Company 
The American Road 
Dearborn, Michigan 48121 

Mr. H. J. Nave 
President 
Mack Trucks, Inc. 
2100 Mack Blvd. 
Allentown, Pennsylvania 18105 

Mr. Elliott M. Estes 
President 
General Motors Corporation 
767 Fifth Avenue 
New York, New York 10009 

Mr. Kenneth W. Self 
President 
Freightliner Corporation 
2525 S. W. 3rd Avenue 
Portland, Oregon 97201 

Mr. S. E. Knudson 
President 
White Motor Corporation 
100 Erieview Plaza 
Cleveland, Ohio 44114 



Mr. W. N. Gross 
General Manager 
Kenworth Truck Company 
8801 E. Marginal Way S. 
Seattle, Washington 98124 

Mr. Robert A. Holmstrom 
General Manager 
Peterbilt Motors Company 
38801 Cherry Street 
Newark, California 94560 

Mr. E. A. Cafiero 
President 
Chrysler Corporation 
341 Massachusetts Avenue 
Detroit, Michigan 48231 



APPENDIX B 

FLEET MONITORING PROGRAM DATA FORMS 



Area No. 

Fleet No. 

PSU Prob. 

FLEET AND VEHICLE SELECTION RECORD 
Weight - 

Cell 

Company Name 

Address - 

Pre- 121 Post- 121 

Combined L i s t  No. 

Manufacturer 's L i s t  No. 

Frame T o t a l s  

Sample Totals 



C. 
STUDY VEHICLE INVENTORY 

Power U n i t s  Only 

Fleet  Name 

I I 

*See r e f e r e n c e  card ,  Tab le  1 .  ** A t  t i m e  o f  i n i t i a l  .purchase ( o r i g i n a l  equipment)  
8/76 

R 



HIGHLYAY SAFETY RESEARCH INSTITUTE 
I: i r t~tutc~ ol' Sc~c.nc? and Tt.chnolop 

Huron i1arLwa\ a n d  t 3aXt t . i  Ko.i!l 
,Ann A r i ~ o r ,  Xiiciiigan 4til09 

REQUIRED STATEMENT CONCERNING COOPERATION AND DISCLOSURE 

The Highway Sa fe ty  Research I n s t i t u t e  o f  The U n i v e r s i t y  o f  Michigan 
i s  conduct ing a  s tudy e n t i t l e d  " F l e e t  Acc ident  Eva1 c a t i o n  o f  FMVSS 
121." Th is  s tudy i s  sponsored and funded by t he  Nat iona l  Highway 
T r a f f i c  Sa fe ty  Adm in i s t r a t i on ,  U. S.  Department o f  T ranspo r t a t i on  
under c o n t r a c t  number DOT-HS-6-01286. 

Th is  p r o j e c t  i s  au thor i zed  by law -- t he  Nat iona l  T r a f f i c  and Motor 
Vehic le  Sa fe ty  Ac t  o f  1966 (PL-89-563) and t he  Highway Sa fe ty  Ac t  
o f  1966 (PL-89-564). While you a re  NOT requ i r ed  t o  respond, your  
cooperat ion i s  needed t o  make t he  r e s u l t s  o f  t h i s  survey compre- 
hensive, accurate ,  and t ime l y .  I f  you agree t o  cooperate,  you w i l l  
be asked a l l  quest ions.  You may, a t  any t ime, r e fuse  t o  answer any 
o r  a l l  quest ions and t o  d i scon t i nue  p a r t i c i p a t i o n  i n  t he  p r o j e c t .  

The Highway Safety Research I n s t i t u t e  w i l l  keep t h e  names and 
i d e n t i t i e s  o f  a l l  i n d i v i d u a l s  and companies who f u r n i s h  i n f o rma t i on  
on t r u c k  usage f o r  t h i s  s tudy s t r i c t l y  c o n f i d e n t i a l .  Such i n f o rma t i on  
w i l l  n o t  be d i sc l osed  un less t he  I n s t i t u t e  i s  r e q u i r e d  t o  do so by 
c o u r t  order .  

Only summary s t a t i s t i c s  ( w i t h o u t  personal  o r  co rpora te  i d e n t i f i c a t i o n )  
w i  11 be repor ted.  The op in ions ,  f i n d i n g s ,  and conc lus ions expressed 
i n  a l l  r e p o r t s  concerning t h i s  p r o j e c t  w i l l  be those o f  The U n i v e r s i t y  
o f  Michigan and n o t  necessa r i l y  those o f  t h e  Na t iona l  Highway T r a f f i c  
Sa fe ty  Adm in i s t r a t i on .  

I t  i s  t he  s incere  d e s i r e  o f  The U n i v e r s i t y  t o  ob ta i n  t h e  bes t  da ta  
poss ib le .  I n  the  i n t e r e s t s  o f  s a f e t y  and e f f i c i e n t  company ope ra t i on  
we are ask ing  f o r  you r  cont inued cooperat ion i n  t h i s  most impor tan t  
e v a l u a t i o n  o f  FMVSS 121. 

I f  you have any quest ions,  p lease do n o t  h e s i t a t e  t o  con tac t :  

Kenneth L. Campbell, Ph.D. 
P r o j e c t  D i r e c t o r  

Highway Sa fe ty  Research I n s t i t u t e  
The U n i v e r s i t y  o f  Michigan 
Ann Arbor,  Michigan 48109 

(31 3 )  764-0248 



Reference Card 

Tab le  1  = Cargo Body S t y l e  

T r a c t o r  
5 1 h  Wheel and Dromedary 
52  F i f t h  Wheel Only 
53  F i f t h  Wheel dnd Added Device 
5 4  F i f t h  Nheel and Auto C a r r i e r  
55  Other H i t c h :  Specify on Data Form 
56 Other H i t c h  and Added Device 

S t r a i g h t  Truck o r  T r a i l e r  
1 Chassis Only 

Beverage 
Dump 
F i r e  Truck 
F l a t  Bed Container 
F l a t  Bed w i t h  Added Device 
F l a t  Bed--Other 
F l a t  (Low Boy) 
Gondola (Gra in ,  Hopper) 
Garbage 
Mi xer--Cement 
Pole !mailer cnlyl  
Van--Conventional 
Van--High Cube 
Van--Refr i  gera ted 
Va l - -Furn i  t u r e  (Moving) 
Yan--Open Top 
Wrecker fS:raight  truck on ly )  
Automobile C a r r i e r  
Tanker - -L iqu id  
Tanker--Bul k  Dry 
C a t t l e  Rack--Livestock 
Y t i l i t y  (Telephone, e t c . )  
Boom o r  Crane 

2 5  Other :  9 c i f g  on data form 
25 Var ious 

I Table 4 = Model Year Codes 

Table 2 = Ant i -Lock  Mfg. 

A n t i  -Lock 

1  AC 
2 Bendix 
3 Eaton 
4 Goodrich 
5 Kel sey-Hayes 
6 Rockwell 
7 Wagner 
8 Removed 
9 Not  App l i cab le  

Table 3 - 121 S ta tus  

1 Operat iona l  ( o r i g i n a l  equipment) 
2 Brake syste l~ i  i nod i f i ed  ( n o t  i n c .  

A n t i - l o c k )  
2 A n t i - l o c k  n o t  ope ra t i ona l  
4 Brake iystem m o d i f i e d  and 

a n t i - l o c k  n o t  o p e r a t i o n a l  
5  Not a p p l i c a b l e  

4 1974, Pre  121 
5a 1975, Pre  121 
5b 1975, Post 121 
6 1976, Post 121 
7  1977, Post 121 
9 Other  

Table 5 = Accident Events 

A. P r e - C o l l i s l o n  and Post C o l l i s i o n  Fac to rs  

Ran-off-Road Sk idd ing 
Load S h i f t  T r a i l e r  Swing 
Load S p i l l  Veh i c l e  Co l lapse 
F i r e  Jack K n i f e  
Exp los ion Brak ing 
R o l l  away Turn ing 
Separa t ion  o f  U n i t s  Unknown 

(Breakaway) 

8 .  C o l l i s i o n  Factors  

Non-Col l i s ion :  Case v e h i c l e  as a  s i n g l e  v e h i c l e .  

Over turn  R o l l  Away 
Ran-of f -Road Separa t ion  o f  U n i t s  (Breakaway) 
Load S h i f t  Sk idd ing 
Load S p i l l  T r a i  l e r  Swing 
F i r e  Veh ic le  Co l l apse  
Exp los ion Jack K n i f e  

Unknown 

C o l l i s i o n  w i t h  Moving o r  F i xed  Objec t *  

Head-on (Crossed cen te r  1  ine ,  I n t e r s e c t i o n  Type-- 
i n t o  f i x e d  ob jec t ,  e t c . )  F r o n t  

Rear-end ( i n t o  l ead ing  v e h i c l e  M idd le  
o r  by fo l l ow ing  v e h i c l e )  Rear 

Side-swipe--same d i r e c t i o n  Unknown . .- ... 
Side-swi pe--opposi t e  

d i r e c t i o n  " I n d i c a t e  wh ich  v e h i c l e  i s  
Other t h e  s t r i k i n g  veh i c l e .  
Unknown 

Objec t  Contacted 

F ixed Objec t :  
Parked v e h i c l  e--Car, 

smal l  t r u c k ,  l g .  t r k .  
Post,  po!e, t r e e ,  e t c .  
P i e r ,  b r i dge ,  abutment, 

e t c .  
B u i l d i n g  ( l a r g e )  
Loading Dock 
Ea r th  Embankment-di t c h  

h i l l s i d e ,  e t c .  
Median B a r r i e r - - s t e e l  

o r  concre te  
Curb 
Guard ra i l  
F a l l e n  Objects 

Moving Objec t :  
Pedes t r i an  
B i c y c l e  t ype  
Motorcyc le  
Car 
Bus--School , i n t e r c i t y  
Truck--Smal l  , l a r g e  

( s t r a i g h t  o r  a r t i c u l a t e d )  
Rai 1  road T r a i n  
Cons t ruc t i on  Equipment-- 

noncargo c a r r y i n g  
Animal 
T r a i  1 e r  
Farm Veh ic le  
Rec rea t i ona l  Veh i c l e  (Not a 

motor v e h i c l e )  

Table 6 = B r a k e  System 
1 Non 121 equipped 
2  Non 121 equipped b u t  w i t h  a n t i - l o c k  system 
3 121 equipped 
4 Not equipped (none) 
5  Not  app l i cab le  

RC - 6 1 7 6 - 3  

Highway Sa fe t y  Research ~ n s t i t u t e  





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

A. 

B. 

wv i dcl~., .,ate sc;e 1 in dupiicate--return original to HSRI. Retain copy in conpany folc!ar. 

I 
I . D .  I 

1 
F leetNarne I 

-- I 
COMPANY DESCRIPTION OR C. 

1.  ( ) Company o r  Owner-Operator 

2. ( ) Operat ing D i v i s i o n *  

Date / / --- 

D i v i s i o n  Name 

OPERATING DIVISION INFORMATION 

Address 

C i t y  S ta te  Z i p  

Telephone No, 

Corporate Name 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * k  

'james --  Company o r  D i v i s i o n  

:?a j o r  Contact  T i t l e  Phone 

Yai ntenance Phone 

) i spa t ch  Phone 

Acc ident  Records Phone 

D r i v e r  Logs Phone 

Safety  Phone 

Other:  y Phone 

*If  corpora te  con tac t  needed, g i ve  name and address o f  co rpo ra t i on :  

Name 

C i t y  S ta te  Z ip  

Contact  Telephone 

DiscZosure statement given to: 

Nme 

Title / / Date - - - 



COMPANY MAINTENANCE AND INSPECTION F A C I ~ I T I E S _ A N D _ P f ~ A C I I C ~  I --- - 

4. Basic Orgdn iza t ion - -  Check one 

P r i v a t e :  ( ) #  
= o r  i r e :  ( ) Comnon, ( ) Con t rac t ,  ( ) Exempt 

I / 5. A u t h o r i t y  -- Check a l l  t i ~ c  a p p I ~  

( ) Commercial Zone 
( ) I n t r a - S t a t e :  - , PSC Fiumber 

(S ta te )  
I (  ) In te r -S ta te :  ICC  umber 
( ) None 

6. Geographic Area o f  Operat ions 

Region - -  C1.,,~4 a2 L thut app2j 
( ) Local  -+ ( ) Check i f  C o m n e r ~ i a l  Zone ONLY 
( ) I n t r a - S t a t e  Only: 

( S t a t e )  
( ) I n t e r - S t a t e :  T7 Region(s) , ,- , , -, 

( ) Check i f  more than s i x  r e g i o n s  : - - 
7. Average T r i p  Length -- S;recic orie 

( ) Local,  ( ) Less than 200 mi. one way. ( ) More than  200 mi. one way 

TYPE OF CAR- 

8. General C l a s s i f i c a t i o n  

( ) General Co~rmodit ies, ( ) S p e c i a l i z e d  Cargo, ( ) Exempt Comnodit ies 

9. S p e c i f i c  Cargo Transported o r  Hauled on a Regular Basis :  

4 ( ) -  
9 
2 

( ) Mixed Cargo-- l e s s  than t r u c k  l o a d  (LTL) o r  t r u c k T a d  (TL) 
q u a n t i t i e s  o f  genera l  f r e i g h t  

DISPA-TCH POLICY 

10. Dr i ve r -Veh ic le  -- 3:cck  aIZ t k ; t  .rr:-:-. .. . 
( ) Covpany C o n t r o l l e d :  --t ( ) S l i p  Seat, ( ) Assigned Seat 
( ) Owner-Operator 

11. U n i t  Coup1 i n g  Pol i c y  -- check L . , : ;  :.:1, 

( ) S t r a i g h t  Truck Only 
( ) No M i x i n g  o f  121 and non-121 t r a c t o r s  and t r a i l e r s  
( ) Mixed 

12. Backhaul 

( E W ~ P ~ Y  
( ) Loaded: ---t ( ) Conipany Load, ( ) Broker  Load 

I T r i p  I n s p e c t  i o n  -- ('heck : I ;  1;)r each i t c r n  i 13. P r e - T r i p  

( ) Checklane o r  S a f e t y  Lane ( ) D r i v e r  V i s u a l  
( ) D r i v e r  C h e c k l i s t  ( ) No I n s p e c t i o n  

14. P o s t - T r i p  

( ) Checklane o r  S a f e t y  Lane ( ) Other  W r i t t e n  D r i v e r  Repor t  
( ) D r i v e r  V e h i c l e  C o n d i t i o n  Repor t  ( ) Ora l  

(FMCSR o r  e q u i v a l e n t )  ( ) No Repor t  
I 
/ 15. P e r i o d i c  I n s p e c t i o n - -  Does y o u r  company have a  system o f  p e r i o d i c  i n s p e c t i o n ?  -- 

/ 1 17. Form o f  I n s p e c t i o n  I 

( ) Yes -- 

I 
I 

j 
I 

I / I ( ) V i s u a l ,  ( ) W r i t t e n  -- C h e c k l i s t ,  e tc .  I 

16. Are  p e r i o d i c  i n s p e c t i o n s  made by your :  

( ) Company o f f i c i a l s  ( i f  no maintenance s t a f f )  
( ) Maintenance S t a f f  
( ) Repai r  Serv ice  (garage o r  d e a l e r )  i f  you 

have no maintenance s t a f f .  

! 
I 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 ?  

I / - - - / ~ ~ n l y a s n o t e c i ( ~ r r e g u l a r )  1 ( ) P e r i o d i c  (Regu la r ) - -De f ine  Basic  I n s p e c t i o n  / Maintenance 
Per iods:  

-- 

! 19. Do you  have a  system o f  p e r i o d i c  maintenance? 1 

( ) Yes -- 20. What a r e  the  maintenance i n t e r v a l s ?  
/ ( ) P e r i o d i c - - D e f i n e  b a s i c  p e r i o d :  

-- - - . - - - -- 
( ) P e r i o d i c  and combined w i t h  i n s p e c t i o n  . 

f a c i l i t y  equipped t o  
diagnose & r e p a i r  121 brake systems? 

( ) Yes--  Own s e r v i c e  ( ) Yes, capable c f  d i a g n o s t i c  r e p a i r ,  
s t a f f  ( t o o l s  & t r a i n i n g )  

( ) D o n ' t  Know 

I 23. Have any o f  y o u r  mechanics rece ived  s p e c i a l  
i 
I 

t r a i n i r r g  on r e p a i r i n g  121 systems? 
( D o n ' t  Know 

I F l e e t  I n v e n t o r y  
( ) Yes -- Where ~ -- 

1 24. 11973 8 Pre-121 Veh ic les  / I I I 



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

COMPANY DESCRIPTION O R  C.  
OPERATING DIVISION INFORMATION 

F l e e t  Name 

Date -- 
F0LDE.Q COPY 

C m p l e t a  pcge I i n  duplicate--return original t o  HSRI. Retuin copy i n  company folder. 

1. ( ) Company o r  Owner-Operator 

2. ( ) Operat ing Division* 
t 

Divis ion  Name 
Address 
C i t y  S t a t e  Zip 
Tel ephone No. 

Corporate  Name 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * X ~  

3 ,  Names -- Company o r  Divis ion 
~ a j o r  Contact  T i t l e  P h o ~ e  
Maintenance -- Phone 
Dispatch Phone 
Accident Records / Phone 
Dr iver  Logs phone 
S a f e t y  Phone 
Other :  3 Phone 

*If c o r p o r a t e  c o n t a c t  needed, g ive  name and address  o f  c o r p o r a t i o n  : 
Name 
Address 
C i t y  S t a t e  Z i p  --- 

Contact  Telephone 

COW 



Highway Safety Research In s t i t u t e  
The University of Michigan 

COMPANY VISIT LOG 

Rec~rd A L L  vi s i  ts--scheduled and  completed. 

5 .  Complete work previously s ta r t ed .  
6 .  Call back for  periodi-c v i s i t  

(reason 4 ) .  
7 .  Other v i s i t :  Specify above. 

Codes for  Reasons: 

1 .  I n i t i a l  v i s i t  
2 .  Complete company description 
3. Modify company description 
4. Periodic v i s i t  f o r  completing 

necessary forms. Specify forms 
completed as:  

TI--Trip Information 
A--Acci dent report 

MM--Mai nyenance and M i  1 eage Report 

SPECIAL INSTRUCTIONS 



Highway S a f e t y  Research I n s t i t u t e  
The U n i v e r s i t y  of  M ich igan  

A. I.D. 

VEHICLE DESCRIPTION C .  Date - 

V e h i c l e  I 
1 .  Make 

2 .  Model 

3 .  V I N  o r  Manufacturers V e h i c l e  No. 
5 .  Model Year: 

Style 
6 .  Veh ic le  S t y l e  

( ) S t r a i g h t  Truck 
j ) T r a c t o r  

7 .  Cab S t y l e  
( ) Convent ional  o r  Long Convent ional  
( ) Shor t  Convent iont51 
( ) Cab over  o r  t i 1  t :ab 
( ) Cab over  or' t i 1  t c s b  w i t r  s l e e p e r  

8 Cargo body s t y l e  @ 
3 .  GYWR (Gross V e h i c l e  Weight R a t i n g )  

Range Class 
( ) l e s s  than  19000t 5 
( ) 19000t-26000f 6 
( ) 26001d-330008 7 
j ! g  r e a t e r  than  33000# 8 

I Unknown 

Ax le  & Brake C o n f i g u r a t i o n  by A x l e  

F r o n t  Rear 
5 4 3 2 1 

10. Equipped w i t h  a x l e ?  0 0 i )  ( 1  0 
11. Brake System @ - - - - - - 
1 2 .  Opera t iona l  @ - - - - .- - 
13. L i f t a b l e  a x l e  ( 1  ( 1  0 ( 1  0 
14. A n t i - l o c k  ~ f g @  - , - - - 

General Exposure Category 

1 5  Region 
( ) Loca l  ( ) Check if ommercial zone ONLY ------ 

( ) I n t r a - S t a t e  Only:  Usual T r i p  Length 
( ) I n t e r - S t a t e :  ( ) Less than  200 m i .  one way 

( ) More than 200 m ? ,  one way 

See fo rm H S R I  7/76-1 f o r  s ta tement  concern ing  coopera t ion  and d i s c l o s u r e .  





Highw?! Sa'ety Research I n s t i t u t e  
The U n i v e r s i t y  o f  Mich igan 

A. 1.0. 

B. F l e e t  Name i 

SURVEY VEHICLE MILEAGE AND 
MAINTENANCE HISTORY 

NOTE: Mcke a copy of t h i s  form. Retain the original i n  the  f i e M  folder. Send the cop:) t o  
89PJ. After  each v i s i t ,  update the f ie ld  folder copy and send the neu en t r i e s  t o  3 3 1 .  

MAINTENANCE I I ? I Reason f o r  

Record t h e  mi leage f o r  t h i s  v e h i c l e  a t  each q u a r t e r l y  v i s i t .  Note t h e  d a t e  t h e  
r e a d i n g  was taken and t h e  source o f  t h e  reading.  

M a i n t a i n  a  chronology of r e p a i r s  a f f e c t i n g  t h e  b r a k i n g  system. 

Bes in  w i t h  January, 1976 e n t r i e s .  

SOURCE: 1  = Maintenance Record; 2 = I n s p e c t i o n  Record; 3 = Odometer; 4 = Other :  (Over )  F 
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. Date 

u 

r 

M i  leage 
N O L U '  
Y c c c L P 4 :  

I 
1 

Maintenance E n t r i e s  

-- 

- 

a . r u  

I 
I 

I 

1 

I 

I 

I 
I 

I 

1 
I 



VEHICLE RECORD CONTACT LOG 

Note date and check a p p r o p r i a t e  column(s) when rev iew ing  records .  

BY  ate ' Comments 

6 

I 
; ,  

I 
i 

Vehicle , 

Des c . 

- 

I r i ~  - I n fo rmat ion  
Acc ident  
report 

f ia in t .  
r e c o r d  



Highway Safe ty  Research I n s t i t u t e  
The U n i v e r s i t y  o f  Michigan 

H S R I  ACCIDENT REPORT 

A. I .D. 

B . k e e t N a n ! e  

C.  Date 

D. U n i t  No. 

iiane and Locat ion  

1. Name Address 

'L L c i t y  S ta te  Z ip  

2 con tac t  Telephone No. 

2. b Name Address 
> 
'; C i t y  S ta te  Z ip  
0 

Telephone No. 

3. Date o f  Accident I 1 4. Place o f  Accident:  C i t y  o r  Town 

County S ta te  

5. Reported t o :  (obtain copies of a22 availabZe reports.) 

( ) Company: Report No. 
( ) Local P o l i c e :  Department , Sta te  Report  No. 

I I State  Po l i ce :  S ta te  , Report  No, 
Pub1 i c  Regulatory Agency: S ta te  Report  No. 

( ) Bureau o f  Motor C a r r i e r  Safety:  Report  No. 

T r i p  In format ion  

6. Areas o f  Operat ion:  ( ) Local --+ ( ) Check i f  c o n e r c i a l  zone ONLY 
( ) lntra-State 7. [ Intended T r i p  Length: ( ) Less than 200 mi.  one way ( ) I n te r -S ta te :  I ( ) More than 200 mi.  one way 

Cargo & Load ing 

8. S p e c i f i c  Cargo Transported o r  Hauled: 9. Loading: 

( ) ( j F u l l  on Basis o f  Cargo: ( ) Weight 
( ) Mixed Cargo -- Less than Truck Load (LTL) ( ) Volume 

q u a n t i t i e s  o f  general  f r e i g h t  ( ) P a r t i a l  

Special  Cond i t ions  

10. Veh ic le  Mechanical Defect  -- General Category 11. Road Surface C o n d i t i m  a t  
the  t ime o f  t he  ac:i3ent: 

( ) No Defect  
( ) Other Defec t :  ( Dry 

Brakes: ( ) I nope ra t i ve  ( ) Misadjusted 
( ) Worn ( ) F a i l u r e  f o l l o w i n g  Repair  

1 E w / I c e  

( ) A i r  Supply 
( ) Other:  

( ) Red L i g h t  On, Cause Unknown 
( ) Locked ( ) Unspec i f ied  

( ) Other 
( ) Unknown 

Veh ic le  Desc r i p t i on  and Com?osi* 

S t r a i g h t  Truck T rac to r  Semi T r a i l e r  Conv. D o l l y  Semi T r a i l ~ r  F u l l  T r a i l e r  
( 1 ( 1 ( 1 ( 1 ( r ( J 

12. Brake System -. --- -- 

13. Operat iona l  -- -- -. -- -- -- 
14. U n i t  No. * ----- --- 
15. Make ---- - -- .- . - -. - 
16. Model - -- -- - 
17. Model Year @ - -- --- 
18. Cargo Body S t y l e  @ - ------ 
19. For Power Un i t ,  VIN (Veh i c l e  I d e n t i f i c a t i o n  Number): .- - 

*Use company u n i t  number and our s u f f i x :  C = Company Owner, o r  O= Owned by Other.  

See Form HSRI-7176-1 fo r  statement concerning coopera t ion  and d i sc losu re .  

197 



Accident Loss Type 

20. GENERAL LOSS TYPE -- For Accident: ( ) Property Damage, ( ) I n j u r y ,  ( ) Fa ta l  

21. OCCUPANTS AND INJURIES BY VEHICLE 
For the study veh i c l e  only,  i nd i ca te :  Tota l  Occupants , To ta l  I n j u r e d  , To ta l  ~ I l l e d  

For a l l  o ther  veh ic les  and any pedestr ians involved, i nd i ca te :  
Tota l  Occupants I Pedestrians , Tota l  I n j u r e d  , To ta l  K i l l e d  

22. DOLLAR LOSS -- For Damage Only: $0 $1-8500 $501-$1000 $1000-$2000 $2001+ 

To ta l  f o r  Accident ( ) 
Fo rT ruck ingCo .  ( ) I 1. . I  I 

23. DOWN TIME: Time t ruck  out  of serv ice  due t o  accident and repa i rs .  
( ) 4 - 24 Hours ( ) More than 1 Week [ 1 !::: than 4 Hours ( ) 24 Hours - 1 Week ( ) Vehic le no t  pu t  back i n t o  serv ice  

Na r ra t i ve :  Describe b r i e f l y  how the accident occurred and inc lude scene diagrams where appropr iate.  
Use add i t i ona l  paper i f  space i s  n o t  s u f f i c i e n t .  

25. PRE-COLLI SION: Describe. , 

Did  anything unusual occur t o  t he  veh i c l e  before t he  accident? (Note any p r e - c o l l i s i o n  
f a c t o r  as l i s t e d  on Table 5a o f  the  reference card.) I nd i ca te  s i g n i f i c a n t  events. 

26, COLLISION: Describe. (Include the t e of co l l i s ion ,  number o vehicles involved and 
i d i c a t e  the B j e c t s  contOfted-- see T d i e  Sb a d  Table Sc.)  

27, POST-COLLISION; (L i s t  any *post-crash events which occured to the vehicle .  See  able Sa.) 

--t Note: OMIT t h i s  sec t ion  i f  p o l i c e  type repo r t ( s )  a re  inc luded w i t h  t h i s  submission. 

28. Locat ion o f  Accident: ( ) P r i va te  Property:  
Parking t o t ,  Loading Dock, e tc .  & Name o f  P r i v a t e  Proper ty  1 S t ree t  o r  Highway- ( ) a t  i n t e r s e c t i o n  w i t h  

Feet/Mi les N S E W o f  I n te rsec t i on  w i t h  

29. Descrlbe the  l o c a t i o n  where the accident occurred. 

30. Other Relevant In format ion  -- Describe any o ther  in format ion  deemed re levant ,  road cond i t ion ,  e t c .  

31. Scene Diagram: (Using dotted diagram as guide ad heavy pencil or  pen, indicate actual roadmy s i tuat ion 
at  accident scene. Then use symbols beLou t o  show w h a t  happened, the path taken by 
involved vehicles,  cmd the i r  final res t ing place. l 

IDENlllY S l R t E T !  
1, follow d o l l d  loner to draw dY NAME Oli NU 

5 AND HIGHWAYS DRAW ARROW "..* INDICATING **. **., 
*. 

*** *.* """0 
* :  *. *I .  . 

**.. f :  
*a. *. . . .... .................................. .:*. ...... .%'.. : 

.** '.. : 



Highway Safeiy Research Ins t i tu te  
The University of Michigan 

B. 1 Fleet Name 

Field Mgr. 

C.  

Company Name 

Date -- 

STATUS : 

1. Contacted? 

( ) No -+- Stopped: ( Izd icate  r,eason below) 

( ) No or  wrong address in our f i l e s  

( ) Cannot locate by telephone or personal v i s i t  

( ) Other: 

( ) yes 

J 
2 ,  Interviewed? 

( ) No -t Stopped: ( Indica te  reason below) 

( ) Could n o t  contact responsible party 

( ) Other: 

3. Interview Result 

( ) Stopped: Check reason 

( ) Unwi 11 ing t o  cooperate: Reason 

( ) Vehicles not available:* Reason 

( ) Not i n  trucking business* 

( ) Other 

( ) Field v i s i t  O K  + + t +complete c thcr  s i d c  of page t a 

.- -- - 

* and NOTE: I f  one, several or  a l l  of the vehicles are  not avai lable ,  

determine where they can be found. 



F i e l d  V i s i t  Summary 

4. W i  11 i n g  t o  Cooperate 
( ) E n t h u a s t i c  
( ) W i l l i n g  
( ) OK b u t  some h e s i t a t i o n  
( ) U n w i l l i n g  
( ) Refusal 

5. Does t h e  p o t e n t i a l  f o r  f u t u r e  f i e l d  da ta  c o l l e c t i o n  problenls e x i s t  
w i t h  t h e  company o r  any o f  i t s  employees? 

( ) No 
( ) Yes: E x p l a i n  - 

6 .  Company b i a s  toward  121 
( ) S t r o n g l y  i n  f a v o r  o f  121 
( ) M i l d l y  i n  f a v o r  o f  121 
( ) N e u t r a l  
( ) M i l d l y  a g a i n s t  121 
( ) S t r o n g l y  a g a i n s t  121 

7 .  F a c i l i t y  R a t i n g  - -  What t y p e  o f  p e r i o d i c  i n s p e c t i o n  and maintenance 
system e x i s t s  i n  terms o f  g e t t i n g  t h e  j o b  done? 

I n s p e c t i o n  Maintenance 

( ) Adequate - -  p r e - t r i p ,  p o s t - t r i p  ( ) Adequate - -  p e r i o d i c ,  
wri t t e n  reco rds  , e t c .  w i t h  reco rds ,  e t c .  

( ) M a r g i n a l  -- p o s t - t r i p  o n l y  ( ) M a r g i n a l  - -  some semblance 
( ) Inadequate  -- c u r s o r y  v i s u a l  o f  p e r i o d i c  system 
( ) No i n s p e c t i o n  ( ) Inadequate  - -  f i x  i t  o n l y   hen 

we f i n d  i t  
( ) No maintenance --  r e p a i r s  o n l y  

when i t  breaks  down 

STOPPED : Date 

( ) U n w i l l i n g  t o  c o n t i n u e  c o o p e r a t i o n :  Reason 

( ) V e h i c l e ( s )  n o t  a v a i l a b l e :  Reason -- 

NOTE where t h e  v e h i c l e ( ~ )  have gone A 

( ) Q u i t  bus iness  

( ) O the r :  - 



Selected Vehicle Summary Form 

UNIT NO. 

Fleet  

Vehicle i 
I 

Stratum 

Sample Date Code 
i I 

Company Name Total TIS Vehicles 

Location Phone 

Brake Type Modifications: 

Body Type Usual Trip Length 

I n i t i a l  Information Notes: 

Call Records 

RESULT COI;E: CI = Corn Zete Info. ; P I  = Part ia l  Info. ; NI = No Info.  ; !JA = No Ansuer; 
RN= l%f i! erent No. ; CA = Call Again; OTHER = Make a note  on reversc  s :'d(:. 





FORM T i  
1977 TR I P INFORMATION SURVEY 

Telephone I n te r v i ew  Form 

Company 

Phone Unit No. 

yeh i c l e  I . D .  (03-7 1 ) 

Survey Per iod (12) 

Stratum ( 7  3-', 7 )  

Sample Date Code (18-19) 

Sample Date (20-23) 

Sample Day of Week (24) 
(l=Mon; 2=Tues; 3=Wed; 4=Phurs; 
5=Fri; 6=Sa t; 7=Sun) 

L 

1, Use Vehicle Description t o  ver i fy ,  as necessary (year, make, 121 status,  e t c . )  
Was Unit Number i n  use on ? [Coi 251 

[ l 2 N o  

a .  Was it being serviced,  o r  not  scheduled f o r  use? [ C O ~  261 
[ ] 3 Don't Know } To End.  
[ 1 2 Wasn't Schednled 

I 

[ 1 1 Being Serviced 

b. Did t h i s  se rv ic ing  involve the  brakes a t  a l l ?  [ C O ~  271 

[ 1 3 Don't Know 
[ 1 2 No, not  t he  brakes 

} Po End. 

[ 1 1 Yes 

c. Was the  reason f o r  se rv ic ing  a breakdown o r  f a i l u r e  [ C O ~  281 
i n  the  brake system? 

[ 1 3 Don't Know 
[ 1 2 N o  

} To End. 

[ 1 1 Yes 

d. What was t h e  nature of t he  brake problem? 

b 

[ 1 3 Don't Know 
[ 1 4 Other (Example: Vehicle sold, scrapped, e tc .  ) Specify: 

(TS Ern-. l 
[ ] 1 Yes 

2, Approximately how many miles was Unit Number driven on 
from midnight t o  midnight? 

Specify number of miles:  

Source: [ 1 1 Records 
[ 1 2 Estimate 
[ I 3 Not Sure 

[Col 29-32]  

[Col 331 



3, Was a l l  of t h i s  mileage dr iven on ( loca l / sho r t  haul/long haul)  t r i p s ?  
If so, e n t e r  t o t a l  mileage on appropr ia te  l i n e .  
If not, e n t e r  a breakdown of mileages betueen cateyordes.  

a .  Local: Miles 
I n  o r  a ~ o u r d  the  a r e a  i n  which the vehic le  i s  based. 

b. Short  Haul : Miles 
A t r i p  t o  another  a r ea  l e s s  than 200 miles  away. 

c .  Long Haul: Miles 
A t r i p  t o  another  a r e a  more than 200 rzi2e.s away. 

[Col 34-37] 

[Col 38-41] 

[Col 42-45] 

NOTE: IF VEfiICLE I S  A BUS, GO TO END OF FORV! -- 

4, a .  Did Unit p u l l  any t r a i l e r s  on ? LC01 461 

[ 1 1 Yes 

b. Was it a s i n g l e  bottom o r  double bottom? [Col 471 

[ ] 3 Don't Know 
[ ] 1 single--Describe the  most used t r a i l e r .  
[ 1 2 ~ouble--Describe the first and second t r a i l e r .  

SINGLE OR FIRST TRAILER: SECOND TRAILER ( I N  DOUBLE): 

c. Was it a 121 t r a i l e r ?  [Col 481 1 f .  was it a 1 2 1  t r a i l e r ?  [COT 5111 

[ I 3 Don't Know 
[ 1 2 N o  
[ I 1 Yes 

[ 1 3 Don't Know 
1 2 N o  

[ I 1 Yes 

d. I f  Yes, was t h e  brake modified? [ C O ~  491 

[ 1 3 Don't Know 
[ 1 2 N 0  
[ 1 1 Yes 

g .  I f  Yes, was the  brake modified? [ C O ~  521 
[ 1 3Don ' tKnow 
[ 1 2 N o  
[ 1 1 Yes 

i 
e .  I f  Yes, was t h e  modified p a r t  [C01 501 

t h e  an t i - sk id?  

Number of Cal l s  [ C O ~  541 Interview S ta tus  (Before Key Punch) [C01 601 
Number of usefu l  respondents 
Interviewer 

- rCol 551 [ I 1 Complete Information 

[Col 56-59] [ I 2 P a r t i a l  Information Interview Date 
[ 1 3 N o  Information 

h .  I f  Yes, was the  modified p a r t  [C01 5311 
the  an t i - sk id?  1 

[ ] 3 Don't Know 
[ 1 2 N o  
[ I 1 Yes 

[ 1 3 Don't 0,ow I 
[ 1 2 N o  I 
I I 1 Yes i - 



APPENDIX C 

FATAL ACCIDENT FOLLOW-UP DATA FORMS 



HIGHWAY SAFETY RESEARCH INSTITUTE 
Institute of Science and Technology 

Huron Parkway and Baxter Road 
Ann Arbor, Michigan 48109 

THE UNIVERSITY OF MICtiIGAh 

A s  you know from o u r  r e c e n t  t e l e p h o n e  c o n v e r s a t i o n ,  t h e  
Highway S a f e t y  Research  I n s t i t u t e  o f  The U n i v e r s i t y  of  Idichigan 
i s  c o l l e c t i n g  i n f o r m a t i o n  a b o u t  a c c i d e n t s  which invo lved  l a t e  
model a i r - b r a k e d  t r u c k s .  T h i s  s t u d y  i s  sponsored  by t h e  U.S. 
Department o f  T r a n s p o r t a t i o n  a s  p a r t  of  i t s  program f o r  improv- 
i n g  t h e  s a f e t y  of  t r u c k  o p e r a t i o n s .  An a r t i c l e  e x p l a i n i n g  how 
t h e  s t u d y  w i l l  be used t o  e v a l u a t e  t h e  f e d e r a l  a i r - b r a k e  regu-  
l a t i o n  (FMVSS-121) i s  e n c l o s e d  a l o n g  wit.h a  c o n f i d e n t i a l i t y  
s t a t e m e n t .  I s i n c e r e l y  hope you w i l l  be  a b l e  t o  h e l p  u s .  

I f u l l y  u n d e r s t a n d  your  r e l u c t a n c e  t o  d i s c u s s  an  a c c i d e n t  
o v e r  t h e  phone. However, you w i l l  see from o u r  q u e s t i o n n a i r e  
t h a t  we  a r e  i n t e r e s t e d  i n  your  t r u c k  and i t s  b r a k e s ,  r a t h e r  t h a n  
d e t a i l s  of  t h e  a c c i d e n t  o r  who was a t  f a u l t .  We would l i k e  you 
t o  answer t h e  q u e s t i o n s  r e g a r d l e s s  o f  whether  b r a k i n 9  was i n -  
vo lved  i n  t h e  a c c i d e n t .  

P l e a s e  t a k e  a  few minu tes  t o  f i l l  ou r  o u r  q u e s t i o n n a i r e  
and m a i l  it i n  t h e  e n c l o s e d  stamped enve lope .  I n  t h e  i n t e r e s t  
o f  highway s a f e t y  and e f f i c i e n t  t r u c k  o p e r a t i o n ,  w e  a s k  f o r  
your  c o o p e r a t i o n  i n  t h i s  i m p o r t a n t  e v a l u a t i o n  of FbIVSS-121. 

S i n c e r e l y ,  

E n c l o s u r e s  



HIGHWAY SAFETY RESEARCH INSTITUTE 
Institute of Scierce and Technology 

Huron Parkway and Baxter Road 
Ann Arbor, Michigan 48109 

THE UNIVERSITY OF MICtiIGAN 

The Highway Safety Research Institute of The University 
of Michigan is collecting information on accidents involving 
late model air-braked trucks. The study is sponsored by the 
U.S. Department of Transportation and will be used to evaluate 
the federal air-brake regulation (FWSS-121) for heavy trucks. 
We would very much appreciate your help. 

Because we have been unable to reach you by telephone, 
I an sending you our questionnaire and some information about 
our study. Also enclosed, you will find a confidentiality 
statement and a self-addressed stamped envelope. 

The accident we are seeking information about is iden- 
tified on the first page of the questionnaire. As you will 
see from the questions asked, we are interested in your truck, 
rather than details of the accident. We would like you to 
answer the questions regardless of whether braking was involved 
in the accident and regardless of whether your truck has 121 
brakes. 

We sincerely hope you will take a few minutes to fill 
out and mail this questionnaire. Your cooperation will be 
greatly appreciated by everyone concerned with truck safety. 

If you have any questions concerning this study, or if 
it would be more convenient for you to provide this needed 
information over the phone, please call me collect at (313) 
763-1276. 

Sincerely, 

Enclosures 





HEAVY TRUCK ACCIDENT QUESTIONNAIRE , 

Instructions : 

Please look over i tems A-E for  er rors  or missing information and make any 
corrections necessary. 

I. (These items hdve been copied from police reports secured from s t a t e  
and local author i t ies .  ) 

A .  Name of Driver 

Place Accident Occurred - State 

C .  Date Accident Occurred 
Month Day Year 

D .  Vehicle Manufacturer 

E .  Vehicle Model Year 
(Note: If the model year of the vehicle i s  before 1974 do n o t  
answer any of the questions, and please return t h i s  form in the 
enclosed envelqpe. ) 

1 Continue now with Questions 1-14. Answer each question about the 
truck according t o  i t s  condition a t  the time of the accident. 

1 .  Check t h e  box which corresponds t o  the Vehicle Combination. Choose 
only one. 

Straight Truck Only 

Straight  Truck and Full Trailer  

Tractor Only (Robtai 1 ) 

------..-----..------ Tractor and 'Semi Trai 1 e r  

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  eJ5-b7=8~'67 Tractor, Semi Trai ler  and Full 
Trai 1 e r  (Doubles) 

1 -1 Other (speci fy) :  

- 
I ; Unknown 



2. What t y p e  o f  brakes d i d  t h e  3. ldhat was t h e  Gross Veh ic le  Weight 
t r u c k  have? R a t i n y  o f  the t r u c k ?  

[ ! Air [ ] 26,000 1 b s .  o r  over  (Class 7,  

[ j A i r l h y d r a u l i c  8, Heavy-Heavy ) 

[ ] Non-Air [ ] Under 26,000 l b s .  (Class 3-6,  
L i g h t  Heavy) 

[ ] Unknown [ ] Unknown 

4.  W r i t e  i n  t h e  code number d e s c r i b i n g  t h e  t y p e  o f  brakes f o r  each u n i t  
o f  the  v e h i c l e  combinat ion.  

Power* I s t  t r a  i 1  e r  2nd t r a i  1  e r  
U n i t  ( i f  any) ( i f  any) 

1. C o n v e n t i o n a l  A i r  S rake  (non  F Y Y S S  1 2 1 )  
2. C o n v e n t i o n a l  A i r  a r a k e  b u t  w i t h  a n t i - ! o c ~  s j s t e a  
3. FMYSS-121 a i r  b r a k e  s y s t e n  
4 .  Xot  e q u i p p e d  ~ i t h  t r a k e s  
5. E l e c t r i c  b r a k e s  
6. O t h e r  b r a k e  s y s t e n  

5 .  W r i t e  i n  t h e  code number d e s c r i b i n g  the  brake s t a t u s  - o f  t h e  brake 
system on each u n i t  of t h e  v e h i c l e  combinat ion.  

Power* 1 s t  t r a i l e r  2nd t r a i l e r  
U n i t  ( i f  any) ( i f  any) 

* t r a c t o r  o r  s t r a i g h t  t r u c k  

F o r  u n i t s  w i t h  c o n v e n t i o n a l  a i r  brakes - 
1. O p e r a t i o n a l  as o r i c i n a l  l y  e q u i p p e d  
2. Brake  s y s t e x  s o d i f i 2 d  
3. Brake  sys tem n c t  o p e r a t i o n a l  

F o r  u n i t s  w i t h  F'L','SS !lair b r a k e s  - 
4 .  O p e r a t i o n a l  as o r i g i n a l l y  e q ~ i p o e d  
5 .  Brake s y s t e m  r o d i f i e d  
6. A n t i - l o c i :  r e m v e d  
7. B rake  s y s t e v  11oi o p ~ r z t i o n a l  

F o r  u n i t s  w i t h  o t h e r  b r a k e  syste-s 

8. O p e r a t i o n a l  9. ! lo t  o p e r a t i o n a l  

6. How many a i r - b r a k e d  t r u c k s  7 .  What was t h e  in tended  area o f  
a re  i n  y o u r  f l e e t ?  o p e r a t i o n  f o r  t h e  t r i p  on which 
r i l  t h e  acc iden t  occurred? 
1 j ;-5 
[ ] 6-50 
r I 50+ 
[ ] Unknown 

[ ] Local  
[ 1 W i t h i n  t h e  S t a t e  
[ ] I n t e r s t a t e  
[ ] Unknown 

8. What was t h e  in tended l e n g t h  o f  t h e  d r i v e r ' s  t r i p  on t h e  day o f  t h e  
acc iden t  (one way)? 

[ ] Less than 200 m i l e s  

[ ] Greater  than 200 m i l e s  

[ ] Unknown 



9. What t y p e  o f  c a r r i e r  was t h i s  v e h i c l e ?  

[ ] P r i v a t e  

[ ] For  H i r e  > What t ype?  
[ ] Con t rac t  
[ ] Common 
[ ] Exempt ( A g r i c u l t u r a l  Commodity) 
[ ] Exempt (Commercial Zone) 
[ ] Unknown 

10. D i d  t h e  v e h i c l e  j a c k n i f e ?  

r I No 
[ ] Yes, b e f o r e  impact  

[ ] Yes, a f t e r  i n i t i a l  impact  

[ ] Unknown 

11. What t y p e  o f  - cab d i d  the  
t r u c k  have? 

[ ] Convent ional  

[ ] T i 1  t (Cab-over) 

[ ] Unknown 

12. D i d  t h e  cab have a s l e e p e r ?  

[ I yes 

r I No 
[ ] Unknown 

13. Plhat cargo was be ing  t r a n s p o r t e d  a t  t h e  t i m e  o f  t h e  a c c i d e n t ?  

[ ] S p e c i f y :  

[ ] Truck  was empty 

14. Comments: 

Thank you f o r  you r  coopera t i on - -p lease  m a i l  t h i s  fo rm i n  t h e  enclosed 
stamped envelope, o r  send i t  t o :  

Heavy Truck Brake Study 
Highway S a f e t y  Research I n s t i t u t e  

The U n i v e r s i t y  o f  Mich igan 
Ann Arbor,  Mich igan 48109 



FYVSS 121 FATAL .IrCIGE';T DATh FOPM 

I. AL'4Ib4ISTRATIVE I 1  I. i"POSL!?E I:IFOR+'1TIO', -- - - . - -- . -. 

S t a t e  FARS - - - ( 1 - 6 )  F l e e t  Size ( :  A i r h r ~ r e i i  power ' I n i t s )  ( 2 3 )  

A c c i d e n t  Date Y R  / . -  1 D.Y- ( 7 - 1 2 )  

Vehicle,' I n t e r v i e w e r  Code (19-2C) 

I n t e r v i e w e e  (21  ) :  

1  ( 1 Owner j ( ) Owner /Dr i ve r  
2 ( ) D r i v e r  4  ( ) O ther :  

8 ( ) % / A ,  No i n t e r v i e w e e  

F i n a l  S t a t u s  (22-30) : 

Po l  i c e  R e p o r t s :  Yes=l 
Readable 
Complete 

( ) 
( ) 

F o l  low-up:  
I n i t i a t e d  
Phone : 

( ) 

Con tac ted  
, 0 

Cooperated 
( ) 

Mai 1  ed 
Retu rned  

i i 
Completed 

( ) 
( 1 

11. VEHICLE DATA VALIDATION 

V e h i c l e  M a n u f a c t u r e r  (31  -32 )  

Ford  
GM 
Dodge 
Mack 
P e t e r b i l  t 
Kenworth 
Wh i te  
I n t e r n a t i o n a  

1  ( ) L o c a l  
2  ( ) I n t r z s t a t e  
3 ( ) I n t e r s t a t e  
9 ( ) 2nkiown 

I n t e n d e d  L e q q t h  of  A c c i d e n t  T r i p  (one-vray)  ( 5 0 )  

i ( ) Over P O C n i l e s  
2 ( ) dr:der 2 C l  r i l e s  
9 ( ) Unknown 

C a r r i e r  T y j e  ! 4 1 )  

1 ( ) P r i v a t e  ( n o t  f o r  h i r e )  
2 ( ) F o r  t i i r e  

3 ( ) A u t h o r i z e d  ( I C C )  

a ( ) C o n t r a c t  
5 : 1 Cmmon 

6 ( ) Exempt 

7 ( j Cargo ( e . g . ,  Far-)  
9 ( ) Area ( e . g . ,  L o c a l )  

9 ( ) Unknown 
Brockway 
Diamond Reo 
Chevy 
F r e i g h t 1  i n e r  
A u t o  Car 
Wh i te  N e s t e r n  
See L i s t  
Unknown 

Model Year (33-34)  

!,/eight ( 3 5 )  

1 ( ) Under 26,000 ( C l a s s  3 -6 ,  L-H) 
2  ( ) Over 26,000 (Class 7 8 ,  H-H) 
9 ( ) D e f i n i t e l y  Unknown 

V e h i c l e  C o n f i g u r a t i o n  ( 3 6 )  

1 ( ) B o b t a i l  T r a c t o r  
2 ( ) S t r a i g h t  
3  ( ) T r a c t o r ,  Semi 
4 ( 1 T r a c t o r ,  Semi, F u l l  
5 ( ) S t r a i g h t ,  F u l l  
8 ( ) O t h e r :  
9 ( ) Unknown 

Power U n i t  Brakes ( 2 7 )  

1 ( ) A i r  
2  ( ) N o n - a i r  
9 ( ) Unknown 

IV. SUPPLEI:EEITAL If!FORr4AT;G'4 

d a c k k n i f e  C o n d i t i o n  ( 4 2 )  

1  ( ) V e h i c l e  d i d  l o t  
2  ( ) P r i o r  t o  i y p a c t  
3  ( ) A f t e r  i n i t i a l  i a p a c t  
9 ( ) Unknown 

Cab ( 4 3 )  

1  ( ) C o n v e c t i o n a l  
2 ( ) T i l t  
3 i ) Unknown 

S l e e p e r  (44) 

1 ( ) Yes 
2 (  ) V o  
9 ( ) Uninown 

Cargo 

COMMENTS : 

V  . fi ER !\;i' E-SYSTJ? 

BQAKE TYPE fi9AKE ::/"\TUS 

(50)  -- Power U n i t  .. ~ ( 5 1 , 5 2 )  

( 5 3 )  T r a i l e r  1  (54,551 

( 5 6 )  . T r a i l e r  2 -- (57,58)  

1. Conven t iona l  A i r  B rake  (non  FMVSS 121) 01. o p e r a t i o n a l  a s  o r i g i n a l l j  e q u i p r e d  
2. Conven t iona l  A i r  B rake  b u t  w i t h  a n t i - l o c k  sys te r i  02. n o t  equ ipped  
3. FMVSS-121 a i r  brake system 84. Xot  A p p l i c a b l e  
4. No t  equ ipped  w i t h  b r a k e s  
5. E l e c t r i c  b r a k e s  F o r  i t n i t s  w i t h  c o n v e n t i o n a l  a i r  brakes:  - - - . - - - - -- - - . - - -- - - -- - - - - - -- 
6. O t h e r  b rake  system 03. l l rake  i y s t e n ~  n l o d i f i e d  
9. > lo t  A p p l i c a b l e  04. [!rake system reirloved 
9. Unknown 05, \:rake \ys tcm n o t  o p e r a t i c n d l  

an .  tjnt b r ~ ) i  i c ~ I ~ 1  

l o r  
Acc idPnt  Type ( 5 9 )  ._.. . . . -  -.- -. . . .. . 

1 .  S i n r l l e  5 .  Anq l~ : ;  0V.T > ec, , . < ,  , ,  . ,J.  J 

6 .  Angle;  T.+OV p ~ t i - ~ o c k  r io t  o p e r a t i o n a l  I , f  so e q u i p p e a )  2 .  Head-on 
3 .  Rear;  O V - T  7 .  Sidesw11)c 212 " 4 .  k r t ~ k c  Systc~n r i ~ o d i f i e d  and a n t i - l o c k  n o t  o p e r a t i o n a l  

4 .  Rear; 7 4 V  8. Other  09. I:rake s y s t e m  removed 

5 .  Angle;  I). Unknown 10.  A n t i - l o c k  system o n l y  removed 
88. t l o t  Apol i c ~ h l i .  



APPENDIX D 

INJURY ACCIDENT FOLLOW-UP DATA FORMS 





t-1IGHM'AY SAFETY RESEARCH INSTITU-rE 
In~tilutc' of Sr~cnccb and Ti,c.ljnology 

t i u r o ~ i  P,~rh~v,~y atitl Il,~xt('r Ro'id 
An t i  Arbor, h t l c h ~ ~ a n  . 4H105 

November 10, 1976 

Dear 

The Highway S a f e t y  Research I n s t i t u t e  o f  The U n i v e r s i t y  o f  M ich igan  
i s  conduc t ing  a  s tudy  e n t i t l e d  " F l e e t  A c c i d e n t  Eva1 u a t i o n  o f  FMVSS 121. " 
T h i s  s tudy  i s  sponsored and funded by t h e  N a t i o n a l  Highway T r a f f i c  Safe ty  
A d m i n i s t r a t i o n ,  U .S .  Department o f  T r a n s p o r t a t i o n  under c o n t r a c t  number 
DOT-HS-6-01286. 

The purpose o f  t h i s  s tudy  i s  t o  de te rm ine  what e f f e c t  ( i f  any) t h e  
i m p o s i t i o n  o f  Federal  Motor V e h i c l e  S a f e t y  Standard number 121 , Air 
Brake Systems (FMVSS-121) has had on r e d u c i n g  t h e  number o f  a c c i d e n t s  
i n v o l v i n g  t r i c k s  equipped w i t h  t h i s  new ( a n t i - s k i d )  b rake  system. 

The Bureau o f  Motor C a r r i e r  S a f e t y  (BMCS) i n  c o o p e r a t i o n  w i t h  t h e  
N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  has p r o v i d e d  t o  us a  copy 
of t h e  BMCS Acc iden t  ~ e p o r t  (form MCS-50T) ind icat ing t h a t  one of y o u r  
v e h i c l e s  was i n v o l y e d  r e c e n t l y  i n  an a c e i d e n t .  Whi le  form MCS-50T 
p rov ides  much i n f o r m a t i o n  about  t h e  a c c i d e n t ,  a  few a a d i  t i o n a l  , i m p o r t a n t  
p ieces  o f  data  concern ing t h e  t r u c k ' s  brake system must be known before  
o u r  a n a l y s i s  can be completed. T h e r e f o r e  p lease  t a k e  a few minutes  and 
complete the  enclosed supplemental  d a t a  fo rm and r e t u r n  i t  i n  t n e  enc losed,  
se l f -addressed  envelope.  (No a d d i t i o n a l  postage i s  r e q u i  r e d ) .  

T h i s  p r o j e c t  i s  a u t h o r i z e d  by l a w - - t h e  N a t i o n a l  T r a f f i c  and Motor 
V e h i c l e  S a f e t y  Ac t  o f  1966 (PL-89-563) and t h e  Highway S a f e t y  A c t  o f  
1966 (PL-89-564). Whi le  you a r e  NOT r e q u i r e d  t o  respond, y o u r  c o o p e r a t i o n  
i s  needed t o  make t h e  r e s u l t s  o f  t h i s  survey comprehensive, a c c u r a t e  
and t i m e l y .  

The Highway S a f e t y  Research I n s t i t u t e  w i l l  keep t h e  names and 
i d e n t i t i e s  o f  a l l  i n d i v i d u a l s  and companies who f u r n i s h  i n f o r m a t i o n  f o r  
t h i s  s tudy  s t r i c t l y  c o n f i d e n t i a l .  Such i n f o r m a t i o n  w i l l  n o t  be d i s c l o s e d  
un less  t h e  I n s t i t u t e  i s  r e q u i r e d  t o  do so by j u d i c i a l  p rocess.  

Only summary s t a t i s t i c s  ( w i t h o u t  persona l  o r  c o r p o r a t e  i d e n t i f i c a t i o n )  
w i l l  be r e p o r t e d .  The o p i n i o n s ,  f i n d i n g s ,  and c o n c l u s i o n s  expressed 



November 10, 1976 
Page 2 

i n  a l l  r e p o r t s  concern ing t h i s  p r o j e c t  w i l l  be those  o f  The U n i v e r s i t y  
o f  Mich igan and n o t  n e c e s s a r i l y  those o f  t h e  Na t i ona l  Highway T r a f f i c  
Sa fe ty  Adm in i s t r a t i on .  

It i s  t h e  s i n c e r e  d e s i r e  o f  The U n i v e r s i t y  o f  Mich igan t o  o b t a i n  
t h e  b e s t  da ta  poss ib l e .  I n  t h e  i n t e r e s t s  o f  highway s a f e t y  and e f f i c i e n t  
company ope ra t i on  we a re  ask ing  f o r  you r  con t inued  coopera t ion  i n  t h i s  
most impor tan t  e v a l u a t i o n  o f  FMVSS 121. 

For  t h e  U n i v e r s i t y  o f  Mich igan 

For t h e  Bureau o f  Motor C a r r i e r  Sa fe t y  

v l  d 

Enclosures 



HSRI - BMCS Truck Accident Data Supplement 

Instructions : 

(1 )  Review items 1-5 fo r  er rors  or  omissions. These items have 
been copied from the Bureau of Motor Carrier  Safety Motor 
Carrier Accident Report, Form MCS-50T. Note any corrections 
o r  changes necessary. 

( 2 )  Refer to  item 6 and answer accordingly. Follow the ins t ruct ions  
given in item 6 .  Complete the additional items requested and 
return the questionnai re--as instructed.  

(3)  A se l f  addressed, stamped envelope i s  provided fo r  your con- 
venience. A prompt reply will be appreciated. 

1 .  Name of Carrier - 
2 .  Address 

3. Place Accident Occurred: 

S t ree t  o r  Highway 

City Sta te  Z i p  

4 .  Date Accident Occurred 
mo day year 

5. Description of Involved Power Unit ( truck or t r a c t o r )  
1 

Make 

Model 

Model Year 



6 .  I n d i c a t e  t h e  t y p e  o f  b rake  systern on t h e  t r u c k  o r  t r u c k - t r a c t o r ,  

( ) H y d r a u l i c  Brake System i n c l u d i n g  
Vacuum A s s i s t e d  H y d r a u l i c  and Air 
A s s i s t e d  Hydrau l  i c  (power)  brakes 

0 0 S k i p  T O  
i t e m  14  

7. What s p e c i f i c  cargo was b e i n g  t r a n s p o r t e d  a t  t h e  t i m e  o f  t h e  a c c i d e n t ?  

8, What was t h e  q u a n t i t y  o f  ca rgo  on t h e  v e h i c l e ?  

( ) f u l l  l o a d  on t h e  b a s i s  o f  cargo w e i g h t  
( ) f u l l  l o a d  on t h e  b a s i s  o f  cargo volume 
( ) p a r t i a l  l o a d  
( empty 

9. I n d i c a t e  t h e  l e n g t h  of  t i m e  t h e  power u n i t  ( t r u c k  o r  t r u c k - t r a c t o r )  
was o u t - o f - s e r v i c e  due t o  t h e  a c c i d e n t  and r e p a i r  necessary  t o  
p l a c e  i t  back i n t o  s e r v i c e .  

( ) a .  None 
( ) b. Less than  4 hours  
( ) c .  4-24 hours  
( ) d. 24 hours  - 1  week 
( ) e.  More than  1  week I 

( ) f .  T r u c k  n o t  p u t  back i n t o  s e r v i c e  



10. Check t h e  box which corresponds t o  t h e  v e h i c l e  combinat ion  a t  t h e  
t i m e  o f  t h e  a c c i d e n t .  Choose o n l y  - one. 

S t r a i g h t  t r u c k  o n l y  

S t r a i g h t  t r u c k  and u t i l i t y  
t r a i  1  e r  (or mobi 1 e. equipment) 

S t r a i g h t  t r u c k  and 
F u l l  T r a i l e r  

T r a c t o r  o n l y  

T r a c t o r  and s e m i - t r a i l e r  

T r a c t o r ,  semi - t r a i  1 e r  and 
F u l l  T r a i l e r  (or semi and do1 i y )  

_____C______-_____----------.------ "noub les"  

Other  v e h i c l e  combinat ion  
Desc r ibe  

11. W r i t e  i n  t h e  code number co r respond ing  t o  t h e  we o f  brakes 
f o r  each U n i t  o f  t h e  v e h i c l e  comb ina t ion  (marked above) .  

Power 1 s t  t r a i l e r  I. Convent iona l  A i r  Brake (non FYVSS 121) 

U n i t  ( i f  any)  2. Convent iona l  A i r  Brake b u t  w i t h  a n t i - l o c k  S j s L m  
3. FMVSS-121 a i r  brake system -- -. 4. No t  e a u i ~ ~ e d  w i t h  brakes 
5. ~ l e c t r i c '  brakes 
6. Other  b rake  system 

12. W r i t e  i n  t h e  cade number co r respond ing  t o  t h e  o p e r a t i o n a l  s t a t u s  - of  
t h e  brake system on - each U n i t  o f  t h e  v e h i c l e  comb ina t ion  

Power 1 s t  t r a i l e r  2 n d t r a i l e r  c o d e s f o r o p e r a t t o n a l s t a t u s :  

U n i t  ( i f  any)  o p e r a t i o n a l  as o r i g i n a l l y  equipped 

F o r  u n i t s  w i t h  convent iona l  a i r  b rakes:  
3. Brake system m o d i f i e d  
4. Brake system removed 
5. Brake system n o t  ope ra t i ona l  

I ' F o r  u n i t s  w i t h  FMVSS 121 a i r  brakes 
6. b rake  s j s tem mod i f i ed  ino! i n c l u d i n g  a n t i - : o c k )  
7.  a n t i - l o c k  r,ot ope ra t i ona l  ( i f 5 0  equipped) 
6 .  brake system mod i f i ed  and a n t i - l o c k  n o t  o p e r a t t o n a l  
9. brake system removed 

a n t i  l o c k  system o n l y  removed 



13. I n d i c a t e  any brake system d e f e c t  o r  f a i l u r e  o f  the' b rake system a t  
.the t i m e  of  .the acc iden t .  Check a l l  a p p l i c a b l e  d e f e c t s  and/or f a i l u r e s  
as l i s t e d  below: 

No brake  d e f e c t  no ted  
Brake 1 i n i  ngs worn 
A n t i - l o c k  r e d  l i g h t  on, cause unknown 
A n t i - l o c k  computer f a i l u r e  
Brakes 1 oc ked 
Brakes f a i l e d  t o  r e l e a s e  
Park ing  brake f r o z e n  due t o  i c e  i n  l i n i n g  
Improper o r  f a u l t y  ma te r ia l /assemb ly  o f  p a r t s  
Bad ad jus tment  
Breakage o f  p a r t s  
Grease on 1 i n i n g  
Cracked o r  h e a t  checked b r a k e  drums 
I c e  i n  1  i n e s  o r  va lves  
Fa i  1 u r e  o f  compressor 
F a i l u r e  o f  b o o s t e r  
F a i l u r e  o f  compressor r e l a y  v a l v e  
F a i l u r e  of  check v a l v e  
F a i l u r e  o f  b rake  chamber back ing  p l a t e  
Meta l  t u b i n g  rubber  ,or o t h e r  f l e x i b l e  hose 

l e a k i n g ,  broken, k inked,  cramped o r  r e s t r i c t e d .  
Other ( s p e c i f y  ) 

14. Please p l a c e  t h e  q u e s t i o n n a i r e  i n  t h e  enc losed se l f -addressed ,  stamped 
envelope and m a i l .  Thank you  f o r  y o u r  coopera t ion .  


