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EXECUTIVE SUMMARY 

This is the final report of a project titled "Evaluation of the 

Effectiveness of FMVSS 301--Fuel System Integrity." The project was 

sponsored by the National Highway Traffic Safety Administration under 

Contract Number DOT-HS-7-01755 to the Highway Safety Research Institute 

of The University of Michigan. The project used data from Illinois and 

Michigan police-reported accidents. These data sets were selected as 

the result of an earlier effort that investigated the utility of various 

data sources in estimating reductions in crash fire and fuel leakage 

rates that might be associated with the implementation of FMVSS 301. 

In the earlier effort (Flora et al., 1979), several data sources 

were investigated. Several states assign the code "fire" from 

interpretation of the narrative description of the crash. While this 

results in many of the conflagrations being included, the reported fire 

rates in these states are much smaller than those observed in 

jurisdictions that include a check box on the accident report form for , 

occurrence of fire. Fire department data collected on statewide basis 

in the National Fire Incident Reporting System were considered. They 

were found to lack identification of a car fire with a crash; most of 

the vehicle fires reported there were clearly non-crash fires. In 

addition, model year information was sketchy and no crash details were 

available even if a report appeared to be a crash fire. The data from 

the National Crash Severity Study were found to contain too few fires 

for useful analysis and appeared to under-report leaks. Data from the 

Fatal Accident Reporting System suffer from the fact that they represent 

a selection of accidents in which someone was killed, resulting in a 

special set of data with many factors that interact with occurrence of 

fires or fuel leakage and prevent evaluation of the standard. 

Consequently, data from large states that report occurrence of fire as a 

variable to be answered on each accident report provide the best data 

for this evaluation. 



The FMVSS 301 i s  a  se r i es  o f  standards t h a t  spec i f y  a  performance 

requirement t h a t  passenger ca rs  and l i g h t  t r ucks  must meet i n  crash 

t e s t s .  The standard requ i res  t ha t ,  a f t e r  a  crash o f  a  s p e c i f i e d  type, 

the v e h i c l e  should no t  leak more than one ounce o f  f u e l  per minute.  The 

standard f i r s t  appl i ed  t o  passenger ca rs  i n  1968 and was m o d i f i e d  i n  

1976 and i n  1977. I t  app l ied  t o  1 i g h t  t r ucks  i n  19779 w i t h  m o d i f i c a t i o n  

i n  1978. D e t a i l s  o f  the  standards a re  summarized i n  Table 1 i n  the  

r e p o r t .  The sequent ia l  m o d i f i c a t i o n s  gene ra l l y  extended t he  c l a s s  o f  

veh i c l es  t h a t  the  standard app l i ed  t o  and increased the  v a r i e t y  o f  c rash 

t e s t s  t h a t  must be used. 

The standard app l ies  t o  f ue l  leakage. I t s  aim i s  t o  p reven t  o r  

reduce post -crash f i r e s  and assoc ia ted  i n j u r i e s  and deaths by reduc ing 

o r  e l i m i n a t i n g  the  f u e l  leakage. I n  Michigan, separate es t imates  o f  

f u e l  leakage and occurrence o f  f i r e  a re  a v a i l a b l e ,  bu t  i n  I l l i n o i s  o n l y  

occurrence o f  f i r e  i s  repor ted.  The o v e r a l l  f i r e  r a t e s  i n  Mich igan and 

I l l i n o i s  a re  comparable. Post-crash f i r e s  a re  r e l a t i v e l y  r a r e  events, 

occu r r i ng  s l i g h t l y  less  o f t e n  than two f i r e s  per thousand p o l i c e -  

repor ted  crashes f o r  passenger cars,  and somewhat more of ten- -about  2.5 

f i r e s  per thousand crashes-- for  l i g h t  t r ucks .  Fuel leakage i s  more 

common, occu r r i ng  i n  about 12 o u t  o f  a  thousand passenger ca r  crashes 

and i n  about 17 o u t  o f  a  thousand l i g h t  t r u c k  crashes. Table  A 

summarizes t he  crash f i r e  r a t e s  and f u e l  leakage ra tes  f o r  passenger 

ca rs  by model year groupings t h a t  correspond t o  va r ious  ve r s i ons  o f  

FMVSS 301, w h i l e  Table B summarizes these r a t e s  f o r  l i g h t  t r ucks .  The 

da ta  a re  presented separa te ly  by s t a t e  and year o f  crash. The appendix 

o f  t h i s  r e p o r t  g i ves  the  raw da ta  f o r  f i r e s  and crashes by model year 

and s ta te .  

The crash f i r e  r a t e s  f o r  passenger ca rs  i n  l l l i n o i s  a re  d i sp l ayed  

i n  F igure  A .  I n  the  f i g u r e ,  the  e f f e c t  o f  d i f f e r e n t  model years  can be 

viewed by l ook i ng  a t  the  abscissa. W i t h i n  each model year, f rom one t o  

s i x  years o f  da ta  a re  p l o t t e d .  These crash years a re  i d e n t i f i e d  by the  

l a s t  d i g i t  o f  the  year. They represent  up t o  s i x  d i f f e r e n t  ages o f  t he  

model year i n  quest ion,  so e f f e c t s  o f  age can be viewed v e r t i c a l l y  a t  

each model year.  (A1 1 the f i g u r e s  i n  t h i s  summary a l so  appear i n  the  

r e p o r t  and a re  discussed i n  more d e t a i  1 there.) 



TABLE A 

Passenger Cars 
F i r e  Rates Per Thousand Crashes 

F igure  B d i sp l ays  t h e  crash f i r e  r a t e s  f o r  passenger ca rs  i n  

Michigan. The ra tes  a re  p l o t t e d  the  same way as those from I l l i n o i s  

were. I t  i s  noteworthy i n  these data t h a t  the  h ighes t  crash f i r e  r a t e  

f o r  models 1976 and l a t e r  ( t h a t  were sub jec t  t o  the  r ev i sed  ve rs i on  o f  

FMVSS 301) i s  lower than t he  lowest crash f i r e  r a t e  f o r  e a r l i e r  models. 

I n  t he  Michigan data,  i n f o rma t i on  on f u e l  leaks i s  a l s o  a v a i l a b l e .  

The f u e l  leakage r a t e s  a re  p l o t t e d  i n  F igure  C, w i t h  the  same 

convent ions as used be fo re .  There i s  a ve ry  d e f i n i t e  t r end  i n  f u e l  leak 

r a t e s  r e l a t e d  t o  model year.  The r a t e s  appear near l y  constant  and q u i t e  

low f o r  model years 1976 and l a t e r ,  bu t  show a s t rong  inc reas ing  t r e n d  

f o r  e a r l i e r  models. Some o f  t h i s  t r end  may be r e l a t e d  t o  ag ing o f  t he  

1977+ 

-- 
1.502 (?) 
1.217 
1 495 
1 ,480 
1 ,700 

1.810 
1.169 
1.624 

- 
Year 

ILLINOIS 
1975 
1976 
1977 
1978 
1979 
1980 

M I  CH l GAN 
1978 
1979 
1980 

68-75 

1.570 
2.238 
1.813 
1.764 
1 ,725 
1.912 

2.252 
2.584 
2 797 

Pre-301 

2.241 
2.581 
2.076 
2.213 
1.276 
2.642 

3 209 
3.010 
3 237 

Passenger Cars 
Fuel Leakage Rates Per Thousand Crashes 

1976 

2.097 ( 7 )  
1.852 
1.446 
1 550 
1.626 
1.495 

1.718 
1.881 
1 a774 

MI C H I  G A N  
1978 
1979 
1980 

15.916 
. 15.462 

15.570 

27.371 
27,144 
25.614 

7.921 
8.816 
8 -539 

7.786 
6.589 
6.763 



TABLE B 

Pickup Trucks 
Fire Rates Per Thousand Crashes 

cars, but it may also be related to gradual changes in the average size, 

style, or more general model year differences. 

Year 

ILLINOIS 
1975 
1976 
1977 
1978 
1979 
1980 

MI CH l CAN 
1978 
1979 
1980 

Fire and leakage rates were found to vary by a variety of factors. 

Different crash configurations and crash severities affect those rates 

strongly--more so than do differences in model .years. In Section 4 of 

the report, mathematical models are used to model the effects of crash 

severity and type in order to control for these factors before 

estimating the changes in fire or leak rates that may be associated with 

the standard. 

The data do not indicate any significant differences between the 

1976 and 1977 vers ions of FMVSS 301 . I n part th i s may be due to the 

fact that only a single model year is involved and that a substantial 

Pre-77 

2 273 
2 * 758 
1 -937 
2 . 770 
2 349 
2 325 

2 -549 
2.880 
2 .  906 

Pickup Trucks 
Fuel Leakage Rates Per Thousand Crashes 

1977 

-- 
4.31 (?) 
3.482 
2 039 
2.089 
1 $974 

2.036 
2 773 
1.891 

MI CHI GAN 
1978 
1979 
1980 

1978+ 

-- 
- - 
0.0 (?) 
3.142 
1.903 
2.045 

2 .121  
2.045 
1 0533 

21.796 
21.669 
22.161 

Total 

2 273 
2-77]  
2.125 
2.698 
2.189 
2.178 

2 394 
2 0534 
2.250 

13 377 
9.412 
15.839 

10.781 
8.259 
9.197 

18.651 
16.986 
16.408 



CRASH 
YEAR 

5 1975 
6 1978 
7 1977 
8 1978 
9 1979 
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FIRES 

MODEL YEAR 

F l  GURE A 
Passenger Car F i r e  Rates by Model Year i n  I l l i n o i s  

( ~ l s o  shown as F igure 1) 

amount o f  da ta  i s  needed t o  de tec t  d i f f e rences .  Another p o s s i b i l i t y  i s  

t h a t  some manufacturers changed cars t o  meet the 1977 standard i n  1976, 

w h i l e  o thers  wai ted u n t i l  the 1977 models. Because o f  the  amount o f  

data  needed, i t  does no t  seem l i k e l y  t h a t  d i f f e rences  i n  e f fec t i veness  

between t he  1976 and 1977 vers ions  o f  the standard wi 1 1  ever be 

d e f i n i t e l y  i d e n t i f i e d  us ing crash data.  

The 1968 ve rs i on  o f  FMVSS 301 appl i ed  t o  passenger cars .  The data 

r e l evan t  t o  eva lua t i on  o f  t h i s  ve r s i on  a re  somewhat l i m i t e d ,  s ince the 

e a r l i e s t  da ta  a re  crashes t h a t  occurred i n  1975, when pre-standard cars 

were a l ready  a t  l eas t  seven years o l d .  Data f o r  pre-standard cars are 

t he re fo re  somewhat scarce. I n  t he  l 1 1  i n o i s  data,  the  1968 standard was 

assoc ia ted w i t h  a  6.5 percent r educ t i on  i n  crash f i r e  ra tes .  Th is  d i d  

no t  reach s t a t i s t i c a l  s i g n i f i c a n c e  a t  the f i v e  percent  l eve l .  



MICHIGAN: CARS 
FIRES 

MODEL YEAR 

FIGURE B 
Passenger Car F i r e  Rates i n  Michigan 

(A lso  shown as F igure  8)  

S i m i l a r l y ,  i n  t h e  Michigan data,  the  1968 v e r s i o n  was assoc ia ted w i t h  a  

r educ t i on  o f  about e i g h t  percent  i n  t h e  crash f i r e  r a tes ,  aga in  no t  

s i g n i f i c a n t  a t  t h e  f i v e  percent  l e v e l ,  Fur ther ,  i f  a t t e n t i o n  i s  

r e s t r i c t e d  t o  f r o n t a l  crashes, changes assoc ia ted  w i t h  the  1968 model 

year again  were 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 .  Thus, t h e  crash f i r e  

data do no t  p rov i de  conc lus ive  evidence o f  an e f f e c t  o f  the  1968 

standard on c rash  f i r e  r a t e s  l a rge r  than t h a t  a t t r i b u t a b l e  t o  random 

v a r i a t i o n .  For leakage data i n  Michigan, a  35 percent  r educ t i on  was 

observed w i t h  t he  1968 models and a 38 percen t  r educ t i on  i n  leak r a t e s  

i n  f r o n t a l  crashes. However, a f t e r  c o n t r o l l i n g  f o r  c rash s e v e r i t y ,  

these reduc t ions  disappear a t  a l l  c rash s e v e r i t y  l e v e l s  except the nex t  

t o  h i ghes t  l e v e l .  The o ther  l e v e l s  a c t u a l l y  show h igher  leakage r a t e s  

a f t e r  c o n t r o l l i n g  f o r  s e v e r i t y  and age. Thus t h e  leakage data do no t  

6  
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FIGURE C 
Passenger Car Fuel Leak Rates i n  Michigan 

( ~ l s o  shown as F igure 9) 

show any evidence o f  a  b e n e f i c i a l  e f f e c t  o f  the  1968 v e r s i o n  o f  FHVSS 

301 t h a t  i s  no t  exp la ined by crash s e v e r i t y  d i f f e r e n c e s .  

The da ta  f o r  l i g h t  t r ucks  a re  no t  as s u b s t a n t i a l  as those f o r  

passenger cars .  I n  Michigan, the  number o f  t r uck  crashes was on l y  about 

o n e - f i f t h  t h a t  o f  passenger car  crashes. I n  I l l i n o i s ,  the  number was 

o n l y  about one-tenth t h a t  o f  car crashes. Th is  d i f f e r e n c e  between t he  

s t a t e s  i s  caused by t he  d i f f e r e n c e  i n  the  v e h i c l e  c l a s s i f i c a t i o n  scheme 

used i n  the  two data sets .  I n  a d d i t i o n  t o  t he  sma l le r  number o f  cases, 

t he re  i s  some u n c e r t a i n t y  about the  ac tua l  v e h i c l e  types t h a t  a re  

inc luded i n  the  l i g h t  t r uck  group. 

I n  the  I l l i n o i s  data on passenger cars,  s i g n i f i c a n t  reduc t ions  i n  

crash f i r e  r a t e s  were observed t h a t  co inc ided w i t h  t he  1976-77 e f f e c t i v e  

dates o f  FMVSS 301. The l a r g e s t  reduct ions--on the  order o f  50 



percent--were observed f o r  r o l l o v e r  crashes, Large s i g n i f i c a n t  

reduct ions were a l so  observed f o r  angle impacts (24 percent) and f o r  

rear  impacts (15 percen t ) .  Other crash types showed reduc t ions  o f  

smal ler magnitude t h a t  d i d  no t  reach s t a t i s t i c a l  s i g n i f i c a n c e  a t  the 

f i v e  percent  l e v e l ,  Aging as an a l t e r n a t i v e  exp lana t ion  was c o n t r o l l e d  

f o r ,  so t h a t  these reduct ions cannot be reasonably i d e n t i f i e d  w i t h  age 

o f  veh i c l e .  Whi le there  could be a l t e r n a t i v e  explanat ions,  none could 

be i d e n t i f i e d  t h a t  exp la ined the reduc t ions .  I t  seems reasonable t o  

conclude t ha t ,  w h i l e  these data cannot show causat ion, reduc t ions  

occurred which may most reasonably be ascr ibed t o  the  1976-77 v e r s i o n  o f  

FMVSS 301. 

The l i g h t  t ruck  data i n  I l l i n o i s  do no t  show much evidence f o r  an 

e f f e c t  o f  FMVSS 301. The f i r e  r a tes  by model year f o r  l i g h t  t r ucks  a re  

cons i s ten t  w i t h  a constant ra te ,  sub jec t  t o  some random v a r i a t i o n .  

There appears t o  be a reduc t i on  t h a t  occurs w i t h  the 1976 model years.  

Th is  i s  one year i n  advance o f  the  app l i cab le  date o f  the FMVSS 301, so 

i t  i s  no t  c l e a r  t h a t  i t  i s  r e l a t e d  t o  the standard. 

The passenger car f i r e  r a t e s  i n  Michigan were modeled c o n t r o l l i n g  

f o r  age and damage s e v e r i t y .  The age v a r i a b l e  was no t  found t o  be 

s i g n i f i c a n t .  The bes t  model est imated separate mean l eve l s  and standard 

e f f e c t s  a t  each o f  seven crash s e v e r i t y  l eve l s .  The est imated 

reduct ions ranged from about 9 percent  t o  50 percent.  F i r e  r a t e s  f o r  

the  lowest t h ree  crash s e v e r i t i e s  a re  very  low and probably represent  a 

r es i dua l  crash f i r e  r a t e  t h a t  i s  u n l i k e l y  t o  be reduced any f u r t h e r .  

For the  l e v e l s  four  through s i x ,  reduc t ions  o f  about 40 percent  

assoc ia ted w i t h  the 1976 ve rs i on  o f  the  standard were observed. The 

h ighest  crash sever i t y  (seven) i s an open-ended category t h a t  i nc1 udes 

t r u l y  ca tas t roph i c  crashes where no standard i s  l i k e l y  t o  have much 

e f f e c t .  Again, w h i l e  these data cannot prove causa l i t y ,  a l t e r n a t i v e  

explanat ions such as age o f  veh i c l e ,  damage s e v e r i t y ,  c rash type, 

e tc .  have been c o n t r o l l e d  f o r  and i t  seems reasonable t o  conclude t h a t  

the s i g n i f i c a n t  reduct ions i n  crash f i r e  r a t e s  observed are assoc ia ted 

w i t h  the  models sub jec t  t o  the  1976 ve rs i on  o f  FMVSS 301. I t  should be 

noted t h a t  no d i f f e rence  between the 1976 and 1977 vers ions o f  FMVSS 301 

can be found i n  these data.  I t  i s  poss ib le ,  o f  course, t h a t  any changes 



made t o  improve the f i r e  r a t e s  were mot i va ted  by the  much p u b l i c i z e d  law 

s u i t s  beg inn ing  i n  1972 (Dowie, 1977) i n v o l v i n g  crash f i r e s  i n  a d d i t i o n  

t o  the  impetus prov ided by t he  FMVSS 301. 

Turn ing  t o  l i g h t  t r uck  f i r e  r a t e s  i n  Michigan, again  crash s e v e r i t y  

was c o n t r o l l e d  f o r ,  as was the  age o f  the  veh i c l e .  Since the FMVSS 301 

app l i ed  t o  l i g h t  t r ucks  f i r s t  i n  t he  1977 models, the re  i s  less  

i n f o rma t i on  about how the veh i c l es  sub jec t  t o  the  standard w i l l  do when 

they a re  o l d e r .  However, a f t e r  i n c l u d i n g  t he  damage s e v e r i t y  i n  the  

model, a  r educ t i on  o f  0.8 f i r e s  per thousand crashes was assoc ia ted w i t h  

the  1977 standard and an a d d i t i o n a l  r educ t i on  o f  about one f i r e  per 

thousand crashes was assoc ia ted w i t h  t he  1978 standard. The l e v e l s  va ry  

w i  t h  TAD l e v e l ,  bu t  us ing TAD 4 as an example, these correspond t o  crash 

f i r e  r a t e s  o f  2.78 per thousand reduced t o  1.98 f i r e s  per thousand w i t h  

the  1977 standard and f u r t h e r  reduced t o  1.01 f i r e s  per thousand w i t h  

the  1978 standard.  Both o f  these reduc t ions  were 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 again, c a u s a l i t y  should no t  be imputed from these 

data,  i n  t he  absence o f  a l t e r n a t i v e  exp lana t ions ,  i t  seems reasonable t o  

conclude t h a t  these a re  the  r e s u l t  o f  t he  standard.  

I n  t he  ~ i c h i ~ a n  data, the  p r o p o r t i o n  o f  veh i c l es  w i t h  f u e l  leakage 

a f t e r  a  crash could  a l s o  be ca l cu l a ted .  Leakage ra tes  appear t o  have a  

much s t ronger  r e l a t i o n  t o  t he  age o f  t he  v e h i c l e  t h a t  do the f i r e  r a tes .  

A f t e r  i n c l u d i n g  v a r i a b l e s  f o r  age and age squared, f o r  crash s e v e r i t y  

and crash type  i n  t he  models, s i g n i f i c a n t  reduc t ions  i n  leakage r a t e s  

were observed i n  the  passenger car  data.  Because o f  the many o ther  

f a c t o r s  invo lved  i t  i s  no t  p o s s i b l e  t o  descr ibe  the  e f f e c t s  s imply .  

However, r e f e r r i n g  t o  F igure  C,  i t  can be seen t h a t  t he  leakage r a t e s  

a re  q u i t e  low and apparen t l y  nea r l y  cons tan t  f o r  the models l a t e r  than 

1976. Whi le  t h i s  e f f e c t  i s  cons i s t en t  w i t h  a  b e n e f i c i a l  e f f e c t  o f  FMVSS 

301, the  leakage r a t e s  appear t o  be r e l a t e d  t o  gradual changes over the  

model years and so may be l ess  i d e n t i f i e d  w i t h  the  standard than w i t h  

o ther ,  gradual  changes over t he  model years. 

For leakage r a t e s  i n  the  l i g h t  t r u c k  data,  i n t e r a c t i o n s  i n  standard 

e f f e c t s  and crash s e v e r i t y  were found. A f t e r  i n c l u d i n g  these, 

s i g n i f i c a n t  reduc t ions  assoc ia ted w i t h  t he  1977 and 1978 model years 

were found i n  a l l  c rash s e v e r i t i e s  b u t  the  most severe. These 



interactions mean that substantially different effects were observed for 

the different crash severities, so no concise description of the 

estimated effect is possible. However, significant reductions were 

observed that coincide with the dates of the standard. Since only few 

model years of data are available, it is not possible to definitely rule 

out age or other general model year effects. There is evidence that 

leakage rates in light trucks have been reduced in models subject to 

FMVSS 301. However, the evidence for reduction in crash fire rates is 

inconclusive, with one state's data indicating a reduction and the other 

showing no difference. 



1.0 INTRODUCTION 

Th i s  i s  the  f i n a l  r e p o r t  d e t a i l i n g  the f i n d i n g s  and r e s u l t s  from a 

p r o j e c t  e n t i t l e d  "Eva lua t ion  o f  the E f fec t i veness  o f  Federal Motor 

Veh ic le  Sa fe ty  Standard Number 301--Fuel System I n t e g r i t y . "  The p r o j e c t  

was sponsored by the Nat iona l  Highway T r a f f i c  Safety  Adm in i s t r a t i on  

(NHTSA) under Contract  Number DOT-HS-7-0 1755 t o  the Highway Safety  

Research l  n s t i  t u t e  o f  The U n i v e r s i t y  o f  Michigan (UM Account Number 

015937). The p r o j e c t  es t imates the  e f f e c t s  o f  FMVSS 301 by examining 

post -crash f i r e  r a tes  and post -crash f u e l  s p i l l a g e  r a t e s  i n  p o l i c e -  

repor ted  acc iden t  data. An e a r l i e r  e f f o r t  (F lora e t  a l . ,  1979) examined 

poss ib l e  da ta  sources and determined t h e i r  u t i l i t y  i n  t h i s  type o f  

eva lua t ion .  

F i r e s  f o l l o w i n g  a crash a re  r a r e  events.  They a re  est imated t o  

occur i n  approximately 1.5 t o  2.3 crashes per thousand po l i ce - repo r t ed  

crashes o f  passenger cars and s l  i g h t l y  more of ten- - f rom 2.2 t o  2.8 

crashes per thousand--in p i ckup  t r ucks  and general purpose veh i c l es  w i t h  

gross v e h i c l e  weight r a t i n g  (GVWR) less  than 10,000 pounds. Fuel 

leakage i s  more common than f i r e ,  b u t  s t i l l  r e l a t i v e l y  in f requen t ,  

rang ing f rom about 11 t o  14 cases per thousand passenger car crashes and 

from 16 t o  19 cases per thousand crashes o f  p ickups o r  veh i c l es  w i t h  

GVWT l ess  than  10,000 pounds. These r a t e s  can d i f f e r  much more f o r  

s p e c i f i c  types o f  crashes, and a re  h igher  i n  more severe crashes. 

When post -crash f i r e s  occur,  they tend t o  be spectacu lar  events and 

o f t e n  r e c e i v e  cons iderab le  news coverage. I n  add i t i on ,  crashes as e a r l y  

as 1972 r e s u l t e d  i n  numerous c o u r t  cases i n v o l v i n g  car f i r e s  t h a t  

rece ived much media a t t e n t i o n .  The purpose o f  t h i s  r e p o r t  i s  t o  

es t imate  any d i f f e rences  i n  post -crash f i r e  and/or leakage ra tes  

cor responding t o  models a f f e c t e d  by t he  va r i ous  ve rs ions  o f  the  FMVSS 

301 standard.  Other v a r i a b l e s  a re  assoc ia ted w i t h  crash f i r e s .  Some o f  

these a re  the  age o f  t he  ca r ,  the type o f  the  crash, and t he  speed o f  

impact o r  s e v e r i t y  o f  the  crash. To the  ex ten t  poss ib l e  w i t h  the  data, 

the  e f f e c t s  o f  these v a r i a b l e s  were est imated and c o n t r o l l e d  f o r  i n  



es t ima t i ng  the e f f e c t  o f  FMVSS 301. Passenger ca rs  and other  v e h i c l e s  

sub jec t  t o  the FMVSS 301 standard were cons idered separa te ly .  However, 

the  da ta  se ts  con ta i n  v e h i c l e  types t h a t  do n o t  e x a c t l y  match t he  types 

i d e n t i f i e d  i n  t h e  standard. Vehic les  a re  i d e n t i f i e d  as vans, pickups, 

e t c . ,  and these ca tegor ies  a re  taken t o  represen t  t h e  veh i c l es  o f  GVWR 

less  than 10,000 pounds r e f e r r e d  t o  i n  t h e  standard.  To t he  ex ten t  

ex ten t  t h a t  these i d e n t i f i c a t i o n s  do no t  e x a c t l y  match t he  d e f i n i t i o n  i n  

FMVSS 301, t h i s  l a t t e r  ana l ys i s  i s  somewhat approximate. These v e h i c l e s  

w i  1 1  general l y  be r e f e r r e d  t o  as " 1  i g h t  t r ucks . "  

Most o f  t he  ana l ys i s  i n  t h i s  r e p o r t  uses da ta  from two sources: 

S ta te  p o l i c e  acc iden t  f i l e s  from the  s t a t e s  o f  I l l i n o i s  and Michigan, 

Both o f  these s t a t e s  have a  s p e c i f i c  ques t ion  on the  acc ident  r e p o r t i n g  

form t h a t  must be checked yes o r  no f o r  whether a  f i r e  occurred. Copies 

o f  the  acc iden t  r e p o r t  forms a re  i n  Appendix A .  The da ta  f rom I l l i n o i s  

con ta i n  t h i s  v a r i a b l e  beginn ing w i t h  the  1975 calendar year, whi, le da ta  

from Michigan con ta i n  t h i s  v a r i a b l e  beg inn ing  w i t h  1978. Data from 

years 1975 through 1980 from I1 1 i n o i s  and f rom 1978 through 1980 from 

Michigan have been used. Data from Nor th  Ca ro l i na  have been used i n  a  

s imi  l a r  e f f o r t  (Re in fu r t ,  1981), b u t  t he re  f i r e s  were i d e n t i f i e d  from 

po l i ce - repo r t ed  n a r r a t i v e s ,  r a the r  than from a  v a r i a b l e  r equ i r ed  on a l l  

acc iden t  r epo r t s .  

Federal Motor Veh ic le  Safety  Standard Number 301 aims t o  reduce 

f a t a l i t i e s  and i n j u r i e s  r e s u l t i n g  from post -crash f i r e s  by reduc ing t he  

inc idence and/or amount o f  f u e l  s p i l l e d  d u r i n g  and immediately f o l l o w i n g  

the  crash. The standard was f i r s t  app l i ed  t o  passenger cars  beginn ing 

January 1,  1968. To comply w i t h  t h a t  f i r s t  ve r s i on  o f  t he  standard,  

passenger ca rs  were n o t  t o  leak more than one ounce o f  f u e l  per minute 

f o l l o w i n g  a  f r o n t a l  pe rpend icu la r  impact i n t o  a  f i x e d  b a r r i e r  a t  any 

speed up t o  and i n c l u d i n g  30 mph. The standard was amended app l y i ng  t o  

passenger ca rs  manufactured a f t e r  September 1 ,  1975, by r e q u i r i n g  them 

t o  meet the  a d d i t i o n a l  c o n d i t i o n  o f  no t  l eak i ng  more than one ounce o f  

f u e l  a  minute i n  a  s t a t i c  r o l l o v e r  t e s t  f o l l o w i n g  a  f r o n t a l  impact. 

That i s ,  f o l l o w i n g  impact, excess ive leakage should no t  occur whether a  

car was r e s t i n g  on i t s  wheels, e i t h e r  s ide,  o r  i t s  r o o f .  Beginning w i t h  

ca rs  manufactured September 1 ,  1976 and l a t e r ,  passenger cars  were a l s o  



r equ i r ed  t o  meet the  f u e l  leakage l i m i t a t i o n s  f o l l o w i n g  a rear  impact a t  

30 mph w i t h  a moving b a r r i e r  or a l a t e r a l  impact w i t h  a moving b a r r i e r  

a t  20 mph. The f r o n t a l  impact was changed t o  be perpendicu lar  o r  w i t h i n  

30 degrees o f  e i t h e r  s i d e  o f  pe rpend icu la r .  The s t a t i c  r o l l o v e r  t e s t  

was app l i ed  f o l l o w i n g  any o f  these impacts. Exact d e t a i l s  o f  the  

standard a re  i 32 F R  2416, February 3, 1967, 38 FR 22397, August 20, 

1973, and 40 F R  48352, October 15, 1975. 

The standard was a1 so extended t o  cover v e h i c l e s  up t o  6000 pounds 

GVWR beg i nni  ng on September 1 , 1976. These v e h i c l e s  were t o  meet t he  

f r o n t a l  perpendicu lar  impact and the  s t a t i c  r o l l o v e r  t e s t  as w e l l  as the  

r ea r  impact t e s t .  Beginning i n  1977 v e h i c l e s  o f  GVWT from 6000 t o  

10,000 pounds were t o  meet the f r o n t a l  pe rpend icu la r  b a r r i e r  crash 

requirements and i n  1978 these veh i c l es  were t o  meet a l l  the  

requirements o f  the  passenger car t e s t s  except t h e  s i de  impact. The 

s tandard a l s o  app l i ed  t o  school buses, bu t  these a re  no t  considered i n  

t h i s  r epo r t .  

A number o f  o t he r  changes i n  v e h i c l e s  have occurred du r i ng  t h i s  

p e r i o d  t h a t  might  a f f e c t  t h e  f i r e  and/or f u e l  leakage ra tes .  The 

env i ronmenta 1 p r o t e c t i o n  standards added a f u e l  evapora t ion  can i s t e r  

w i t h  a d d i t i o n a l  f u e l  l i n e  connect ions t o  c o n t r o l  a i r  p o l l u t i o n  beginn ing 

w i t h  the  1971 models. Fur ther  a t tempts  t o  reduce a i r  p o l l u t i o n  have 

r e s u l t e d  i n  a d d i t i o n  o f  c a t a l y t i c  conver te rs  t o  t he  exhaust systems o f  

most gasoline-powered cars .  The model year t h a t  these were added v a r i e s  

w i t h  t he  ca r  make--cars s o l d  i n  C a l i f o r n i a  gene ra l l y  had them e a r l i e r  

than o ther  cars. Most o f  these appear t o  have been added t o  the  

1974-1975 models f o r  domestic manufactured cars .  Th is  conver te r  

operates a t  a h igher  temperature than convent iona l  exhaust systems and 

e s s e n t i a l l y  burns unburned hydrocarbons i n  the  exhaust. I t  poses an 

a d d i t i o n a l  poss ib l e  source o f  i g n i t i o n  f o r  s p i l l e d  f u e l .  Although a few 

makes o f  cars  have o f f e r e d  diesel-powered cars  f o r  some t ime, t h e r e  has 

been a cons iderab le  increase i n  t he  number o f  diesel-powered cars  so l d  

i n  recen t  years, p a r t i c u l a r l y  s ince  1978. Whi le  the  p r o p o r t i o n  o f  

diesel-powered cars  i n  these da ta  i s  q u i t e  smal l  and the d i f f e r e n c e s  

over these years i s  probably  n e g l i g i b l e ,  t o  the  ex ten t  t h a t  d i ese l  f u e l  

may be l ess  l i k e l y  t o  i g n i t e  than gaso l ine ,  t h i s  cou ld  a f f e c t  f i r e  r a t e s  



i n  the f u t u r e .  One o f  the most no t i ceab le  changes i n  ca rs  has been the  

reduc t ion  i n  s i z e  and weight o f  the  ca rs  i n  recen t  years t o  improve f u e l  

economy. Smal ler  cars a re  gene ra l l y  more sub jec t  t o  damage i n  a  crash 

than a re  l a r g e r  cars ,  p a r t i c u l a r l y  i n  c o l l i s i o n s  i n v o l v i n g  o ther ,  l a rge r  

cars.  Consequently, these smal ler  cars  may be more l i k e l y  t o  s u f f e r  

damage r e s u l t i n g  i n  f u e l  leakage i n  a  crash. Th i s  downsiz ing has taken 

p lace on two l e v e l s .  I n d i v i d u a l  models have been reduced i n  s i z e  and 

weight ,  and purchasing pa t t e rns  have changed toward buy ing o f  smal ler  

models. Thus, w h i l e  the newer models a re  sub jec t  t o  more s t r i n g e n t  

t e s t i n g  requirements,  they may a l s o  be smal ler ,  and more sub jec t  t o  

damage i n  a  crash, which may d i l u t e  the  b e n e f i t s  o f  the standard.  

Again, t h i s  e f f e c t  i s  probably q u i t e  small i n  the  c u r r e n t  data b u t  cou ld  

become i n c r e a s i n g l y  important i n  the  f u t u r e .  

Table  1 l i s t s  the  FMVSS 301 standards and o the r  events t h a t  may 

a f f e c t  f u e l  leakage ra tes  and/or f i r e  r a t e s  f o l l o w i n g  a  crash. Th i s  

inc ludes no t  o n l y  the FMVSS 301, b u t  a l s o  some other  standards changes 

t h a t  have been i d e n t i f i e d .  Other changes t h a t  a f f e c t  these r a t e s  may 

e x i s t ,  b u t  a re  unknown. Changes i n  speed o r  t ype  o f  crashes cou ld  

c e r t a i n l y  a l s o  a f f e c t  the r a tes .  



TABLE 1 

A p p l i c a b i l i t y  o f  Standards and Other Events 
I n f l uenc ing  Fuel Leakage o r  F i r e  by Model Year 

Vehic les A f fec ted  

None 

Passenger Cars 

Passenger Cars 

Passenger Cars 

Passenger Cars 

Passenger Cars 

Gross Veh ic le  
Weight ~ 6 0 0 0  
pounds 

GVWR o f  
6000 t o  
10,000 pounds 

Mode 1 
Year 

Pre- 1968 

1968 

197 1 

1975-75 

1976 

1977 

1977 

1977 

Requ i rements 

None 

Front  b a r r  i er  crash (30 mph) 1 i m i  t ed  
leakage from fue l  tank, f i l l e r  
p ipes, and connections dur ing  (1 
02.) and a f t e r  impact (1 oz. per 
minute) E f f e c t i v e  January 1 ,  1968 

I n  response t o  a i r  p o l l u t i o n  c o n t r o l  
l e g i s l a t i o n ,  evaporat ive emission- 
c o n t r o l  systems were i n s t a l l e d ,  
prev ious f u e l  system components 

I n  response t o  a i r  p o l l u t i o n  
l e g i s l a t i o n ,  many car models added 
c a t a l y t i c  conver ters  t o  exhaust 
systems, inc reas ing  temperature and 
poss ib l e  i g n i t i o n  source 

S t a t i c  r o l l o v e r  t e s t  f o l l o w i n g  
f r o n t a l  b a r r i e r  crash (September 1 ,  
1975) 

Rear moving b a r r i e r  (30 mph) and 
La te ra l  ba r r  i er (20 mph) crashes 
added September 1 ,  1975 

Fron ta l  perpendicu lar  b a r r i e r  crash, 
Rear moving b a r r i e r  crash (30 mph) , 
S t a t i c  r o l  l over  t e s t  (September 1 ,  
1976) 

F ron ta l  perpendicu lar  b a r r i e r  crash 
(30 mph) (September 1 ,  1976) 



Tab le  1 (Continued) 

Vehic les  A f f ec ted  

A 1  1 v e h i c l e s  up 
t o  10,000 pounds 
GVWR 

Mode 1 
Year 

1978 

- 
Requirements 

F ron ta l  b a r r i e r  crash w i t h i n  30' o f  
pe rpend icu la r  a t  30 mph. S t a t i c  
r o l  l over  t e s t ,  4-90' i ncrements. 
Rear moving b a r r i e r  c rash (30 mph) , 
L a t e r a l  moving b a r r i e r  c rash (20 
mph) 



2.0 DATA SOURCES 

In this section we discuss the criteria for selection of data 

sources to be used in this evaluation, review the data sets evaluated in 

the earl ier report (Flora et al., 1979), and discuss in detai 1 the 

characteristics of the data sets used in the current effort. 

To be useful in this evaluation, a data source must contain certain 

information. It must identify vehicles--passenger cars or other 

vehicles subject to FMVSS 301--by model year, crash involvement, and 

occurrence of fire or fuel leakage. Additional information such as the 

type of crash, its severity, etc. would also be useful but is not 

crucial. In addition, the data set must be relatively large. Crash 

fire rates are generally estimated to be on the order of from one fire 

per thousand crashes (Cooley, 1974) . Given this rarity, and the 

approximate Poisson nature of the number of fires, a relatively large 

number of fires must be present in order for the variability of the fire 

counts to be small enough relative to the number of fires so that 

differences could be detected. I f  Poisson variation in the fire counts 

is assumed, about 100 crash fires are needed for the variation to be on 

the order of 10%. I f var i abi 1 i ty on the order of 20% of the 1 eve1 i s 

accepted, then about 25 fires per group are needed. With this as a 

basis, one would expect perhaps 100 crash fires per year in a data set 

with about 100,000 passenger car crashes. Since comparisons are to be 

made on the basis of individual model years, or groups of model years of 

cars that correspond to the different versions of FMVSS 301, each 

subgroup should contain enough crashes so that the calculated fire rate 

is stable enough to allow comparisons. This requi.rement means that one 

must concentrate on statewide data files from fairly large states. 

2.1 Review of Evaluation of Data Sources 

The previous report (Flora et a1 . , 1979) considered several data 

sources and evaluated their usefulness for the evaluation of FMVSS 301. 

Two general types of data files were considered: state police accident 



files and state fire department files. Fire department data from the 

National Fire Incident Reporting System (NFIRS) were found to be of 

limited use. Most of the vehicle fires identified in fire department 

data were not crash fires. There was essentially no positive way to 

identify a vehicle fire with a crash. Many of the vehicle fires did not 

have model year information, so they could not be identified with a 

version of FMVSS 301. Thus, fire department data were not sufficiently 

well identified with crashes and with model years of vehicles to be very 

useful . 
Data from the National Crash Severity Study (NCSS) were considered 

for use. However, there were only 109 cars that caught fire and had the 

detailed information available. Even with the sample weighting this 

amounted to only 139 car fires in the data file. Such a small number 

results in large variation, particularly when the car fires are used to 

calculate fire rates by model year or other subgroups. While the NCSS 

data ostensibly also contain data on fuel leakage, only slightly more 

vehicles were reported as having leaked fuel than caught fire. It 

appears that it was difficult to determine fuel leakage except when 

there was an obvious rupture of the fuel tank. Even some of those cases 

were suspect, since that damage could have occurred during removal from 

the scene of the crash or during extrication of occupants. As a result, 

while the NCSS data were analyzed in the previous report, there seems to 

be too few fire cases for further analysis. The leakage data seem 

particularly suspect. Since the crash scene was not visited, only very 

large leaks would be noticed. 

Data from the Fatal Accident Reporting System (FARS) were also 

considered. A major problem arises when trying to use FARS data for 

evaluation. The major problem is the self-selection of the fatal 

crashes. Since at least one person was killed, the crashes are 

generally quite severe. This implies that there could be numerous 

interactions that make the use of these data for evaluation difficult, 

if not impossible. For example, it might be that newer cars are 

generally safer and that fatalities only occur in crashes that are more 

severe. An extreme (unrealistic) casewould be if fatalities insome 

models of cars only occurred if the cars caught fire. If that were the 



case, then, w h i l e  those models would be safer  o v e r a l l ,  t h e i r  f i r e  r a t e  

i n  the  F A R S  da ta  would be the  h ighes t .  Th i s  s o r t  o f  i n t e r a c t i o n  because 

o f  t he  s e l e c t i o n  o f  cases by f a t a l i t y  operates t o  gene ra l l y  prec lude the  

use o f  F A R S  alone i n  eva lua t i on  o f  s a f e t y  standards, because i n  order  

f o r  a  case t o  e x i s t  i n  FARS, by d e f i n i t i o n ,  t he  sa fe t y  fea tu res  must 

have broken down so t h a t  a  person was k i l l e d .  

S ta te  acc iden t  data from the  f o r t y - e i g h t  cont iguous s ta tes  were 

considered f o r  poss ib l e  use. Most s t a t e  data do no t  i nc l ude  v a r i a b l e s  

t o  i d e n t i f y  post-crash f i r e s .  Of ten a " f i r e "  code i s  present  i n  the  

data,  b u t  app l i es  on l y  t o  a f i r e  as a  f i r s t  harmful event.  I n  some 

s ta tes ,  f i r e  i s  coded as a  second or  subsequent harmful event,  bu t  t h i s  

coding i s  done a t  the  s t a t e  l e v e l  from a rev iew o f  the p o l i c e  n a r r a t i v e  

desc r i b i ng  the  crash. A number o f  s t a tes  have f i r e  coded from the  

p o l i c e  n a r r a t i v e .  Washington, Nor th  Caro l ina,  and Pennsylvania a re  

examples o f  s t a t e s  w i t h  t h i s  k i n d  o f  data.  Washington S ta te  data had 

very  few f i r e s .  Fur ther  ana l ys i s  o f  them d i d  no t  seem warranted. A 

recen t  s tudy (Re in fu r t ,  1981) used the Nor th  Carol ina data i n  an 

eva lua t i on  o f  FMVSS 301. Th is  l a t t e r  study concluded t h a t  on ly  the  

comparison between no standard (model years 1965-1967) and the  f i r s t  

ve r s i on  o f  FMVSS 301 (model years 1969-1975) cou ld  be reasonably done 

w i t h  t he  Nor th  Carol i na  data.  The 1968 model year was sp l  i t  between 

vers ions  o f  t he  standard and so e l im ina ted  i n  t h e i r  ana l ys i s .  

The s t a t e  p o l i c e  data f rom ldaho and from Oklahoma con ta i n  a  

v a r i a b l e  t h a t  notes whether t he  car  caught f i r e  a f t e r  t he  crash. 

Un fo r tuna te ly ,  the model year i n f o rma t i on  i n  Oklahoma was entered as a  

one d i g i t  code f o r  t he  age o f  the ca r ,  Th i s  r e s u l t e d  i n  model year 

i d e n t i f i c a t i o n  f o r  the seven most recen t  model years, w i t h  e a r l i e r  

models lumped. As a r e s u l t ,  two vers ions  o f  the  standard were mixed. 

The m ix i ng  changes from year t o  year. Ne i the r  the  Oklahoma da ta  nor the  

ldaho da ta  con ta i n  enough crashes t o  have very  many crash f i r e s .  As a 

r e s u l t ,  n e i t h e r  i s  a  ve ry  use fu l  da ta  source f o r  f u r t h e r  eva lua t ion .  

The da ta  f rom the  S ta te  o f  New York r e p o r t  f i r e  as a  second harmful 

event.  I t  appears t h a t  t h i s  r e s u l t s  i n  ve ry  few f i r e s  be ing  repor ted.  

The repo r t ed  f i r e  r a t e s  a re  s i m i l a r  t o  those i n  Washington, and on l y  

about a  t e n t h  o f  the crash f i r e  r a t e s  repor ted  from s t a t e s  where the  



f i r e  v a r i a b l e  i s  a  check box on the acc iden t  r e p o r t  form. The very  low 

repor ted f i r e  incidence i n  New York l i m i t s  i t s  u t i l i t y .  The pr imary 

ana lys is  i n  t h i s  r e p o r t  w i l l  be on data from the s ta tes  o f  Michigan and 

I l l i n o i s .  I l l i n o i s  has repor ted crash f i r e s  on t h e i r  acc ident  r e p o r t i n g  

form s ince  1975. Michigan has inc luded a  v a r i a b l e  t o  r epo r t  crash f i r e s  

and crash f u e l  leakage s ince  1978. These two data sets  a re  discussed 

more f u l l y  i n  Sect ions 2.2 and 2.3, r espec t i ve l y .  Some use i s  made o f  

the data from the  State o f  Pennsylvania. The c h a r a c t e r i s t i c s  o f  t h i s  

data se t  a re  discussed i n  Sect ion 2.4. 

2.2 S ta te  o f  I l l i n o i s  Data 

These data came from the I l l i n o i s  Department o f  T ranspor ta t ion  and 

c o n s i s t  o f  a l l  p o l i c e  repor ted  acc idents  i n  the  S ta te  o f  I l l i n o i s .  

There a re  two l e v e l s  o f  r epo r t i ng .  Accidents t h a t  occur on s t a t e  roads 

(or federa l  highways) were always t o  be repor ted  t o  the  s ta te .  I n  

add i t i on ,  most l o c a l  p o l i c e  j u r i s d i c t i o n s  r e p o r t  crashes t o  the s ta te .  

Accidents t h a t  occurred i n  Chicago o r  were i nves t i ga ted  by c i t y  o f  

Chicago po l  i c e  were no t  repor ted t o  t he  s t a t e  f i l e  u n t i  1 1980. For the  

purposes o f  t h i s  study, t o  keep a  cons i s ten t  populat ion,  crashes from 

Chicago have been f i 1 tered ou t  o f  the 1980 data.  

As i s  usual ,  the re  i s  a  r e p o r t i n g  th resho ld  f o r  acc idents .  The 

r e p o r t i n g  c r i t e r i a  a re  the  f o l l ow ing :  acc idents  must be repor ted  i f  

there  was any personal i n j u r y  or i f  damage t o  any one person 's  p roper ty  

exceeded $250. Poss ib ly  the da ta  may con ta in  some acc idents  o f  a  more 

minor na tu re  t h a t  were v o l u n t a r i l y  repor ted  and miss some t h a t  should 

have been included, bu t  the above may be taken as the th resho ld .  One 

concern w i t h  po l i ce - repor ted  data has been t o  ensure t h a t  the f i r e s  a re  

post-crash f i r e s  ra the r  than i nc i den t s  i n  which the  car caught f i r e  and 

which were i nves t i ga ted  by p o l i c e  and subsequently repor ted.  I n  the  

I l l i n o i s  data s e t  an a d d i t i o n a l  v a r i a b l e  o f  " type o f  crash' '  has been 

used. The code va lues f o r  t h i s  v a r i a b l e  i n d i c a t e  the type o f  acc ident ,  

such as head-on, r o l l o v e r ,  e t c .  One va lue  i s  "non-co l l i s ion"  and t h i s  

presumably con ta ins  any f i r e  cases t h a t  were no t  assoc ia ted w i t h  a  

crash. Use o f  t h i s  v a r i a b l e  i n  con junc t ion  w i t h  the f i r e  and model year 



v a r i a b l e s  would seem t o  ensure t h a t  the f i r e s  be ing analyzed are, 

indeed, post-crash or  a t  l eas t  assoc ia ted w i t h  a  crash. 

I n  I 1  1 i noi s  two data forms (reproduced i n  Appendix A )  , must be 

f i l e d  on repor tab le  acc idents .  One i s  completed and forwarded by the 

i n v e s t i g a t i n g  o f f i c e r .  I n  add i t i on ,  each d r i v e r  must complete and 

forward a  d r i v e r ' s  acc ident  r epo r t .  Each o f  these forms has a  check box 

t o  r e p o r t  whether o r  no t  a  f i r e  occurred. Both forms a re  forwarded t o  

the I l l i n o i s  Department o f  T ranspor ta t ion  i n  S p r i n g f i e l d ,  I l l i n o i s ,  

where the data a re  computerized. I n  coding the data,  the f i r e  v a r i a b l e  

was coded f i r e  i f  e i t h e r  the p o l i c e  o r  the d r i v e r ' s  r epo r t  repor ted  the 

occurrence o f  a  crash f i r e .  I f  e i t h e r  or both repor ted  t h a t  no f i r e  

occurred and ne i t he r  repor ted  a f i r e ,  the v a r i a b l e  was coded as no f i r e .  

F i n a l l y ,  i f  both r epo r t s  were b lank on the f i r e  va r i ab l e ,  a  miss ing data 

code was entered i n t o  the  computer. 

Even w i t h  t h i s  dual r e p o r t i n g  system, the re  remains a  subs tan t i a l  

amount o f  miss ing data. The f i r s t  year o f  the new form, f i r e  data were 

m iss ing  on 39 percent  o f  the crashes. The miss ing  data r a t e  has 

dec l ined  s tead i l y ,  bu t  s t i  1 1  remains subs tan t i a l ,  be ing 18 percent i n  

the  1980 data.  Table 2 g ives  t h e m i s s i n g  da ta  r a t e  by year o f  the 

crash. I t  i s  ev ident  t h a t  a l l  o f  these years have miss ing data r a tes  

t h a t  f a r  exceed the  crash f i r e  ra tes .  As a  r e s u l t ,  some assumptions 

about the miss ing da ta  must be made i n  order t o  proceed w i t h  the 

ana l ys i s .  One p o s s i b i l i t y  i s  t o  c a l c u l a t e  f i r e  r a t e s  based on ly  on 

cases w i t h  data on the  f i r e  v a r i a b l e  present .  (This d e f i n i t i o n  o f  crash 

f i r e  r a t e s  was used i n  an e a r l i e r  r e p o r t  by F l o ra  e t  a l . ,  i n  1979.) A 

d i f f i c u l t y  w i t h  t h i s  approach i s  t h a t  the r educ t i on  i n  miss ing data 

r a t e s  over the years may r e s u l t  i n  q u i t e  d i f f e r e n t  o v e r a l l  f i r e  ra tes .  

I f ,  i n  f a c t ,  the m iss ing  data r e s u l t  from the  f i r e  v a r i a b l e  be ing 

over looked when t he re  i s  no f i r e ,  then miss ing data would be a l l  non- 

f i r e  cases. Basing the f i r e  r a tes  on the cases w i t h  data present  would 

then b i a s  the ra tes .  Conversations w i t h  the data management personnel 

a t  the  I l l i n o i s  Department of T ranspor ta t ion  suggest t h a t  t h i s  i s  

probably the  case: m iss ing  data most l i k e l y  con ta i n  no f i r e s .  As a  

r e s u l t ,  the f i r e  r a t e s  have been ca l cu l a ted  as number o f  f i r e s  d i v i ded  

by a1 1 crashes f o r  the  same subgroup. 



TABLE 2 

Miss ing Data Rates From I l l i n o i s  

2.3 Data from Michiqan 

The da ta  from Michigan c o n s i s t  o f  acc idents  repor ted  t o  the  

Michigan Department o f  S ta te  P o l i c e  from a l l  p o l i c e  j u r i s d i c t i o n s .  

Beginning i n  1978, the po l  i c e  acc iden t  r e p o r t i n g  form (reproduced i n  

Appendix 2 )  contained two new v a r i a b l e s  t o  be answered yes or  no. One 

v a r i a b l e  asks "Did f i r e  occur?" and t he  o ther  asks "Did v e h i c l e  leak 

f ue l? "  When these data are coded a t  t he  s t a t e  l e v e l ,  f ou r  code va lues 

a re  used. One code va lue i nd i ca tes  t h a t  the  f i r e  v a r i a b l e  was coded 

yes, f u e l  leakage coded no. A second va lue  ind ica tes  t h a t  f u e l  s p i l l a g e  

was coded yes, f i r e  coded no, A t h i r d  va lue  i s  used t o  i n d i c a t e  t h a t  

both f i r e  and f u e l  s p i l l a g e  v a r i a b l e s  were coded yes. F i n a l l y ,  a  f o u r t h  

code va lue  i s  used f o r  a l l  o ther  cases. Thus, the f o u r t h  va lue  

i nd i ca tes  t h a t  ne i t he r  f i r e  nor f u e l  s p i l l a g e  was coded yes. Th i s  

inc ludes cases w i t h  e i t h e r  f i r e  o r  f u e l  s p i l l a g e  o r  bo th  l e f t  b lank.  

The presumption made i n  coding t he  data on the  s t a t e  l e v e l  i s  t h a t  

m iss ing  data correspond t o  no f i r e  o r  f u e l  s p i l l a g e .  Because o f  t h i s  

coding scheme, one cannot t e l l  what m iss ing  data r a t e  occurs.  Thus, 

per fo rce ,  f i r e  and leakage ra tes  i n  Michigan w i l l  t r e a t  m iss ing  da ta  as 

non - f i r es  or  non-leaks. 

Year: 

M iss ing  
Data Rate 

The c r i t e r i a  f o r  r e p o r t i n g  an acc iden t  t o  p o l i c e  i n  Michigan i s  any 

personal i n j u r y  o r  damage t o  any one person 's  p roper ty  i n  excess o f  

$200. Whi le acc idents  i n v o l v i n g  no i n j u r y  and less  damage o r  

quest ionable  amount o f  damage may be repor ted  t o  po l i ce ,  many 

j u r i s d i c t i o n s  have a  separate form, an i nc i den t  as opposed t o  an 

acc ident  form, f o r  r e p o r t i n g  such occurrences. These more minor crashes 

1976 

32.7% 

1975 

38.8% 

1977 

21.6% 

1978 

20.1% 

1979 

18.5% 

1980 

17.8% 



are then not reported to the state police. Of course it is also 

possible that some eligible accidents were not reported. The Michigan 

data also contain a variable for collision type and one for damage 

severity. These were used to exclude reports coded "non-collision" or 

zero damage. The result should be to ensure that the fires and leaks 

are really post-crash or at least correspond to a crash. 

In calculating and reporting fire and leakage rates, the various 

code values must be considered. For example, if a crash is coded fire, 

yes, leak, no, should it be considered a fuel fire? In discussions with 

police as to how they would fill out a form and with coders, the 

concensus was that such cases were generally fuel fires. Some officers 

reported that they had used that when the entire car burned up and they 

could not tell whether fuel had leaked. Consequently, the following 

conventions have been established. A l l  cases with fire coded yes were 

considered to be post-crash fuel-fed fires. In addition, all crashes 

coded yes for fire or yes for fuel leakage were considered to be cases 

involving fuel leakage. Thus, fire rates have been calculated with 

numerators consisting of cases coded either fire only or fire and leak, 

and denominators consisting of all crashes. Similarly, leak rates have 

been calculated with numerators consisting of all cases coded fire, 

leak, or both, and denominators based on all crashes. 

2.4 Data from Pennsylvania 

The state of Pennsylvania maintains computerized reports of traffic 

crashes in a convenient form. Three years of such data (1977-1979) were 

made available to this project for analysis. The criteria for reporting 

accidents in Pennsylvania changed on June 30, 1977, and this change is 

reflected in the size of the 1977 data set as compared with those of 
later years. Prior to June 30, 1977, all local jurisdictions were not 

required to report accidents to the state, although accidents which were 

reported included fatal and injury accidents plus crashes with property 

damage greater then $200. Since June 30, 1977, all towaway crashes must 

be reported from all jurisdictions. This change in the minimum 

reporting cr i ter ion (from a do1 l ar amount to a towaway) reduced the 





Aggrega t ing  t h e  da ta  over seve ra l  ca lendar  years p r o v i d e s  enough cases 

t o  compare f i r e  r a t e s  f o r  t h e  v a r i o u s  FMVSS #301 s tandard  p e r i o d s .  





The ana lys is  o f  p o s s i b l e  e f f e c t s  o f  the FMVSS 301 i s  compl icated by 

t he  f a c t  t h a t  the s tandard took e f f e c t  w i t h  a  p a r t i c u l a r  model year ( f o r  

each ve rs i on ) ,  w h i l e  t he  crash da ta  come from calendar years t h a t  were 

somewhat l a t e r  than t h e  e f f e c t i v e  da te  of the  standard.  Thus, f o r  

example, the e a r l i e s t  da ta  from Michigan come from 1978, w h i l e  the most 

r ecen t  ve rs ions  o f  FMVSS 301 appl i ed  t o  the  1976 and 1977 mode1 years o f  

passenger cars.  Th i s  means t h a t  the  pre-standard ca rs  were o lder  a t  the 

t ime o f  the crash than t h e  post -s tandard cars .  As an example, the  1975 

models were th ree  years o l d  i n  1978, and f i v e  years o l d  i n  1980, w h i l e  

t h e  1977 models ranged i n  age from one year o l d  t o  t h ree  years o l d ,  

Thus, t he  age o f  the  car i s  confounded w i t h  the  p o s s i b l e  e f f e c t s  o f  the 

standard.  Any other  changes i n  the  car o r  acc ident  popu la t i on  over t ime 

a re  a l s o  confounded w i t h  t he  standard. Such changes cannot be separated 

from poss ib l e  standard e f f e c t s .  

To some ex ten t  i t  may be poss ib l e  t o  d isen tang le  t he  confounding o f  

t h e  age and the  standard. Since t he re  a re  s i x  years o f  data from 

I l l i n o i s ,  cars b u i l t  under each v e r s i o n  o f  t he  standard can be 

i n v e s t i g a t e d  a t  s i x  d i f f e r e n t  ages. L ikewise i n  Michigan, each group o f  

model years corresponding t o  the ve rs ions  o f  FMVSS 301 have da ta  f o r  

t h r e e  d i f f e r e n t  years o f  age. Consequently, the  e f f e c t s  o f  ag ing over 

s i x  years ( i n  I 1  1 i n o i s )  or  over t h ree  years ( i n  Michigan) can be 

est imated separa te ly  f o r  each model year. There i s  s t i l l  some 

confounding i n  t h a t  these per iods  a re  a t  d i f f e r e n t  t imes i n  the  ca r s '  

ages, e.g., from th ree  t o  n i ne  years o l d  f o r  1975 models as opposed t o  

one t o  s i x  years o l d  f o r  1977 models. Th i s  d i f f e r e n c e  i s  most marked 

f o r  pre-1968 cars,  o f  course. 

Whi le the i n c l u s i o n  o f  several  years '  o f  da ta  a l lows  one t o  

es t imate  an aging e f f e c t  separate f rom a  model year e f f e c t ,  t he re  may 

s t i l l  be other  model year e f f e c t s  t h a t  a re  confounded w i t h  the FMVSS 301 

s tandard.  For example, i n  r ecen t  years t he re  has been a  t rend  toward 

sma l le r  ca rs .  Th is  occurs on two l eve l s .  The mix o f  veh i c l es  purchased 



has s h i f t e d  toward more sales o f  smal l  ca rs  and fewer o f  l a r g e  cars .  I n  

add i t i on ,  severa l  manufacturers have reduced the  s i z e  and weight o f  

several  models. The f u l l - s i z e d  General Motors cars  were reduced i n  s i z e  

beginn ing w i t h  t h e  1977 models, f o r  example, As a  r e s u l t ,  the  d i f f e r e n t  

model years have d i f f e r e n t  car s i zes .  To t h e  ex ten t  t h a t  car  s i z e  may 

i n f l uence  f i r e  o r  leakage ra tes ,  t h i s  v a r i a b l e  would i n t e r a c t  or  be 

confounded w i t h  t he  i n t r o d u c t i o n  o f  the  standard. The I l l i n o i s  da ta  

have no i n f o r m a t i o n  on car s i ze .  The Michigan data inc lude  a  v a r i a b l e  

t h a t  groups c a r s  i n t o  fou r  s i z e  ca tego r i es .  However, downsiz ing o f  

recent  models r e s u l t s  i n  i ncons i s t en t  s i zes  f o r  d i f f e r e n t  model years. 

I n  a d d i t i o n ,  t h i s  v a r i a b l e  i s  sub jec t  t o  r e l a t i v e l y  l a rge  r e p o r t i n g  

e r ro r s .  Consequently, i t  was no t  used. Probably f o r  the  t ime pe r i od  o f  

these da ta  (1975-1980) changes i n  car s i z e  m ix tu res  were r e l a t i v e l y  

smal l .  However, t h i s  f a c t o r  cou ld  become more impor tant  i n  the  f u t u r e  

i f  the t r end  toward smal ler  cars  cont inues.  

There a r e  a  l a rge  number o f  o ther  p o s s i b l e  changes i n  the  model 

years o f  these cars .  There has been a  recen t  increase i n  t he  number o f  

d i ese l  powered c a r s  so ld .  Whi le t h i s  would no t  seem l i k e l y  t o  a f f e c t  

t he  leakage r a t e s ,  i f  d i ese l  f u e l  i s  l e ss  l i k e l y  t o  i g n i t e  when s p i l l e d ,  

i t  could  reduce t h e  observed f i r e  r a tes .  Other changes i n  t h e  ca rs  have 

been in t roduced.  There i s  a  t r end  toward more front-wheel  d r i v e  cars.  

Th is  r e s u l t s  i n  q u i t e  d i f f e r e n t  cons t ruc t i on .  For example, t he re  i s  no 

d i f f e r e n t i a l  hous ing near t h e  r e a r  f u e l  tank i n  a  f ron t -whee l -d r i ve  ca r .  

Also, the  r ea r  a x l e  i s  q u i t e  d i f f e r e n t .  These s t r u c t u r a l  changes may 

a f f e c t  the  chance o f  puncture o r  r u p t u r e  o f  the  f u e l  tank i n  a  crash and 

so a f f e c t  t he  leak r a t e .  Most o f  these changes would be present  as 

gradual changes over the model years r a t h e r  than t he  presumed s tep  

change assoc ia ted  w i t h  the standard. Both o f  these e f f e c t s  should be 

q u i t e  smal l  f o r  the  data years under cons idera t ion ,  b u t  cou ld  become 

i nc reas ing l y  impor tan t  i n  the  f u t u r e .  

There a re  a  l a rge  number o f  c rash v a r i a b l e s  t h a t  s t r o n g l y  a f f e c t  

t he  chance o f  a  leak or  a  f i r e .  Any crash s e v e r i t y  v a r i a b l e  seems t o  

a f f e c t  these r a t e s ,  w i t h  h igher  r a t e s  i n  more severe crashes. I n  t h e  

Michigan data,  t h e  TAD sca le  i s  a  measure o f  crash s e v e r i t y  o r  damage t o  

the  ca r .  The t ype  o f  crash a f f e c t s  these r a t e s .  Whether the  crash i s  a  



single or multiple vehicle crash also influences fire and leakage rates. 

Day or night is associated with fire and leakpge rates, although as 

noted later, the effect is taken primarily as a surrogate for crash 

severity in that the day-night effect is nearly eliminated if rates are 

adjusted for TAD. 

3.1 Modeling Rates 

In order to consider the possible effects of the confounding and 

interacting variables mentioned above, rates were analyzed using a 

linear models approach to categorical data. The methodology is 

descr i bed i n Gr i zzel , Starmer , and Koch (1969) . A number of forms of 

these models have been used and are described in the results section. 

Basically, the model may be written as 

where the X, are variables such as severity, aging within model year, or 
I 

standard effect dummy variables. The B i  are .coefficients to be 

estimated and B represents an intercept or overall mean. We have used 
0 

the weighted least squares method (equivalent to minimizing the modified 

chi-square) to estimate the coefficients. A program to implement this 

is GENCAT described by Landis et al. (1976). An alternative method of 

performing the calculations using standard regression programs was 

descr i bed by F lora et a 1 . (1980) , and was used for most of the model i ng. 

Either method results in identical estimates for the coefficients, a 

statistic used to test for lack of fit of the model, and chi-square 

statistics used to test whether the coefficients are significantly 

different from zero. The coefficients can be tested individually, or as 

sets. Also, relations among the coefficients can be investigated. 

Most of the models investigated have included a variable for aging, 

representing the six or three different ages of a given model year of 

car available in the data (Illinois or Michigan). In addition, dummy or 

indicator variables for the groups of model years that correspond to the 

different versions of FMVSS 301 are included. A linear or other smooth 

trend in model year is considered. I n  addition, indicator variables for 



crash types o r  TAD s e v e r i t y  l e v e l s  have been included. The c o e f f i c i e n t s  

f o r  these v a r i a b l e s  were est imated, t es ted  f o r  s i gn i f i cance ,  and reduced 

models cons t ruc ted  t h a t  gene ra l l y  f i t  the  data adequately and inc luded 

o n l y  c o n t r o l  v a r i a b l e s  t h a t  had c o e f f i c i e n t s  est imated t o  be 

s i g n i f i c a n t l y  d i f f e r e n t  from zero.  I n  some cases v a r i a b l e s  o f  

p a r t i c u l a r  i n t e r e s t  were l e f t  i n  t he  model t o  demonstrate t h e i r  e f f e c t ,  

even i f  i t  appeared no t  t o  be impor tant .  

Several methods were used t o  i n v e s t i g a t e  age. Some cons i s t ed  o f  

l ook i ng  a t  d i f f e r e n c e s  i n  r a t e s  f o r  g i ven  models i n  d i f f e r e n t  crash 

years. Others used i n d i c a t o r  v a r i a b l e s  f o r  crash years o r  a  l i n e a r  

t rend  i n  age. The on l y  s i g n i f i c a n t  d i f f e r e n c e s  t h a t  were found were i n  

the  I l l i n o i s  data and suggested d i f f e r e n c e s  i n  o v e r a l l  r a t e s  by data 

year.  These were no t  i n  any monotone order  as would be suspected i f  

ag ing were t h e  f a c t o r .  With no obvious p a t t e r n  t o  the d i f f e rences ,  i t  

seems more l i k e l y  t h a t  the year-by-year d i f f e r e n c e s  r e f l e c t  r e p o r t i n g  

d i f f e r e n c e s  than t h a t  they r e f l e c t  an age e f f e c t .  

The smal l  f i r e  and leakage r a t e s  l i m i t  t he  amount o f  model ing t h a t  

can be done. Not a l l  v a r i a b l e s  o f  i n t e r e s t  a re  present  i n  a l l  da ta  

se ts .  I n  add i t i on ,  even f o r  t he  v a r i a b l e s  t h a t  a re  present,  i t  may no t  

be p r a c t i c a l  t o  inc lude  a l l  o f  them i n  a  s i n g l e  ana lys is ,  because the  

r e s u l t i n g  mul t iway t a b l e  o f  r a t e s  would inc lude  many r a t e s  based on very  

few crashes. Such r a t e s  may be t oo  uns tab le  t o  analyze. Wi th  an 

o v e r a l l  c rash f i r e  r a t e  o f  about two per thousand o r  a  leakage r a t e  o f  

about 12 per thousand, es t ima t i ng  r a t e s  based on fewer than a  hundred 

crashes i s  no t  reasonable. Even w i t h  s ta tew ide  data from t h r e e  o r  s i x  

years f rom f a i r l y  l a r g e  s ta tes ,  some c o l l a p s i n g  o f  the  data must be done 

t o  es t imate  e f f e c t s  and f i t  these models. 

I n  some cases models w i t h  i n t e r a c t i o n s  were needed. When t h i s  was 

t he  case, the  cho ice was t o  model t h e  i n t e r a c t i o n s  as main e f f e c t s  o f  

one v a r i a b l e  w i t h i n  the  l e v e l s  o f  t he  o ther .  Suppose t h a t  X l i  i s  the  

s e t  o f  i n d i c a t o r  v a r i a b l e s  f o r  f a c t o r  1 and X i s  the  se t  o f  i n d i c a t o r  
2 j  

v a r i a b l e s  f o r  f a c t o r  2. w i t h  bo th  o f  these be ing a l l  means models. The 
I 

i n t e r a c t i o n  i s  X t imes X Z j .  That i s ,  t he  e f f e c t  o f  f a c t o r  2 w i t h i n  
1 j 

l e v e l s  o f  f a c t o r  1 i s  zero f o r  a l l  bu t  t he  p a r t i c u l a r  l e v e l  o f  f a c t o r  1 .  



For t h a t  l e v e l ,  v a r i a b l e  2 takes i t s  usual  va l ue  accord ing t o  l e v e l s  o f  

f a c t o r  2 .  

3.2 A l t e r n a t i v e  S t a t i s t i c a l  Procedures 

The l i n e a r  models approach t o  ca tego r i ca l  data descr ibed above i s  

no t  the  o n l y  app l i cab le  one. Rather than modeling the f i r e  r a t e s  o r  

leakage r a t e s  themselves, a  l o g i s t i c  model cou ld  be used. (Other 

s i m i l a r  t rans fo rmat ions  such as the  p r o b i t  a l s o  e x i s t  b u t  a re  q u i t e  

s imi  l a r . )  I f  t h i s  were done, the  f i r e  r a t e  would be assumed t o  depend 

on a  type o f  to le rance  d i s t r i b u t i o n  t h a t  i s  i t s e l f  a  l i n e a r  f u n c t i o n  o f  

the  r e l e v a n t  crash or  model year v a r i a b l e s .  Such a  model would have the  

f  orm 

r = [ l .  + exp(B o  + B iX i ) ] - ' .  

I n  t h i s  model the  X i  a re  v a r i a b l e s  as before,  and t h e  B .  a r e  again  
I 

c o e f f i c i e n t s  t o  be est imated. Here, however, the  f i r e  r a t e  i s  assumed 

t o  be a  l o g i s t i c  f u n c t i o n  o f  the  l i n e a r  combinat ion o f  t he  s e v e r i t y  and 

standard e f f e c t s  va r i ab l es .  The c o e f f i c i e n t s  again can be est imated by 

weighted l e a s t  squares. Whi le t h i s  model has the advantage t h a t  t he  

est imated r a t e s  are au toma t i ca l l y  fo rced  t o  l i e  between zero  and one, 

t h i s  was no t  found t o  be a  problem w i t h  the l i n e a r  models. 

A l t e r n a t i v e  methods of es t ima t i on  can a l s o  be used. The most 

common and bes t  developed i s  maximum l i k e l i h o o d .  Th i s  method i s  

p a r t i c u l a r l y  appropr ia te  w i t h  t he  l o g i s t i c  model (or a  s i m i l a r  p r o b i t  

model) . I t  can be achieved by i t e r a t i n g  t h e  weighted l e a s t  squares 

e s t i m a t i o n  procedure. Th i s  method was used by R e i n f u r t  (1981) .  One 

p r imary  advantage i s  t h a t  such a  method cou ld  be used w i t h  a  cont inuous 

v a r i a b l e  such as de l ta-V or  crash speed w i t hou t  the  need t o  ca tego r i ze  

t he  da ta  t o  o b t a i n  r a t e s  based on l a rge  numbers o f  crashes. I n  the  data 

se ts  a t  hand, however, we d i d  no t  have any such cont inuous v a r i a b l e s .  

Whi le t he  maximum l i k e l i h o o d  l o g i s t i c  models represent  an 

a t t r a c t i v e  a l t e r n a t i v e  method o f  ana l ys i s ,  the  l i n e a r  models employed 

appeared t o  f i t  t he  data adequately.  The l i n e a r  models have the  

advantage o f  be ing somewhat s impler  t o  i n t e r p r e t  and e x p l a i n  as w e l l  as 



be ing  somewhat cheaper from the computat ional  s tandpo in t .  They have 

been used throughout .  L o g i s t i c  models were considered i n  t he  e a r l i e r  

e f f o r t  and found n o t  t o  improve t he  f i t  o r  the exp lanatory  power o f  the  

models. 



4.0 RESULTS 

The results are presented separately by the data source. The 

combined results are presented in Section 5, Conclusions, as well as 

being summarized in the Executive Summary. 

4.1. Data from Illinois 

The characteristics of the data file from Illinois have been 

discussed in Section 2.2. These data do not contain any information on 

leakage rates and thus refer to crash fire rates only. The data are 

analyzed separately for crashes involving passenger cars and then for 

crashes involving light trucks. The data for passenger cars are 

summarized in Table 3, where a question mark indicates a rate based on 

very few crashes. 

4.1.1 Passenqer Car Fire Rates in the I l l  inois Data 

Six years of crash data were available from the State of Illinois. 

These were from the calendar years 1975 through 1980. Crashes involving 

cars of model years previous to 1968 (the year the first version of 

FMVSS 301 was effective) were somewhat scarce, particularly for the 

later crash years. Figure 1 plots the crash fire rates for passenger 

cars in the Illinois data by model year with crash years identified by 

their final digit. For this figure, model years 1960 through 1967 were 

pooled and were plotted at the 1967 point. Visual inspection of Figure 

1 suggests that a trend toward reduced rates for more recent models may 

be present. A suggestion of larger variability in earlier model years 

can also be seen. Table 3 summarizes observed crash fire rates by crash 

year and model year groupings corresponding to versions of FMVSS 301. 

To estimate the effects of FMVSS 301 in these data a variety of 

models were employed. The aim was to estimate separately effects 

corresponding to the various versions of FMVSS 301, and effects of 

confounding variables such as aging effects over the six calendar years 

of data for the same model years. Mathematical models that included 
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5 1975 F 
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F i g u r e  1. Passenger Car F i r e  Rates by Model Year i n  I l l i n o i s  
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TABLE 3 

Passenger Cars, F i r e  Rates Per Thousand Crashes, I l l i n o i s  

T o t a l  

1.656 
2.213 
1.714 
1.670 
1.571 
1.771 

1977+ 

----- 
1,502 (?) 
1.217 
1 -495 
1 ,480 
1 .700 

Year 

1975 
1976 
1977 
1978 
1979 
1980 

Unknown 

38.8% 
32.7% 
21.6% 
20.1% 
18.5% 
17.8% 

1960-67 

2.241 
2.581 
2.076 
2.213 
1 *276 
2.642 

1968-75 

1 ,570 
2.238 
1.813 
1.764 
1.725 
1.912 

1976 

2.097 (1) 
1.852 
1.446 
1.550 
1.626 
1.495 



standard effects, aging effects, and linear trends in model years were 

fit to these data. A l l  models exhibited some lack of fit. The best 

fitting had a chi-square of 146.90 with 71 degrees of freedom for 

testing lack of fit. Several models resulted in similar lack of fit 

statistics, leaving no clear choice among them. The best fitting model 

was: 

In the above equation, r stands for the fire rate per thousand crashes, 

age is the age of the car at the time of crash, and thus represents a 

1 inear trend in model years, while "std68" and "std76" represent 

indicator variables for introduction of the 1968 and 1976 versions, 

respectively, of FMVSS 301. The coefficient for age is clearly 

significantly different from zero, indicating a tendency for the fire 

rate to increase with the age of the vehicle. The other two 

coefficients are both negative, estimating reductions in fire rates 

coincident with the 1968 and 1976 versions of the standard, but they are 

only marginal ly statistically significant (chi-square = 5.86 with 2 

degrees of freedom). The lack of fit also limits the interpretation of 

th i s model. The 1976 and 1977 versions of the standard are near 1 y 

indistinguishable in these data. An effect at 1977 could be substituted 

with little change. If an additional effect at 1977 is included in the 

model, the resulting equation becomes: 

While the estimated effect is also negative, indicating a slight further 

reduction, the associated chi-square for this additional parameter 

estimate is only 0.24 with one degree of freedom, indicating a clear 

lack of significance. 

The best model that incorporates aging--rather than the linear 

trend in model years--was: 

The associated lack of fit chi-square statistic was 156.27 with 70 

degrees of freedom. The aging variable (over the six calendar years 



within the model years) was not significantly different from zero. For 

-the three standard effects, the chi-square statistic was 51-37 with 3 
degrees of freedom. This is highly significant, but must be interpreted 

with some caution because of the lack of fit of the overall model. 

There was again, little difference between the 1976 and 1977 versions of 
the standard that could be observed in the data. In this model the 

variable "aging" takes the values from one to six, with six 

corresponding to crashes in 1980. 

A model with three mean fire rates fit almost as well. This model 

was: 

The lack of fit was 157.23 with 72 degrees of freedom. Similarly, a 

model with a linear trend for age of vehicle at the time of the crash, 

estimated as: 

had a lack of fit statistic of 152.76 with 73 degrees of freedom. Whi le 

both of these models show significant lack of fit, it is also clear that 

in the former the three mean fire rates corresponding to pre-standard 

cars, first version cars, and post-76 version cars differ significantly, 

with the lower rates corresponding to models built under the more recent 

standards. Further, it is clear that the age coefficient in the latter 

model is significantly different from zero, showing that older model 

cars had higher fire rates. In the total data it was thus not possible 

to separate the possible' effect of the standard from a possible age or 

other general model year effect. 

Two reasons for the significant lack of fit were identified. 

First, the six model years did not exhibit an increasing trend in fire 

rates within most model years. In fact, fitting a linear age effect 

within model years did not produce a significant coefficient in any 

model years. The six calendar years of data showed evidence of 

differing in overall fire rates, perhaps related to their difference in 

missing data rates, but this difference was not related to any obvious 

trend. A second reason for lack of fit may be the fact that fire rates 

differ very dramatically by type of crash. This source of variation may 



a c t  together  w i t h  the d i f f e rences  i n  data years t o  increase v a r i a b i l i t y  

over what would be expected otherwi  se. 

To a l low f o r  the  p o s s i b i l i t y  o f  increased v a r i a b i l i t y  caused by the 

d i f f e r e n c e  i n  f i r e  r a tes  f o r  d i f f e r e n t  crash types two approaches were 

used. The f i r s t  concentrated on s p e c i f i c  types o f  crashes t h a t  would be 

assoc ia ted w i t h  the va r ious  vers ions o f  the  standard and i nves t i ga ted  

changes i n  f i r e  r a tes  w i t h i n  the s p e c i f i c  crash types. That i s ,  the 

f i r s t  ve r s i on  o f  FMVSS 301 addressed f r o n t a l  crashes, the  second added 

r o l l o v e r s ,  and the  t h i r d  p r i m a r i l y  added rear  impacts. These th ree  main 

crash types a re  analyzed separate ly  i n  the f o l l o w i n g  paragraphs. A f t e r  

t ha t ,  the data a re  analyzed us ing  ten  d i f f e r e n t  crash types as 

a d d i t i o n a l  c o n t r o l  va r i ab l es .  

Analys is  o f  F i r e  Rates by Crash Type and Standard Version. 

F ron ta l  crashes. The f i r s t  ve r s i on  o f  FMVSS 301 requ i red  t e s t i n g  

o f  passenger cars by crash ing them f r o n t a l l y  i n t o  a  f i x e d  b a r r i e r .  As a  

r e s u l t ,  crashes i nvo l v i ng  f r o n t a l  impacts may be most r e l e v a n t  i n  

i n v e s t i g a t i n g  the e f f e c t  o f  t h i s  ve r s i on  o f  the  standard. I n  the 

I l l i n o i s  data,  f r o n t a l  impacts a re  most c l o s e l y  associated w i t h  crash 

types coded as "head-on" and "h i  t f i x e d  ob jec t . "  These two crash types 

were analyzed separate ly ,  us ing  a l so  the model year va r i ab l e .  The most 

prominent f i n d i n g  was t h a t  these two types o f  crashes d i f f e r e d  

s u b s t a n t i a l l y  i n  t h e i r  f i r e  r a tes .  Ove ra l l ,  the  f i r e  r a t e  f o r  head-on 

crashes was 5.52 f i r e s  per thousand crashes, w h i l e  t h a t  f o r  f i x e d  

ob jec t s  was 6.09 f i r e s  per thousand crashes. An i n d i c a t o r  v a r i a b l e  f o r  

t h i s  d i f f e r e n c e  was the on ly  v a r i a b l e  t h a t  had a  c o e f f i c i e n t  es t imate  

t h a t  was s i g n i f i c a n t l y  d i f f e r e n t  from zero.  A f u l l  model w i t h  a  

constant ,  an aging e f f e c t ,  a  separate model year e f f e c t ,  and th ree  

standara e f f e c t s  had the f o l l o w i n g  est imated c o e f f i c i e n t s .  

- 1 -67  (type) + 0  -05 (modyr) - 0.003 (agi ng) f i res/1000 crashes. 

Here, the  type v a r i a b l e  i nd i ca tes  the  d i f f e r e n c e  between the crash 

types, "modyr" est imates a  l i n e a r  e f f e c t  i n  age or  model year, and 

"aging" est imates a  l i n e a r  e f f e c t  i n  age w i t h i n  model years. The o ther  



variables estimate effects of the standards. The lack of fit chi-square 

was 210.54 with 215 degrees of freedom, indicating a satisfactory fit. 

Only the type variable was significantly different from zero. A reduced 

model with only this variable was: 

r = 5.43 - 1.64(type) fires/1000 crashes. 
The associated lack of fit chi-square was 213.21 with 220 degrees of 

freedom, indicating a satisfactory fit. In fact all of the other 

variables together only account for a difference of 2.71 in the lack of 

fit chi-square--an amount that would not be significant even if it had 

only one degree of freedom. The model that includes only an overall 

mean was es t i ma ted as 

r = 5.158 f i res per thousand crashes. 

The associated lack of fit chi-square was 230.01 with 221 degrees of 

freedom. This is a non-significant lack of fit, but, as noted, the 

model that fits separate means for head-on crashes and fixed object 

crashes does f i t si gni f icant 1 y better (chi -square61 7.80 wi th 1 degree of 

freedom). A model incorporating an estimated effect at the 1968 

standard was estimated as: 

r = 4.86 + 0,34(post67) f ires/1000 crashes. 

The lack of fit chi-square was 229.47 with 220 degrees of freedom. The 

chi-square for testing the significance of the standard effect was 0.53 

w i th one degree of f reedom--not sign i f i cant. ( I  n fact, s 1 i ght i ncreases 

were estimated for standards in 1968 and 1976, with a sl ight decrease 

estimated coincident with 1977, but all were clearly non-significant, 

with chi-squares less than one.) The fire rates for frontal crashes are 

plotted in Figures 2 and 3, 

Thus, the frontal crashes do not provide any evidence of a standard 

effect at any of the three effective dates. One possible reason for 

this is that these crashes are generally very severe. The severity of 

head-on crashes and fixed object crashes as a group may be so high that 

the FMVSS 301 standard requirements did not result in any ch~nges that 

were effective at these high severity crashes. 
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Rol lovers .  The 1976 ve rs i on  o f  FMVSS 301 addressed r o l  l o ve rs  i n  

i t s  t e s t i n g  requirements.  Ro l lover  f i r e  r a t e s  a re  p l o t t e d  i n  F igure 4.  

Crashes coded "over turn"  i n  the  I l l i n o i s  da ta  were used t o  i n v e s t i g a t e  

the poss ib l e  e f f e c t s  o f  the  1976 ve rs i on  o f  the  standard.  These crashes 

have a h i gh  f i r e  r a t e .  Overa l l ,  t he re  were 9.065 f i r e s  per thousand 

crashes i n  which a car  r o l l e d  over. A model t h a t  est imated a standard 

e f f e c t  a t  1976 and an aging e f f e c t  had est imated c o e f f i c i e n t s  o f :  

r = 5.73 - 2.32 (std76) t 0.12 (age) f i res/1000 crashes. 

65 67 69 71 73 75 77 79 
66 68 70 72 74 76 78 80 

MODEL YEAR 

F igure  4 
Passenger Car F i r e s  i n  I l l i n o i s  Ro l l ove r  Crashes 

The lack o f  f i t  ch i -square was 86.12 w i t h  73 degrees o f  freedom. The 

ag ing v a r i a b l e  was no t  s i g n i f i c a n t l y  d i f f e r e n t  from zero.  I f  i t  i s  

de le ted,  the  model becomes: 



r = 6.05 - 2.47 (std76) f  ires/1000 crashes. 

Here the lack o f  f i t  s t a t i s t i c  i s  87.43 w i t h  72 degrees o f  freedom. The 

chi-square s t a t i s t i c  f o r  t e s t i n g  the e f f e c t  o f  the standard v a r i a b l e  i s  

6.17 w i t h  one degree o f  freedom. An even more no t i ceab le  e f f e c t  i s  

observed i f  the 1977 model year i s  used. The model i s  est imated as: 

r = 6.07 - 3.05 (std77) f  ires/1000 crashes. 

The lack of f i t  chi-square i s  84.96 w i t h  74 degrees o f  freedom and the  

chi-square s t a t i s t i c  f o r  the  standard e f f e c t  i s  8.64 w i t h  one degree o f  

freedom. However, an even b e t t e r  f i t  can be obta ined by us ing a l i n e a r  

t rend  i n  the age o f  the  veh i c l es  (or ,  equ i va l en t l y ,  i n  model years) .  

Th is  model i s  est imated as: 

r = 2.47 + 0.74(per year) f i res /1000  crashes. 

The lack o f  f i t  chi-square i s 75.13 w i t h  74 degrees o f  freedom, whi l e  

the chi-square f o r  t e s t i n g  the s i g n i f i c a n c e  o f  the age t rend  i s  18.48 

w i t h  one degree o f  freedom. I f  t h i s  l i n e a r  t r end  i s  incorporated,  

n e i t h e r  t he  e f f e c t  a t  1976 nor one a t  1977 i s  s i g n i f i c a n t l y  d i f f e r e n t  

from zero.  Thus, the r o l l o v e r  crashes a re  cons i s t en t  w i t h  a s i g n i f i c a n t  

r educ t i on  i n  f i r e  r a tes  co i nc i den t  w i t h  e i t h e r  the 1976 o r  1977 vers ions 

o f  FMVSS 301, bu t  a l i n e a r  t rend  i n  age i s  even more s i g n i f i c a n t .  Thus, 

age cannot be r u l e d  ou t  as a poss ib le  exp lana t ion  f o r  t he  apparent 

e f f e c t .  I f  the e f f e c t  were t o  be i d e n t i f i e d  w i t h  the  standard, i t  would 

appear t o  r e s u l t  i n  approximately a 41% reduc t i on  (1976 standard) or  a 

50% reduc t i on  (1977 standard) i n  the  f i r e  r a t e s  f o l l o w i n g  r o l l o v e r  

crashes. 

Rear Impacts. The 1977 ve r s i on  o f  FMVSS 301 addressed rear  impacts 

i n  i t s  t e s t i n g  mode. The I l l i n o i s  data have two crash type codes f o r  

rear  impacts, one where bo th  cars a re  moving and a second one where one 

car i s  stopped. These two crash types were used i n  analyz ing poss ib le  

e f f e c t s  from FMVSS 301 on rea r  impact crashes. These would presumably 

be the  type most l i k e l y  t o  be a f f ec ted  by the  1977 ve r s i on  o f  the  

standard. F i r e  ra tes  f o r  r ea r  impacts w i t h  one car  stopped are p l o t t e d  

i n  F igure  5; w h i l e  the  r a t e s  f o r  both cars  moving a re  p l o t t e d  i n  F igure 

6. 
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Overall, the crash fire rate was 1.468 fires per thousand crashes 

among rear end crashes where one car was stopped and the rate was 1.851 

among rear end crashes with both cars moving. A model assuming a 

constant fire rate for all model years and crash years and the two types 

of rear end collisions estimated the mean crash fire rate as 1.306 fires 

per thousand crashes with a lack of fit chi-square statistic of 245.36 

with 220 degrees of freedom. Adding an indicator variable for the 1977 
version of FMVSS 301 reduced the lack of fit chi-square statistic to 

242.01 with 219 degrees of freedom. Thus, the chi-square statistic for 

testing the significance of the coefficient of the standard indicator 

variable is 3.35 with 1 degree of freedom. This model estimates a mean 

fire rate of 1.343 fires per thousand crashes for pre-1977 model cars 

and a mean f i re rate of 1.164 f i res per thousand crashes for the post 

standard models, a 13 percent reduction in fires in rear impacts. 

However, the coefficient is not statistically significantly different 

from zero at the 5 percent level. 

Incorporating an indicator variable for the type of rear impact and 

a variable for aging gives the model: 

r = 1.339 - 0.205(std77) + 0.156(moving) - 0.015(aging) fires/1000 

crashes. 

The estimated effect of the standard is a reduction of about 0.2 fires 

per thousand crashes. The model estimates that rear end crashes with 

both cars moving have about 0.16 more f i res per thousand crashes. The 

aging variable is clearly non-significant (P>0.5). The lack of fit chi- 

square was 238.30 with 217 degrees of freedom not significant. Both the 

standard and the crash type variables were marginal ly significant (.05 < 

p<.10). The associated chi-square statistics were 3.61 for standard and 

3.28 for crash type, each with one degree of freedom, for a significance 

level between five percent and 10 percent in both cases. 

A model with age or aging always indicated non-significance for the 

age or aging variables with the significance level greater than 0.5, If 

the model with two indicator variables is used, one for standard and one 

for crash type, the lack of fit chi-square is 238.63 with 218 degrees of 

freedom. This model estimates four means depending on type of crash and 

whether or not the model was subject to the 1977 version of FMVSS 301. 



The four  mean f i r e  r a t e s  per 1000 est imated by the model are:  pre-77 

cars,  1.452, 1.295 f o r  bo th  moving, then one car stopped; pos t  standard 

cars,  1.274, 1.116 f o r  bo th  moving, then one car stopped, 

S ince l i t t l e  d i f f e r e n c e  i n  t he  acc iden t  data has been observed f o r  

the  1976 and 1977 vers ions o f  t he  standard,  the 1976 v e r s i o n  was a l s o  

considered w i t h  these rear  impacts. F i t t i n g  a  mean w i t h  an i n d i c a t o r  

v a r i a b l e  f o r  t he  1976 and l a t e r  models gave the  model: 

r = 1.354 - 0.160(std76) f i r es /1000  crashes. 

The lack  o f  f i t ch i  -square was 241.92 w i  t h  219 degrees o f  freedom, and 

the  chi-square f o r  t e s t i n g  the  s tandard e f f e c t  was 3.44 w i t h  1 degree o f  

freedom, again  corresponding t o  s i g n i f i c a n c e  a t  between the  f i v e  percent  

and 10% l eve l s .  There i s  v i r t u a l l y  no d i f f e r e n c e  i n  t h i s  model and the  

one t h a t  est imates the standard co inc i den t  w i t h  the 1977 model years. 

I nco rpo ra t i ng  an e f f e c t  f o r  the  t ype  o f  rea r  end crash gave t he  model: 

r = 1.306 - 0.159(std76) + 0 .157 ( i f  moving) f i r es /1000  crashes. 

The lack o f  f i t  was 238.58 w i t h  218 degrees o f  freedom. The chi-squares 

f o r  t e s t i n g  t he  c o e f f i c i e n t s  were 3.70 f o r  the standard and 3.65 f o r  t he  

crash type. Again, bo th  s i g n i f i c a n c e  l e v e l s  were between f i v e  percent  

and 10%. As before,  i n co rpo ra t i ng  v a r i a b l e s  f o r  age o r  ag ing d i d  no t  

r e s u l  t i n  any s  i gni  f i can t  c o e f f i c i e n t s .  I n  each case, the  s  i gn i  f  i can'ce 

l e v e l  f o r  the  age o r  aging c o e f f i c i e n t  exceeded 0.5. 

A f i n a l  model i nco rpo ra t i ng  c rash  type and bo th  standard e f f e c t s  

was f i t .  The est imated c o e f f i c i e n t s  were: 

r = 1.306 - 0.092(std76) - 0.097(std77) + 0.157(moving) f i res /1000  

crashes. 

I n  t h i s  model t h e  e f f e c t  seems t o  be nea r l y  evenly s p l i t  between the  

1976 and 1977 s tandard va r i ab l es .  The ch i  -square f o r  these two i s  on l y  

3.76 w i t h  two degrees o f  freedom. However, as noted, e i t h e r  a lone 

accounts f o r  most o f  t h i s .  

A 1  though many f i r e s  occur i n  r ea r  end crashes (a t o t a l  o f  1254 i n  

the  I l l i n o i s  data) the  f i r e  r a t e s  per thousand crashes a re  r e l a t i v e l y  

low: on t he  order  o f  1.5 per thousand. These da ta  show a reduc t i on  o f  

about 13 percent  i n  the f i r e  r a t e s  i n  rear  impact crashes occurred 



coincident with either the 1976 or 1977 version of FMVSS 301, but that 

this reduction was only marginally statistically significant 

(.05<P<0.1). Neither aging within model years nor age of the car at 

time of crash was significant or appears a reasonable a1 ternative 

explanation. Thus, the data on rear impacts are consistent with a 

beneficial effect of FMVSS 301, but do not clearly show one. 

Illinois Crash Fire Rates by Crash Type. Considering crash fire 

rates by crash types results in large differences in crash fire rates. 

These range from a low of 1.039 in turning crashes to a high of 9.065 

fires per thousand crashes in rol lovers. Table 4 detai 1s these crash 

fire rates for ten crash types. Very rare crash types such as collision 

with railroad trains were excluded as were crashes involving 

pedestrians, etc. The crash types are those as reported on the Illinois 

accident form by the investigating officer. They may not exactly 

correspond to the direction of impact for the case vehicle, but are the 

best information available in police accident data. 

TABLE 4 

Crash F ire Rates by Crash Type, I 1  l i noi s 

Crash Type 

Turn i ng 
Angle 
Rear End-Both Moving 
Rear End-One Stopped 
Head On 
Fixed Object 
Ro 1 1 over 
Parked Car 
Sideswipe-Same 

Direction 
Sideswipe-Opposite 

Direction 

Fire Rate 
Per Thousand 

1 -039 
1.152 
1.851 
1 ,468 
5-517 
6.090 
9 065 
1.126 

1.122 

1.812 

Total 
F i res 

864 
536 
442 
812 
176 

1238 
207 
448 

382 

2 12 



Incorporating crash types, standard effects, and crash year effects 

in a model for the Illinois passenger car fire rates still resulted in a 

significant lack of fit (chi-square of 276.26 with 193 degrees of 

freedom) . I n order to obtain a sat i sfactory f i t of the model, i t was 

necessary to include interactions of standard effect variables with 

crash type. These were modeled as standard effects within crash types. 

One type of crash--angle impacts--still produced a significant lack of 

fit. For this type of crash fire rates by model year and crash year 

were more variable than binomial variation of the crash rates would 

account for. In order to fit the data with this type of crash included, 

these crash rates must essentially be fit as individual parameters. The 

fire rates for this type of crash are relatively low (about 1 per 1000) 

and the total number of f i res was 536, or about 10 percent of a1 1 the 

fires. Rather than fit these individually, angle impacts were excluded. 

Table 5 gives some summary measures of the overall model which consists 
of three means within each crash type. Included in the table are the 

estimated crash fire rates for each crash type and for each of three 

versions of the standard: pre-standard, 1968- 1975, and 1976 and 1 ater . 
Since the accident data do not indicate significant differences between 

the 1976 and 1977 standards, these have been pooled and are estimated as 

an effort at 1976. Also presented in the table is the estimated percent 

reduction in fire rates by crash type that occurred with the 1976 

version of the standard. Two crash types, head-on and sideswipe same 

direction, showed slight increases, which are indicated by negative 

signs with the percent reductions. In both cases, these increases were 

very small, less than one percent, and are clearly non-significant. A 

column of chi-square statistics, each with two degrees of freedom, is 

presented. These can be used for testing whether the standard effects 

within each crash type are significant. Only those for rear impact, one 

car stopped or parked, rollovers, and angle impacts were significant. 

Two crash types--rear impacts moving and stopped--showed lack of 

fit when just the standard effect variables were fit. For these two 

types of crashes it was necessary to also include a crash year within 

crash type effect. This was similar to fitting an aging effect, but the 

ages did not show a linear or even a monotone trend. The estimated fire 

rates for the rear end crashes are presented, after incorporating the 



TABLE 5 

Fire Rates by Standard and Crash Type 

crash year effects but assuming the mean crash year effect of zero. For 

the entire model, the chi-square for standard effects within crash types 

is 45.69 with 18 degrees of freedom, highly significant. However, much 

of this is due to the estimated very large effect in reducing fire rates 

in rollover crashes. While rollover crashes had the highest crash fire 

rates and so are a reasonable target for reduction, such crashes were 

relatively rare, and in fact only accounted for about four percent of 

the fires (see Table 4) . The lack of fit chi-square for the complete 

model (excluding angle impacts) was 172.93 with 152 degrees of freedom 

(P>0.1) . In addition to the parameters presented in Table 5, crash year 

effects for rear end moving and for rear end stopped crashes were 

included. These additional parameter estimates are given in Table 6. 

A l l  parameters are presented in terms of fire rates per thousand 

crashes. 

CrashType 

Turn i ng 
Ang 1 e* 
Rear-Mov i ng 
Rear-S topped* 
Head On 
F ixed 

Object 
Roll over* 
Parked 

Car 
Sideswipe 

(Same) 
S i desw i pe 

(Oppos i te) 

The conclusions from this analysis of the passenger car crashes in 

Illinois are that some significant reductions in crash fire rates have 

occurred coincident with the effective dates of FMVSS 301 1968 and 1976. 

Pre-67 1968-75 1976' 

1.215 0.989 0.975 
0.857 1.221 0.919 
2.249 1.814 1.630 
1.577 1.497 1.266 
4.477 5.323 5.544 

6.609 6.076 5.531 
12.717 9.293 4.315 

1.188 1.120 0.700 

1.022 1.052 1.061 

1.532 1.726 1.314 

x2 

3.21 
10.37 
3.10 
6 -88 
0.62 

3.25 
24.89 

3.90 

0.03 

2.72 

% 
Reduct ion 
Current 

1.4% 
24.7% 
10. 1% 
15.4% 

-0.04% 

7 9 9 %  

53.6% 

19.6% 

-0.8% 

23.9% 



TABLE 6 

Crash Year Effects for Rear Impacts 

The reductions are largest for rollover crashes, where they are 

estimated at about 50 percent. Large reductions are also observed for 

rear impacts (10 percent if moving, 15 percent if stopped) and for 

crashes into parked cars (which may also be largely rear impacts to the 

parked car) of 20 percent, and for sideswipes in the opposite direction 

of 24 percent A moderate reduction of about eight percent was estimated 

for crashes involving fixed objects.  in^ of vehicles (at least over a 

six year period) seems to have been ruled out as an alternative 

explanation for the reduction. Thus, in the absence of other 

explanations, it seems reasonable to conclude that the FMVSS 301 

standard may have effected most of the observed reductions. The fact 

that the largest reductions were estimated for rollovers and rear 

impacts, which would appear to be the types of crashes most directly 

addressed by the recent standard, lends support to this possibility. 

Sideswipes in the opposite direction were also estimated to show a large 

reduction. This could relate to the side impact testing requirements of 

FMVSS 301. 

Crash 
Year 

1975 
1976 
1977 
1978 
1979 
1980 

4.1.2 Liqht Truck Fire Rates in the Illinois Data 

The crash fire rates for light trucks in the Illinois Data are 

plotted in Figure 7. Few, if any, trends are apparent visually. Older 

models appear to have some increased variability or possibly increased 

fire rates. In addition, the fire rate for 1981 model year trucks 

Rear -Mov i ng 

-0.602 
+O ,723 
+0.381 
-0.207 
-0.048 
-0.247 

Rear-Stopped 

-0.130 
+O .499 
-0.298 
+O. 154 
-0.269 
+O .044 



appears quite high. This rate is based on so few crashes that it is 

unreJ iable. The fire crash rates for models earl ier than 1965 or so are 

also based on few crashes. The visual impression is that of random 

scatter. 

CRASH 
YEAR 
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Figure 7 
Light Truck Fire Rates in Illinois 

Fire rates for various model year groupings are presented in Tables 

7 and 8. The first table presents the fire rates for 1 ight trucks 

grouped by model years that correspond to the years when FMVSS 301 first 

applied to light trucks. Separate rates are presented for each year of 

data. The missing data rate for the fire variable is also presented. 

While this missing data rate decreased substantially i n  the more recent 

years, it is still over 10 percent. However, the overall fire rates for 

the different data years are reasonably consistent, suggesting that the 

missing data was essentially all non-fires and that it did not affect 



the  f i r e  r a t e s  much, Tab1 e 8 presents  t he  f i r e  r a t e s  grouped by the 

model years corresponding t o  t he  passenger car  groupings by FMVSS 301 

vers ions .  I n  bo th  t ab l es  ques t ion  marks i n d i c a t e  r a t e s  based on sample 

s i zes  so smal l  as t o  make the r a t e s  sub jec t  t o  l a rge  v a r i a b i l i t y .  

TABLE 7 

F i r e  Rates Per Thousand Crashes 
Pickup Trucks, I l l i n o i s  

F i t t i n g  a model w i t h  a cons tan t  f i r e  r a t e  f o r  a l l  model years t o  

these da ta  g i ves  an adequate f i t .  The es t imate  o f  a common f i r e  r a t e  i s  

1.85 f i r e s  per thousand crashes. The 1 ack o f  f i t t e s t  i s based on a 

chi-square s t a t i s t i c  o f  122.48 w i t h  116 degrees o f  freedom. Th i s  i s  

c l e a r l y  n o t  s i g n i f i c a n t .  Thus, these f i r e  r a t e s  a re  cons i s t en t  w i t h  a 

constant  f i r e  r a t e  o f  about 1 .85 f i r e s  per thousand crashes f o r  a 1 1 

models o f  l i g h t  t rucks .  

Crash 
Year 

1975 

1976 

1977 

1978 

1979 

1980 

Al though t h e  da ta  a re  cons i s t en t  w i t h  a constant  f i r e  r a t e ,  t he re  

i s  enough v a r i a t i o n  t h a t  o the r  e f f e c t s  m igh t  be s i g n i f i c a n t .  Models 

have been f i t  t o  t he  data t o  es t imate  p o s s i b l e  age e f f e c t s ,  standard 

e f f e c t s ,  and o ther  d i f f e r e n c e s  among model years. A model w i t h  an 

o v e r a l l  mean, a v a r i a b l e  f o r  ag ing w i t h i n  model year; i n d i c a t o r  

v a r i a b l e s  a t  the  1976, 1977, and 1978 model years, and a l i n e a r  t r end  i n  

model years was f i t t o  the  data.  The lack o f  f i t  ch i -square was 100.78 

pre-1977 

2.273 

2 758 

1 9937 

2 770 

2 . 349 

2 325 

1977 

----- 

4.31 (?) 

3.482 

2.039 

2.089 

1 *974 

1978+ 

----- 
----- 
0 .O (?) 

3.142 

1 .go3 

2.045 

To ta l  

2 273 

2.771 

2.125 

2.698 

2.189 

2.178 

Unknown 

25.2% 

22.3% 

16.0% 

14.6% 

13.7% 

12.0% 



TABLE 8 

F i r e  Rates Per Thousand Crashes, Pickup Trucks, I l l i n o i s  

w i t h  111 degrees o f  freedom, i n d i c a t i n g  a  good f i t .  However, on l y  the 

mean and the  i nd i ca to r  va r i ab l es  f o r  1976 and 1977 models had 

c o e f f i c i e n t s  t h a t  were s i g n i f i c a n t l y  d i f f e r e n t  from zero. The mean 

be ing non-zero merely means t h a t  the  average f i r e  r a t e  was s i g n i f i c a n t l y  

p o s i t i v e .  The est imated e f f e c t  w i t h  1976 models was negat ive,  

i n d i c a t i n g  a  reduc t ion  i n  f i r e  r a t e s  associated w i t h  1976 and l a t e r  

models. However, the est imated e f f e c t  f o r  the 1977 models was p o s i t i v e ,  

suggest ing t h a t  the est imated reduc t i on  i n  1976 was no t  maintained. The 

est imated e f f e c t  f o r  1978 models was again negat ive,  b u t  no t  

s i g n i f i c a n t l y  so. These d i f f e rences  may r e f l e c t  inherent  v a r i a b i l i t y  

r a the r  than t r u e  model year d i f f e rences .  

Crash 
Year 

1975 

1976 

1977 

1978 

1979 

1980 

Ne i ther  the aging v a r i a b l e  nor the l i n e a r  t rend i n  model years was 

s i g n i f i c a n t l y  d i f f e r e n t  from zero. The ag ing v a r i a b l e  r e f e r s  t o  the 

f a c t  t ha t ,  s ince there  a re  s i x  calendar years of data, a  g iven  model 

year may have data f o r  up t o  and i nc l ud ing  s i x  d i f f e r e n t  ages. Th is  

aging v a r i a b l e  i nves t i ga tes  poss ib l e  d i f f e rences  by age w i t h i n  each 

model year. The l i n e a r  t rend  i n  model years i nves t i ga tes  whether the re  

i s  a  smooth l i n e a r  t r end  i n  f i r e  r a t e s  by model year r a the r  than changes 

i n  l eve l  as est imated by the  e f f e c t  va r i ab l es .  

The f u l l  model was est imated as 

1960-67 

3.408 

2.736 

2.573 

2  0999 

2.108 

1 -572 

1968-75 

2.045 

3.119 

2.184 

3.175 
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2.616 

1976 

0.00 (?) 

0  793 

0.651 

1.218 

2.276 

1.715 

1977+ 

----- 

4.31 (?) 

3 • 289 

2  0525 

1 0965 

2.028 

Tota 1 

2  273 

2.771 

2.125 
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r = 2.16 + 0.09(aging) - 0.05(MY) -1.2806) + 1.20(77) - 0.32(78) 

f i res /1000  crashes. 

I n  t h i s  equat ion,  r stands f o r  the  f i r e  r a t e  per thousand crashes. The 

va r i ab l es  a re  i d e n t i f i e d  as ag ing ( the s i x  years w i t h i n  model year ) ,  MY 

( the 1 inear  t r end  e f f e c t  i n  model years) ,  and the  numbers r e f e r  t o  t he  

est imated changes i n  l eve l  a t  the i nd i ca ted  model year f .  While the re  i s  

a s l i g h t  increase w i t h  age w i t h i n  model year, the re  was a s l i g h t l y  

decreasing t rend  i n  the  model years. That i s ,  o l de r  model years were 

est imated t o  have s l i g h t l y  lower f i r e  r a tes .  However, t h i s  i s  a f t e r  the  

reduc t i ons i n 1976 and 1978 have been i nc 1 uded . 
A number o f  o ther  models were f i t  t o  the  data.  The FMVSS 301 

standard app l i ed  t o  l i g h t  t r ucks  beginn ing w i t h  1977 models, and was 

extended t o  veh i c l es  w i t h  GVWR l ess  than 10,000 pounds beginn ing w i t h  

1978 models. Cons is ten t l y ,  however, the  1976models were i d e n t i f i e d  

w i t h  low f i r e  r a tes .  Thus, t he re  appears t o  be some reduc t i on  i n  crash 

f i r e  r a t e s  w i t h  1976 and subsequent models, even though t h i s  a n t i c i p a t e s  

the  a p p l i c a t i o n  o f  FMVSS 301 t o  l i g h t  t rucks .  A model i nco rpo ra t i ng  

t h i s  change i n  l e v e l  and an ag ing e f f e c t  was est imated as 

r = 1.97 - 0.48(1976 and l a t e r )  + 0.028(aging) f ires/1000 crashes. 

Here., r denotes the  f i r e  r a t e  per thousand crashes as before,  and the  

aging represents  an increase per year o f  age. However, t he  ag ing e f f e c t  

i s  no t  s i g n i f i c a n t l y  d i f f e r e n t  from zero.  The lack o f  f i t  chi-square i s  

115.78 w i t h  114 degrees o f  freedom. 

Many models gave e s s e n t i a l l y  the same f i t  t o  the  data.  One o f  the  

bes t  f i t t i n g  model f o r  these da ta  f i t s  separate mean f i r e  r a t e s  i n  fou r  

model year groups: pre-1976, 1976, 1977, and l a t e r  model years. Th is  

model had a lack o f  f i t  chi-square o f  103.19 w i t h  113  degrees o f  

freedom. t he  f ou r  mean f i r e  r a t e s  were est imated as 

r = 2.06 per thousand f o r  pre-1976 models, 

r = 1.06 per thousand f o r  1976 models, 

r = 2.26 per thousand f o r  1977 models, and 

r = 1 -91 per thousand f o r  1978 and 1 a t e r  models. 



The data can a l so  be modelled as two d i f f e r e n t  means, one f o r  the 

pre-1976 models and one f o r  the 1976 and subsequent models. Th is  i s  

probably b e t t e r ,  owing t o  the  h igh v a r i a b i  1 i t y  o f  the r a t e s  f o r  the 

s i n g l e  model years 1976, 1977, 1978. I f  t h i s  model i s  used, themeans 

a re  est imated as 2.06 f i r e s  per thousand crashes f o r  pre-1976 models and 

1 $58 f i res  per thousand crashes f o r  1976 and more recent  model s. The 

lack o f  f i t  i s  115.96 w i t h  115 degrees o f  freedom. Whi le t he  1976 da te  

corresponds t o  the implementation o f  the  s t a t i c  r o l l o v e r  t e s t i n g  

requirement f o r  passenger cars, t h i s  i s  one year e a r l i e r  than i t  was 

requ i red  f o r  l i g h t  t rucks .  

I n  summary, the I l l i n o i s  data on l i g h t  t rucks  show l i t t l e  

d i f f e r e n c e  i n  f i r e  r a tes  by model years. They a re  cons i s t en t  w i t h  a  

constant f i r e  r a t e  sub jec t  t o  random v a r i a t i o n  among the  model years. 

However, the re  i s  some evidence f o r  a  r educ t i on  i n  f i r e  r a t e s  w i t h  more 

recen t  models. The i n d i c a t i o n  i s  t h a t  such a reduc t ion  would co i nc i de  

w i t h  the 1976 models--one year i n  advance o f  appl i cab i  1 i t y  o f  the FMVSS 

301. A reduc t ion  o f  about 23 percent  (from 2.06 t o  1.58 f i r e s  per 

thousand) may have occurred. However, the  degree t o  which t h i s  

reduc t ion  i s  associated w i t h  FMVSS 301 i s  p rob lemat i ca l .  I t  e v i d e n t l y  

took p lace i n  advance o f  the  app l i cab le  date of  the standard. On the 

other  hand, o ther  exp lanat ions such as ag ing o f  veh ic les ,  do no t  exp la i n  

i t .  

4.2. Michiqan Car F i r es  

Crash f i r e  r a tes  f o r  passenger ca rs  i n  Michigan a re  p l o t t e d  i n  

F igure 8. The ra tes  a re  p l o t t e d  by model year. The t h ree  years o f  data 

a re  i d e n t i f i e d  by the  l a s t  d i g i t  o f  the  year (1978-1980) i n  which the 

crash occurred. I n  the f i g u r e ,  r a t e s  t h a t  a re  based on smal l  numbers o f  

crashes, such as crashes i n v o l v i n g  1981 model cars i n  1980, have been 

exc 1 uded . 

Inspec t ion  o f  F igure 8 shows t h a t  f i r e  r a t e s  a re  lower f o r  the more 

recen t  model years. No cons i s t en t  p a t t e r n  o f  the th ree  crash years a t  

each model year i s  apparent. For example, the 1978 model was new i n  

1978, one year o l d  i n  1979, and two years o l d  i n  1980. Thus t he  th ree  
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Figure 8 
Passenger Car Fire Rates in Michigan 

rates plotted for model year 1978 represent three different ages for 

this model year. The rate when these cars were new is the highest, 

followed by one year old, with the lowest rate in 1980, when the models 

were two years old. If aging strongly affected fire rates, one should 

see a predominance of zeroes (1980 data) as the highest value for many 

model years. In fact, these seem nearly uniformly distributed for the 

three years. Thus, aging--over this three-year period--does not seem 

particularly important in affecting fire rates. 

The FMVSS 301 was revised in 1976 and again in 1977. It is 

noteworthy in Figure 8 that, whi le there is some var iabi 1 i ty of the fire 

rates, the highest rate among post 1975 model years is lower than the 

lowest rate for earlier model years. 



I n  order t o  q u a n t i f y  the  observat ions and t o  i nves t i ga te  the 

poss ib l e  e f f e c t s  o f  FMVSS 301 a n a l y t i c a l l y  i n  these crash data,  a number 

o f  s t a t i s t i c a l  models were f i t  t o  the  f i r e  ra tes .  F i t t i n g  was by the 

method o f  weighted l e a s t  squares (equiva lent  t o  mod i f i ed  minimum c h i -  

square).  Th i s  method has been discussed by G r i zze l ,  Starmer, and Koch 

(1969) . A program f o r  implementing t h i s  i s  GENCAT (Landis 1976) . Most 

o f  the c a l c u l a t i o n s  were done by modi fy ing a  regress ion  program t o  

perform the  weighted l e a s t  squares c a l c u l a t i o n  as descr ibed by F l o ra  e t  

a l .  (1980). 

A number o f  a n a l y t i c a l  models were f i t  t o  the Michigan f i r e  ra tes .  

F i r s t ,  a  separate mean and slope f o r  a  th ree- leve l  ag ing v a r i a b l e  were 

f i t  w i t h i n  each model year. Th is  model f i t  t he  data adequately, bu t  

none o f  the  s lope est imates was s i g n i f i c a n t l y  d i f f e r e n t  from zero. 

A model i nc l ud ing  an o v e r a l l  mean, i n d i c a t o r  va r i ab l es  f o r  the  

poss ib l e  e f f e c t s  of the 1968, 1976, and 1977 vers ions  o f  FMVSS 301, and 

a l i n e a r  t rend  i n  model years. The r e s u l t i n g  est imates a re  

I n  the equat ion,  r denotes f i r e  r a t e  per thousand crashes. The lack o f  

f i t  f o r  t h i s  model was 56.03 w i t h  58 degrees o f  freedom. The on l y  

c o e f f i c i e n t s  t h a t  are s i g n i f i c a n t l y  d i f f e r e n t  from zero  a re  the mean (p 

= 0.0000) and the 1976 standard e f f e c t  (p = 0.0000) , b u t  the 68 ve rs i on  

o f  the  standard i s  nea r l y  s i g n i f i c a n t  (p = 0.105). De le t i ng  the aging 

v a r i a b l e  s t i l l  l e f t  the  1977 e f f e c t  non -s i gn i f i can t  and the  1968 e f f e c t  

quest ionable ,  I n  f a c t ,  a  model w i t h  an o v e r a l l  mean and a s i n g l e  change 

i n  l eve l  corresponding t o  the  1976 model year f i t  t he  data adequately. 

(Lack o f  f i t  chi-squared s t a t i s t i c  42.22 w i t h  41 degrees o f  freedom, f i t  

on da ta  exc lud ing smal 1 numbers o f  crashes.) A model w i t h  a  change i n  

l e v e l  corresponding t o  the  1977 model years a l so  f i t s ,  b u t  not  q u i t e  as 

w e l l .  I n  v iew of t he  t i m i n g  of the standard and the  f a c t  t h a t  the data 

show a lower r a t e  from 1976 on, the model w i t h  the 1976 e f f e c t  seems 

c l e a r l y  ind ica ted .  Th is  model i s :  

r = 2.566 - 0.873(std76) f  ires/1000 crashes. 

The preceding models were f i t  on the  ra tes  exc lud ing  those based on 

smal l  numbers o f  crashes. However, f i t t i n g  the  models on a l l  the r a t e s  



gives the same general  conc lus ion and q u i t e  s i m i l a r  numerical r e s u l t s .  

A model wi t h  a mean and a 1 i near e f f e c t  i n  model year (age) has 

est imated c o e f f i c i e n t s  o f  

r = 1.466 + 0.128(my) f i res /1000  crashes. 

The Lack o f  f i t  chi-square i s  73.24 w i t h  61 degrees o f  freedom. A model 

f i t t i n g  a change i n  l eve l  a t  the  1976 models f i t s  s u b s t a n t i a l l y  b e t t e r .  

I t  has a lack  o f  f i t  chi-square o f  59.64 w i t h  61 degrees o f  freedom. 

Es t imat ing  a change w i t h  the  1977 models f i t s  s u b s t a n t i a l l y  worse (ch i -  

square 96.82 w i t h  61 degrees o f  freedom) : 

r = 2.422 - 0.753(std77) f i r e s / l 0 0 0  crashes. 

The o v e r a l l  model w i t h  a mean, th ree  s tandard e f f e c t s ,  a l i n e a r  t r end  i n  

model year, and an aging v a r i a b l e  (over t he  t h ree  ages f o r  each model 

year) gave t he  est imates:  

r = 2.199 + 0.053(MY) - 0.020(aging) - 0.044(std68) - 0.578(std76) 

- 0.024 (std77) f i res/1000 crashes. 

The lack o f  f i t  chi-square was 52.33 w i t h  57 degrees o f  freedom. 

Only t he  mean and the  std76 va r i ab l es  were s i g n i f i c a n t l y  d i f f e r e n t  from 

zero a t  t h e  one percent  l e v e l .  However, t h e  l i n e a r  t rend  i n  model years 

was s i g n i f i c a n t  a t  the  f i v e  percent  l e v e l .  Whi le a l l  standard e f f e c t s  

a re  est imated as negat ive,  i n d i c a t i n g  reduc t ions  i n  the f i r e  ra tes ,  o n l y  

t h a t  assoc ia ted w i t h  the  76 models was s i g n i f i c a n t .  

Es t imat ing  e f f e c t s  a t  e i t h e r  the  1968 o r  1977 models o n l y  gave 

s u b s t a n t i a l l y  worse f i t s  w i t h  s i g n i f i c a n t  lack  o f  f i t .  The bes t  f i t t i n g  

model i nc 1 udes a 1 i near t rend  i n model year and the  1976 standard e f f e c t  

va r i ab l e :  

r = 2.518 - 0.601 (std76) + 0.054(model year) f i res /1000  crashes. 

The lack o f  f i t  chi-square i s  52.58 w i t h  60 degrees o f  freedom. Each o f  

the  c o e f f i c i e n t s  i s  s i g n i f i c a n t l y  d i f f e r e n t  from zero, w i t h  assoc ia ted 

chi-square s t a t i s t i c s  o f  163.72, 20.67, and 7.06 f o r  t he  mean, 1976 

standard, and age va r i ab l es ,  r e s p e c t i v e l y ,  each w i t h  one degree o f  

freedom. Whi l e  the  1976 standard alone f i t s  adequately, the  1 inear 



t rend  i n  model , years r e s u l t s  i n  a  s i g n i f i c a n t  improvement. The 

est imated e f f e c t  o f  the FMVSS 301 i s  s i g n i f i c a n t l y  b e n e f i c i a l  even a f t e r  

i nc l ud ing  a l i n e a r  t r end  f o r  age i n  the model. 

A model w i t h  a  mean and the th ree  standard e f f e c t s  a l s o  f i t s  

adequately, 

r = 2.940 - 0.385(std68) - O0769(std76) - 0.116(std77) f i res /1000  

crashes. 

However, a d d i t i o n  o f  the l i n e a r  t r end  i n  model year v a r i a b l e  reduces the 

lack o f  f i t  ch i -square from 56.242 t o  52.576, g i v i n g  a  chi-square o f  

3.78 w i t h  one degree o f  freedom f o r  the  age v a r i a b l e ,  near l y  s i g n i f i c a n t  

a t  the f i v e  percent l e v e l  ( f i v e  percent  c r i t i c a l  va lue  i s  3.84). I n  the 

model w i t h  the t h ree  standard e f f e c t s ,  on l y  the 1976 v a r i a b l e  i s  

s i g n i f i c a n t ,  a l though t he  1968 v a r i a b l e  i s  nea r l y  so (P = 0.11). I f  the 

l i n e a r  t rend  i n  age i s  included, o n l y  t he  1976 v a r i a b l e  remains 

s i g n i f i c a n t .  

The conc lus ion i n  these data seems t o  be t h a t  t he re  i s  a  t r end  f o r  

o lder  model year ca rs  t o  have h igher  f i r e  ra tes .  Th is  cannot be 

adequately modeled as a  l i n e a r  increase w i t h  age, bu t  needs an 

a d d i t i o n a l  step reduc t i on  a t  the 1976 standard. Whi l e  the increase can 

be adequately descr ibed as a  s i n g l e  s tep  f u n c t i o n  drop w i t h  the  1976 

models, a d d i t i o n  o f  a  l i n e a r  t r end  s i g n i f i c a n t l y  improves the  model. 

Thus, the conc lus ion i s  t h a t  the re  i s  bo th  a  l i n e a r  t rend  and a 

s i g n i f i c a n t  s tep f u n c t i o n  drop a t  1976, Th i s  co inc ides  w i t h  the  rev ised  

ve rs i on  o f  FMVSS 301. Whi le many o ther  changes have been made i n  the 

v e h i c l e  popula t ion,  i t  appears t h a t  these data p rov ide  evidence o f  an 

e f f e c t  assoc ia ted w i t h  FMVSS 301 i n  a d d i t i o n  t o  o ther  model year 

e f f e c t s .  No f u r t h e r  e f f e c t  i s  ev iden t  w i t h  the  1977 vers ion,  nor can 

1977 adequately rep lace  1976 as the  change p o i n t .  I n  add i t i on ,  w h i l e  

t he re  i s  some evidence o f  a  reduc t ion  co inc i den t  w i t h  the 1968 vers ion,  

t h i s  e f f e c t  i s  adequately exp la ined w i t h  a  l i n e a r  t rend  and so i s  less  

l i k e l y  t o  be assoc ia ted w i t h  the  standard.  Only the 1976 ve rs i on  

appears e f f e c t i v e  i n  these data,  b u t  i t  may i n  f a c t  i nc lude  an 

a n t i c i p a t i o n  o f  the  1977 vers ion ,  so t h a t  these two cannot be separated. 



Passenger Car F i r e  Rates by  Crash Type. Whi le the  o v e r a l l  f i r e  

data from Michigan show evidence o f  a standard e f f e c t  w i t h  t he  1976 

change, they do no t  i n d i c a t e  such e f f e c t s  w i t h  e i t h e r  the e a r l i e r  1968 

standard o r  t he  subsequent 1977 change. These th ree  changes addressed 

d i f f e r e n t  types o f  crashes, the  1968 v e r s i o n  t e s t i n g  cars i n  a f r o n t a l  

crash s i t u a t i o n ,  the  1976 v e r s i o n  t e s t i n g  f o r  r o l l o v e r s ,  and t he  1977 

ve rs i on  adding rea r  and s i de  impacts i n  the  t e s t i n g .  I t  has been found 

t h a t  d i f f e r e n t  crash types a re  assoc ia ted w i t h  q u i t e  d i f f e r e n t  va lues 

f o r  f i r e  r a tes .  I n  add i t i on ,  i t  has been found t h a t  s e v e r i t y  v a r i a b l e s  

such as day n i g h t  or  TAD s e v e r i t y  a l s o  a f f e c t  f i r e  r a t e s .  I t  i s  

poss ib l e  t h a t  such other  v a r i a b l e s  m igh t  be obscur ing e f f e c t s  assoc ia ted 

w i t h  the 1968 o r  1977 ve rs ion  o f  FMVSS 301. 

i n  o rder  t o  consider t h i s ,  separate  f i l e s  o f  crashes and f i r e s  were 

const ructed f o r  f r o n t a l  (assoc ia ted w i t h  1968 FMVSS 301), r o t  l over  

crashes (assoc ia ted w i  t h  1976 FMVSS 301) , and rear-end impacts 

(associated w i t h  1977 ve rs i on  o f  FMVSS 301) . Overa l l  f i r e  r a t e s  

d i f f e r e d  cons iderab ly  f o r  the  t h ree  types o f  crashes, be ing  about 1.968 

f i r e s  per thousand f o r  f r o n t a l  crashes, 4.719 f i r e s  per thousand f o r  

r o l  lovers ,  and 1.665 f i res per thousand f o r  rear  impacts. 

F ron ta l  Impacts. Cons ider ing t he  f r o n t a l  impacts assoc ia ted  w i t h  

the  1968 v e r s i o n  o f  FMVSS 301, a model w i t h  a mean, standard e f f e c t s  a t  

the  t h ree  t imes, a l i n e a r  t r end  i n  age and an aging v a r i a b l e  ( th ree  

years w i t h i n  each model year) was f i t  t o  t h e  data.  The es t imated  model 

was 

r =  2.818 - 0.249(std68) - 0.769(std76) + O.O34(std77) - 
0.090(aging) - 0.039(MY) f i r es /1000  crashes. 

The lack o f  f i t  was 56.56 w i t h  57 degrees o f  freedom, b u t  o n l y  the  

overa l  l i n t e r c e p t  and the  76 standard va r i ab l es  were s i g n i f i c a n t l y  

d i f f e r e n t  f rom zero.  The model w i t h  these two v a r i a b l e s  was est imated 

as 

r = 2.240 - 0.563(std76) f i r es /1000  crashes. 

The lack o f  f i t  was 59.94 w i t h  61 degrees o f  freedom. Both c o e f f i c i e n t s  

were h i g h l y  s i g n i f i c a n t  (P = 0 t o  f ou r  dec imals) .  The f r o n t a l  crashes 



were assoc ia ted w i t h  the 1968 v e r s i o n , o f  FMVSS 301. F i t t i n g  t h i s  p o i n t  

as a  change i n  l eve l  g ives the est imates:  

r = 2.252 - 0.294 (std68) f  i res/1000 crashes. 

However, the model has s i g n i f i c a n t  lack o f  f i t  (chi-square o f  91.49 w i t h  

61 degrees o f  freedom) and the c o e f f i c i e n t  f o r  the  standard e f f e c t  

v a r i a b l e  i s  no t  s i g n i f i c a n t l y  d i f f e r e n t  from zero.  F i t t i n g  a  model w i t h  

a  l inear t rend  i n  model years (or age) g ives  the est imates 

r = 1.582 + 0.059(MY) f i res /1000  crashes. 

The l a c k o f  f i t  i s  7 5 . 3 7 5 w i t h 6 1  d e g r e e s o f  freedom. I t  i s  ev ident  

t h a t  there i s  a  reduced f i r e  r a t e  a t  t he  more recent  models. The most 

ev iden t  p o i n t  i s  w i t h  1976 models. Whi le  e i t h e r  a  l i n e a r  t rend  i n  age 

o r  a  s tep reduc t i on  a t  1977 appears s i g n i f i c a n t ,  both  a l so  have a lack 

o f  f i t .  Th i s  lack o f  f i t  disappears w i t h  the  1976 model used as the 

e f f e c t i v e  change. Thus, ana l ys i s  o f  f r o n t a l  crashes suggests a  

reduc t ion  i n  f i r e  r a tes  co inc iden t  w i t h  the 1976 model year. Th i s  i s  

s i g n i f i c a n t l y  b e t t e r  as an exp lana t ion  or  d e s c r i p t i o n  than e i t h e r  a  

l i n e a r  t rend  i n  model years, or  a  s tep  f u n c t i o n  a t  the 1977 models or  

the 1968 models. Thus, f r o n t a l  crashes support an e f f e c t  w i t h  the  1976 

vers ion,  o r  1977, b u t  no t  d i r e c t l y  an e f f e c t  a t  1968, nor any a d d i t i o n a l  

e f f e c t  apparent w i t h  1977 models over 1976 models. 

Rol lovers .  Turn ing t o  r o l  lovers ,  which were addressed by t he  1976 
ve r s i on  o f  FMVSS 301, the  f u l l  model i s  est imated as 

r P  5.432 - 0.583(std68) + 2.46(std76) - 5 .03 (~ td77 )  + 
0.336(aging) + 0.19g(MY) f i res /1000  crashes. 

The lack o f  f i t  i s  57-05 w i t h  57 degrees o f  freedom, bu t  on l y  the  1977 

standard appears s i g n i f i c a n t l y  d i f f e r e n t  from zero. C lea r l y ,  the 

c o r r e l a t i o n  between the 1976 and 1977 e f f e c t s  i s  confounding the issue 

and accounts f o r  the  pos i t i ve  coef f i c  i en t  f o r  the 1976 var i ab 1 e. 

F i t t i n g  a  model w i t h  a  mean and a 1976 standard e f f e c t  r e s u l t s  i n  

the est imates 

r = 6.676 - 3.343(std76) f i res /1000  crashes. 



The lack o f  f i t  i s  62.82 w i t h  61 degrees o f  freedom, and the chi-square 

f o r  the  standard e f f e c t  i s  10.66 w i t h  one degree of freedom. F i t t i n g  

the 1977 e f f e c t  g i ves  the es t imate  

r = 6.841 - 3.968(std77) f i res /1000  crashes. 

The lack o f  f i t  i s  58.08 w i t h  61 degrees o f  freedom, and the  chi-square 

s t a t i s t i c  f o r  the  standard es t imate  i s  15.40 w i t h  one degree o f  freedom. 

F i t t i n g  an e f f e c t  a t  1968 g i ves  a  s i g n i f i c a n t  lack o f  f i t  and a non- 

s i g n i f i c a n t  est imate f o r  the  c o e f f i c i e n t .  I f  a  l i n e r  t r end  i n  t he  age 

o f  t h e  v e h i c l e  a t  the  t ime o f  t he  crash i s  included, the  model becomes 

r = 1.943 + 0.488 (age) f  i res/1000 crashes. 

The assoc ia ted lack o f  f i t  i s  62.32 w i t h  61 degrees o f  freedom, about 

the same as f o r  t h e  1976 standard e f f e c t ,  b u t  no t  qu i  t e  as good as the 

1977 vers ion .  I f  age and t h e  1976 or  1977 va r i ab l es  a re  bo th  i n  the  

model , the  mode 1 f o r  1976 becomes 

r = 3.931 - 1.567 ( s t d  1976) + 0.298 (age) f ires/1000 crashes. 

The lack  o f  f i t  i s  61.66 w i t h  10 degrees o f  freedom, bu t  n e i t h e r  o f  the 

c o e f f i c i e n t s  i s  s i g n i f i c a n t l y  d i f f e r e n t  from zero.  I nc l ud ing  t he  1977 

v e r s i o n  ins tead o f  the  1976 ve rs i on  g ives 

r = 6.335 - 3.640 (std77) + 0.058 (per year age) f i res/1000 crashes. 

The lack  o f  f i t  i s  58.03 w i t h  60 degrees o f  freedom. Thus, t he re  i s  

evidence t h a t  the  1977 standard improved the  r o l l o v e r  f i r e  r a t e s  even i f  

an age t r end  i s  included. (Chi-square o f  4.3 w i t h  one degree o f  

freedom.) (The age t rend  i s  non-s i gni f i cant  i n  the above model .) The 

apparent e f f e c t  o f  a  r educ t i on  i n  r o l l o v e r  f i r e  r a tes  appears most 

c l o s e l y  assoc ia ted w i t h  the  1977 ve rs ions  o f  the  FMVSS 301 r a t h e r  than 

w i t h  the  1976 vers ion .  Some reduc t i on  occurred w i t h  the  1976, bu t  

apparen t l y  more occurred w i t h  t he  1977 and these da ta  i n d i c a t e  t h a t  t he  

most c l o s e l y  assoc ia ted t ime p o i n t  f o r  a  r educ t i on  was t he  1977 vers ion.  

Rear impacts were addressed by the t e s t i n g  procedure r equ i r ed  w i t h  

t he  1977 ve r s i on  o f  FMVSS 301. F i t t i n g  the  f u l l  model as be fo re  gave 

the  est imates 

r = -0.59 + 1.73(std68) - 0.45(std76) + 0.32(std77) - 0.08(aging) 

+ 0.12 (age) f i res/1000 crashes. 



The assoc ia ted lack o f  f  i t was 35.16 w i  t h  57 degrees o f  . freedom, bu t  

on l y  the  1968 standard, the age, and the 1976 standard apparent ly  

s i g n i f i c a n t l y  d i f f e r e n t  from zero. F i t t i n g  reduced models gave a number 

o f  poss ib l e  models. 

I f  the  1977 model year i s  used t o  est imate a standard e f f e c t ,  the 

model i s  est imated as 

r = 1.894 - 0.538 (std77) f  i res/1000 crashes. 

The lack o f  f i t  i s  60.82 w i t h  61 degrees o f  freedom, and the  chi-square 

f o r  the  1977 standard e f f e c t  i s  13.56 w i t h  one degree o f  freedom. 

E s s e n t i a l l y  a s i m i l a r  r e s u l t  i s  obtained i f  the e f f e c t  i s  f i t t e d  a t  

1976: 

r = 1.072 - 0.735(std76) f i res /1000  crashes. 

The lack o f  f i t  i s  on ly  48.76 w i t h  61 degrees o f  freedom, whi l e  the c h i -  

square f o r  the  standard e f f e c t  i s  25.61. Thus, t h i s  model appears t o  

f i t  b e t t e r .  I f  a l i n e a r  t r end  i n  age i s  f i t ,  the model r e s u l t s  i n  

r = 1.141 + 0.088(MY) f i res /1000  crashes. 

The lack o f  f i t  i s  57.39 w i t h  61 degrees o f  freedom, and the chi-square 

f o r  the  age c o e f f i c i e n t  i s  16.98, leav ing  r e l a t i v e l y  1 i t t l e  t o  choose 

among these models. 

F i t t i n g  age and a standard e f f e c t  a t  1976 r e s u l t s  i n  t he  model 

r = 2.072 - 0.745(std76) + 0.00006(MY) f i res /1000  crashes. 

The lack o f  f i t  i s  48.76 w i t h  60 degrees o f  freedom, the  chi-square f o r  

the standard i s  8.63, bu t  t h a t  f o r  age i s  0.04, c l e a r l y  non -s i gn i f i can t .  

However, i f  MY and the 1977 standard a re  both included i n  a model, the 

r e s u l t  i s  

r = 1.357 - 0.201(std77) + 0.066(MY) f i res /1000 crashes. 

Here, the  lack o f  f i t  i s  56.55 w i t h  60 degrees o f  freedom, The c h i -  

square s t a t i s t i c s  f o r  age and the standard e f f e c t  are  4.27 and 0.84, 

r espec t i ve l y ,  each w i t h  one degree o f  freedom. Thus, i n  t h i s  model, MY 

i s  s i g n i f i c a n t ,  w h i l e  the  standard i s  non -s i gn i f i can t ,  bu t  s t i l l  

es t imated t o  reduce the f i r e  ra tes .  



For these rear impacts, it appears that the strongest evidence is 

that the 1976 version of FMVSS 301 resulted in a reduction in the fire 

rates. This appears to be more supported than either a linear trend in 

the model years or than an effect at 1977. Aging over the three data 

years was not significant. 

Thus, considering the data separately by crash type results in the 

conclusion that a significant reduction occurred coincident with the 

1976 version of FMVSS 301. The 1976 and 1977 versions cannot be clear 1 y 
separated, but it seems clear that a significant reduction in crash fire 

rates is associated with either models 1976 or 1977 or both. Neither 

aging over three years, nor a linear trend in model year (or age at time 

of crash) is an adequate a1 ternative explanation for the observed 

reductions. While for some crash types, there are additional model year 

differences, it seems clear that a reduction most reasonably associated 

with the model years fires affected by the strengthened version of FMVSS 

301 in 1976 or 1977 occurred. 

Passenoer Car Crash Fires by TAD. The Michigan data include a 

Mi ch i gan Crash Sever i ty Var i ab 1 e or TAD sca 1 e (undated) . Th i s var i ab 1 e 

is coded by police. It consists of a seven-level vehicle variable 

indicating increasing amounts of damage. Officers code the amount of 

damage by comparing the vehicle to representative pictures of levels 2, 

4, or 6 and interpolating or extrapolating to get the full seven point 

scale. The TAD variable was introduced to control for crash severity. 

Table 9 gives fire rates by levels of TAD. Higher levels of this 

variable reflect more severe crashes. It may be observed that the fire 

rates are nearly constant up through TAD level 3 and then increase 

rapidly. 

A number of analytical models were fit to the fire data with the 

TAD variable included as a crash severity control variable. As usual, 

in addition to the TAD variable, the three-year aging variable, t h e  

linear trend in model year, standard effects variables modeled as 

changes in levels at the 1968, 1976, and 1977 model years, and an 

overall mean were considered as candidate variables. The three-year 

aging variable was never found to be significantly different from zero. 

This suggests that aging, as distinct from model year differences, does 



TABLE 9 

Fire Rates by TAD 

not play a very important role in explaining the variation in fire 

TAD 

o 
1 
2 
3 
4 
5 
6 
7 

rates. Of course, it may be that the effect of age over three years is 

Fires/crashes 

0.0015 
0.0014 
0.0014 
0.0016 
0.0021 
0.0035 
0 ,0063 
o ,0300 

not large enough to be identified. 

As is suggested by the data in Table 9, the fire rates do not 

change much for TAD levels 1 to 5. Most of the models indicated that no 

differences in fire rates among these TAD levels were significant. This 

was reflected in estimates of TAD effects that were not significantly 

different from zero for levels 1 to 4 or 5. Incorporating only 

variables for the TAD levels leaves some lack of fit, although this 

model explains a great deal of the variability. Fitting a model with 

main effects for TAD and the 1976 standard and TAD by 1976 standard 

interactions modeled as main effects within TAD levels gave the 

following model: 

TAD Level - Mean S T D 7 6  d ( S T D )  Siqnif. 



Th is  model f i t s  a separate mean and 1976 standard e f f e c t  f o r  each TAD 

l eve l .  The chi-squares assoc ia ted  w i t h  standard e f f e c t s  a re  l i s t e d  and 

most were s i g n i f i c a n t  a t  the  f i v e  percent  l e v e l .  The o v e r a l l  l ack  o f  

f i t  o f  t h i s  model was 434.45 w i t h  488 degrees o f  freedom, no t  

s i g n i f i c a n t .  I f  a l i n e a r  t rend  f o r  age i s  added t o  the model i n  each 

TAD l e v e l ,  t h e  r e s u l t i n g  ch i -square f o r  t he  main e f f e c t  o f  age (model 

year d i f f e rences )  and age by TAD i n t e r a c t  ions i n  excess o f  t he  s tandard 

and TAD e f f e c t s  i s  30.67 w i t h  e i g h t  degrees o f  freedom. I f  the  

va r i ab l es  a r e  added i n  the  o ther  order--age f i r s t ,  then t h e  1976 

standard e f f e c t - - t h e  standard and s tandard by TAD i n t e r a c t i o n s  i n  excess 

o f  the  l i n e a r  t rend  have a ch i -square o f  63.80 w i t h  e i g h t  degrees o f  

freedom. Thus, the re  i s  some evidence o f  bo th  a l i n e a r  t r e n d  and an 

e f f e c t  a t  1976, bu t  the 1976 e f f e c t  seems more impor tant .  Also, some o f  

the  apparent 1 i near t rend  cou ld  be due t o  a change wi t h  1976 mode 1 s. 

No t i ce  t h a t  i n  t he  model presented above, t he  l a r g e r  TAD l e v e l s  a l s o  

have l a r g e r  est imated reduc t ions  assoc ia ted  w i t h  t he  s tandard v a r i a b l e .  

Whi le the r e l a t i o n  o f  the  TAD sca le  t o  t h e  speed a t  impact used i n  the  

t e s t i n g  requirements o f  FMVSS 301 i s  n o t  e x a c t l y  known, t h i s  may 

i nd i ca te  t h a t  some b e n e f i t  occurs  even a t  impacts h igher  than t he  

t e s t i n g  requirements.  The h i ghes t  TAD l e v e l  i s  an open ended one and 

conta ins crashes which a re  q u i t e  severe. Whi le the est imated reduc t i on  

i s  la rge  i n  t h i s  category, n e a r l y  f ou r  f i r e s  per thousand f rom a mean of 

26 f i r e s  per thousand, the s i g n i f i c a n c e  o f  t he  r educ t i on  was j u s t  a t  the  

f i v e  percent  l e v e l  (chi-square o f  4.1 1 compared t o  t he  f i v e  percent  

c r i t i c a l  va l ue  o f  3.84). I n  a d d i t i o n ,  as a percentage of t he  mean, the  

reduc t ion  i s  o n l y  about 15 percent ,  w h i l e  a t  o ther  l e v e l s  t he  r educ t i on  

i s  p r o p o r t i o n a l l y  much la rger ,  rang ing  f rom 25 percent  t o  50 percent .  

Th is  may i n d i c a t e  t h a t  the h i ghes t  TAD category  con ta ins  some crashes so 

severe t h a t  no e f f e c t  i s  poss ib l e .  There a re  r e l a t i v e l y  few crashes i n  

t h i s  category .  

A model t h a t  included main e f f e c t s  f o r  a l l  t h ree  s tandard e f f e c t s ,  

as w e l l  as t h e  mean and the  f i v e  h i ghes t  TAD v a r i a b l e s  was f i t ,  w i t h  the  

est imated c o e f f i c i e n t s :  



(2) r = 1.000 + .323(68) - 0.257(76) - 0.166(77) + 0.113(T3) + 
0  445 (T 4 )  + 1 .300 (T5) + ,300 (T6) + 23.557 (T7) f i r e s /  1000 

crashes,  

T h i s  model had a  l ack  o f  f i t  ch i -square  o f  478.15 w i t h  495 degrees o f  

freedom. I n d i v i d u a l l y ,  o n l y  t h e  1976 s tandard  was s i g n i f i c a n t  a t  t he  

f i v e  pe rcen t  l e v e l .  However, t h e  sum o f  t h e  1976 and 1977 v a r i a b l e s ,  

which rep resen ts  t h e  e f f e c t  o f  t h e  c u r r e n t  s tandard  as compared t o  t h e  

1968-1975 v e r s i o n ,  has a  ch i -square  o f  40.16 w i t h  one degree o f  freedom, 

h i g h l y  s i g n i f i c a n t .  N o t i c e  t h a t  t h e  es t ima ted  e f f e c t  a t  t h e  1968 model 

year i s  p o s i t i v e ,  i n d i c a t i n g  a  l a r g e r  f i r e  r a t e  f o r  models 1968-1975 

than f o r  t h e  pre-1968 models, a f t e r  t h e  c rash  s e v e r i t y  i s  c o n t r o l  l e d  by 

TAD. T h i s  c o n t r a s t s  w i t h  es t ima ted  e f f e c t s  found when crash s e v e r i t y  i s  

n o t  c o n t r o l l e d  by TAD. There a r e  seve ra l  p o s s i b l e  exp lana t ions .  One i s  

t h a t  t h i s  may r e f l e c t  p a r t i a l l y  a  s e l e c t i o n  b i a s  f o r  o l d e r  ca rs  t h a t  a re  

s t i l l  ope ra t i ng .  That  i s ,  t h e  pre-1968 models were a t  l e a s t  10 t o  13 

years o l d  and ranged up t o  18-20 years  o l d .  Cars t h a t  a r e  s t i l l  i n  use 

a f t e r  t h i s  much t i m e  may have been e x c e p t i o n a l l y  t r o u b l e  f r e e ,  o r  may 

have had e x t e n s i v e  r e p a i r s  and maintenance, Also, sample s i z e s  a r e  

q u i t e  smal l  f o r  these e a r l y  model years.  I n  a d d i t i o n ,  i t  i s  l i k e l y  t h a t  

these ca rs  have d i f f e r e n t  uses than t h e  more recen t  models, p a r t i c u l a r l y  

those s i n c e  1976. These e a r l y  models have p a r t i c u l a r l y  sparse d a t a  i n  

the  h i g h e s t  TAD l e v e l s .  

Fuel Leakage Rates i n  Mich igan Passenqer Cars. The leakage r a t e  

i s  p l o t t e d  by model year and crash year i n  F i g u r e  9. I n  t h e  F igu re ,  t h e  

c rash  year i s  i d e n t i f i e d  by t h e  l a s t  d i g i t :  0  i n d i c a t e s  1980, 9 

i n d i c a t e s  1979, and 8  i n d i c a t e s  1978. I t  i s  e v i d e n t  t h a t  t h e r e  i s  a  

v e r y  d e f i n i t e  t r e n d  f o r  leak r a t e s  t o  be h ighe r  i n  the  o l d e r  model year 

ca rs .  T h i s  t r e n d  i s  ve ry  s t r o n g  and appears approx imate ly  l i n e a r  f rom 

1966 t o  1977 models o r  so. Some f l a t t e n i n g  o f  t h e  t r e n d  may be p resen t  

i n  t h e  1977 t o  1980 models. To some e x t e n t  t h i s  may be due t o  t h e  f a c t  

t h a t  t h e  r a t e s  cannot be nega t i ve .  I t  may be t h a t  t h e  t r e n d  inc ludes  

the  gradua l  changes i n  car  s i z e  m i x ,  changes t o  f r o n t  wheel d r i v e ,  and 

o t h e r  model changes as w e l l  as d i f f e r e n c e s  due t o  age. However, t rends  

toward sma l le r  ca rs  would g e n e r a l l y  ope ra te  t o  increased leak r a t e s ,  

w h i l e  the  e f f e c t  o f  f r o n t  wheel d r i v e  i s  u n c e r t a i n .  The ag ing  e f f e c t  



within each model year would be represented by the positions of the 

three points representing three different years of age at each model 

year. No consistent patterns are evident. Generally the three points 

for a given model year show about the same spread as between one or two 

model years. This suggests that differences among model years may 

reflect differences other than the age differences, although age 

differences cannot be excluded. 
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Figure 9 
Passenger Car Fuel Leak Rates in Michigan 

Modeling the leak rates including variables for each version of the 

standard, a mean, an aging effect, and a linear trend in model years 

resulted in the following estimated model: 



r = 6.487 - 2.341 (std68) - 1.786(std76) + 1.239 (std77) - 
0.018(aging) + 0.645(MY) leaks/1000 crashes. 

The c o e f f i c i e n t  f o r  aging was non -s i gn i f  i can t  (P=O.g), w h i l e  a1 1 o thers  

were s i g n i f i c a n t l y  d i f f e r e n t  from zero a t  the f i v e  percent  l e v e l .  The 

p o s i t i v e  est imate f o r  the 1977 standard ind ica tes  t h a t  models l a t e r  than 

1976 had s l  i g h t l y  h igher  leak r a tes  than the 1976 models. Models 1976 

and l a t e r ,  however, had lower r a tes  than the  ea r l  i e r  models. Thus, i t  

appears t h a t  1976 models had lower leak r a tes  r e l a t i v e  t o  the  t rend l i n e  

than e i t h e r  the preceding or  f o l l o w i n g  models. As throughout,  i t  i s  

d i f f i c u l t  t o  d i s t i n g u i s h  between the  1976 and 1977 ve rs ions  o f  the 

standard i n  the crash data.  One poss ib le  exp lana t ion  f o r  the higher 

leak r a t e s  ( r e l a t i v e  t o  the  model year t rend) w i t h  the 1977 models i s  

t h a t  t h i s  was the f i r s t  year o f  downsizing o f  f u l l - s i z e d  GM cars, and 

these cars  so l d  we l l  i n  1977 and 1978. 

There remains some lack o f  f i t  (chi-square o f  102.45 w i t h  57 
degrees o f  freedom) i n  the  model. E 1 i m i  na t  i ng the non-s i gn i  f i cant aging 

v a r i a b l e  r e s u l t s  i n  very small changes i n  the  model ( c o e f f i c i e n t s  change 

on ly  i n  t he  l a s t  d i g i t  i f  a t  a l l ) .  

The r e l a t i o n  o f  leak r a t e  t o  TAD i s  very  s t rong.  Table 10 shows 

the  leak r a t e s  by TAD l e v e l .  The leak r a tes  approximately double from 

one TAD l eve l  t o  the next .  Since t h i s  r e l a t i o n  i s  so s t rong,  models 

i nc l ud ing  TAD were f i t  t o  the leak r a tes  separate ly  by model year, crash 

year, and TAD. I n  a d d i t i o n  t o  the  prev ious va r i ab l es ,  a l i nea r  TAD 

v a r i a b l e  and an exponent ia l  TAD v a r i a b l e  were included. The best  

f i t t i n g  model t h a t  r e s u l t e d  was 

r e  1.357 + O.O0785exp(TAD) - 0.17j(TAD) - 0.127(aging) + 
0.510 (std68) - 0.476 (std76) leaks/1000 crashes. 

However, t h  i s model s t  i 1 l exh i b i ted some 1 ack o f  f  i t (chi  -square o f  

857 - 3 7  wi t h  498 degrees o f  freedom) . A 1  1 the c o e f f i c i e n t s  were 

s i g n i f i c a n t l y  d i f f e r e n t  from zero.  The est imated e f f e c t  f o r  the 1977 

standard was a l so  negat ive,  b u t  non -s i gn i f i can t .  The es t imate  f o r  1968 

was p o s i t i v e ,  i n d i c a t i n g  t h a t  a f t e r  ad jus t i ng  f o r  TAD, the 1968-1975 

models had a higher r a t e  than the pre-1968 or  post-1976 models. The 

post-1976 models had a lower r a t e  than the pre-1967. Two forms o f  the 



TAD v a r i a b l e  were included. One was a l i n e a r  e f f e c t  and the  other  an 

exponent ia l  one. With these two, the  l i n e a r  had a negat ive c o e f f i c i e n t ,  

bu t  the exponent ia l  v a r i a b l e  was p o s i t i v e  and accounted f o r  much o f  the  

TAD e f f e c t .  Both a l i n e a r  and quadra t i c  v a r i a b l e  i n  model year were 

included, b u t  bo th  were non -s i gn i f i can t .  Somewhat s u r p r i s i n g l y ,  the 

three-year aging v a r i a b l e  was s i g n i f i c a n t ,  b u t  i t s  c o e f f i c i e n t  was 

negat ive,  i n d i c a t i n g  t h a t  the  o lder  cars  w i t h i n  each model year tended 

t o  have lower leak r a tes  than the  younger ones a f t e r  TAD was accounted 

f o r .  

TABLE 10 
Leakage Rates by TAD (Michigan) 

I n  cons ider ing  leakage ra tes  separa te ly  f o r  t h ree  types o f  crashes: 

f r o n t a l  impacts, rear-end impacts, and r o l l o v e r s ,  the three-year aging 

v a r i a b l e  was never found t o  be s i g n i f i c a n t .  Leakage r a t e s  d i f f e r  

s u b s t a n t i a l l y  f o r  the  th ree  d i f f e r e n t  types o f  crashes. For f r o n t a l  

impacts, t h e  average leakage r a t e  was est imated t o  be 7.50 leaks per 

thousand crashes. For r o l l o v e r  crashes, the  average leakage r a t e  was 

est imated t o  be 80.84 leaks per thousand crashes, whi l e  f o r  rear- impact 

crashes, t he  average leakage r a t e  was est imated t o  be 13.07 leaks per 

thousand crashes. Although r o l l o v e r s  a re  a r e l a t i v e l y  in f requen t  type 

o f  crash, they apparent ly  present  much more oppo r t un i t y  f o r  leakage t o  

occur.  Rear-impact crashes a re  gene ra l l y  l ess  severe than f r o n t a l  

impacts. However, presumably because o f  the  l o c a t i o n  o f  most f u e l  tanks 

i n  the rear  o f  the car ,  leakage r a t e s  a re  h igher  i n  rear  impacts even 

TAD 

0 
1 
2 
3 
4 
5 
6 
7 

Leakage Rate 
Per Thousand 

2.167 
3.079 
4.952 
8.712 

16.418 
32.016 
62.192 

131.454 

N 

43,834 
339,091 
349 9 348 
268,021 
170,176 
89 737 
41,886 
26,838 



though gene ra l l y  t he  s e v e r i t y  of the impact i s  l ess  than i n  f r o n t a l  

crashes. Th is  i s  i n  some c o n t r a s t  t o  f i r e  r a tes ,  which were higher f o r  

f r o n t a l  crashes than f o r  rear - impact  crashes. 

F ron ta l  Impacts. R e s t r i c t i n g  a t t e n t i o n  t o  t he  se t  o f  f r o n t a l  

crashes, the average leak r a t e s  were 16.33 f o r  pre-1968 models, 9.62 f o r  

1968 through 1975 models, 5.59 f o r  1976 models, and 5.08 f o r  1977 and 

l a t e r  models. A l l  o f  these r a t e s  a re  per one thousand crashes. Changes 

i n  leakage r a t e s  by age o f  car over the  t h ree  years were no t  

s i g n i f i c a n t .  However, t he re  were c l e a r l y  more d i f f e r e n c e s  among model 

years than could  be exp la ined  by t he  f ou r  groups. There appears t o  be a 

s t rong  l i n e a r  t r end  f o r  the  leak r a tes  t o  increase w i t h  the age o f  the 

car  a t  the  t ime o f  the crash (as d i s t i n c t  from the  t h ree  d i f f e r e n t  ages 

w i t h i n  a g iven model year ) .  However, even w i t h  t h i s  l i n e a r  t rend  and 

e f f e c t s  corresponding t o  the  d i f f e r e n t  standards inc luded,  the re  was 

s t i l l  subs tan t i a l  a d d i t i o n a l  v a r i a b i l i t y  among r a t e s  f o r  d i f f e r e n t  model 

years.  The ve rs i on  o f  the  standard dea l i ng  w i t h  f r o n t a l  impacts was the  

1968 vers ion .  A model es t ima t i ng  the e f f e c t  o f  t h i s  toge ther  w i t h  the  

age t r end  was 

r = 5.10 - 1.94x(68std) + 0.74(MY) leaks/1000 crashes. 

I f  an e f f e c t  o f  t he  l a t e r  ve r s i on  o f  the  standard i s  a l s o  included, the 

model becomes 

r = 6.49 - 2 . 3 4 ~  (68std) - 1 . 7 9 ~  (76std) + 0.65 (MY) leaks/1000 

crashes. 

I n  bo th  cases, r stands f o r  t he  leak r a t e  per thousand crashes and the 

standard e f f e c t s  a re  i n d i c a t o r  v a r i a b l e s  t h a t  take t he  va lue  0 o r  1 

depending on whether t he  model was no t  o r  was sub jec t  t o  t he  i nd i ca ted  

standard.  The MY v a r i a b l e  i s  the  age o f  the  model i n  years a t  the t ime 

o f  the  crash, w i t h  a va lue  o f  one f o r  a crash i n  t he  same year as t he  

model year o f  the  ca r .  The 1977 ve rs i on  o f  t he  standard cou ld  be 

s u b s t i t u t e d  f o r  the 1976 vers ion ;  they a re  no t  d i s t i n g u i s h a b l e  i n  the  

data.  However, the  two i n d i c a t o r  v a r i a b l e s  a re  c o r r e l a t e d  so t h a t  on l y  

one should be inc luded i n  a model. A l l  c o e f f i c i e n t s  were s i g n i f i c a n t  a t  

t he  f i v e  percent  l e v e l .  



Rol lovers .  Turn ing a t t e n t i o n  t o  r o l l o v e r  crashes--addressed by the  

1976 ve rs i on  o f  the  standard--one sees a much h igher  leakage ra te .  

Again, grouping models by ve r s i on  o f  the  standard, the  average leakage 

ra tes  per thousand crashes a re  est imated as: 194.8 f o r  pre-1968 models, 

135.2 f o r  1968 through 1975 models, 85.2 f o r  1976 models, and 42.3 f o r  

1977 and l a t e r  models, No e f f e c t  o f  ag ing over the  th ree  years w i t h i n  

each model was apparent, however, t he re  was an inc reas ing  t r end  i n  

leakage r a t e s  w i t h  o lder  models. I nco rpo ra t i ng  a l i n e a r  t r end  i n  age 

and an e f f e c t  f o r  the  1976 standard r e s u l t s  i n  an est imated model o f  

r = 20.06 - 11.82(76std) + 13.22(MY) leaks/1000 crashes. 

As before,  these r a t e s  are per thousand crashes, and the  age v a r i a b l e  i s  

the  age i n  years o f  the p a r t i c u l a r  model a t  the  t ime o f  the  crash, w h i l e  

the  standard v a r i a b l e  i s  an i n d i c a t o r  v a r i a b l e  t ak i ng  the  va lue  1 f o r  

veh i c l es  sub jec t  t o  the standard. Thus, a negat ive c o e f f i c i e n t  f o r  the 

standard v a r i a b l e  ind ica tes  a r educ t i on  i n  leakage r a t e s  est imated t o  

co inc ide  w i t h  models f i r s t  sub jec t  t o  t he  standard. I n  bo th  these 

cases, a s i g n i f i c a n t  (pC.05) r educ t i on  i n  leakage r a t e s  i s  est imated 

even a f t e r  t h e  i n c l u s i o n  o f  a l i n e a r  t r end  f o r  age. Th i s  would be 

cons i s t en t  w i t h  b e n e f i c i a l  e f f e c t s  o f  the  standards. 

Rear Impacts. The 1977 ve rs i on  o f  the  standard addressed rear  

impacts. Turn ing  a t t e n t i o n  t o  rear- impact crashes, the  average leakage 

ra tes  were est imated f o r  model years corresponding t o  each ve rs i on  o f  

t he  standard as: 35.76 f o r  pre-1968 models, 21.33 f o r  1968 through 1975 

models, 10.29 f o r  1976 models, and 8.22 f o r  1977 and l a t e r  models. As 

before,  t he re  was no evidence o f  an ag ing e f f e c t  f o r  t he  t h r e e  years o f  

ages w i t h i n  a g i ven  model year o f  ca r ,  b u t  t he re  was evidence o f  a more 

general tendency f o r  leakage r a t e s  t o  increase f o r  the  o l d e r  models. 

F i t t i n g  a model w i t h  a l i n e a r  e f f e c t  f o r  age o f  the car  and a standard 

e f f e c t  f o r  t h e  1977 vers ion  g ives the  est imated model: 

r = 0.07 + 2 . 6 5 ~  (77std) + 2 . 9 0 ~  (MY) leaks/1000 crashes. 

The va r i ab l es  a re  as before,  except t h a t  MY now i s  coded as zero f o r  a 

crash o f  a car  du r i ng  the  same calendar year as i t s  model year.  Th is  

model est imates an increase i n  leakage r a t e s  co inc iden t  w i t h  the 1977 

standard a f t e r  t he  l i n e a r  t r end  i n  age has been incorporated. F i t t i n g  a 



s imi  l a r  model b u t  u s i n g  t h e  1976 s tandard  r a t h e r  than t h e  1977 s tandard  

g i ves :  

r = 4.22 - 1.12x(1976std) + 2.40(MY) leaks/1000 crashes.  

Here aga in ,  MY i s  taken as ze ro  f o r  a  c rash  i n  t h e  same calendar year as 

the  model year o f  t h e  c a r .  I n  t h i s  model, t h e  e f f e c t  o f  t h e  1976 

s tandard  i s  es t ima ted  t o  be nega t i ve ,  cor respond ing t o  a  r e d u c t i o n  i n  

leakage r a t e s .  One i n t e r p r e t a t i o n  c o u l d  be t h a t  a  r e d u c t i o n  occu r red  

w i t h  t h e  1976 models and no f u r t h e r  r e d u c t i o n  occur red w i  t h  t h e  1977 

models. That  i s ,  a l t hough  the 1976 v e r s i o n  o f  t he  s tandard  d i d  n o t  

s p e c i f i c a l l y  address r e a r  impacts i n  i t s  t e s t i n g  requirements,  t h i s  may 

have been a n t i c i p a t e d  and t h e  1976 and 1977 standards may have been 

implemented a t  e s s e n t i a l l y  t h e  same t ime.  

Thus, as was seen i n  the  o v e r a l l  da ta ,  t h e r e  appears t o  be a  s l i g h t  

i nc rease  i n  t h e  leak  r a t e s  r e l a t i v e  t o  model year t r e n d  w i t h  t h e  1977 

models as opposed t o  the  1976 models. Apparen t l y ,  t h i s  i s  most apparent  

i n  the  r e a r  impact c rashes.  

A l l  o f  t h e  models f o r  leak  r a t e s  t h a t  have been d iscussed so f a r  

have had s i g n i f i c a n t  l ack  o f  f i t .  Whi le  t h e  e f f e c t s  o f  t h e  s tandard  o r  

o t h e r  v a r i a b l e s  have been apparent ,  t h e r e  remains some v a r i a t i o n  t h a t  i s  

unexp la ined and may be assoc ia ted  w i t h  o t h e r  f a c t o r s .  A model t h a t  f i t  . 

an o v e r a l l  mean, main e f f e c t s  and e f f e c t  by TAD i n t e r a c t i o n  f o r  age, age 

squared, ag ing,  and t h r e e  s tandard  e f f e c t s  f i t  t h e  d a t a  adequately ( c h i -  

square f o r  1 ack o f  f i t 480.86 wi t h  448 degrees o f  freedom) . Th i s  was 

accompl ished by f i t t i n g  main e f f e c t s  s e p a r a t e l y  w i t h i n  each TAD l e v e l .  

The r e s u l t  i n d i c a t e d  t h a t  most v a r i a b l e s  were n o t  s i g n i f i c a n t ,  

p a r t i c u l a r l y  i n  t h e  lower TAD l e v e l s .  

A v a r i a b l e  s e l e c t i o n  procedure was used w i t h i n  each TAD l e v e l  t o  

o b t a i n  a  more pars imonious model. The o v e r a l  1 model t h a t  r e s u l  t a d  had a 

l ack  o f  f i t  ch i - square  503.75 w i t h  480 degrees o f  f reedom. The model 

c o n t a i n s  i n t e r a c t i o n s  and these were modeled as main e f f e c t s  o f  t h e  

o t h e r  v a r i a b l e s  w i t h i n  each TAD l e v e l .  The model t h a t  r e s u l t e d  i s  

presented by TAD: 

TAD 0 
r = 0.851 

TAD 1 



r = 0.331 (MY) - 0.018 (MY squared) 
TAD 2 

r = 0.0070 (MY squared) + 1 .058 (s td68) 
TAD 3 

r = 1.636 - 0.382(std77) 
TAD 4 

r = 2.293 - 0.332 (Age) - 0.793 (std77) 
TAD 5 

r = 6.265 - 0.489 ( ~ g e )  - 0.891 (MY) + 0.0385 (MY squared) + 
3.312(std68) - 4.142 (std76) 

TAD 6 
r = 1 .166 (~g ing )  + 2.110(MY) - 0.111 (MY squared) - 4.888(std76) + 
2.943 (s td77) 

TAD 7 
r = 60.711 - 2 . 0 1 6 ( ~ ~ )  - 19.809(std76) leaks/1000 crashes. 

Standard e f f e c t s  were n o n - s i g n i f i c a n t  f o r  TAD l e v e l s  zero and one. 

A t  TAD 2, a  de t r imenta l  e f f e c t  was est imated co inc i den t  w i t h  the  1968 

standard. A t  h igher  l eve l s ,  benef i t s  ( reduct  ions) were est imated f o r  

some v e r s i o n  o f  the standard. However, a t  TAD 5, the 1968 standard was 

est imated as an increase w h i l e  t he  1976 standard was est imated as a  

reduc t ion .  S i m i l a r l y ,  a t  l e v e l  6  the  1977 ve rs i on  was est imated as an 

increase w h i l e  the  1976 ve rs i on  was est imated as a  decrease. Combined, 

a t  l e ve l  6, the re  i s  s t i  1 1  an es t imated  reduc t i on  f o r  the  76 and l a t e r  

model s. 

Because o f  the complex i ty  o f  t h i s  model i nco rpo ra t i ng  d i f f e r e n t  

v a r i a b l e s  and i n t e r a c t i o n s  w i t h  each TAD l e v e l ,  an a l t e r n a t i v e  model 

w i t h  i n t e r a c t i o n s  was f i t .  Again, the  i n t e r a c t i o n s  were modeled as main 

e f f e c t s  o f  t he  o ther  va r i ab l es  f i t  w i t h i n  each TAD l e v e l .  The o v e r a l l  

mean and t he  1968 and 1976 s tandard e f f e c t  v a r i a b l e s  were fo rced  i n  the 

model, then the  o thers  were se lec ted  o n l y  i f  s i g n i f i c a n t l y  d i f f e r e n t  

from zero.  The o v e r a l l  lack o f  f i t  chi-square f o r  t h i s  model was 500.28 

w i t h  468 degrees o f  freedom. Th i s  i s  a  n o n - s i g n i f i c a n t  lack  o f  f i t ,  bu t  

c l e a r l y  t he re  cou ld  be o ther  v a r i a b l e s  t h a t  m igh t  s t i l l  s i g n i f i c a n t l y  

i n f l uence  t he  leak r a tes .  The est imated c o e f f i c i e n t s  f o r  t h i s  model are 

presented below, again by TAD l e v e l .  A l l  c o e f f i c i e n t s  a re  t o  be 

i n t e r p r e t e d  i n  terms o f  leaks per thousand veh ic les .  

TAD 0 
r = 0.620 + O.j31(std68) - 0.215(std76) 

TAD 1 
r = 0,798 + 0.671 (std68) - 0.341 (std76) 

TAD 2 



r = 0.40 1 + 0.6 19 (s td68) + 0.093 (s td76) + 0.00678 (MY squared) 
TAD 3 

r = 1.469 + 0.16g(std68) - 0.305(std76) 
TAD 4 

r = 4.508 + 0.704 (std68) - 0.373 (std76) - 1.394 (std77) - 
0.364 (Aging) - 0.575 (MY) + 0.027 (MY squared) 

TAD 5 
r 6.254 + 3.312(std68) - 4.142(std76) - 0 . 4 8 9 ( ~ ~ e )  - 0.841(MY) + 
0.038 (MY squared) 

TAD 6 
r = 3.030 - 1.313(std68) - 4.030(std76) + 3.930(std77) + 
1 ,384 (Age) + 2.933 (MY) - 0.148 (MY squared) 

TAD 7 
r = 24.04 + 16.723(std68) - 8.822(std76) leaks/1000 crashes.  

The c o n c l u s i o n  seems t o  be t h a t  l eak  r a t e s  a r e  r e l a t e d  t o  many 

f a c t o r s .  However, a f t e r  accoun t ing  f o r  many o f  these--TAD, age, e t c . , - -  

t h e r e  appears t o  be g e n e r a l l y  a  s i g n i f i c a n t  r e d u c t i o n  i n  leak  r a t e s  t h a t  

c o i n c i d e s  w i t h  t h e  1976 and l a t e r  model year o f  c a r s ,  The es t ima tes  o f  

t h e  1968 s tandard  a r e  t h a t  a f t e r  a d j u s t  i ng f o r  sever i t y ,  model year 

t rends ,  and a r e  r a t e s  were h i g h e r .  However, t h e  i n t e r a c t i o n s  between 

age and o t h e r  v a r i a b l e %  mean one shou ld  n o t  i n t e r p r e t  t h i s  as meaning 

t h a t  t h e  1968 v e r s i o n  o f  FMVSS 301 was d e t r i m e n t a l .  There  i s  c l e a r l y  a  

s t r o n g  r e l a t i o n s h i p  between leak  r a t e  and model year o f  t h e  ca rs  w i t h  

newer models, p a r t i c u l a r l y  those 1976 and l a t e r ,  hav ing  low leak r a t e s .  

However, causes cannot  be a s c r i b e d ,  and a l t e r n a t i v e  e x p l a n a t i o n s  t o  

FMVSS 301 cannot  be r u l e d  o u t .  

4.2.2. M ich igan  L i g h t  Truck F i r e s  

The f i r e  r a t e s  by model year f o r  1 i g h t  t r u c k s  (p ickups and vans) i n  

t h e  M ich igan  da ta  a r e  p l o t t e d  i n  F i g u r e  10. I n  t h a t  f i g u r e ,  separa te  

r a t e s  a r e  p l o t t e d  f o r  each o f  t h r e e  ca lendar  years o f  da ta .  These years 

a r e  1978, 1979, and 1980, and a r e  i d e n t i f i e d  on the  f i g u r e  by the  d i g i t  

co r respond ing  t o  t h e  l a s t  d i g i t  i n  t h e  year .  A v i s u a l  i n s p e c t i o n  o f  t h e  

f i g u r e  suggests t h a t  t h e  f i r e  r a t e s  a r e  f a i r l y  sma l l ,  and t h a t  they  may 

be lower f o r  more r e c e n t  model years.  

I n  o r d e r  t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  o f  these r a t e s  t o  v a r i o u s  

f a c t o r s ,  a n a l y t i c a l  models were used. The FMVSS 301 f i r s t  a p p l i e d  t o  

l i g h t  t r u c k s  w i t h  t h e  1977 models, and then w i t h  more s t r i n g e n t  

requ i remen ts ,  t o  t h e  1978 and subsequent models. I n  a d d i t i o n  t o  these 
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p o s s i b l e  standard e f f e c t s ,  t he re  cou ld  be an ag ing  e f f e c t  over the  th ree  

d i f f e r e n t  years, o r  a more general  model year e f f e c t .  A model w i t h  two 

standard e f f e c t s ,  an ag ing e f f e c t  (over t he  t h ree  da ta  years w i t h i n  

model years) and a l i n e a r  e f f e c t  i n  model year was f i t  t o  the  data.  The 

model was est imated as 

r = 2.067 - 0.144(std77) - 0.375(std78) - 0.060(aging) + 0.050(MY) 

f i res /1000  crashes. 

I n  t h i s ,  a l l  c o e f f i c i e n t s  a re  i n  terms o f  f i r e s  per thousand veh i c l es  i n  

crashes. The lack o f  f i t  s t a t i s t i c  was 47.73 w i t h  58 degrees o f  

freedom, 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, except f o r  the  o v e r a l l  

mean, none o f  t h e  i n d i v i d u a l  c o e f f i c i e n t s  was s i g n i f i c a n t l y  d i f f e r e n t  



from zero a t  the f i v e  percent  l e v e l .  Var ious reduced models were f i t  t o  

the  data.  I n  none o f  t h ~ m  was the ag ing (over the th ree  data years 

w i t h i n  model years) v a r i a b l e  s i g n i f i c a n t l y  d i f f e r e n t  from zero.  A model 

w i t h  a  mean and a  1 inear e f f e c t  f o r  model year (or age a t  t ime o f  crash) 

had the  est imated c o e f f i c i e n t s :  

r = 1.583 + 0.101 (MY) f  i res/1000 crashes. 

The lack o f  f i t  was 51.08 w i t h  61 degrees o f  freedom. Both t he  mean and 

the  MY c o e f f i c i e n t  were s i g n i f i c a n t l y  d i f f e r e n t  from zero (P<0.001). A 

model w i t h  bo th  the 1977 and 1978 e f f e c t s  had the est imated c o e f f i c i e n t s  

r = 2.481 - 0.350(std77) - 0.483(std78) f i r e s / l 0 0 0  crashes. 

The lack of f  i t f o r  t h i s  model was 49.25 w i t h  60 degrees o f  freedom. 

The two standard e f f e c t s  had a  chi-square o f  15.19 w i t h  two degrees o f  

freedom, h i g h l y  s i g n i f i c a n t .  However, because o f  the  h i gh  c o r r e l a t i o n  

between t he  two e f f e c t s ,  t he  i n d i v i d u a l  chi-squares were o n l y  1.48 and 

2.55, r e s p e c t i v e l y ,  f o r  t he  1977 and 1978 standard c o e f f i c i e n t s  

est imates.  E i t h e r  t he  model year 1977 or  1978 may be est imated as the 

e f f e c t  o f  t he  standard. I f  1977 i s  taken as the  p o i n t ,  then the 

est imated model i s :  

r = 2.48 - 0,682 (std77) f i res/1000 crashes. 

The lack o f  f i t  ch i -square i s  51.8 w i t h  61 degrees o f  freedom, no t  

s i g n i f i c a n t .  Th i s  model f i t s  nea r l y  as w e l l  as the model w i t h  a  l i nea r  

e f f e c t  es t imated i n  age o f  model year ( lack  o f  f i t  o f  t h a t  model was 

51 $08 w i t h  61 degrees o f  freedom). Thus, a t  t h i s  p o i n t ,  the re  i s  

c l e a r l y  a  tendency f o r  lower f i r e  r a t e s  assoc ia ted w i t h  more recent  

models o f  l i g h t  t rucks ,  b u t  these could  be due e i t h e r  t o  a  standard 

e f f e c t  or  t o  a  l i n e a r  t r end  i n  the age o f  the  t r uck  a t  t h e  t ime o f  the 

crash. No ag ing was demonstrated over the  t h ree  calendar years w i t h i n  

each model year .  

The model w i t h  two e f f e c t s  f o r  the  standard f i t  s l i g h t l y  b e t t e r  

than the model w i t h  a  l i n e a r  age e f f e c t .  Th i s  model est imates the  crash 

f i r e  r a tes  f o r  l i g h t  t r ucks  i n  Michigan as 2.481 per thousand p r i o r  t o  

t he  standard,  2.130 per thousand f o r  1977 models and 1.647 per thousand 

f o r  the  1978 and l a t e r  models. Th is  corresponds t o  a  16 percent 

r e d u c t i o n  w i t h  t he  1977 model, an a d d i t i o n a l  23 percent  r educ t i on  w i t h  



t he  1978 models, o r  a  34 pe rcen t  r e d u c t i o n  f rom pre-s tandard  t o  c u r r e n t  

s tandard .  However, the  p o s s i b i l i t y  o f  a  l i n e a r  t r e n d  i n  age cannot  be 

e l i m i n a t e d  as a p o s s i b l e  a l t e r n a t i v e  e x p l a n a t i o n  o f  t h e  observed e f f e c t .  

The TAD damage s c a l e  was a l s o  used as a  c o n t r o l  v a r i a b l e .  When 

l i g h t  t r u c k  crashes were t a b u l a t e d  by model year ,  c rash year ,  and TAD 

l e v e l ,  many o f  t h e  model years showed ze ro  f i r e  r a t e s .  That  i s ,  t he  

da ta  were t o o  t h i n l y  spread. F i r e  r a t e s  a r e  r e l a t i v e l y  cons tan t  f o r  TAD 

l e v e l s  1-4, t hen  increase w i t h  l e v e l s  5 and 6 .  The most pronounced jump 

occurs  a t  TAD l e v e l  7 ,  which has a  much l a r g e r  f i r e  r a t e  than  any o t h e r  

TAD l e v e l .  Wh i le  i t  might  be p o s s i b l e  t o  combine TAD i n t o  t h r e e  o r  f o u r  

l e v e l s  and p o s s i b l y  pool across da ta  years f o r  f i r e  r a t e s ,  t h i s  p a t t e r n  

was n o t  t h e  same f o r  leak r a t e s .  As can be seen i n  Tab le  1 1 ,  leak  r a t e s  

increased w i t h  each TAD l e v e l .  Consequently, TAD l e v e l s  were n o t  poo led 

f o r  f i r e  r a t e s .  Rather,  model years  have been pooled by s tandard ,  b u t  

t h e  c rash years  were kep t  separa te .  T h i s  a l l o w s  i n v e s t i g a t i o n  o f  an 

ag ing e f f e c t  (over t h r e e  years)  , b u t  i gno res  p o s s i b l e  t r e n d s  i n  model 

years  i n  f a v o r  o f  e s t i m a t i n g  p o s s i b l e  s tandard  e f f e c t s .  

The c rash  f i r e  and leak r a t e s  f o r  each TAD l e v e l ,  da ta  year ,  and 

model year g roup ing  a r e  presented i n  Tab le  11. The r a t e s  a r e  per 

thousand v e h i c l e s .  The cor respond ing f requenc ies  a r e  presented i n  Tab le  

12.  

A model t h a t  i nc luded  a  mean, t h e  two s tandard  e f f e c t s ,  an ag ing  

v a r i a b l e ,  and dummy v a r i a b l e s  f o r  t he  TAD l e v e l s  was f i t  t o  these data .  

The ag i ng coef  f i c  i e n t  was non-s i gn i f  i c a n t  (P>0.5) ; t h e  coef  f i c  i e n t  

es t ima ted  an i nc rease  o f  0.058 f i r e s  per thousand w i t h  each year o f  age. 

A reduced model e l i m i n a t i n g  t h e  ag ing v a r i a b l e  was f i t  w i t h  t h e  

f o l l o w i n g  c o e f f i c i e n t  es t ima tes  i n  f i r e s  per  thousand: 

The lack  o f  f i t  ch i - square  f o r  t h i s  model was 46.56  w i t h  54 degrees o f  

freedom. The ch i -square  f o r  t h e  two s tandard  e f f e c t s  was 33.80 w i t h  two 

degrees o f  freedom. Each o f  t he  two e f f e c t s  was a l s o  s i g n i f i c a n t l y  

d i f f e r e n t  f rom zero ,  i n d i c a t i n g  r e d u c t i o n s  i n  t h e  c rash f i r e  r a t e s .  The 



TABLE 1 1  

F i r e  and Leakage Rates f o r  L i g h t  Trucks 
( F i r e s  per thousand crashed v e h i c l e s )  

*Observed r a t e  was 0. Number i n  parentheses i s  t h e  m idpo in t  o f  a 95 
percent  conf idence i n t e r v a l  f o r  the r a t e .  

TAD v a r i a b l e s  were a l s o  h i g h l y  s i g n i f i c a n t ,  w i t h  a chi-square o f  158.61 

w i t h  s i x  degrees o f  freedom. The TAD l e v e l s  1 through 5 were 

s i g n i f i c a n t l y  negat ive,  TAD l e v e l  6 was s l i g h t l y  negat ive,  w h i l e  TAD 

l e v e l  7 had a ve ry  much l a r g e r  f i r e  r a t e  than any o f  the  o the rs .  (The 

TAD 
Leak Rates F i r e  Rates 

Pre-77 

1978 

Post-1977 Pre-77 1977 

1 
2 
3 
4 
5 
6 
7 

1977 Post- 1977 

0.270 
0.702 
2.245 
3.633 
3.521 
6.536 

24.390 

1 399 
1 . 1  90 
3.118 
2.418 
4.386 
5.818 

30.303 

1979 

5.215 
10.946 
20.386 
31.431 
82.237 

104.727 
204.545 

0. 908 
0.83 1 
0.934 
1.021 
3.145 

0 (1.397) * 
52.846 

1 
2 
3 
4 
5 
6 
7 

2.498 
4 . 7 1 2  

11.671 
. 17.365 

51.887 
53.073 

191.057 

1 -093 
1.020 
0.527 
4 378 
5.505 
7 . 1 1 7  

43.269 

1.696 
1.152 
1.854 
2.964 
4.138 
6.233 

37.736 

2.701 
5.965 
7 295 

17 .257  
31.690 
49.020 

121.951 

1980 

1.21 1 
1.190 
1.856 
1.419 

0(0.457)* 
6.944 

28.646 

1 
2 
3 
4 
5 
6 
7 

0 538 
0 330 
1.318 
2.231 
1.696 
5.190 

32.099 

2.018 
5.268 

10.074 
13.245 
31.050 
59.028 

106.771 

4 703 
8.258 

21.398 
36.314 
60.230 

112.199 
194.229 

1 965 
1 .403 
2.629 
2.852 
4.920 
5.814 

27.108 

4.917 
6.120 
5.802 

28.897 
51.376 
64.057 

163.462 

1.083 
0.980 
0.746 
2 0532 
2 299 

13 333 
28.777 

2.016 
3.794 
7 382 

17.403 
32.231 
44.983 

101.235 

5.896 
8.838 

. 18.002 
37.072 
70.111 
96.512 

185.241 

3 970 
6.369 

15.660 
29.1 1 4  
41.379 

1 1 1 . 1 1 1  
151.079 



TABLE 12 

F i r e  and Leak Frequencies f o r  Michigan L i g h t  Trucks 

v a r i a b l e s  f o r  TAD were modeled as e f f e c t s  from the  mean imp ly ing  t h a t  

t he  sum o f  t he  TAD values must be zero.) 

Thus, i nco rpo ra t i ng  TAD as a c o n t r o l  v a r i a b l e  a l s o  r e s u l t s  i n  an 

est imated standard e f f e c t .  The 1977 ve rs i on  o f  FMVSS 301 i s  assoc ia ted 

w i t h  an est imated reduc t ion  o f  about 0.8 f i r e s  per thousand crashes and 

TAD 
1977 

F i r e  Leak To ta l  

1970-76 

F i r e  Leak To ta l  

1978 On 

F i r e  Leak To ta l  

Crash Year: 1978 

1 10 3703 
2 17 2850 
4 13 1782 
4 19 1101 
2 18 568 
2 15 306 
5 25 205 

4 1 1  4403 
3 17 3608 
2 25 2142 
1 17 979 
2 33 636 
0 19 358 

13 47 246 

1 
2 
3 
4 
5 
6 
7 

22 8215,715 
15 13812,607 
26 170 8339 
10 130 4136 
12 225 2736 
8 144 1375 

32 216 1056 

Crash Year: 1979 

1 
2 
3 
4 
5 
6 
7 

4 18 3661 
3 18 2941 
1 1 1  1896 
5 33 1142 
3 28 545 
2 18 281 
9 34 208 

22 61 12,971 
12 86 10,414 
13 150 7016 
12 147 4048 
9 131 2175 
7 126 1123 

34 175 901 

9 15 7433 
7 31 5884 
7 38 3772 
3 28 2114 
0 34 1095 
4 34 576 

11 41 384 

Crash Year: 1980 

1 
2 
3 
4 
5 
6 
7 

3 1 1  2771 
2 13 2041 
1 21 1341 
2 23 790 
1 18 435 
3 25 225 
4 21 139 

18 54 9159 
10 63 7128 
13 89 4944 
9 117 3156 
8 114 1626 
5 83 860 

18 123 664 

4 15 7441 
2 23 6062 
5 28 3793 
5 39 2241 
2 38 1179 
3 26 578 

13 41 405 



t he  1978 v e r s i o n  i s  assoc ia ted  w i t h  an es t ima ted  a d d i t i o n a l  r e d u c t i o n  o f  

n e a r l y  one f i r e  per  thousand crashes o f  l i g h t  t r u c k s .  

Fuel Leakage Rates i n  Mich igan L i q h t  Trucks .  The f u e l  leak  r a t e s  

per thousand a r e  p l o t t e d  by model year and c rash year i n  F i g u r e  1 1 .  

Again, t h e  d a t a  years a r e  i n d i c a t e d  by t h e  l a s t  d i g i t  o f  t h e  year .  A 

ve ry  s t r o n g  t r e n d  f o r  o l d e r  models years  t o  have h ighe r  leak r a t e s  i s  

e v i d e n t .  A l so  increased v a r i a b i l i t y  i n  t h e  o l d e r  model years  can be 

noted.  

MICHIGAN: TRUCKS 
LEAKS 

MODEL YEAR 

F i g u r e  1 1  
L i g h t  Truck Fuel Leak Rates 

To q u a n t i f y  these e f f e c t s ,  a  model was f i t t e d  t o  these r a t e s ,  The 

model i n c l u d e d  v a r i a b l e s  f o r  a  l i n e a r  t r e n d  i n  model years ,  an ag ing  

e f f e c t  over  t h e  t h r e e  d a t a  years,  s tanda rd  e f f e c t s  a t  1977 and 1978 as 



w e l l  as an o v e r a l l  mean. While o n l y  the mean, a  l i n e a r  model year 

e f f e c t  and a  standard e f f e c t  a t  1977 appeared 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 i s  model e x h i b i t e d  a  s i g n i f i c a n t  lack o f  f i t  (chi-square o f  137.26 

w i  t h  60 degrees o f  freedom) . Two sources o f  t h  i s  1 ack o f  f i t were 

i d e n t i f i e d .  The lack o f  f i t  cou ld  be a t t r i b u t e d  t o  the  data from 1978, 

the f i r s t  year o f  the new data form. A l t e r n a t i v e l y ,  e l i m i n a t i n g  the  

data p o i n t s  based on small numbers o f  crashes (ear l y  model years, model 

year 1981 i n  crash year 1980, e tc . )  a l s o  e l  iminates the  lack o f  f i t .  

Consider ing a  reduced data se t  w i t h  45 leak r a tes ,  and f i t t i n g  a  

model w i t h  a  mean, standard e f f e c t s  a t  model years 1977 and 1978, an 

aging e f f e c t  (over th ree  years) and a  1 inear t rend  i n  model years f i t  

sat  i s f a c t o r  i l y  (chi  -square o f  37.39 w i  t h  40 degrees o f  freedom) . 
The three-year aging e f f e c t  was c l e a r l y  no t  s i g n i f i c a n t l y  d i f f e r e n t  

from zero.  Ne i the r  was the  est imated e f f e c t  a t  model year 1977. 
Reducing the  model by d e l e t i n g  the  three-year aging e f f e c t  s t i l l  leaves 

a  non -s i gn i f i can t  e f f e c t  f o r  the  1977 ve rs i on  o f  the standard. 

E l i m i n a t i n g  t h a t  v a r i a b l e  g ives the  est imated model. 

r = 8.000 + 1.604 (Age) - 2.294 (std78) leaks/1000 crashes. 

Here "MY" i s  a  l i n e a r  t rend  i n  model years a t  t ime o f  crash. The lack 

of f i t  chi-square i s  38.10 w i t h  42 degrees o f  freedom. A l l  t h ree  

c o e f f i c i e n t s  a re  s i g n i f i c a n t l y  d i f f e r e n t  from zero w i t h  assoc ia ted c h i -  

squares of 78.37, 158.84, and 9.40, f o r  the  i n t e r cep t ,  age, and standard 

va r i ab l es ,  r espec t i ve l y ,  each w i t h  one degree o f  freedom. 

The l i n e a r  model year e f f e c t  cannot be de le ted  w i t hou t  i n t r oduc ing  

s i g n i f i c a n t  lack o f  f i t .  I f  a  v a r i a b l e  t o  est imate an e f f e c t  o f  the  

1977 ve r s i on  o f  FMVSS 301 i s  s u b s t i t u t e d  f o r  the 1978 vers ion ,  the  

es t i ma ted  mgde 1 becomes 

r = 7.479 + 1.685(MY) - 1.414(std77) leaks/1000 crashes. 

However, t he  standard c o e f f i c i e n t  i s  no t  s i g n i f i c a n t l y  d i f f e r e n t  from 

zero a t  the  f i v e  percent  l e v e l  (chi-square o f  2.65 w i t h  one degree o f  

freedom) . 
I f  bo th  standard va r i ab l es  a re  included, the  model i s  est imated as 



r = 8.473 + 1.554(MY) - 0.500(std77) - 2.143(std78) leaks/1000 

crashes.  

The .assoc ia ted lack  o f  f i t  i s  37.83 w i t h  41 degrees o f  freedom. The 78 

s tandard  v a r i a b l e  i s  s i g n i f i c a n t  (P<0.01), b u t  t he  77  s tandard  i s  n o t  

(P>0.5), a l t hough  bo th  a r e  es t ima ted  as nega t i ve ,  i n d i c a t i n g  es t imated 

assoc ia ted  r e d u c t i o n s .  These da ta  seem t o  i n d i c a t e  a s i g n i f i c a n t  

r e d u c t i o n  i n  f u e l  leak r a t e s  i n  crashes,  p r i m a r i l y  assoc ia ted  w i t h  the  

1978 v e r s i o n  o f  FMVSS 301 as i t  a p p l i e d  t o  l i g h t  t r u c k s ,  T h i s  r e d u c t i o n  

i s  i n  a d d i t i o n  t o  t h e  l i n e a r  t r e n d  i n  age o r  model year .  

To f u r t h e r  i n v e s t i g a t e  t h i s ,  t he  leak r a t e s  presented i n  Tab le  1 1  

were analyzed by models s i m i l a r  t o  those used f o r  the f i r e  r a t e s  i n  the  

p rev ious  s e c t i o n .  However, f o r  leak r a t e s ,  t h e  r e l a t i o n  w i t h  TAD l e v e l  

i s  a  much s t ronger  one, w i t h  increases no ted  a t  each TAD l e v e l .  A model 

f i t t i n g  main e f f e c t s  o f  s tandards ,  TAD, and ag ing i n  a d d i t i o n  t o  a  mean 

showed s i g n i f i c a n t  lack  o f  f i t  (ch i -square  o f  280.69 w i t h  54 degrees o f  

freedom), T h i s  model suggests t h a t  ag ing  (over the  t h r e e  c r a s h  years) 

was n o t  s i g n i f i c a n t .  

I n  o rde r  t o  o b t a i n  a  s a t i s f a c t o r y  f i t ,  i n t e r a c t i o n s  o f  s tandard  and 

damage s e v e r i t y  had t o  be i nc luded .  T h i s  was accomplished by f i t t i n g  a  

mean and two s tandard  e f f e c t s  w i t h i n  each l e v e l  o f  t h e  TAD. Tab le  13 

g i ves  these es t ima ted  e f f e c t s .  The lack  o f  f i t  t e s t  was 54.53 w i t h  42 

degrees o f  freedom. 

A l l  o f  t h e  es t ima ted  c o e f f i c i e n t s  were s i g n i f i c a n t l y  d i f f e r e n t  f rom 

ze ro  a t  t h e  one pe rcen t  l e v e l  except  f o r  t h e  1977 s tandard  a t  TAD l e v e l  

7 .  The ch i - square  f o r  main e f f e c t s  o f  TAD i s  2183.66 w i t h  s i x  degrees 

o f  freedom. For main e f f e c t s  o f  s tandard ,  t h e  ch i -square  i s  174.69 w i t h  

two degrees o f  freedom, and the  ch i - square  f o r  t h e  TAD by s tandard  

i n t e r a c t i o n  i s  226.22 w i t h  twe lve  degrees o f  freedom. Both v e r s i o n s  o f  

t h e  s tandard  a r e  es t ima ted  t o  be assoc ia ted  w i t h  s i g n i f i c a n t  r e d u c t i o n s  

i n  c rash leak r a t e s  a t  each l e v e l  o f  TAD. Leak r a t e s  i nc rease  s t r o n g l y  

w i t h  c rash  s e v e r i t y  as measured by TAD. 



TABLE 13 

Interaction Model of TAD and FMVSS 301 Effects, 
Michigan Light Trucks 

*Not significant (P>0.1). A l l  others are highly significant (P<0.01). 

TAD 

1 

2 

3 

4 

5 

6 

7 

4.2.3. Other Factors lnfluencinq Fire or Fuel Leakane Rates 

The possible effects of day or night as the time of the crash were 

investigated. The use of lights at night could provide an additional 

source of ignition, and so could result in higher fire rates. In the 

Michigan passenger car data, the crude fire rate for daytime crashes was 

1.78 fires per thousand crashes. The crude fire rate for nighttime 

crashes was 2.98.. The corresponding rates of fuel leakage were 8.11 

leaks per thousand crashes for daytime crashes and 17.06 leaks per 

thousand crashes for nighttime crashes. Approximately 63 percent of the 

Michigan crashes occurred during daytime and 37 percent during night. 

There are several other factors that differ for day or night crashes. 

Crashes that occur at night are generally more severe crashes. A higher 

proportion of nighttime crashes are single-vehicle crashes, more occur 

in rural areas, etc. In order to consider whether these other factors 

could account for the difference in fire and leak rates, adjusted fire 

and leak rates were calculated, adjusting for the TAD severity scale. 

Mean 

5-17 

9.37 

20.07 

34.56 

70.71 

104.82 

195.88 

1977 
Standard 

- 1  -78 

-3.88 

- 1  1.03 

-10.87 

-22.27 

-38.71 

-25.15" 

1978 
Standard 

-3.04 

4 - 7 3  

- 1  1.81 

-19.06 

-39.05 

-54.17 

-88.68 



The ad jus ted  f i r e  r a tes  were 2.07 f i r e s  per thousand crashes, day; and 

2.31 f i r e s  per thousand crashes, n i g h t .  Most o f  the d i f f e r e n c e  i n  f i r e  

r a t e s  was removed by a d j u s t i n g  f o r  t he  d i f f e r e n c e  i n  TAD s e v e r i t y  

d i s t r i b u t i o n s .  S i m i l a r l y ,  ad justed leak r a tes  were ca l cu l a ted .  These 

r e s u l t e d  i n  ad justed r a t e s  o f  9.36 leaks per thousand crashes, day; and 

12.95 leaks per thousand crashes, n i g h t .  Much o f  the  d i f f e r e n c e  has 

been removed by a d j u s t i n g  f o r  TAD s e v e r i t y ,  bu t  some s t i l l  remains. I t  

seems l i k e l y  t h a t  the p r imary  d i f f e r e n c e  i n  day and n i g h t  f i r e  and leak 

r a t e s  represents  d i f f e r e n c e s  i n  the  crash popu la t ions .  

The p o t e n t i a l  d i f f e r e n c e  i n  day and n i g h t  t ime crashes was thought 

t o  be poss ib l y  caused by the a d d i t i o n a l  i g n i t i o n  source posed by the  

v e h i c l e ' s  l i g h t s  be ing on a t  n i g h t .  However, the crude i g n i t i o n  r a t e s  

( f i r e s  per leaks) were 0.22 f o r  daytime crashes, and 0.18 f o r  n i gh t t ime  

crashes. Th i s  represents  a  h igher  chance o f  i g n i t i o n ,  g iven f u e l  

leakage, f o r  daytime ra the r  than n i gh t t ime  crashes, con t ra r y  t o  what was 

expected. A f t e r  a d j u s t i n g  f o r  TAD, the  i g n i t i o n  r a t e s  a re  v i r t u a l l y  t he  

same: 0.155 f o r  days and 0.152 f o r  n i gh t s .  One might  suspect t h a t  smal l  

amounts o f  f u e l  leakage migh t  be harder t o  n o t i c e  a t  n i g h t .  However, 

t h i s  e f f e c t ,  i f  present ,  would tend t o  reduce the number o f  leaks i n  

n i g h t t i m e  crashes and would increase the  apparent i g n i t i o n  r a te .  The 

da ta  do no t  appear t o  support  t h i s  hypothesis.  I t  may be t h a t  the 

a d d i t i o n  o f  l i g h t s  does no t  present  an impor tant  a d d i t i o n a l  source o f  

i g n i t i o n .  Poss ib ly  most ca rs  have a t  l e a s t  brake l i g h t s  on a t  the  

i n s t a n t  of impact and the  p o s s i b l e  a d d i t i o n  o f  head l i gh t s  does no t  add 

s u b s t a n t i a l l y  t o  the chance o f  i g n i t i o n .  

As noted p rev i ous l y ,  t he  type o f  c rash a l so  in f luences  the f i r e  o r  

leak r a t e .  Table 14 g ives  the  passenger car f i r e  and leak r a tes  f o r  a  

number o f  crash con f i gu ra t i ons .  Some o f  these were combined i n  

cons ide r i ng  the  f r o n t a l ,  r o l l o v e r ,  and rear  impact crashes as i d e n t i f i e d  

w i t h  each ve rs i on  o f  FMVSS 301, 

Another f a c t o r  t h a t  a f f e c t s  f i r e  and f u e l  leakage r a t e  i s  the 

number o f  veh i c l es  invo lved  i n  t he  crash. Table 15 g i ves  the observed 

f i r e  and f u e l  s p i l l a g e  r a t e s  f o r  s i n g l e  and m u l t i p l e  v e h i c l e  crashes i n  

Michigan f o r  the t h ree  years 1978-1980. As w i t h  t h e  day-n ight  v a r i a b l e ,  

i n c l u s i o n  o f  TAD and/or crash type accounts f o r  much o f  the  v a r i a t i o n .  



TABLE 14 

F i r e  and Leak Rates by Crash C o n f i g u r a t i o n  

However, i f  such a measure o f  a c c i d e n t  s e v e r i t y  i s  n o t  a v a i l a b l e ,  and 

e i t h e r  d a y / n i g h t  i n f o r m a t i o n  o r  s i n g l e / m u l t i p l e  v e h i c l e  c rash  

i n f o r m a t i o n  i s  a v a i l a b l e ,  e i t h e r  would be a p o t e n t i a l l y  impor tan t  

c o n t r o l  v a r i a b l e  t o  use i n  c o n s i d e r i n g  f i r e  o r  leakage r a t e s .  

Crash Type 

Center f r o n t  
R i g h t  f r o n t  
R i g h t  s i d e  
R i g h t  r e a r  
Center r e a r  
L e f t  r e a r  
L e f t  s i d e  
L e f t  f r o n t  
Other Impact 
R o l l  over  
F ron t  & Rear 

TABLE 15 

Fuel  and S p i l l a g e  Rates f o r  S i n g l e  and M u l t i p l e  
Veh ic le  Crashes, Michigan,  1978-80 

F i r e  Rate 

2.650 
1.701 
1 .go1 
1 0507 
2.006 
1 -770 
1 .  908 
1.510 

27.094 
7 328 
2 e 370 

*Per 1000 crashed v e h i c l e s .  

Leak Rate 

14.550 
7 -435  

14.536 
8.027 

23.107 
11.750 
13,970 
6.889 

35 0 674 
121.131 
26.963 

Year 

1978 

1979 

1980 

N 

175,876 
92,281 
43,134 
38 9 495 
70,800 
37 278 
44,025 
96,67 1 

4,429 
11,599 
3 ,375 

S i n g l e  

F i r e  Leak 
Rate* Rate* N 

4.181 37.367 (67,920) 

4.038 29.136 (64,387) 

3.859 23.908 (67,886) 

Propor t i on 
o f  Crash 

0.285 
0.149 
0 .070 
0.062 
0.115 
0.060 
0 .07 1 
0.156 
0 ,007 
0.019 
0.005 

M u l t i p l e  

F i r e  Leak 
Rate* Rate* N 

1.816 10.819 (440,413) 

1 .603 9.354 (408,579) 

1.5 1 1 8.392 (326,295) 



4.2 .4 .  I q n i t i o n  Rates 

I n  t h e  M ich igan  d a t a ,  b o t h  leak and f i r e  da ta  a r e  a v a i l a b l e .  The 

occu r rence  of a  f i r e  i n  a  c rash  can be though t  o f  as a  two-s tep  process .  

F i r s t ,  a  l eak  must occur  t o  p r o v i d e  a sou rce  o f  f u e l .  F o l l o w i n g  t h a t ,  

t h e r e  must be a  source  o f  i g n i t i o n  t o  i g n i t e  t he  f u e l  and cause t h e  

f i r e .  P r e v e n t i n g  f u e l  leaks  removes t h e  source  o f  f u e l  f o r  t h e  f i r e .  

I t  i s  a l s o  o f  i n t e r e s t  t o  cons ide r  whether f u e l  i g n i t e s  i f  i t  has 

leaked.  By f o r m i n g  t h e  r a t i o  o f  f i r e s  t o  l eaks  i n  t h e  M ich igan  da ta ,  

one can i n v e s t i g a t e  t h e  p r o b a b i l i t y  o f  i g n i t i o n  g i v e n  f u e l  leakage. 

These r a t i o s  have been p l o t t e d  i n  F i g u r e  12. As b e f o r e ,  t h e  leaks  a r e  

p l o t t e d  s e p a r a t e l y  f o r  d i f f e r e n t  model yea rs  and t h e  t h r e e  d i f f e r e n t  

c rash  yea rs .  

MICHIGAN: CARS 
0 

I IGNITION o 

MODEL YEAR 

F i g u r e  12 
I g n i t i o n  Rates  by Model Year: M ich igan  Passenger Cars 



I t  i s  apparent i n  the f i g u r e  t h a t  the re  i s  an inc reas ing  t r end  i n  

the  i g n i t i o n  r a tes  f o r  newer models. I t  a l so  appears t h a t  the re  a re  two 

segments t o  the f i g u r e .  One appears t o  end w i  t h  the  1975 models and the  

other  t o  cons i s t  of  the 1976 and l a t e r  models. The i g n i t i o n  r a t e  f o r  

the 1975 models, and t o  somewhat a  lesser  ex ten t  o f  the 1974 models, 

appears t o  be h igher  than the  t rend  l i n e .  The reasons f o r  t h i s  a re  no t  

known. However, many car manufacturers added c a t a l y t i c  conver ters  t o  

the exhaust systems o f  models i n  1975 t o  meet more s t r i n g e n t  emission 

c o n t r o l  standards (a few 1974 models a l s o  had c a t a l y t i c  conver ters)  . 
The a d d i t i o n  o f  a  c a t a l y t i c  conver ter  would r e s u l t  i n  a  h igher  

temperature i n  the exhaust system. Secondly, the re  i s  an a d d i t i o n a l  

cann is te r  i n  the exhaust system t h a t  cou ld  scrape pavement and p rov ide  

sparks i n  a  crash. F i n a l l y ,  i f  t he  conver ter  i t s e l f  rup tu res ,  the 

c a t a l y s t  would be a v a i l a b l e  t o  r e a c t  w i t h  f u e l  t h a t  might  be s p i l l e d  i n  

a  crash making i t  more l i k e l y  t o  i g n i t e .  Thus, i t  i s  poss ib l e  t h a t  t h i s  

h igher  i g n i t i o n  r a t e  may r e f l e c t  the  a d d i t i o n  o f  the  c a t a l y t i c  

conver te r .  I f  t h a t  i s  the  case, then t he  more recent  models have 

apparen t l y  reduced the problem somewhat as evidenced by the  drop i n  the  

i g n i t i o n  r a t e  w i t h  the 1976 model. Th is  second segment--beginning w i t h  

model year 1976--corresponds t o  the  1976 ve rs i on  o f  FMVSS 301. That 

standard aimed t o  reduce f u e l  leakage. I f  f u e l  leakage was 

s u b s t a n t i a l l y  reduced- -par t i cu la r l y  i n  less  severe c rashes- - th i s  

r educ t i on  i n  the denominator o f  t he  i g n i t i o n  r a tes  cou ld  r e s u l t  i n  the  

inc reas ing  t r end  i n  i g n i t i o n .  Th i s  does no t  exp la i n  the  drop i n  

i g n i t i o n  r a t e s  i n  1976, however. 

The general  upward t r end  i n  t h e  i g n i t i o n  r a t e  f o r  newer models i s  

no t  easy t o  exp la in .  F i r e s  have been reduced i n  newer models. However, 

the  leaks have been reduced even more and the r e l a t i o n s h i p  o f  the  leak 

r a tes  t o  model years i s  much s t ronger  than the  r e l a t i o n  o f  f i r e s  t o  

model years. Thus, the much h igher  leak r a tes  i n  o lder  models produce 

lower i g n i t i o n  r a tes  because the  denominator o f  the  r a t e  i s  much l a rge r  

w h i l e  the  numerator i s  o n l y  s l i g h t l y  l a rge r .  Another poss ib l e  

cons ide ra t i on  i s  t h a t  i n  the  newer models, leak r a t e s  i n  p a r t i c u l a r  a re  

very  smal l  a t  low seve r i t y  ( low TAD) crashes. Most o f  the  leaks t h a t  do 

occur i n  the  newer models occur i n  h i gh  T A D  crashes. Such severe 

crashes may r e s u l t  i n  l a rge r  leaks ( t h a t  i s ,  i n  more f u e l  be ing s p i l l e d )  



and would p r o v i d e  more sources o f  i g n i t i o n  i n  terms o f  damage t o  the  

e l e c t r i c a l  system p r o v i d i n g  s h o r t s ,  o r  meta l  on pavement spa rk ing .  

Thus, t he  h ighe r  i g n i t i o n  r a t e s  i n  more recen t  models may r e f l e c t  t h a t  

t h e  s tandard  has cons ide rab ly  reduced smal l  leaks  and leaks  i n  low 

s e v e r i t y  c rashes.  I f  so, then when a  leak does occur ,  i t  i s  i n  a  h i g h  

s e v e r i t y  c rash,  which i s  much more l i k e l y  t o  a l s o  p r o v i d e  i g n i t i o n .  

Whi le  n o t  o f  p r imary  i n t e r e s t ,  a  l i n e a r  model was f i t  t o  the  

i g n i t i o n  da ta ,  i n c o r p o r a t i n g  a  mean, a  l i n e a r  t r e n d  i n  model year ,  and 

an ag ing  e f f e c t  over the  t h r e e  c rash  years w i t h i n  each model yea r .  The 

es t ima ted  model had a  lack  o f  f i t  o f  45.95 w i t h  42 degrees o f  freedom 

and c o e f f i c i e n t s :  

r = 0.263 + 0.01204 (per year Model year) + 0.018 (per year age) . 
The a s s o c i a t e d  ch i -square  s t a t i s t i c s  f o r  t h e  t h r e e  parameters were: 

1454.35, 218.5, and 24.96, f o r  t h e  mean, model year e f f e c t ,  and age 

w i t h i n  model year ,  r e s p e c t i v e l y .  I n  t h i s  model o n l y ,  these r a t e s  a r e  

presented as a c t u a l  r a t e s  and a r e  n o t  per  thousand crashes.  

4.3 Pennsy lvan ia  Data 

Computerized a c c i d e n t  r e p o r t  f i l e s  f rom Pennsylvania have been 

processed t o  determine t h e  number o f  c rash and non-crash f i r e s  by car 

model year f o r  each o f  t h r e e  ca lendar  years.  Data a r e  shown summarized 

by t h e  p e r i o d s  o f  t h e  severa l  v e r s i o n s  o f  FMVSS #301 i n  Tab le  16. 

A l though t h e  number o f  r e p o r t e d  f i r e s  i s  smal l ,  t h e r e  i s  a  

s i g n i f i c a n t  decrease i n  the  f i r e  r a t e  ( f i r e s  per 1000 crashed cars)  

assoc ia ted  w i t h  t h e  1976 v e r s i o n  o f  t h e  standard,  when i t  i s  compared 

w i t h  a1 1 e a r l  i e r  v e h i c l e s  ( w i t h  a  c h i  square v a l u e  o f  4.02 p<.05). The 

change assoc ia ted  w i t h  t h e  1976 v e r s i o n  o f  t h e  s tandard  compared w i t h  

t h e  1968 v e r s i o n  y i e l d s  a  c h i  square v a l u e  o f  2.49, n o t  q u i t e  

s i g n i f i c a n t  a t  t h e  10 pe rcen t  l e v e l .  F i n a l l y ,  t h e  1968 v e r s i o n  compared 

w i t h  t h e  p e r i o d  p r i o r  t o  t h a t  (when t h e r e  was no standard) a l s o  shows 

some improvement, w i t h  a  c h i  square v a l u e  o f  3.12. The o n l y  change 

which does n o t  show any improvement ( i n  f a c t  a  s l i g h t  n e g a t i v e  r e s u l t )  

i s  t h e  1976 t o  1977 m o d i f i c a t i o n .  Data f o r  these two p e r i o d s  i s  sparse, 

i n  any case. The poo led f i r e  r a t e s  (crash and non-crash) a r e  p l o t t e d  i n  



TABLE 16 

Crash F i r e s  and F i r e  Rates i n  Pennsylvania (1977-79) 
by Version o f  the FMVSS #301 

P a r t i t i o n e d  ch i  square computations: 
To ta l  t a b l e  (4 x 2 ) ,  c h i  square = 7.26 (3 d.f.) 

Model Years 
covered by 

Standard 

(1) 1977-1980 . . . 
(2) 1976 , . . . . 
(3) 1968-1975 . 
(4) 1967 or ear 1 i er 

(1 )  V S -  (21, c h i  square = 0.12 ( 1  d . f , )  
(1.2) V S *  (3) , c h i  square = 2.49 (1 d.f.) 
(1,2,3) vs.  (4) ,  ch i  s q u a r e S 4 . 6 5  (1 d . f . )  

(1 )  VS .  (21 ,  c h i  square = 0.12 (1 d.f.) 
(1.2) vs. (3,4) c h i  square = 4.02 ( 1  d. f  .) 
(3) VS. (4) ch i  square = 3.12 (1 d, f  ,) 

Crash F i r e s  

114 

4 2 

3 2  1 

6 0 

F igure  13 by age a t  t ime o f  crash. Non-crash f i r e s  seem t o  be about the  

same from new t o  ten  year-o ld  cars  and then t o  show some sca t t e r  

t h e r e a f t e r .  Crash f i r e  r a tes  s tay  f a i r l y  constant  i n  t h i s  range ( the 

extremes i n  t h i s  age span a re  0.57 and 0.93, bu t  most values a re  c l ose r  

t o  the  mean.) The low f i r e  r a t e s  probably r e s u l t  from the f a c t  t h a t  

f i r e s  a re  noted i n  t he  n a r r a t i v e  r a the r  than as a s p e c i f i c  va r i ab l e .  

Th is  method genera l l y  r e s u l t s  i n  under repor t ing  o f  f i r e s .  However, i t  

may be t h a t  most o f  the  con f l ag ra t i ons  are repor ted  i n  t h i s  manner, and 

more o f  the  smal ler  f i r e s  a re  missed. 

To ta l  Vehic les  
I n  Crashes 

173794 

68383 

426322 

62649 

F i res/  
1000 

Crashes 

.66 

.6 1 

- 75  

96 







Post-crash f i r e s  are r e l a t i v e l y  r a r e  events. For po l i ce - repor ted  

crashes i n v o l v i n g  passenger cars i n  Michigan ( th ree  years) and I1 1 i n o i  s  

( s i x  years) , post-crash f i r e s  occur a t  r a t e s  o f  from 1.5 t o  2 .3  f i r e s  

per thousand crashes. I f  a t t e n t i o n  i s  r e s t r i c t e d  t o  a more severe se t  

o f  crashes--those requi  r i ng towaway--thi s  r a t e  r i ses t o  about 4.6 per 

thousand i n  Michigan. Crash f i r e  r a tes  i n v o l v i n g  l i g h t  t rucks  were 

s l i g h t l y  h igher :  from 2.2 t o  2.8 per thousand po l  i ce - repor ted  crashes i n  

the two s t a t e s  over the same per iod .  

Two types o f  r e p o r t i n g  o f  f i r e s  e x i s t  i n  p o l i c e  acc ident  data.  One 

type cons i s t s  o f  a  check box on the acc iden t  r e p o r t i n g  form asking t h a t  

the i n v e s t i g a t i n g  o f f i c e r  check whether a  f i r e  occurred f o r  each v e h i c l e  

invo lved i n  a  crash. The second type o f  r e p o r t i n g  re1 ies  on the 

n a r r a t i v e  d e s c r i p t i o n  o f  the  crash t o  i n d i c a t e  whether o r  no t  a  f i r e  

occurred. The repor ted  f i r e  r a t e s  d i f f e r  by about a  f a c t o r  o f  ten  

depending on which method i s  used, w i t h  the n a r r a t i v e  coding be ing much 

lower than the check box repo r t i ng .  I t  appears t h a t  r e l y i n g  on the  

n a r r a t i v e  t o  r epo r t  f i r e s  r e s u l t s  i n  under - repor t ing  o f  f i r e s .  The 

check box method r e p o r t s  a  number o f  i n c i den ta l  or  minor f i r e s .  Th is  

may be appropr ia te ,  s ince  i f  these f i r e s  a re  not  ext ingu ished,  some may 

even tua l l y  invo lve  the  e n t i r e  ca r .  I n  general ,  r e l y i n g  on i nc i den ta l  

r e p o r t i n g  o f  any i tem o f  i n t e r e s t  can lead t o  inaccurate  or  mis leading 

r e s u l t s .  I t  i s  b e t t e r  t o  use a ques t ion  s p e c i f i c a l l y  ask ing f o r  the 

des i red  in fo rmat ion .  Thus, the  data f rom Michigan and I l l i n o i s  t h a t  

inc lude t he  s p e c i f i c  f i r e  in fo rmat ion  appear more use fu l  than the  

r e s u l t s  from other  s t a t e s  t h a t  a re  based on l y  on the anecdotal 

i n fo rmat ion  about the crash. Data se ts  t h a t  inc lude  s p e c i f i c  va r i ab l es  

should be used when poss ib l e .  

Fuel s p i l l a g e  i s  much more f requent  than f i r e ,  bu t  s t i l l  r e l a t i v e l y  

ra re .  I t  i s  est imated t o  occur approximately 1 1  t o  14 t imes per 

thousand po l i ce - repo r t ed  crash i n  th ree  years o f  da ta  from Michigan 

i n v o l v i n g  passenger cars .  For l i g h t  t rucks ,  the s p i l l a g e  r a t e  i s  again 



somewhat h igher ,  est imated as from 16 t o  19 cases per thousand po l  i ce -  

repor ted crashes over a  three-year pe r i od  from 1978-1980. 

Both f i r e  r a tes  and f u e l  s p i l l a g e  vary  w i t h  a  number o f  crash 

va r i ab l es .  The s t rongest  r e l a t i o n s h i p  i s  w i t h  the acc ident  s e v e r i t y ,  or  

Michigan TAD, a  seven-point sca le  o f  crash s e v e r i t y  a v a i l a b l e  i n  

Michigan bu t  no t  i n  I l l i n o i s .  These r a t e s  a l s o  vary  by the type o f  

crash, by day and n i gh t ,  and by t he  number o f  veh i c l es  i n  the  crash. 

Most of these other  va r i ab l es  a re  r e l a t e d  t o  crash seve r i t y ,  and t h e i r  

e f f e c t s  were no t  apparent i n  the  Michigan data a f t e r  account ing f o r  TAD 

l e v e l .  

The data do no t  i nd i ca te  any d i f f e rences  between the 1976 and 1977 

vers ions o f  FMVSS 301. I n  p a r t  t h i s  may be due t o  the f a c t  t h a t  a  l a rge  

amount o f  data  a re  needed and t h a t  a  s i n g l e  model year w i l l  no t  p rov ide  

a s u f f i c i e n t  amount o f  data.  An a l t e r n a t i v e  p o s s i b i l i t y  i s  t h a t  few 

d i f f e rences  were incorporated between the  1976 and 1977 models t h a t  

would a f f e c t  f u e l  leakage or f i r e  ra tes .  I t  does no t  seems l i k e l y  t h a t  

the 1976 and 1977 vers ions o f  the  standard w i l l  ever be d i s t i ngu i shed  i n  

the  crash data.  

The 1968 ve rs i on  appl ied o n l y  t o  passenger cars .  The data r e l evan t  

t o  t h i s  ve r s i on  a re  somewhat l i m i t e d ,  s ince the e a r l i e s t  da ta  come from 

1975, when the  pre-standard models were a t  l e a s t  seven years o l d .  Data 

f o r  pre-standard years a re  scarce. I n  the  I l l i n o i s  data,  o v e r a l l ,  the 

1968 ve rs i on  was associated w i t h  a  6.5 percent  drop i n  crash f i res - -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 .  I n  a d d i t i o n ,  addressing f r o n t a l  crashes, the 

e s t i m a t e d e f f e c t o f  the 1968 ve rs i on  was a l s o  no t  s i g n i f i c a n t .  I n  

look ing  a t  the  d e t a i l e d  crash types, s i x  o f  the 10 showed reduc t ions  

ranging from f i v e  percent t o  127 percent .  Three o f  these ( t u rn i ng ,  rear  

impacts moving, and ro l l ove rs )  were s i g n i f i c a n t  a t  the f i v e  percent  

l eve l  . However, f ou r  crash types showed increases c o i n c i d i n g  w i  t h  1968. 

Two o f  these (angles and head-ons) were s i g n i f i c a n t  w h i l e  one was 

marg ina l l y  s i g n i f i c a n t  (s ideswipe--opposi te d i r e c t i o n s ) .  Thus, the 

I l l i n o i s  data show l i t t l e  evidence o f  an e f f e c t  corresponding t o  the 

1968 vers  ion  o f  FMVSS 30 1 . 
The Michigan data on crash f i r e s  show reduc t ions  on from e i g h t  t o  

10 percent corresponding t o  t he  1968 standard. However, i n  no case d i d  



these reach the  f i v e  percent s i g n i f i c a n c e  l e v e l ,  whether considered 

o v e r a l l  or  by crash type. Leak r a t e s  show about a  35 percent  r educ t i on  

o v e r a l l  corresponding t o  1968. A s imi  l a r  r a t e  (38 percent)  i s  observed 

i n  f r o n t a l s  a f t e r  i n c l ud ing  age. However, when crash s e v e r i t y  i s  

included, a l l  l e v e l s  o f  TAD except TAD 6 show higher leak r a t e s  f o r  the  

t ime covered by the 1968 standard,  bu t  on l y  f o r  TAD 5 was t h i s  

s i g n i f i c a n t l y  d i f f e r e n t  from zero a t  the f i v e  percent  l e v e l .  I t  thus 

appears t h a t  these data do no t  p rov ide  evidence t o  support  an est imate 

o f  a  b e n e f i c i a l  e f f e c t  o f  the 1968 v e r s i o n  o f  FMVSS 301. Whi le the  data 

1 i m i  t a t  ions must be considered-- there a re  few data f o r  the pre-1968 

cars-- the conc lus ion seems t o  be t h a t  no change i n  e i t h e r  f i r e  or  leak 

ra tes  was observed t o  correspond t o  the 1968 vers ion  o f  FMVSS 301 a f t e r  

o ther  f a c t o r s  were accounted f o r .  

Both t he  Michigan and I l l i n o i s  da ta  i n d i c a t e  t h a t  the re  a re  lower 

crash f i r e  r a t e s  f o r  passenger cars  o f  more recent  model years. I n  

Michigan, t he  r educ t i on  was c l e a r l y  b e t t e r  modeled as a  change when the 

FMVSS 301 standard went i n t o  e f f e c t  i n  1976 o r  1977 than as a smooth 

t rend i n  model years. The e f f e c t  so est imated was s i g n i f i c a n t l y  

d i f f e r e n t  from zero a f t e r  i n c l u d i n g  a v a r i a b l e  f o r  the age e f f e c t  and 

f o r  the TAD s e v e r i t y  e f f e c t s ,  The e f f e c t  i n  I l l i n o i s  was modeled w i t h i n  

crash types, se rv ing  as somewhat o f  a  sur rogate f o r  crash s e v e r i t y  

c o n t r o l .  S i g n i f i c a n t  reduct ions c o i n c i d i n g  w i t h  the FMVSS 301 standard 

were observed i n  angle, r o l l o v e r ,  rear  impacts, and crashes i n v o l v i n g  

parked cars .  The amount o f  r educ t i on  va r ied ,  bu t  ranged from about 20 

t o  50 percent  f o r  these crash types.  

The data f o r  l i g h t  t r ucks  a re  no t  as subs tan t i a l  as those f o r  

passenger cars .  The number o f  t r u c k  crashes i n  Michigan was about one- 

f i f t h  the number o f  car crashes. I n  I l l i n o i s ,  there were on l y  about a  

t en th  as many l i g h t  t r uck  crashes as car crashes. Th i s  d i f f e r e n c e  i s  

caused by t he  d i f f e r e n t  v e h i c l e  c l a s s i f i c a t i o n s  used i n  the  two s ta tes .  

I n  a d d i t i o n  t o  the f a c t  t h a t  t he  data are fewer, t he re  i s  more 

unce r t a i n t y  about the ac tua l  v e h i c l e  types t h a t  are inc luded i n  l i g h t  

t rucks.  

The I l l i n o i s  l i g h t  t ruck  da ta  a re  cons i s t en t  w i t h  a  constant  crash 

f  i r e  r a t e  o f  1 -85  per thousand f o r  a1 1 model years. There i s  no t  a  



s i g n i f i c a n t  lack o f  f i t  t o  t h i s  constant  mean model, However, i f  the 

data a re  subdiv ided, the re  appears t o  be some reduc t i on  w i t h  1976 and 

l a t e r  model years. The best  such model f i t s  two means: 2.06/1000 f o r  

pre-1975 t r ucks  and 1.58/1000 f o r  1976 and l a t e r  t rucks .  

The Michigan data on crash f i r e  r a tes  f o r  l i g h t  t rucks  i n d i c a t e  

s l i g h t l y  more evidence f o r  a standard e f f e c t .  There i s  a r educ t i on  i n  

f i r e  r a t e s  w i t h  newer models, bu t  t h i s  can be equa l l y  w e l l  modeled as 

two reduc t ions  corresponding t o  the  standard i n  1977 and 1978 o r  as a 

l i n e a r  t r end  i n  model years. Th is ,  wh i l e  the Michigan l i g h t  t ruck  data 

show s i g n i f i c a n t l y  lower crash f i r e  r a tes  f o r  models b u i l t  under the 

standard, general t rends i n  model years exp la i n  the data equa l l y  w e l l .  

The leak data show more evidence o f  a standard e f f e c t .  There i s  a 

s i g n i f i c a n t  reduc t ion  i n  leak r a t e s  corresponding t o  the  1977 or  1978 

standard even a f t e r  l i n e a r  t rend  i n  model years i s  included. The 1977 

and 1978 ve rs ions  cannot be d i s t i ngu i shed .  I f  t he  crash s e v e r i t y  

v a r i a b l e  i s  included, bo th  ve rs ions  o f  the  standard appear t o  have 

s i g n i f i c a n t  reduct ions i n  leak r a t e s  a t  a l l  s e v e r i t y  l e v e l s  except the  

h ighes t .  Thus, the re  i s  evidence t h a t  FMVSS 301 has reduced leak r a t e s  

i n  l i g h t  t r uck  crashes, bu t  evidence f o r  a reduc t ion  i n  crash f i r e  r a tes  

i s  inconc lus ive .  

Leaks were much more c l o s e l y  r e l a t e d  t o  model years than were 

f i r e s ,  b u t  in fo rmat ion  about t h i s  was a v a i l a b l e  o n l y  f o r  Michigan 

acc idents .  For passenger cars ,  t he re  a re  many i n t e r a c t i n g  va r i ab l es  

a f f e c t i n g  t he  leak ra tes .  There i s  a s t rong  t rend  f o r  leak r a tes  t o  be 

h igher  i n  o l de r  cars .  The r a t e s  a re  much lower and f a i r l y  f l a t  f o r  

model years 1976 and l a t e r .  There appear t o  be some e f f e c t s  t h a t  may 

r e l a t e  t o  t h e  standard a f t e r  account ing f o r  TAD l eve l  and l i n e a r  t rends 

i n  model years, bu t  t h i s  i s  smal ler  than e i t h e r  the  TAD e f f e c t  o r  the 

smooth t r end  i n  model years. I t  may w e l l  be t h a t  more cont inuous ly  

va r y i ng  va r i ab l es  such as gradual  model year changes, d i f f e r e n t  car 

s i zes  i n  d i f f e r e n t  model years,  o r  d i f f e r e n t  con f i gu ra t i ons  may have 

p layed as important a r o l e  i n  leak r a t e s  as d i d  the FMVSS 301 

requirement a t  the s p e c i f i c  1976 and 1977 model years. Fur ther  changes 

i n  models such as the  cont inued t rend  toward downsiz ing or  the  t rend  

toward f r o n t  wheel d r i v e  may con t inue  t o  a f f e c t  leak r a tes .  



For l i g h t  t r u c k s ,  the  changes i n  leak r a t e s  appear t o  be more 

sudden and perhaps more c l o s e l y  r e l a t e d  t o  the  s tandard .  A f t e r  

a d j u s t i n g  f o r  TAD, leak r a t e s  a r e  es t ima ted  t o  be s i g n i f i c a n t l y  reduced 

beg inn ing  w i t h  b o t h  1977 and 1978 models. The amount o f  t h i s  r e d u c t i o n  

v a r i e d  w i t h  TAD l e v e l ,  b u t  appears t o  be i n  t h e  30-40 pe rcen t  ranges f o r  

TAD 1-3, about  30 percent  f o r  TAD 4-6, and 13 pe rcen t  f o r  TAD 7 
cor respond ing t o  t h e  1977 standard,  w h i l e  t h e  es t ima ted  e f f e c t s  a r e  i n  

the  50 pe rcen t  range f o r  1978. 

I t  i s  reasonable t o  conclude t h a t  t he  FMVSS 301 led  t o  a  r e d u c t i o n  

i n  c rash  f i r e  r a t e s  bo th  f o r  passenger ca rs  and f o r  l i g h t  t r u c k s ,  b u t  

o t h e r  p o s s i b l e  causes f o r  t h i s  r e d u c t i o n  e x i s t  and cannot be e n t i r e l y  

r u l e d  o u t .  Aging o f  t h e  v e h i c l e s ,  w h i l e  confounded w i t h  t h e  p o s s i b l e  

e f f e c t s  o f  t he  standard,  g e n e r a l l y  does n o t  seem t o  have been an 

impor tan t  f a c t o r  i n  the  r e d u c t i o n  o f  f i r e  r a t e s  f o r  newer models. 

F u r t h e r ,  t h e  es t imated r e d u c t i o n s  have p e r s i s t e d  a f t e r  c o n t r o l  f o r  c rash 

t ype  and s e v e r i t y  v a r i a b l e s .  However, i t  i s  p o s s i b l e  t h a t  o t h e r  causes 

c o u l d  have c o n t r i b u t e d  t o  t h e  r e d u c t i o n .  The l a r g e  amount o f  p u b l i c i t y  

such as i n  Dowie (1977) t h a t  c rash  f i r e s  have rece ived  may have p layed a  

r o l e .  The l i a b i l i t y  cases and a t t e n d a n t  adverse p u b l i c i t y  i n v o l v i n g  car 

f i r e s  t h a t  au tomobi le  companies have been invo lved  i n  may a l s o  have 

i n f l u e n c e d  any changes t h a t  l e d  t o  t h e  observed reduc t i ons .  

For leaks--which a r e  more d i r e c t l y  addressed by t h e  t e s t i n g  

requ i rements  o f  FMVSS 3 0 1 - - i t  i s  c l e a r  t h a t  many o t h e r  f a c t o r s  have 

in f l uenced  t h e  leak r a t e s  i n  a d d i t i o n  t o  o r  i n  p l a c e  o f  t he  FMVSS 301. 

Leak r a t e s  a r e  r e l a t e d  t o  c rash  type,  s e v e r i t y ,  and a  smooth t rend  i n  

model year more s t r o n g l y  than t o  changes i n  l e v e l s  assoc ia ted  w i t h  the  

FMVSS 301 standard.  I t  seems l i k e l y  t h a t  t he  g r a d u a l l y  changing s i ze ,  

s t r u c t u r e ,  and mix o f  models i n  model years i s  a t  l e a s t  as impor tant  t o  

leak r a t e s  as the  standard,  Whi le  some s i g n i f i c a n t  e f f e c t s  

cor respond ing t o  the  FMVSS 301 s tandard  were found a f t e r  a d j u s t i n g  f o r  

age, crash,  type,  and s e v e r i t y ,  these were present  o n l y  i n  c e r t a i n  c rash 

s e v e r i t i e s .  

I g n i t i o n  r a t e s ,  t h a t  i s ,  t he  chance o f  a  f i r e  i f  f u e l  leaks ,  show a  

tendency t o  be h ighe r  i n  more recen t  model years.  The model year 1975 

appears u n u s u a l l y  h i g h  even w i t h  t h i s  t r e n d .  T h i s  c o i n c i d e s  w i t h  the  



f i r s t  use o f  c a t a l y t i c  conver ters  i n  l a rge  numbers o f  passenger cars,  

and t h i s  may have con t r i bu ted  t o  increased i g n i t i o n  r a tes  f o r  the model 

years 1975 and l a t e r .  Other than t h a t  poss ib l e  e f f e c t ,  the h igher  

i g n i t i o n  r a tes  f o r  1976 and l a t e r  models may r e f l e c t  the near 

e l  im ina t i on  o f  leaks i n  low s e v e r i t y  crashes and a very low overa l  l leak 

r a t e  i n  these models. That i s ,  when a leak occurs i n  these l a t e r  

models, i t  i s  assoc ia ted w i t h  a very  severe crash, which prov ides much 

more oppo r t un i t y  f o r  i g n i t i o n  o f  the s p i l l e d  f u e l .  Thus, one 

i n t e r p r e t a t i o n  o f  the higher i g n i t i o n  r a tes  i s  t h a t  i t  r e f l e c t s  

p r i m a r i l y  the r educ t i on  o f  the leaks,  I n  f a c t ,  bo th  the number o f  f i r e s  

( the numerator) and t he  number o f  leaks ( the  denominator) a re  lower i n  

the more recent  models. However,the r educ t i on  i n  the denominator was 

l a rge r ,  producing the increase i n  the r a t i o  o f  f i r e s  t o  leaks.  For 

cu r ren t  models o f  passenger ca rs  (1977 and l a t e r )  , bo th  f i r e  and f u e l  

leak r a tes  a re  q u i t e  low. The f i r e  r a t e s  averaged 1.47 f i r e s  per 

thousand crashes i n  I l l i n o i s  and 1.53 f i r e s  per thousand crashes i n  

Michigan f o r  model years 1977 and l a t e r ,  Furthermore, most o f  the  f i r e s  

and leaks t h a t  remain occurred w i t h  q u i t e  severe crashes. Most were i n  

TAD l eve l  6 o r  7 crashes i n  Michigan or i n  head-on or r o l  l over  crashes 

i n  I l l i n o i s .  These crashes a re  severe enough so t h a t  they a re  l i k e l y  t o  

r e s u l t  i n  ser ious i n j u r y  or  f a t a l i t y  whether o r  no t  a f i r e  occurs (OIDay 

and F lora,  1982). 

Whether the  observed reduc t ion  i n  f i r e s  and leaks should be 

a t t r i b u t e d  t o  t he  FMVSS 301 standard, des ign mod i f i ca t i ons  r e l a t i n g  t o  

f u e l  economy, changes d i c t a t e d  by t he  market, o r  t o  the  r e s u l t s  o f  

l i t i g a t i o n  cannot be d e f i n i t e l y  determined. However, a f t e r  ad jus t i ng  

f o r  o ther  f a c t o r s  such as age and crash s e v e r i t y ,  s i g n i f i c a n t  reduct ions 

i n  f i r e  and leak r a t e s  occurred f o r  models f i r s t  sub jec t  t o  the  FMVSS 

301. I t  seems reasonable t o  conclude t h a t  the  standard con t r i bu ted  t o  

these reduct ions.  
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APPENDIX A 

DATA TABLES 

T h i s  appendix c o n t a i n s  some o f  t h e  raw data  used i n  t h e  r e p o r t .  

Because a l l  v a r i a b l e s  used i n  t h i s  r e p o r t  would r e s u l t  i n  a  v e r y  

e x t e n s i v e  s e t  o f  t a b l e s ,  o n l y  t h e  t a b l e s  o f  f i r e  and n o - f i r e  f r e q u e n c i e s  

by  model year f o r  c a r s  and t r u c k s  f o r  each da ta  year f rom each s t a t e  a r e  

i n c l u d e d  here.  These da ta  a r e  t h e r e f o r e  poo led over  c rash  types,  

a c c i d e n t  s e v e r i t i e s ,  e t c .  



TABLE A 1  

MICHIGAN C A R  F l R E  DATA 1978 

*Per 1000 c rashed veh i c l  es. 

MICHIGAN C A R  F l R E  DATA-1979 

MODEL Y E A R  

1960. 
1961. 
1962. 
1963 9 

1964. 
1965. 
1966. 
1967. 
1968. 
1969. 
1970. 
1971. 
1972. 
1973. 
1974. 
1975. 
1976. 
1977 
1978. 
1979 

*Per 1000 crashed v e h i c l e s ,  

100 

TOTAL 

511. 
206. 
564. 

1080. 
2077. 
4486. 
6709. 

10843. 
1801 1 .  
23537. 
29792. 
36934. 
49469. 
56233. 
48661. 
39343. 
51174. 
64348 . 
45923. 

2487. 

LEAKS F I R E S  BOTH NONE 

14. 1 .  3. 493. 
5. 1 .  0.  200. 

17. 0. 4. 543. 
35. 2 0  2. 1041. 
59. 4. 4. 2010. 

125. 9 .  2. 4350. 
166. 14. 9 .  6520. 
224. 17. 10 .10592 .  
380. 32. 19. 17580. 
479. 40. 27. 22991. 
567. 40. 32. 29153. 
583. 52. 33. 36266. 
680. 77. 34. 48678. 
657. 91. 37. 55448. 
503. 97. 36. 48025. 
307. 64. 30. 38942. 
313. 63.  25. 50773. 
377 75 37 63859. 
291. 65.  20. 45547. 

1 1 .  7 .  2. 2467. 

FIRERATEh LEAKRATE* 

7.83 35.23 
4.85 2 9 - 1 3  
7.09 37 23 
3.70 36.11 
3.85 32.26 
2.45 30 9 32 
3.43 28.17 
2.49 23.15 
2.83 2 3 - 3 3  
2.85 23.20 
2.42 21.45 
2.30 18.09 
2.24 1 5 - 9 9  
2.28 1 3 - 9 6  
2.73 13 -07  
2.39 10.19 
1.72 7.84 
1 . 74 7.60 
1.85 8.19 
3.62 8.04 

MODEL Y E A R  

1960. 
1961. 
1962. 
1963 
1964. 
1965 
1966. 
1967. 
1968. 
1969. 
1970. 
1971. 
1972. 
1973. 
1974. 
1975. 
1976. 
1977.  
1978. 
1979. 
1980. 
1960. 

TOTAL 

418. 
166. 
383. 
716. 

1342. 
2791. 
4290. 
6768. 

11491. 
15696. 
17812. 

39608. 

42277. 
34765. 
44779. 
54520. 
59035. 
40689. 

2495. 
329. 

LEAKS F I R E S  BOTH NONE 

9 2. 1 .  406. 
2 .  0. 0. 164. 
4. 2 .  I. 376. 

25 2. 1 .  688. 
45. 5 .  1 .  1291. 
78, 3. 3. 2707. 
93. 1 1 .  3. 4183. 

156. l o .  6. 6596. 
245. 20. 12. 11214. 
284. 39. 1 2 .  15361. 
396. 41. 19. 17356. 
465, 47. 1 7 . 2 7 4 1 3 . 2 7 9 4 2 .  
542. 68. 44. 38954. 
524. 112. 2 1 . 4 6 7 2 6 . 4 7 3 8 3 .  
404. 66.  22. 41785. 
266. 55. 20. 34424. 
307. 66.  18. 44388. 
305. 58. 2 1 .  54136. 
302. 72. 29. 58632. 
240. 62.  20. 40367. 

2 .  1 .  2. 2490. 
3 2. 1 .  323. 

FIRERATE>\ LEAKRATE* 

7.18 28.7 1 
0. 12.05 

7.83 18.28 
4.19 3 9 - 1 1  
4.47 38.00 
2.15 30.10 
3.26 24.94 
2.36 2 5 - 4 1  
2.78 24.11 
3.25 21.34 
3.37 25.60 
2.29 1 8 - 9 3  
2.83 16.51 
2.81 13.87 
2.08 1 1.64 
2.16 9.81 
1.88 8 73 
1.45 7.04 
1.71 6.83 
2 -02  7.91 
1.20 2 .OO 
9 .12  18.24 



TABLE A 1  

M I  C H I  G A N  C A R  F I R E  DATA 1980 

nPer 1000 crashed vehicles. 

MODEL Y E A R  

1961. 
1962. 
1963 
1964. 
1965- 
1966. 
1967 
1968. 
1969. 
1970. 
1971. 
1972. 
1973. 
1974. 
1975 
1976. 
1977. 
1978 
1979. 
1980. 
1981. 

LEAKS F I R E S  BOTH NONE 

1 .  0 .  0 .  96. 
1 1 .  I. 0.  219. 
5 .  1 .  1 .  441. 

17. 0. 1 .  861. 
43. 4. 0. 1614. 
67. 6. 3. 2527. 
83. 7. 5 .  3922. 

150, 16. 8 .  6620. 
191. 26. 6. 9346. 
231. 24. 6.  13350. 
303. 37. 19. 18437. 
401. 51.  20. 27321. 
410. 63. 39. 34859. 
330. 67. 23. 31444. 
210. 52. 16. 27109. 
241. 45. 16. 34968. 
261. 59. 7. 43092. 
221. 49. 18. 45072. 
235. 60. 24. 46386. 
129. 35. 12. 27581. 

8. 4. 0. 1201. 
-- - 

TOTAL 

97. 
231. 
448. 
879. 

1661. 
2603. 
4017. 
6794. 
9569. 

13611. 
18796. 
27793. 
35371. 
31864. 
27387. 
35270. 
43419. 
45360. 
46705. 
27757. 

1213. 
- 

FIRERATE>? LEAKRATE)\ 

0 .  10.31 
4.33 51 .95 
4.46 15 63 
1.14 20.48 
2.41 28.30 
3.46 29.20 
2.99 23 -65  
3.53 25.61 
3.34 23.30 
2.20 19.18 
2.98 19 -10  
2.55 16.98 
2.88 14.48 
2.82 13.18 
2.48 10.15 
1.73 8.56 
1.52 7.53 
1.48 6.35 
1.80 6.83 
1.69 6.34 
3 - 3 0  9 89 



TABLE A2 

M l CH l G A N  TRUCK F l RE DATA 1978 

*Per 1000 crashed v e h i c l e s .  

MICHIGAN TRUCK FIRE DATA 1979 

F i r e r a t e f t  Leakrate)k 

0 .  3.37 
12.35 37 -04  

0 .  22.56 
0 .  62.22 

5.26 26.32 
1.48 33 97 
2.82 47.98 
4.00 24.02 
2.12 27 -03  
4 . 7 1  23 -  17  
2.87 25.51 
4.41 25 29 
2.52 19 -58  
2.31 17.33 
2.12 17.22 
1.94 17.46 
2.03 14-73 
2.04 12.21 
2.17 9 73 
1.37 5 47 

Model Year 

1960. 
1961, 
1962. 
1963. 
1964. 
1965 
1966. 
1967. 
1968. 
1969 
1970 
1971 
1972, 
1973. 
1974. 
1975. 
1976. 
1977. 
1978. 
1979. 

)\Per 1000 c rashes  v e h i c l e s .  

Leaks F i r e s  Bo th  None T o t a l  

1 .  0 .  0. 296. 297. 
3.  1 .  0.  77.  81. 
3. 0 .  0. 130. 133. 

14. 0 .  0. 211. 225. 
8. 0 .  2. 370. 380. 

23. 1 .  0.  653. 677. 
50. 2.  I. l o l o .  1063. 
33.  3. 3. 1460. 1499. 
50. 3. I. 1833. 1887. 
57. 6 .  7 .  2692. 2762. 
69. 6 .  2. 2706. 2783. 
81. 10. 5. 3304. 3400. 
94. 6. 7. 5051. 5158. 

116. 12. 4. 6791. 6923. 
115. 8 .  7.  6956. 7086. 
114. l o .  3. 6573. 6700. 
147. 16. 5. 10153. 10321. 
156. 16. 12. 13571. 13755. 
94. 14. 9. 10468. 10585. 

4. 1 .  0 .  726. 731. 

Model Year 

1960. 
1961. 
1962. 
1963 
1964. 
1965. 
1966. 
1967 
1968. 
1969. 
1970 
1971 
1972. 
1973 
1974 
1975 
1976. 
1977. 
1978. 
1979 
1980. 

Leaks F i r e s  Bo th  None T o t a l  

1 1 .  0 .  2. 234. 247. 
3.  0 .  1 .  67. 7 1 .  
3. 0 .  0 .  88. 91.  
2. 0. 0 .  160. 162. 
7 .  1 .  0 .  300. 308. 

22. 1 .  0,  486. 509. 
27. 2. 1 .  819. 849. 
27. 2. 0 .  1124. 1153. 
3 5 -  2 -  2. 1435. 1474. 
58. 8. 0 .  2067. 2133. 
49. 5. 6. 2064. 2124. 
70. 7 .  2. 2765. 2844. 
76. 9. 7. 4240. 4332. 
80. 12. 8. 5640. 5740. 

102. 12. 3. 5956. 6073. 
96. 5. 6. 5471. 5578. 

128. l o .  8. 8530. 8676. 
135. 20. 9. 11446. 11610. 
119. 12. 10. 13185. 13326. 
62. 13 .  9. 9399. 9483. 

1. 0 .  0 .  163. 164. 

F i r e r a t e *  Leakra te f i  

8.10 9 - 6 3  
14.08 56 34 

0. 32-97  
0 .  12-35  

3.25 22 73 
1.96 43.22 
3.53 32 98 
1.73 23.42 
2.71 25.10 
3 - 7 5  27 -19  
5.18 25.89 
3.16 25 32 
3.69 19.16 
3.48 15.33 
2.47 17-29 
1.97 18.29 
2.07 15.68 
2.50 12.40 
1.65 9.68 
2.32 7.49 

0. 6.10 



TABLE A2 

M I  CH l G A N  TRUCK F l R E  DATA 1980 

*Per 1000 c rashed v e h i c l e s .  

F i re ra te>k  Leakratef i  

10.53 52.63 
0. 66.67 
0. 35.09 
0. 24.79 
0. 56.18 
0.  30 77  
0. 43  9 7 3  

3.86 24.45 
2.85 24.74 
2.53 22.15 
1.88 27.59 
3.57 19-87  
4.21 23-98 
3.73 19.88 
2.80 14.70 
1.73 15.08 
2.95 15-98 
1.89 14.78 
1.39 8.86 
1.94 7 - 9 3  

.64 6.73 
0 .  6.49 

Model Year 

1960. 
1961. 
1962. 
1963. 
1964. 
1965 
1966. 
1967. 
1968. 
1969 
1970 
1971 
1972. 
1973 
1974. 
1975 9 

1976 
1977. 
1978 
1979. 
1980. 
1981. 

Leaks F i r e s  Both None T o t a l  

9. 1 .  1 .  179. 190. 
2.  0 .  0 .  28. 30. 
2. 0 ,  0 .  55. 57. 
3.  0. 0. 118. 121. 

10.  0.  0 .  168. 178. 
10. 0. 0 .  315. 325. 
23. 0. 0. 503. 526. 
18. 2. 1 .  756. 777. 
25. 2. 1 .  1023. 1051. 
35. 4. 0. 1541. 1580. 
44. 3. 0. 1548. 1595. 
38. 6. 1 .  1918. 1963. 
71.  10. 3. 3002. 3086. 
74. 9. 6. 3935. 4024. 
61. 10. 2. 4212. 4285. 
59-  5. 2. 3979. 4045. 
99. 15. 4. 6327. 6445. 

118. 9. 7. 8326. 8460. 
78. 8. 5. 9276. 9367. 
81. 16. 5. 10744. 10846. 
20. 1.  1. 3098. 3120. 

1 .  0 .  0. 153. 154. 



TABLE A 3  

ILLINOIS CAR FIRES DATA 1975 

*Per 1000 c rashed v e h i c l e s .  

ILLINOIS C A R  FIRES DATA 1976 

MODEL Y E A R  

1960. 
1961. 
1962. 
1963- 
1964. 
1965 
1966. 
1967 
1968. 
1969 
1970 
1971 
1972. 
1973- 
1974 
1975. 
1976 

*Per 1000 crashed v e h i c l e s .  

F IRES NONF IRES MISSING 

3 581, 326. 
2. 948. 376. 

1 1 .  2563- 1181.  
23 445 1 . 2138. 
24. 7248. 3679- 
43. 12905. 6652. 
50. 16387. 8881. 
68. 19669. 11309. 
81.  25821. 15100. 
76. 29522. 1740 1 . 
68. 30896. 1788 1 . 
91 . 32843. 19124. 

100. 39274. 243 19. 
114. 45171. 2842 1 . 
91. 41093. 26451 . 
5 7 *  23045. 14699. 
5 1481. 898. 

MODEL Y E A R  

1960. 
1961. 
1962. 
1963 . 
1964. 
1965 
1966. 
1967. 
1968. 
1969 
1970 
1971 
1972- 
1973 
1974- 
1975 
1976 
1977. 

TOTAL 

910. 
1326. 
3755. 
6612. 

10951- 
19600. 
25318. 
31046. 
41002. 
46999. 
48845. 
52058. 
63693. 
73706. 
67635. 
37801. 

2384. 

F I R E S  NONFIRES MISSING 

3 427. 183. 
4. 692. 263. 
6. 1947 750. 

13  3428. 1253. 
24. 5889 . 2292. 
3 3 -  10551- 4265. 
47 .  14236. 5822. 
7 3 .  18400. 8057. 
92. 24775. 10918. 

125. 29946. 13437. 
116. 31551. 13864. 
115. 34487. 15204. 
140. 41920. 19298. 
131. 47256. 21894. 
116. 43050. 201 19. 
110. 36016. 17566. 
89 -  32509. 15451 . 

4. 1867. 793. 

FlRE RATEY; 

3 29 
1.50 
2.93 
3.48 
2.19 
2.19 
1 -97  
2.19 
1.97 
1.62 
1.39 
1 - 7 5  
1 - 5 7  
1 *55 
1.34 
1.51 
2 .09 

TOTAL 

613. 
960. 

2703. 
4694. 
8205. 

14849. 
20105. 
26530. 
35785. 
43508. 
4553 1 . 
49806. 
61358. 
69281. 
63285. 
53692. 
48049. 

2664. 

FlRE RATE* 

4.89 
4.17 

.2.22 
2.77 
2.92 
2.22 
2.33 
2.75 
2.57 
2.87 
2 - 5 5  
2.31 
2.28 
1.89 
1.83 
2.06 
1.85 
1.50 



TABLE A 3  

ILLINOIS C A R  FIRES DATA 1977 

*Per 1000 crashed v e h i c l e s .  

l LLlNOl S C A R  F IRES DATA 1978 

MODEL YEAR 

1960. 
1961. 
1962. 
1963. 
1964. 
1965. 
1966. 
1967. 
1968. 
1969. 
1970 
1971 
1972. 
1973. 
1974. 
1975 
1976 
1977. 
1978 

*Per 1000 crashed v e h i c l e s .  

'05 

FIRES NONFIRES MISSING 

1 .  373. 80. 
1 .  523. 126. 
5 1508. 354. 
6. 2774 653. 

1 1 .  4894. 1181. 
23. 9031 2139. 
38. 12848. 2976. 
43. 17417. 4185. 
58. 24840. 6236. 
96. 31154.  8120. 
67. 35918. 8909. 
90. 40166. 9749- 

110. 50498. 12493. 
144. 57118. 14423. 
104. 51392. 12863. 
90. 42959. 1 1040. 

103. 56615. 14495. 
72. 46006. 1 1002. 

1 .  2372 507. 

MODEL Y E A R  

1960. 
1961. 
1962. 
1963 
1964. 
1965 
1966. 
1967 
1968. 
1969 
1970. 
1971 
1972. 
1973-  
1974. 
1975. 
1976. 
1977. 
1978. 
1979. 

TOTAL 

454. 
650. 

1867. 
3433. 
6086. 

11193. 
15862. 
21645. 
31134. 
39370. 
44894. 
50005. 
63101. 
71685. 
64359. 
54089. 
71213. 
57080. 

2880. 

FIRES NONFIRES MISSING 

.O 251. 52 
2. 349 91 
2. 996 220. 
2. 1964. 380. 

1 7 .  3365 701. 
15. 6129. 1375. 
24. 9121. 1939. 
33.  13086. 2811. 
40. 19081. 4303. 
64. 25446. 5859. 
60. 30875. 7100. 
83.  36216. 8255. 
95. 47818. 10708. 

122. 54732. 12435. 
114. 49590. 11006. 
83. 40742. 9784. 

104. 54679. 12303. 
119. 63823. 14657. 
83. 45701. 10530. 

4. 2357 560. 

FlRE RATE* 

1 . 1 0  
1.54 
2.68 
1.75 
1 . 8 1  
2.05 
2 0 39 
2.03 
1.86 
2.46 
1.51 
1.80 
1.74 
2.01 
1 - 6 1  
1.66 
1.44 
1.26 

35 

TOTAL 

303 
442. 

1218. 
2346. 
4083. 
7519. 

11084. 
15930. 
23424. 
31369. 
38035. 
44554. 
5862 1 . 
67289. 
60710. 
50609. 
67086. 
78599. 
56314. 

2921. 

FlRE RATE* 

0.00 
4.51 
1.64 

-85  
4.16 
1.99 
2.16 
2.07 
1 . 7 1  
2.04 
1.60 
1.86 
1.62 
1.81 
1.89 
1.64 
1.55 
1.51 
1.49 
1.37 





TABLE A 3  

ILLINOIS C A R  FIRES DATA 1979 

*Per 1000 c rashed v e h i c l e s .  

ILLINOIS C A R  FIRES DATA 1980 

MODEL Y E A R  

1960. 
1961. 
1962. 
1963 
1964. 
1965 
1966. 
1967. 
1968. 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976. 
1977 
1978 
1979 
1980. 

*Per 1000 crashed v e h i c l e s .  

106 

FlRES NONF IRES MI SSlNG 

$ 0  191. 49 
.o 269. 5 3 
3. 653 139 
.O 1308, 269. 
4. 2204. 421, 
9 4047. 809. 
7 6145. 1170, 

13. 8755 1690. 
29 131599 2511. 
44. 18236. 3710. 
55. 23822. 4971.  
67. 29497. 5925. 
79. 41554. 8435. 

l oo .  48528. 10141. 
88, 44663. 9185. 
73. 37424. 7785. 
99. 50626. 10178. 

102. 58874. 12083. 
107. 64091. 12900. 
81. 40014. 8035. 

4. 2013. 351. 

FlRE RATE* 

0 .OO 
0.00 
1.86 
3.05 
5.28 
2.39 
3.23 
1.78 
1.19 
2.41 
2.74 
2.43 
1.70 
1.92 
1.72 
1.54 
1.49 
1.97 
1.67 
1.42 
1.85 
1.68 

TOTAL 

240. 
322. 
795 

1577-  
2629. 
4865. 
7322. 

10458. 
15699. 
21990. 
28848. 
35489. 
50068. 
58769. 
53936. 
45282. 
60903. 
71059. 
77098. 
48130. 

2368. 

TOTAL 

186. 
201. 
539. 
981. 

1703 * 
2920. 
4332 
6170. 
9223. 

12871. 
17872. 
22992. 
33465. 
41178. 
38974. 
33120. 
44139. 
51205. 
556830 
57708. 
30704. 

1190. 

MODEL Y E A R  

1960. 
1961. 
1962. 
1963 
1964. 
1965 
1966. 
1967. 
1968. 
1969. 
1970- 
1971 
1972 
1973 
1974 
1975. 
1976. 
1977 
1978 
1979. 
1980. 
1981. 

FlRE RATEfc 

0 .OO 
0.00 
3 76 
0.00 
1 .52  
1.85 

96 
1.24 
1.85 
2 .OO 
1 .go 
1.89 
1.58 
1.70 
1.63 
1.61 
1.62 
1.45 
1.40 
1.68 
1.69 

FIRES NONFlRES MISSING 

.O 148. 38 

.o 169. ' 32 
1 .  440. 98. 
3 816. 162. 
9 1442. 252. 
7 2463. 450. 

14. 3691. 627. 
1 1 .  5232. 927 
1 1 .  7761 . 1451. 
31  * 10759 2081. 
49. 14934. 2889. 
56. 19150. 3786. 
57. 27800. 5608. 
79. 34194. 6905. 
6 7 -  32367. 6540. 
51. 27680. 5389. 
66. 36952. 7121. 

101. 42732. 8372. 
93. 46681. 8909. 
81. 48265. 9362. 
57. 25750. 4897. 

2 .  986. 202. 



TABLE A4 

ILLINOIS TRUCK FlRE DATA 1975 

*Per 1000 crashed v e h i c l e s .  

l LL l NO I S  TRUCK F I R E  DATA 1976 

F l R E  RATEA 

0 .OO 
0.00 
3.66 
5.24 
9 - 2 9  
1.31 
2.20 
3 33 

74 
3.66 
1.80 
1.08 
1.43 
2.7 1 
2.28 
1.88 
0.00 

)kPer 1000 crashed v e h i c l e s .  

107 

TOTAL 

185. 
148. 
273 
382. 
538 
764. 
911. 

1200. 
1346. 
1640. 
1671. 
1859- 
2796. 
3691 
4389. 
2654. 

189. 

MODEL Y E A R  

1960. 
196.0 
1962. 
1963- 
1964. 
1965 
1966. 
1967 
1968. 
1969 
1970 
1971 
1972 
1973. 
1974 
1975 * 
1976 

MODEL Y E A R  

1960. 
1961. 
1962. 
1962. 
1964. 
1965 
1966. 
1967 
1968. 
1969 
1970 
1971 
1972 
1973. 
1974 
1975 
1976- 
1977 

FIRES NONFIRES M I S S I N G  

.O 140. 45 
1 ,  111. 37 
1 .  200. 72 
2. 294. 86. 
5 407. 126. 
1.  578 185. 
2. 694. 215. 
4 .  903 293 
1 .  993 352. 
6 .  1222. 412. 
3 1245. 423. 
2. 1384. 473. 
4. 209 1. 701. 

10. 2731 950- 
10. 3238 1141. 
5 2009. 640. 
.o 139 50 

FIRES NONFIRES MISSING 

.O 104. 33 

.O 97 * 21. 

.o 141. 51 • 

.O 227. 63 
4. 393 121. 
3 597 167. 
3 7 19 192. 
I. 8 12. 272. 
2. 957. 290. 
7 1271. 361. 
2. 1331 351. 
9 1399 9 360. 

14. 21 18. 655- 
1 3 -  2860. 845. 
10. 3293 948. 
8. 2868. 866. 
3. 2995 786. 
1 .  181. 50 

TOTAL 

1 3 7 -  
118. 
192. 
289. 
518. 
767 
914. 

1085. 
1249. 
1639. 
1684. 
1768. 
27879 
3718. 
4251. 
3742. 
3784. 

232. 

F l R E  RATE* 

0.00 
O,OO 
0.00 
0.00 
7 - 7 2  
3 - 9 1  
3.28 

* 92 
1.60 
4.27 
1.19 
5.09 
5.02 
3.50 
2 35 
2.14 

79 
4.31 



TABLE A4 

ILLINOIS TRUCK FIRE DATA 1977 - 

*Per 1000 c rashed v e h i c l e s .  

l LL l NO l S TRUCK F l RE DATA 1978 

MODEL Y E A R  

1960. 
1961. 
1962. 
1963. 
1964. 
1965 
1966. 
1967. 
1968. 
1969. 
1970. 
1971. 
1972 * 
1973. 
1974- 
1975. 
1976. 
1977 
1978. 

*Per 1000 c rashed v e h i c l e s .  

108 

FIRES NONFIRES MISSING 

2. 103. 1 9 -  
1 .  105. 17.  
3 150. 26. 
1 ,  257 57 
.O 430. 90 
.O 530 110. 
2. 766. 140. 
1 .  892. 184 .  
.O 1 1  13.  214. 
4.  1427. 263. 
5 1455 294. 
3 1602. 303. 
9 2428. 471. 

10. 3286. 641-  
10. 3707 751. 

7 3317 657- 
4.  5181. 961. 

17-  . 4157 708. 
.O 234. 52 

MODEL Y E A R  

1960. 
1961. 
1962. 
1963 
1964. 
1965 
1966. 
1967. 
1968. 
1969. 
1970 
1971. 
1972 
1973. 
1974. 
1975 
1976 
1977. 
1978 
1979. 

TOTAL 

124. 
123. 
179 
315. 
520. 
640. 
908. 

1077 
1327 
1694. 
1754. 
1908. 
2908. 
3937-  
4468. 
3981 
6146. 
4882. 

286. 

TOTAL 

78 
76 

134. 
242. 
424. 
603. 
787 
991. 

1184. 
1583. 
1594. 
1726. 
2592, 
3598. 
4118. 
3763. 
5746. 
6866. 
5068. 

342. 

FIRES NONFIRES MISSING 

.o 65 1 3 .  
1 .  68. 7 
1 .  114. 19 -  
.O 200. 42. 
1 .  351 72 
3 505 95 
3 669. 115. 
1 .  844. 146. 
4. 1006. 1 7 4 .  
3.  1338 242. 
3 1375 216. 
5 1469. 252. 
8. 2175. 409. 

1 1 .  305 1 5369 
19. 3510. 589. 
1 1 .  3204. 548. 
7 4931 . 808. 

14. 5893 959. 
1 7 .  4295. 756. 

.O 286. 56 

FlRE RATE* 

16.13 
8.13 

16.76 
3.17 
0 - 0 0  
0.00 
2.20 

-93  
0 .OO 
2.36 
2 -85  
1.57 
3 - 0 9  
2.54 
2.24 
1.76 

* 65 
3.48 
0.00 

FlRE RATEn 

o .oo 
13.16 
7 .46  
0 .OO 
2.36 
4.98 
3.81 
1.01 
3.38 
1 .90 
1.88 
2.90 
3.09 
3.06 
4.6 1 
2 .92 
1.22 
2.04 
3.35 
0 .OO 



TABLE A 4  

ILLINOIS TRUCK FlRE DATA 1979 

*Per 1000 c rashed v e h i c l e s .  

ILLINOIS TRUCK F l R E  DATA 1980 

MODEL Y E A R  

1960. 
1961. 
1962. 
1963 
1964, 
1965 
1966. 
1967 
1968. 
1969 
1970 
1971 
1972. 
1973 
1974 * 
1975 * 
1976 9 

1977. 
1978 
1979 
1980. 

*Per 1000 crashes v e h i c l e s .  

109 

FIRES NONFIRES MISSING 

.O 60. 16. 

.O 46. 13 

.O 92 16. 

.O 1 7 7 -  37 9 

.O 293 39 
1 .  395 73 
2. 573 98 
3 768. 144. 
2. 855. 128. 
4.  1135. 207. 
3 1183. 208. 
2. 1335- 224. 
5 2084. 363. 
9. 2765 442. 

1 1 .  3293 538. 
8. 3030 444. 

12. 4524. 736-  
13. 5387. 823. 
9 6281 . 943-  

15- 4546. 696-  
.O 104. 16. 

MODEL Y E A R  

1960. 
1961. 
1962. 
1963- 
1964. 
1965 0 

1966. 
1967. 
1968. 
1969 
1970 
1971. 
19729 
1973 
1974 
1975. 
1976. 
1977 
1978 
1979. 
1980. 
1981. 

TOTAL 

7 6 -  
59 

108. 
214. 
332-  
469. 
673 
915. 
985 

1346. 
1394. 
1561. 
2452. 
3216. 
3842. 
3482. 
5272. 
6223. 
7233. 
5257. 

120. 

FIRES NONF IRES MISSING 

I. 41. 6. 
$ 0  41. 6. 
.O 72 . 9. 
.O 123. 12. 
.O 213. 21. 
1 .  281. 37 
.O 390 61. 
1 .  506. 86. 
1 .  618. 92 
1 .  826. 125. 
4. 844. 144. 
6. 903 106. 
7 1420. 207. 
7 1916. 254. 
2. 2190. 309. 
4.  1959. 286. 
6. 3062. 431 
8. 3557 488. 

12. 4306. 546. 
11. 5432 708. 

3 1877. 2-53. 
I. 45 7 

TOTAL 

48. 
47 • 

81. 
135-  
234. 
319-  
451. 
593 
711. 
952. 
992 

1015, 
1634. 
2177. 
2501, 
2249. 
3499. 
4053. 
4864. 
6151. 
2133. 

53 

FlRE RATEfi 

0 .OO 
0 .00 
0.00 
0 .OO 
0.00 
2.13 
2.97 
3.28 
2 - 0 3  
2.97 
2.15 
1.28 
2.04 
2.80 
2.86 
2.30 
2.28 
2.09 
1.24 
2.85 
0.00 

FlRE RATEYc 

20.83 
0.00 
0 -00  
0.00 
0.00 
3 - 1 3  
0.00 
1.69 
1.41 
1.05 
4.03 
5 - 9 1  
4.28 
3.22 

.80 
1.78 
1.71 
1 * 97  
2.47 
1.79 
1.41 

18.87 





APPEND1 X B 

ACCIDENT REPORT FORMS 

T h i s  appendix c o n t a i n s  cop ies  o f  t h e  p o l i c e  a c c i d e n t  r e p o r t i n g  fo rm 

used i n  Mich igan.  A l so  i n c l u d e d  i s  t h e  back page o f  t h e  a c c i d e n t  forms 

b o o k l e t .  T h i s  page i n c l u d e s  t h e  d e s c r i p t i o n  o f  t h e  M ich igan  a c c i d e n t  

s e v e r i t y  v a r i a b l e  used i n  t h e  a n a l y s i s .  

Two forms f rom I l l i n o i s  a r e  i nc luded - - the  d r i v e r  r e p o r t  fo rm and 

t h e  p o l i c e  a c c i d e n t  r e p o r t  form. Note t h a t  t h e  f i r e  v a r i a b l e  i s  on t h e  

second page o f  these.  
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RESTRAINT USE BY OCCUPANT POSITION 

Rmmnts bv 
o e w n n t  ms. 

EXAMPLE: 

The numbers 1 througk 6 idrmifv o c a r M  positions. 

Whrn an oto~oant is unbolted on tM la0 of motha, that 
o c m a r  wution rmnlnt mde wid. bo "Bdt Not 
Uud" (c). 
Do not code ramaint infofrrution f a .  oearounr in b u *  
motorcvchs. mowmobikr. r t c  

Whrn oeacplnt position is unknown, wr iudgmrm o to 
vuhem rrmrint infarmtion should be coded. 

Indicate total ocarpurta f a  udr which. 

RESTRAINT CODES 
b t w  the apwopriaw ALPHA mde in the omrmnt. 
posirlon box. 

A No klt(s) anihblm. 
B. Belt(sl urrd. 
C Bclt(sl not u d .  
0. Air bag aa~v~ated. 
E Air bag not anivlnd. 
F. Rartralnt frtlure (bag, belt or child rmnint deviu). 
G. bknown. 

C U S S  OF CARGO 

1. Qmmcial  - M mgo. 
2, CornmardJ - flamnubk or exglosi*. - no argo. 
3. Commrraal - flammable or exolosiw - w i I h a r g a  
4. Commrd~l - g a e r i l  fmm - nondulk. 
5 Commcirl - -1 fnlgh - bulk. 
6 Nan.r~rnmefdai - lpriveo w, id., ompn. 

motor homrc, m i w l h e o u  rn ida  ud wnW.1 

Oln the anp and d d k  in the ~ w p i a o  box. 

HAZARDOUS ACTION CODE 
Enter the hazardous action code nwnbu f a  all d r im,  
pcdmlmr .+ i~d im If y y  of them units, 0 not hm a 
Muraour anion enm a & "0". 

0 No knrdous aaion. 
1 Smd too fan. 
2 w e d  COO slow. 
3 Faded to vield right-of-, d i~ lg l f d  of W f i c  mnU01. 
4. Orowwrong way. 
5 Orate left of onm, i m m w  ovwlirking md puiw 

lmpIoPW lane usage. 
6 lmvropn turn;improw or no scgul. 
7 ImpOOw backing. unsfe mn. 
8 Folbwing too cfonly, unable to stop within rrrund dew 

ulmna ahead. failed to uu dur cm a d  wrion. 
9 o m r  w not know. 

VEHICLE MAKES AND TYPES 

PASSENGER CARS 

m*lcE 
06 Arrmton Morns 
01 Bu~k 
a2 Wlllw 
03 a l m u t  
O* m l a  
0s mopr 
Q Ford 
07 Imglrmi 
@a- 
00 b w n  

M h l  

10 *uv 
11 OUPnobll. 
12 Plvmauth 
13 Pent- 
14 Volk- 
15 GMC 
16 Inrrrmtlorrrc 
17 Notawgmd 
18 Othn toreqn 
19 omn domsr 

TRUCKS 
HIMA Y s  

X)Ouwowr nMcr 
ll Dmmond r 28 P m v b i l c  
PDOOP. a R l o  
23 M I  X) Wk~m 
24 Fad 31 JIIo 
n GMC tmu 38 not mgmd 
26 IIW~U~IOIW 39 O t k a  truck 

SPECIAL VEHICLES 
M I K E  - * 
60 MQtorevdr 47 hlra E a u ~ ~ m m  
41 ScMOl BUS 4 hommc~lr 
42 CnmmMl Bur 49 O c h  or Nxn Knom 
U Fnm Eounvnm 54 Otf.Roa Rouatm~ml Vlkm 
u Rand Connrua~on &ul~mrm I 1  Go On 
45 Fire QUI- UMeDId 
4 e P m O u M . n - m  

WE% WCC 
0 Rar*prmundrl,SWlbr. 6 Wkw, pm(,orun 
1 Rampr a 1,500 Ibr to 2.499 Ibr. 7 Smkr truck. dumo. $18 
2 Fwamga w 2.500 Ib& to 3,500 la. un, flat Md, mom he 
3 hfnquar.mae~knJ.5QOIk (11 

4 Cun~Il 8 Truck maa (wmrl 
5 J m  W W  9 0 t h ~  a Hat Knorm 

TRAILERS a- 

CaOE OF INJURY 

K-FATAL INJURY-& iniwy which mults in dletk. 

A-INCAPACITATING INJURY-Any i n j w  other than 
f a d  which p ~ n t s  nomu( aeriwtia ad.grnnally 
requinr hownsli~tion. 

8-NON-(NCAPACITATING INJURY- A y  injury not 
inQplotatrm but avidmt to OttNIS S t!m sane. 

C-POSSIBLE INJURY-No visiblain/ury but COmpiJim of 
pain or mommtvy UncOmoourrmt 



VEHICLE SEVERITY 7 - 
&il f i lO.  

Select the degree - I 

of severity. 
1 be~ng least 
w e n  and 7 2 - 
most svere, for 
each vehicle. 
If a vehicle 
sustain& no 
damaga a "0" (zero) 
ratlng is used. 3-  

\- .. --* 

BICYCLISTS - PEDESRIANS - WITNESSES 
6-BICYCLIST-Lin nrm urd a d d r ~ ~  of kcydist in th. 

r ~ ~ c r  nornally uad for placlrr Fa exmvle: 

b.rao.,Lpruir*.JIich (fqzl TI 
- -- - 

DO NOT any biNdin.l nan tn am u d  for dflvw. 

P-PEDESTRIAN-Cin rum and ddrr of #dmmn in 
thr s p m  nwmdly urd fw pro*wlrr Fw 8xunpk: 

SEATING POSITIONS 
A. 1 through 8idmrifimwhrrapurnpmsnsitting. 
0. Positron 7 to br urd for -of momnyd& 

bicvda. wwmobila, and burs. 
C Ur 8 for u n k m  W o r n  
D . W h a p a n l r c ~ ~ n g o n I r o r . u r ~ l m , n u m b u .  
E lndiam ma1 w e u v  for uch vrhich. 

Pm Aam 

&IU Do.. LOIMU. XW. P 2 2 P B  
V 

DO NOT carry pdarmur's name in uu uad f& dfim. 

W-WITNESSES-Listnur* and addmuof wibrrr in* 
ma normrlly uud for Fw umpk 

h 

DRINKING CONDITION 
HBD-Had bmn drinking. 
HN-Had nor b m  drinking. 
TEST-When chamid rest is taken rewrd thr results !n tha 

rest spa. 

POI A a  

~ o k n  DO* LM*~.  MM 

1 For EACH Drim, Padmian, and Bicyclist / 
1. lndiam YOUR CONSIDERED OPINION u to the 

drinking wnditiom 

S a  

2 IF TEnED (breath, b W ,  urinr, auto~~yl ~ndicate the 

I* 

- 
S a  

w a s x -  

resub @ 0 @ 

3. IF NOT TESTED or remla of  MU lehmnial-autow) 

Inl 

HI mt known. yw MU= i n d i m  u follows 

QImnial T a ,  Aumprv. 
No Taf  No R w l e  No Rtrula 

PARKED CARS 

DO NOT pur w ' s  rum in the driwr's position, Indian 
omw's m a d  ad& in the LOCAL USE i i ~ .  Vehide 
idmif lat ion shall br mid in in uaual mlaon. 

1. Compbm tt!e acFidm diaqam on the rmdmt  repon wm 
though a m e  mild addit~onal diagram is comolotad. 

2 Uu of the mndud a- nmp lm is  enmuraged for 
un i fmiw,  and indudr all traffic control dwtear 

DESCRIPTION 

1. R m d  in narrative form the inmticpttng offiar'c d n o i p  
tion of  thr Kcidmr. 

2 R.axd rh. rxpbnrtian of the reporred vision obrmtction. 
Mid* drfm and d r i w  r-xam. 

I Rrrnd all unusual wnditian and ciravnnanms, excessive 
rprd, drag racing, hood flying up, rte, which may haw 
mntribuad to the aur of the aeubm 

4. Tkr otflar's mmidmd opinions should k given if fa& 
are net obtainable. 

IMPACT CODE 
ldntlfvtm*rot 
~ b v ~ w t m  
of tm FIRST IMPACT 

CDOEO-  b d m  
(*UYM a IO I IQU  
Im0rt.wnKn n * n c  
amvnrq on 116, w. 
Q W V  OVW. 1 6 

CODES - U d  far dl emu a a ~ d t m  - For Earnola:  All "Otkr 
NOnQllluon *codnm" Ncnrtw damq# wmd bv HklUn 
mrm~nnq m a undr lar u-. or urduur~ jqe  d a m  

WOES- Uldforal l  unknown- For E ~ 4 h :  A hltdndan 
UM* tauq WM MQ I- IS unborm. 
rn cnmn r m m  ~w.rm. tne H n l d r  .n m a r  m a d  mcu 
numng-m mm from 11 l am r r r  851. 
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