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This i s  a f ina l  regort de ta i l  ins the  findings and r e s u l t s  froin 

e f f o r t s  on  a prcject  en t i t l ed   valuation of the Effectiveness of 

Federal :Act0 r '!chic1 e Safety Standard 301--Fuel System I ntecjri ty , 
Passenljer Cars." I ljroject was sponsored by the  'iational Ilighway 

Traff ic  Safety Adc; n i s t r a t ion  (Contract !lo: DOT-PS-7-01755). 

The project f i r s t  d e t e r ~ i n e d  the  ava i l ab i l i ty  and app l i cab i l i ty  of 

data from several sources. Police accident data and f i r e  department 

data were considercd. A suinmary of the data available and applicable by 

each s t a t e  i s  presented j n  the  report as Table 4.1. 

Passenser car f i r c s  follosiing a crash are rare.  /{owever, when they 

do occur, they subs tan t i a l ly  increase the r isk t o  the occupants a n d  the 

anount of darliage, I n  order t o  evaluate the  FYVSS 301 standard, post- 

crash f i r e  ra tes  by ~ o d c l  year--2nd hence by version of the standard-- 

liere estimated anci ccinpared. I n  order t o  d o  t h i s ,  data s e t s  rnust 

arovide a ri1inimur;i amount of inforination: the  presence or absence of 

f i r e  in crash a n d  the  model year  of the vehicle f c r  accident da ta ;  the  

occurrence o r  non-occurrence o f  a crash and the  model year  of the  

vehicle f o r  f i r e  departn:ent data. I n  addit ion,  in order f o r  comparisons 

t o  be meaningful, a l a r ~ e  number of f i r e  crashes must be anticipated in 

each data se t .  This l a s t  consideration res t r i c t ed  a t tent ion  t o  s t a t e -  

wide f i l e s ,  while the  f c m e r  r e s t r i c t ed  a t tent i2n  t o  those which 

contained the  required data el enents. 

I n  the report ,  dzta from the s t a t e s  of I l l i n o i s ,  Washington, 

F.!i s sour i ,  i,latyl and, Idaho, Chio, C k l  ahorza, Oregon, X i  chisan, and iie\d 

York are considered. I n  addit ion,  d a t a  fron a special study in 

California are  u t i l i zed  a n d  preliminary data from the  YCSS are  

mentioned. 

Cne major finding was tha t  none cf the exis t in?  data sources i s  

adequate to de f in i t ive ly  evaluate a l l  of the  e f f e c t s  of F?*!VSS 30i .  Ir 

part t h i s  i s  a consequence of the  type of data and the  f a c t  t h a t  

information on crash f i r e s  i s  only available f o r  a t  most a f e ~  years ,  

\ ;nile the original  standzrd went into e f fec t  ir; 1968. However, aside 

from the k n ~ w n  l imi t s  of the da ta ,  the  quali ty pias found t o  be qu i t e  



~ G W .  A1 1 data sources had c i s s i n s  data r a t e s  on the  key data elements 

which were much higher t h a n  the  estimated r a t e  of crash f i r e s .  For 

example, the  variable t o  indica te  whether a  f i r e  occurred in a  crash 

might shcw t h a t  no f i r e  occurred in 70.0% of the  crashes,  t h a t  a f i r e  

did occur in 0.4% of the  crashes,  and be missing f o r  the  remaining 29.6% 

of the crashes. I n  F i re  department da ta ,  model year  was often riiissing 

f o r  20-30% of the  car f i r e s .  Generally, the  assumption has been made 

t h a t  the  missing data are  unbiased--that they contain the  same 

d i s t r ibu t ions  cf f i r e s  and non-fires t h a t  the  other  data do. This i s  

probably not t r u e ,  b u t  there  does not seem t o  be much a l t e rna t ive .  

,\ second major f inding i s  tha t  crash f i r e s  a r e  rare.  The d i f fe ren t  

data sources d isasree  on the  proportion of crashes which r e s u l t  in 

f i r e s .  In addit ion,  the  a ~ o u n t  of inissing dzta makes any such estimate 

cncertain. The level varies  from about 5 f i r e s  per thousand crashes ( i n  

the  I l l i n o i s  da ta )  t o  a b o u t  3.3 f i r e s  per thousand crashes ( i n  

A'ashington and ileli York data) .  The most defensible f igure  i s  about 3  

f i r e s  per thousand towaway crashes froin the  prel iminary data from the  

I,iCSS. A frequency of from one t o  two f i r e s  per thousand police reported 

crashes seems a reasonable estimate, a1 t h o u g h ,  a s  mentioned, the  missing 

datamake t h i s  uncertain. Estimated f i r e  r a t e s  by v e r s i o n o f  the 

standard and  data source are  presented in Table 3.1, 

A t h i rd  na jor  finding i s  t h a t  the  crash f i r e  r a t e s  are  lower in the  

more recent models. This e f fec t  i s  apparent cons is tent ly  in a l l  of the 

daca se t s .  However, in some of the  smaller data s e t s ,  the  r a t e s  a re  n o t  

s ign i f i can t ly  d i f fe ren t  from a  constant r a t e  f o r  each mode? year  of car. 

i t  i s  no t  possible t o  ascribe these lower crash f i r e  r a t e s  in newer 

inodels d i rec t ly  t o  the  vore s t r ingent  versions of FHVSS 301, o r  even t o  
any version of FrlVSS 301, The data generally show crash f i r e  r a t e s  

which increase r e l a t i v e l y  smoothly with the age of the car .  Thus, the  

lower f i r e  ra tes  could be due t o  a gradual de te r io ra t ion  of the  car  b,ith 

age. I t  i s  possible t h a t  the  lobier r a t e s  f o r  newer models cculd be due 

to  yearly improvements i n  the  fuel system in response t c  the  ear ly  

version of F l l V S S  3C1 o r  in ant ic ipa t ion  of the rnore s t r i n s e n t  versions 

of FiliVSS 301 l a t e r .  The data a r e  not adequate t o  d is t inguish  between 

these a l te rnat ives .  Houever, the  police data do estimate s i ~ n i f i c a n t  



r e d u c t i c n s  i 7  passenge r  c a r  ~ o s t - c r a s h  f i r e  r s t e s  w t i i ch  c o i n c i d e d  , v i t h  

t k e  v e r s i o n s  o f  t h e  s t a n d a r d .  !I c o n b i n e d  e s t i s a t e  f r o m  t h e  d a t a  

i n d i c a t e s  a 167; r e d u c t i c n  c o i n c i d e n t  141i'th t h e  196E v e r s i o n  o f  Fi4VSS 301, 

>, f u r t h e r  r c d i c t i : c n  o f  14;; was e s t i m a t e d  f o r  t h e  r e v i s e d  s t a n d a r d  

( 1976 ) .  ( ; lo  d i f f e r e n c e  be t l reen  t h e  1976 and 1977 v e r s i o n s  was 

d i s c e r n a b l e . )  O v e r a l l  t h e r e  \!as a  257: r e d u c t i o n  i n  passenge r  c a r  c r a s h  

f i r e  r a t e s  f r o m  p r c -1968  mode ls  t o  p o s t - 1 9 7 5  models.  

O n l y  one s o u r c e  o f  f u e l  l e a k a s e  d a t a  was f o u n d  t o  be  adeqt ia te .  

T h i s  was f r o m  i i i c h i g a n  p o l i c e  a c c i d e n t  d a t a  f o r  1978. These d a t a  

e s t i m a t e d  a  47% r e d u c t i o n  i n  l e a k a g e  r a t e s  c o i n c i d e n t  \ r i t h  t h e  1968  

v e r s i o n  o f  F:!VL;S 301, a  f u r t h e r  502 r e d u c t i o n  c o i n c i d e n t  w i t h  1376 

n iodels ,  and an o v e r a l l  r e d u c t i c n  o f  74% f r o m  p re -1968  models  t o  

pos t - 1975  n o d e l  s. Hor ievcr ,  t h e r e  :/as sonle e v i d e n c e  t h a t  t h i s  i;;aj, have  

been n:ore a s s o c i a t e d  u i t h  t h e  age o f  t h e  v e h i c l e  t h a n  w i t h  t h e  s t anda rd .  

i jo adequa te  d a t a  we re  found  t o  t r y  t o  e s t i m a t e  t h e  r e d u c t i o n  i n  

n o n - f a t a l  i n j u r i e s .  T i le  FAR5 d a t a  \ ,e re  combined w i t h  a c c i d e n t  d a t a  frori i  

s e v e r a l  s t a t e s  i n  an a t t e m p t  t o  e s t i n s t e  t h e  e f f e c t  o n  t h e  f a t a l i t i e s  i n  

a c c i d e n t s  w i t h  f i r e .  The n u ~ b e r  o f  f i r e - a s s o c i a t e d  f a t a l  i t i e s  p r o v e d  t o  

be t o o  l o \ /  t o  o b t a i n  r e l i a b l e  e s t i n a t e s  o f  t h e  p o s s i b l e  e f f e c t s  o f  F l lVSS 

301  on  f a t a l i t i e s .  One w o u l d  need c r a s h  d a t a  by model y e a r s  f r o m  

e s s e n t i a l l y  a l l  t h e  s t a t e s  t o  comb ine  w i t h  t h e  FARS d a t a  t o  e s t i i x a t e  an 

e f f e c t  on  f a t a l i t i e s .  Even i f  t h a t  c c u l d  be o b t a i n e d ,  t h e  e f f e c t s  

o b s e r v e d  c o u l a  be caused  i n  p a r t  by  o t h e r  f a c t o r s .  I n  a d d i t i o n ,  many o f  

t h e  f a t a l i t i e s  i n  c r a s h e s  w i t h  f i r e  Ray n o t  b e  r e l a t e d  t o  t h e  f i r e .  To 

d e t e r m i n e  t h e  nunbe r  o f  f i r e - c a u s e d  f a t a l  i t i e s  w o u l d  r e q u i r e  an a u t o p s y  

i n v e s t i g a t i o n  o f  a1 l t h e  f a t a l i  t i e s  i n  c r a s h e s  w i t h  f i r e s .  

P o l i c e  a c c i d e n t  d a t a  p r o v e d  t o  be q u i t e  i n c o n s i s t e n t  i n  t h e  

v a r i a b l e s  r e p o r t e d .  I n  a d d i t i o n ,  t h e  p r a c t i c a l  d e f i n i t i o n  o f  a  c r a s h  

f i r e  d i f f e r e d  among t h e  s t a t e s ,  as d i d  t h e  c r i t e r i a  f o r  a r e p o r t a b l e  

passenge r  c a r  c r a s h .  F u t u r e  e f f o r ~  t o  o b t a i n  c o n s i s t e n t  r e p o r t i n g  o f  

f i r e s  and c r a s h e s  and o ~ h e r  c r a s l i  v a r i a b l e s  among s t a t e s  r l o u l d  be 

n e c e s s a r y  t o  i m p r o v e  t h e  d a t a  i f  a  S e t t e r  e s t i ~ a t e  of e f f e c t i v e n e s s  o f  

F?VSS 301 i s  t o  be  d e v e l  oped. 

S t a t e w i d e  f i r e  depar t r f i en t  d a t a  i n  ;/FIRS p r o v e d  o f  l i r i i i t a d  use  i n  

d e t e m i n i n g  t h e  number o f  passenge r  c a r s  i n v o l v e d  i n  c r a s h  f i r e s .  The 



current  !iFIi?S daxa do not  i den t i fy  a ~ a s s e n g e r  ca r  f i r e  with a crash 

re1 iably,  I n  addi t ion ,  the re  are such magnitudes of d i f ferences  in 

report ing of variables among s t a t e s ,  t h a t  one must conclude t h a t  sone 

s t a t e s  a r e  in terpre t ing  the  ins t ruc t ions  and de f in i t ions  of variables 

d i f f e ren t ly .  Tile current  d a t a  s t ruc tu re  of IIFIRS requires l inking 

records in tvio o r  three  d i f f e r e n t  f i l e s  t o  ident i fy  a f i r e  in a  

passenser ca r  and t c  determine the  model year of the  car.  A fu r the r  

l ink iiould be required t o  obtain injury information. The matching of 

records r e s u l t s  in a  l o s s  of sofle infomat ion.  Further ,  typ ica l ly  20 t o  
30 ~ e r c e n t  of the  reccrds have no model year  information. Even i f  these 

problezls a re  resolved and an iden t i f i ca t ion  of crash i s  provided, i t  

seeras unlikely t h a t  much crash infornation would be included. As a  

r e s u l t ,  t he  best us2 would be 2s a  potential iden t i f i ca t ion  of cases f o r  

f  urtiier study. 
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T h i s  i s  t h e  f i n a l  r e p o r t  d e t a i l i n g  t h e  f i n d i n g s  and r e s u l t s  f r o m  a  

p r o j e c t  e n t i t l e d  " E v a l u a t i o n  o f  t h e  E f f e c t i v e n e s s  o f  F e d e r a l  r i o t o r  

V e h i c l e  S a f e t y  S t a n d a r d  301--Fuel  System I n t e g r i t y ,  Passenger  Cars. " 
The p r o j e c t  was sponsored  by  t h e  ! i a t i o n a l  Highway T r a f f i c  S a f e t y  

Adwi n i  s t r a t i  on ( C o n t r a c t  no. COT-HS-7-01755). 

Passenger c a r  f i r e s  f o l l o w i n g  a  c r a s h  a r e  r a r e  events .  However, 

when t h e y  do occu r ,  t h e y  a r e  s p e c t a c u l a r  and p o t e n t i a l l y  l e t h a l ,  and as  

a  consequence, p a r t i c u l a r l y  ne\ isc. iorthy. I n  an e f f o r t  t o  r e d u c e  t h e  

f a t a l i t i e s  and i n j u r i e s  a s s o c i a t e d  by p o s t - c r a s h  f i r e s ,  t h e  FMVSS 3 0 1  

!;as f o r m u l  ated.  The o r i g i n a l  v e r s i o n  o f  t h e  s t a n d a r d  became e f f e c t i v e  

o n  Janua ry  1, 1968. Subsequ2n t l y  t h e  r e q u i r e m e n t s  o f  t h e  s t a n d a r d  were 

made more s t r i n g e n t  e f f e c t i v e  f o r  t h e  1976 model y e a r  passenger  c a r s  and 

more r e c e n t l y  m o d i f i e d  a g a i n  f o r  t h e  1977 model y e a r  passenger  cars .  

These l a t t e r  v e r s i o n s  o f  t h e  s t a n d a r d  were broadened t o  i n c l u d e  l i g h t  

t r u c k s .  However, t h i s  r e p o r t  r e s t r i c t s  a t t e n t i o n  t o  passenger  ca rs .  

The pu rpose  o f  t h i s  r e p o r t  i s  t o  e s t i m a t e  any changes i n  p o s t - c r a s h  

passenger  c a r  f i r e s ,  f u e l  l eakage ,  and r e s u l t i n g  i n j u r i e s  t h a t  may have 

o c c u r r e d  as a  r e s u l t  o f  t h e  s t a n d a r d  i n  i t s  v a r i o u s  forms. P r a c t i c a l  

c o n s i d e r a t i o n s  have  reduced  most o f  t h e  e f f o r t  t o  an es t in ;a te  o f  t h e  

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

e x p e r i e n c e d  by d i f f e r e n t  model y e a r  passenger  c a r s  i n  r e c e n t  y e a r s '  

crashes.  By a t t e m p t i n g  t o  r e l a t e  obse rved  d i f f e r e n c e s  i n  t h e  p o s t  c r a s h  

f i r e  r a t e s  t o  t h e  s t a n d a r d ,  one can  o b t a i n  a  measure o f  t h e  s t a n d a r d ' s  

e f f e c t i v e n e s s .  Da ta  on  f u e l  l e a k a g e  were ver;! 1  i c i i t e d .  \./hat d a t a  were  

a v a i l a b l e  a r e  d e t a i l e d  i n  S e c t i o n  5.4.2 and S e c t i o n  5.10. The s p a r s i t y  

o f  d a t a  p r e c l u d e d  any c o n c l u s i o n s  based on i n j u r i e s  o r  f a t a l i t i e s .  

I n f o m i a t i o n  on  i n j u r i e s  o r  f a t a l i t i e s  i s  men t i oned  i n  each s e c t i o n  as 

a p p l i c a b l e ,  b u t  i s  m o s t l y  o f  an anecdo ta l  n a t u r e .  



The Ee!,proach t o  estimating the ef fec t  of FNVSS 301 was t o  

estimate thsf occurrence 0: post-crash f i r e s  o r  fue! sp i l lages  in 

in cars  of d j  f f e ren t  model y e a r ' s  manufacture. Either  

f i r e  ra tes  5; year  o r  f u e l  s p i l l  rates  by model year were then 

related t o  t i i o n  of the standard in e f fec t  a t  the  t i f l l ~  of the  

c a r ' s  manufac The differences found may be a t t r ibu tab le  'LO the  
e f f e c t s  of t h e a r d ,  

There arhber of c~i ; ,p l ica t ions  t o  t h i s  method, ~ f  Course* I t  
i s  ?ossible t h ,  observed differences Kay be due t o  a  number of  

inStealr  I,-, addition t o  the standard. Attempts vere flade 

to i d e n t i f j  factors .  Uhen they \rere found, the  

flasnitude a n d  u,Ted di rec t jog  of the  bias they introduce was 

est inated.  Jo ,t,,,t t h a t  t h i s  coirld be done, these f ac to r s  were 

adjusted fo r  o r r o l l e d  f o r  in a n  attempt t o  relnove t h e i r  influence 

from the d i f f e r t  in r a t e s ,  ~t iflay well be t h a t  not a l l  of these 

potential confoog f a c t c r s  Liere el imi nated. I n  t ha t  case, 
differences in o r  f u e l  sp i l lage  ra t e s  may be related t o  the  

standard o r  1 9  ti3nfounding fac to r s ,  or  bot!~. 

Evolution of?  Standard 

The f i r s t  vebn of F;,:':s 30: went into ef fec t  o n  c ~ n u a r ; ~  1,  1968. 

I t  ca l led  f o r  the : systems t o  re ta in  t h e i r  i n t e s r i t y  ( n o t  leak f u e l )  
a f t e r  2 crash and acted the fuel tank, f i l l e r  pipe, and fuel l i n e  
connectiofls. 'osl;liTe bias t o  be j u d ~ e d  c r  demonstrated by a  20 miles 

per hour perpendicdl:v f ron ta l  crash into a fixed ba r r i e r  fo l lo :~in3 

~ h i c i l  fuel leakage \ .astc be l e s s  than one ounce per mjnute. 

The Fl'VSS 301 :,asipgraded e f fec t ive  with the  1976 model year of 

?assen9er cars ,  foil : , ; .75 sonc postpones:ents of the in: t i  a1  1~ proposed 
e f fec t ive  date. Jhe :air change in t h e  standard \!as tha t  f 0 l  lowing 2 3C 

m ~ h  frontal barr ier  i-;sh, t h e  car  should not leak more than the one 

Ounce per minute in ,fly c i  four f ina l  restir.9 positions--on i t s  wheels, 

roof, or on e  ther side. 

The current ver:jcr; of the standard bias effec t ive  f o r  the 1977 

year vehicles. I n  t o  the previous requirements, the  



c u r r e n t  v e r s i o n  s p e c i f i e s  t e s t i n g  i n  t w c  a1 t e r n a t i v e  modes--movi ng  

b a r r i e r  r e a r  c o l l i s i o n  and a n g l e  s i d e  impac t s .  Fo1 l o w i n g  any o f  t h e  

c o l l i s i o n  t y p e s ,  t h e  v e h i c l e  s h o u l d  n o t  l e a k  more t h a n  t i l e  one  ounce  p e r  

m i n u t e  i n  any o f  t h e  f o u r  r e s t i n g  p o s i t i o n s .  The 1976 and  1977 v e r s i o n s  

o f  t h e  s t a n d a r d  a l s o  a p p l i e d  t o  more  v e h i c l e s  t h a n  t h e  1968  v e r s i o n .  I n  

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

and more c o m p l e t e l y  s ? c c i f i e d .  E x a c t  d e t a i l s  o f  t h e  s t a n d a r d  i n  i t s  

t h r e e  v e r s i o n s  n a y  be  f o u n d  i n  32 F.R.  2416, F e b r u a r y  3,  1967, 38 

F.R. 22397, Augus t  20, 1373, and 4 0  F .  48352, O c t o b e r  15,  1975, 

r e s p e c t  i v e l ~ y .  

2.2 T i m i n a  o f  D e s i a n  Chanaes 

A l t h o u g h  t h e  d a t e s  o f  t h e  s t a n d a r d ' s  t h r e e  v e r s i o n s  a r e  g i v e n  

above,  i t  i s  n o t  c l e a r  w h e t h e r  t h e s e  d a t e s  a r c  a c t u a l  l y  t h e  d a t e s  when 

c a r s  f i r s t  met  t h e  s t anda rds .  I n  f a c t ,  i t  seems q u i t e  u n l i k e l y  t o  be  

so. I t  seems g e n e r a l l y  a c c e p t e d  t h a t  mos t  passenge r  c a r s - - a t  l e a s t  

t h o s e  made i n  t h e  I ' .S. - - requi red l i t t l e  o r  no m o d i f i c a t i o n  i n  o r d e r  t o  

comp ly  w i t h  t h e  f i r s t  v e r s i o n  o f  t h e  s t anda rd .  I f  a  make o r  node1 d i d  

r e q u i r e  some m o d i f i c a t i o n  i n  o r d e r  pass  t h e  t e s t  s p e c i f i e d  i n  t h e  1968 

v e r s i o n  o f  t h e  s t a n d a r d ,  such  a  m o d i f i c a t i o n  w o u l d  a l m o s t  s u r e l y  have  

been  i n t r o d u c e d  w i t h  t h e  f i r s t  o f  t h e  new ( 1 9 6 8 )  model y e a r  r a t h e r  t h a n  

i n  t h e  m i d s t  o f  t h e  model y e a r  ( f o r  t h o s e  c a r s  b u i l t  a f t e r  J a n u a r y  1, 

19G8). Thus, i t  i s  a  r e a s o n a b l e  a s s u m ~ t i o n  t h a t  t h e  f i r s t  v e r s i o n  o f  

t h e  s t a n d a r d  was a c t u a l l y  e f f e c t i v e  f o r  t h e  e n t i r e  1968 model y e a r  

r a t h e r  t h a n  b e g i n n i n g  o n  J a n u a r y  1, 1968. T h i s  i s  f c r t u n a t e ,  s i n c e  

i d e n t i f y i n g  t h e  d a t e  o f  [manu fac tu re  o f  a  c a r  w i t h  e x i s t i n g  d a t a  i s  n e x t  

t o  i m p o s s i b l e .  

S i n c e  t h e  1  a t e r  v e r s i o n s  o f  t h e  s t a n d a r d  we re  pos tponed  f r c m  

p roposed  e a r l i e r  e f f e c t i v e  d a t e s ,  i t  i s  p o s s i b l e  t h a t  some m a n u f a c t u r e r s  

upgraded  t h e  f u e l  sys tems o f  some mode ls  t o  meet t h e  a n t i c i p a t e d  

s t a n d a r d  i n  advance  o f  t h e  d a t e  t h a t  \ /as f i n a l l y  e s t a b l i s h e d .  Aga in ,  

one  wou ld  e x p e c t  c a r  makers  t o  m o d i f y  mode ls  (when such  n o d i f i c a t i o n s  

were  needed t o  meet  t h e  s t a n d a r d )  a t  t h e  t i n e  when o t h e r  d e s i g n  changes 

o r  s t y 1  i nc; changes we re  t o  b e  i n c o r p o r a t e d .  One wou ld  i?ope t h a t  such  

m o d i f i c a t i o n s  w o u l d  p r e - d a t e  t h e  a c t u a l  e f f e c t i v e  d a t e  o f  t h e  s t a n d a r d .  

However,  i t  i s  p o s s i b l e  t h a t  i f  i t  \/as b o r d e r l i n e  o r  q u e s t i o n a b l e  



whe the r  a  p a r t i c u l a r  model wou ld  m e t  t h e  s t a n d a r d ,  and i f  t h a t  model 

was t o  have  m a j o r  d e s i g n  cnanges s h o r t l y  a f t e r  t h e  a n t i c i p a t e d  e f f e c t i v e  

d a t e  o f  a  new v e r s i o n  o f  t h e  s t a n d a r d ,  t h a t  any m o d i f i c a t i o n s  t o  t h a t  

model m i g h t  b e  pos t7oned  u n t i l  t h e  schedu led  model change. I t  s h o u l d  be 

emphasized t h a t  t h e r e  i s  nc e v i d e n c e  t h a t  r h i s  was t h e  case,  i t  i s  

m e r e l y  a p o s s i b i l  i t y .  

To t h e  e x t e n t  t h a t  such  p h a s i n g  i n  c f  models  w h i c h  c o m p l i e d  w i t h  

t h e  ne\r s t a n d a r d  t o o k  p l a c e ,  any e f f e c t s  o f  t h e  s t a n d a r d  wou ld  appea r  as 

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

r a t h e r  t h a n  a  sudden d r c p  i n  f i r e  r a t e s  c o i n c i d e n t  w i t h  t h e  t i m i n g  o f  

t h e  s t anda rd .  

2.3 D i f f e r e n t  E f f e c t s  o f  S t a n d a r d  R e v i s i o n s  by C rash  
S e v e r i t y .  

The s t a n d a r d  s p e c i f i e s  pe r f o rmance  i n  t e rms  of  c r a s h  t e s t s  a t  20 

inph ( l a t e r  v e r s i o n s  have sc:rie t e s t s  a t  20 mph). As a l i rays ,  t h e r e  i s  

d i f f i c u l t y  i n  r e l a t i n g  a  b a r r i e r  c r a s h  a t  30  mph t o  an e q u i v a l e n t  c r a s h  

i n  a r e a l  t r a f f i c  s i t u a t i o n .  I fowever,  a  3 0  mph b a r r i e r  c r a s h  s h o u l d  be 

a p p r o x i m a t e l y  e q u i v a l e n t  t o  a  d e l t a  V o f  30  nph  i n  a f r o n t a l  c o l l i s i o n .  

P r e l i m i n a r y  d a t a  f r o m  t h e  NCSS ( N a t i o n a l  Crash  S e v e r i t y  S t u d y )  ( 0 1 3 a y ,  

e t .  a l .  , 1978, ;. 69) s h o ~ ~ s  t h a t  an e s t i m a t e d  ?O+ Z o f  to \ / -away c r a s h e s  

have a  c a l c u l a t e d  d e l t a  1' o f  l e s s  t h a n  30  mph. The r e l a t i o n s h i p  o f  t h e  

20 ~ p h  t e s t i n g  modes t o  d e l t a  V i s  l e s s  c l e a r .  l io r iever ,  an e s t i m a t e d  

8 0 ~  7: o f  t h e  towaway c r a s h e s  had c a l c u l a t e d  d e l t a  \i"s l e s s  t h a n  20 n?h. 

Thcs, t h e  speeds s p e c i f i e d  i n  t h e  s t a n d a r d  wou ld  seem t o  encompass inost 

o f  t h e  c rashes  w h i c h  a r e  o b s e r v e d ' i n  p r a c t i c e .  (The  non-towaway c r a s h e s  

wou ld  t y p i c a l l y  o c c u r  a t  1  ower speeds t h a n  t h e  towaways.)  

I t  s h o u l d  be no ted ,  however,  t h a t  t h e r e  w i l l  s t i l l  be some c r a s h e s  

a t  l oc i  speeds w h i c h  w i l l  r e s u l t  i n  f u e l  l eakage ,  and, p o s s i b l y ,  i n  f i r e .  

On t h e  o t h e r  hand, many o f  t h e  c rashes  a t  h i g h e r  speeds w i l l  n o t  r e s u l t  

i n  e i t h e r  f u e l  l e a k a g e  o r  f i r e .  The chance o f  f u e l  s p i l l a g e  i n  an 

a c c i d e n t  i n c r e a s e s  w i t h  t h e  speed o f  i n p a c t .  Presumably  t h e r e  i s  n o t  a  

sudden i n c r e a s e  a t  t h e  speed s q e c i f i e d  i n  t h e  s t a n d a r d ,  b u t  a  more o r  

l e s s  c o n t i n u o u s  one. 

The key  p o i n t  t o  keep i n  m ind  i s  t h a t  t h e  p o t e n t i a l  e f f e c t  o f  t h e  

s t a n d a r d  i s  t o  a f f e c t  d i f f e r e n t  c ras l i e s  differently depend ing  on  t h e  



speed of i ~ p a c t  o r   he energy in the crash. The standard should reduce 

the  chance of fuel sp i l l age  i n  "low" speed crashes ( those  below the  

l i n i t s  specif ied in the  crash t e s t ) ,  b u t  may do l i t t l e  i f  anything t o  

the  chance of fuel sp i l l age  in high speed crashes. The e f fec t  in the  

crash population i s  thcn dependent on the  mix of speeds as \{ell  as  on 

t h e  eff icacy of the  standard a t  each speed. Thus, t h e  d i f f e r e n t  

d i s t r i b u t i o n  of speeds might cover u p  a  t r u e  e f fec t  o r  suggest one which 

does not  ac tual ly  e x i s t .  

2.4 Age Effec ts  

One conceptual d i f f i c u l t y  in evaluating FFgIVSS 301 by using data on 

accidents  which occurred r e l a t i v e l y  recently i s  t h a t  cars  b u i l t  t o  

d i f f e ren t  versions of the  standard were of d i f f e ren t  ages when t h e i r  
accidents  occurred. I t  i s  conceivable t h a t  the  aging of a ca r  r e s u l t s  

in the  de te r io ra t ion  of i t s  fuel system and makes it  more 1 ikely t o  

s p i l l  fuel in a  crash. To the  extent  t h a t  t h i s  i s  so ,  age i s  a  f ac to r  

confounded ~ r i t h  the  e f fec t  of the  standard. I t  cannot be completely 

separated,  b u t  the  f a c t  tha t  the 1963 version of the  standard has 

vehicles of several model years  (and hence ages) provides the  

opportunity t o  est imate whether aging i s  a  fac tor .  If  i t  i s ,  thcn one 

may attempt t o  model i t  a s  a  smoothly increasing probabil i ty of post- 

crash f i r e  and look f o r  possible e f f e c t s  of the  standard above the  

smooth trend seen in the r a t e s  a s  functions of the  age of the vehicle. 

2 . 5  Rarity of Crash-Related Fires 

Post-crash f i r e s  a r e  often spectacular  and l e tha l .  As a r e s u l t ,  

they often r a t e  considerable news coverage. This a t t en t ion  may make 

them seen t o  be more frequent than they ac tual ly  are.  The d i f fe ren t  

data sources invest igated in t h i s  report disagree considerably on the  

r e l a t i v e  frequency of f i r e  in crashes. Data from the  s t a t e  of I l l i n o i s  

show an overall  average r a t e  of 3.54 f i r e s  per thousand crashes ( i f  

missins data on f i r e s  a re  assumed t o  be non-fires)  over a t ~ o  year  

period. On t he  other  hand, data from kiashington s t a t e  shoo a trio-year 
averase r a t e  of 0.38 f i r e s  per thousand crashes. Data from ;iew Ycrk 

estiinate a  crash f i r e  r a t e  of 0.29 per thousand crashes. I t  should be 
noted t h a t  i n  a1 1 these data s e t s  the  ?roportion of missing data i s  much 

l a rge r  than the  estimated f i r e  rates.  Police accident data from 1978 i n  



2ichir;an give a r a t e  of 2 .22  f i r e s  per thousand crashes. Fuel leakage 

occurred in  13.10 cases per thousand vehicles.  Perhaps the  best ( i n  

terms of data  qua1 i t y j  es t imate of crash f i r e  r a t e s  comes from the  

preliminary data of the  IICSS. Eased on the  preliminary data  reported in  

G'Day e t .  a l .  (1978),  an estimated crash f i r e  r a t e  of 3.30 f i r e s  per 

thousand tow-away crashes i s  obtained. I t  should be noted t h a t  t he  IICSS 

data  r e f e r  t o  tow-away crashes,  while the  o ther  est imates  r e f e r  t o  a l l  

pol ice reported crashes.  !ilhile i t  i s  not  Itnokin exact ly ho!; xany pol ice 

reported crashes occurred in  the  NCSS s i t e s  during the  period when the  

to~i-away data were co l l ec t ed ,  t he  nunher of non-tow-away crashes was 

l a r g e r  than the  nunber of tow-auay crashes. P r e s u ~ a b l y  the  f i r e  r a t e  i n  

non-taiaway crashes i s  nearly zero--much 1 ouer than i  n t he  to\/-aviay 

popu la~ ion .  I n  f a c t ,  t h e  occurrence of a post-crash f i r e  riculd l i ke ly  

r e s u l t  in  damage which would requi re  towing even i f  c the r  aanage j n  the  

crash d i d  not. The t iCSS est imate seerns cons is ten t  with t h a t  from 

i l i c h i ~ a n ,  and t h a t  from I l l i n o i s  i f  a higher report ing threshold (near ly  

equivalent t o  towaway crashes)  were assumed in I1 1 i  nois. 

Ratios of f i r e  department reported c a r  f i r e s  t o  crashes a r e  even 

more var iab le ,  ranging from about 0.3 t o  12.3 per thousand crashes.  

In any event ,  i t  i s  c l e a r  t h a t  the occurrence of post-crash f i r e s  

i s  qu i t e  a r a r e  event. They occur a t  the  r a t e  of about two or  t h ree  

f i  r e s  per t h o u s a n d  crashes.  

Although post-crash f i r e s  a r e  r a r e  in general accident da ta ,  they 

a re  much more frequent  among f a t a l  accidents .  Data from t h e  Fatal 

Accident Reporting Systeri; (FARS) show t h a t  in  f a t a l  acc idents ,  solnewhere 

between t ~ o  and th ree  percent of tile accidents  which resu l ted  in a death 

involved a post-crash f i r e .  Post crash f i r e s  increase t h e  chance of a 
f a t a l i t y .  In addi t ion t o  t he  ind i r ec t  evidence from the  FARS, t h e  

f a t a l i t y  r a t e  ; n  cars  involved in post-crash f i r e s  in Washington \,as 

0.195 persons ,cer car.  For a l l  crashes,  t he  f a t a l i t y  r a t e  was only 

C. 0034 persons kil  led per vehicle.  O f  course,  t he  crashes i n  iihich f i r e  

occurred were more severe crashes than those without f i r e ,  so in  par t  

the  increased f a t a l  i t y  r a t e  r e f l e c t s  t h i s  in addi t ion t o  t he  addi t ional  

hazards posed by t h e  f i r e .  

The r a r i t y  of t he  post crash f i r e  event niakes studying t h e  f i r e  



r a t e s  d i f f i c u l t .  in addi t ion ,  the  f i r e  r a t e s  d i f f e r  by nearly a f a c t o r  

of ten in data  fro^ d i f f e r e n t  sources. Almost a l l  data sources have 

nissing data ra tes  (on the  f i r e  var iable ,  o r  on the  mcdel year  var iable)  

rlhich a re  iiiuch 1 arger than the  calculated f i r e  ra tes .  Thus, i f  missing 

data a re  associated with f i r e s ,  very large  biases could be present in 

the  estimated ra tes .  

Estimation of the r a t e  of fuel sp i l l age  in accidents proved qu i t e  

d i f f i c u l t .  ilost of the zccident data s e t s  do no t  include any 

informaticn abcut fuel sp i l lage .  The only exceptions irere the  i!CSS data 

a n d  the  1978 iiichigan data. F i re  d e p a r t ~ e n t  data viere considered as a 

possible source f o r  infomat ion on fuel sp i l  lase. lio\iever, i t  appears 

t h a t  f i r e  departments a r e  general ly not cal led t o  accidents  unless the re  

i s  a f i r e .  Small anlounts of gasoline s p i l l e d  a r e  not reported. The 

only types of crashes where f i r e  departments appear t o  be surnn:onea a r e  

those \,hich involved a large amount of fuel--generally tank trucks. T h e  

s i t u a t i o n  found variabl e--hazardous condi t ion--i  n f i r e  departrnent data 

which i.~ould indica te  a c a l l  t o  a crash lihere there  was no f i r e ,  did n o t  

occur with passenger cars  as  the  type of property t o  any 5rea t  extent.  

Thus, the  f i r e  departr~ient data were n o t  useful f o r  estimating ra tes  of 

fuel s ? i l  lage. The estimates of fuel sp i l l age  ?re based on the  l l C S S  

da ta ,  which includes a r a the r  l imited number of cases of fuel sp i l  l a se ,  

2nd the 1978 llichigan d a t a .  These l a t t e r  data indicated t h a t  fuel 

sp i l l age  without f i r e  i s  approximately 5 times as frequent as f i r e  in a 

crash. Overal l ,  the  fuel sp i l l age  r a t e  ( including f i r e s )  in the  ilCSS 

data was 3.72 per thousand vehicles. I n  the  1978 :lichigan da ta ,  the  

r a t e  ( inc ludins  f i r e s )  Lias 13.10 per thousand. Cases of fuel s p i l l a g e  

h+i thcut  f i r e  occurred in  about 12 .24  cases per thousand vehicles. 



Two general types of data s e t s  Here expected t o  be useful in t h i s  

study, One type of data includes a l l  the  crashes in a  given 

geographical ( o r  other  defined population) region f o r  a  given time and, 

in addit ion,  i d e n t i f i e s  which of those crashes resulted in a post-crash 

f i r e .  An example of t h i s  so r t  of data se t  i s  the  police accident data 

from the s t a t e  of I l l i n o i s .  These data can be used t o  ca lcula te  f i r e  

ra tes  ( the  numerator i s  a proper subset of the  denominator), 

The second general type of data encountered consists  of data a b o u t  

crash f i r e s  from one source, and d a t a  about crashes from another scurce. 

This i s  the case i f  f i r e  department reccrds are  ilsed t o  determine the 

crash f i r e s  in passenger cars  b;/ mdel  year ,  iihile p o l  jce accident data 

are  used t o  zive the n u ~ b e r  of passenger car  crashes by model year. 

3ata from the  s t a t e  of Iiissouri exemplify t h i s  type. These data can be 

used t o  ca lcula te  f i r e  r a t i o s  ( t h e  nurnerat3r i s  not  necessarily a subset 

of the denoini nator) .  

The advantage of the  f i r s t  type of data i s  tha t  they include the  

same def in i t ion  of crash whettier o r  not a f i r e  occurs. In addition, the  

va r i ab i l i ty  associated with a  r a t e  i s  generally smaller t h a r i  t ha t  of a 

r a t io .  The disadvantages of the  second type are  the  la rger  v a r i a b i l i t y  

(minor),  a n d  ( sore  s e r i c u s l y ) ,  the  f a c t  t h a t  the def in i t ion  of crash in 

the f i r e  data may d i f f e r  subs tant ia l ly  from t h a t  in  the police accident 

data. These disadvantages are o f f se t  by some other considerations. 

F i r s t ,  f i r e s  are n o t  reported in sorfie acciderlt data. Then using data of 

the  second t y ~ e  can add s ign i f i can t ly  t o  tne to ta l  aniount of data 

available f o r  study. Second, s ince  f i r e s  are a ra re  event,  a  s y s t e ~ ;  

which reports  a1 1 or  nearly a l l  of the  f i r e s  may be advantageous. 

Unfortunately, f i r e  department data cons is ts  predoni ~ a n t l y  of non-car 
c. 
I Ires.  ::ost of the data elements were designed with f i r e s  occurring i n  

fixed property in mind, so t h a t  data about the vehicle are  qui te  

1 i ~ i  ted ,  and data about the accident a r e  a1n:ost non-exi s tent .  Further,  

s ince  car  f i r e s  a re  a  small portion of the  f i r e  data,  data quali ty 

probl ens exis t .  These include problem of missing data a n d  inaccurate 

data as well as  questions about conipleteness of reporting. 



3.1 Police Accident Data Which R e ~ o r t  F i re  

For a variety of reasons, i t  i s  be t t e r  i f  a l l  data cone from the  

same data system. I n  addit ion t o  a l l ev ia t ing  data qual i ty  problems by 

reducing then t o  a s ing le  system, in te rp re ta t ion  of the  r a t e s  i s  more 

d i r e c t  when the  data come from a s ingle se t .  I n  some s t a t e s ,  the  police 

accident data records the occurrence or  non-occurrence of a f i r e  in each 

?o l i ce  reported crash. I n  I l l i n o i s ,  the  police accident report  forn has 

included an item t o  check f o r  f i r e  o r  no f i r e  f o r  each vehicle involved 

in a crash since 1375. The data from Ilebr York report f i r e  as one o f  the  

possible "second adverse events" i n  a crash. Since Gany crashes-- ' 

par t i cu la r ly  the  more severe ones in which f i r e s  are  more 1 ikely t o  

occur--i nvol ve m u 1  t i  p l  e col l  i s i  ons, t hi s could r e s u l t  in severe under- 

reporting as f i r e s  ~ o u l  d have t o  compete \:i t h  sccond c o l l i s i o n s  f o r  

recording. However,t he ins t ruc t ions  require t h a t  i f  a f i r e  occurs, i t  

takes precedence over any other  second adverse events. Thus, i f  the  

ins t ruc t ions  a r e  follorved, t h i s  variable should be a val id indica tor  of 

the  occurrence of crash f i r e s .  Data from Washington s t a t e  include a 

mult iple response variable wit11 f i r e  as one of the  responses f o r  

additional adverse events. l;p t o  th ree  additional events are  coded. 

Data about f i r e s  a re  abstracted from the  narra t ive  of the  police report 

and then coded a t  the  s t a t e  level .  Thus, these  f i r e s  would only be 

reported i f  they were s ign i f i can t  and recorded by the  invest igat ing 

o f f i c e  in h i s  narrat ive.  

A variety of 1 evels of f i r e  r e ~ o r t i n g  a re  found among pol i c e  

accident data. I t  should be noted, t h a t  t c  be useful ,  t he  pol i c e  data 

must a l so  contain the  model year  of the  car  as we11 as whether o r  not a 
f i r e  occurred. A number of police accident data s e t s  included non-crash 

f i r e s .  Thiswas  recorded i f  a police o f f i c e r  stopped t o a s s i s t a  

rnotorist whose car  hzd cau5ht on f i r e  without being involved in a crash 

(from a carburetor  f i r e ,  wiring, e t c . ) .  Such incident  repor ts  do not 
involve crashes. They appear t o  be more common than crash f i r e s ,  b u t  

generally r e s u l t  only in property damage and a r e  the  r e s u l t  of 

rzechani cal probl ems ra the r  than accidents.  



3.2 Fire  Department Data 
The ijati onal F i r e  Administration ( : !FA) c ~ l  l e c t s  data frori: several  

s t a t e s '  f i r e  departinents. These data  a r e  co l lec ted  on a  uni fom for% 

and use cornrccn i n s t r u c ~ i o n s  and de f in i t i ons .  The co1 l ec t ion  of these  

s t a t e  da ta  f i l e s  fomis the  llational F i r e  Incident Fleporting System 

(I:FIRS). This i s  the l a r g e s t  s e t  cf data  from f i r e  departments. 

3.2.1 Iden t i f i ca t ion  of Crash Fires.  Unfortunately f o r  t he  

purpose of evaluat ing FrlVSS 301, t h i s  data  s e t  (1IFIRS) does not c l e a r l y  

i den t i fy  a  f i r e  incident  involving a  motor vehicle \ ~ i t h  a  crash o r  

t r a f f i c  accident involving t h a t  motor vehicle. Sorne information i s  

ava i lab le  t h a t  ind ic2 tes  which vehicle  f i r e s  a r e  l i k e l y  t o  have resu l ted  

from crashes.  For example, t h e  var iab le  " ign i t i on  f a c t c r "  hzs one code 

val ge (code 7 i )  f o r  "co l l  i  s ion,  overturn,  knockdown, " which would appear 

t o  include mctor vehicle  crashes.  tiokiever, t h i s  cones under the  general 

category of operational def iciency.  An a1 t e rna t ive  general category 

which iiii'jiit app l j  i s  "nechanical f a i l u r e ,  malfunction. " Several other  

codes could be used f o r  i gn i t i on  f a c t o r  f o r  f i r e s  r e s u l t i n s  froin a  motor 

vehicle  c rash ,  f o r  exaciple, "41--fuel s p i l l e d ,  re1 eased acc iden ta l ly ,  

51--part f a i l u r e ,  1 eak o r  break, 53--manual control f a i l u r e ,  61--design 

def ic iency ,"  as riel1 as  a nunber of general ca tegor ies  such as  "70-- 

operational def ic iency ,  i n s u f f i c i e n t  i n fom~a t ion  t o  c l a s s i f y  fur ther . "  

These l a t t e r  ca tegor ies ,  which a r e  e s s e n t i a l l y  "unknowns," contain a  

re1 a t ive ly  la rge  nur'iber of the cases. They include some of the  crashes 

b u t  many o the r ,  non-crash events. Other var iab les  could give supporting 

informationtoward deciding i f  a  f i r e  resu l ted  from a  crash,  f o r  

example, t he  area of f i r e  o r i s i n ,  t h e  form of heat of i 5n i t i on ,  t h e  type 

of material  i gn i t ed ,  the  1 ocation. 

3.2.2 Cevelopnent of a  Crash Surrogate. To determine how 

accurate  o r  inaccurate  i d e n t i f i c a t i o n  of a ca r  f i r e  as r e su l t i ng   fro^ a  

crash was, t h ree  months' of data  from the ilichigan f i r e  data  were 
obtained a s  hard copies of t h e  or iginal  data  foms .  There uere 

a~proximate ly  62,750 forms, each containing the record cf a  " f i r e  

incident.  " These iiere reviewed manually t o  s e l ec t  those rihich involved 

passenger cars  2nd f i r e ,  r e su l t i ng  i  n approxinately 7,850 i i  res  

involving passenser cars .  These were read and, based on the coded 

values,  t h e  wr i t ten  e n t r i e s ,  and the optional nar ra t ives ,  vere 



c l a s s i f i e d  as  having de f in i t e ly  resulted from a  crash,  having n o t  

resul ted from a  crash,  a  possible crash ,  o r  unknown. There were 55 

cases k~hich could de f in i t e ly  be iden t i f i ed  as r e su l t ing  from a crash,  

a n d  9 cases which were probably crashes,  the  r e s t  being non-crashes o r  

probably non-crashes. Various combinations of tile var iables  i  n the  

computerized data f i l e  were t r i e d  t o  see l~h ich  did t h e  best a t  

ident i fy i  ng the  crash f i r e s  i ~ h i l e  excluding the  non-crashes. I n  

checking these surrogates ,  i t  was discovered t h a t  not a l l  of the  cases 

in tile computer f i l e  could be ~ a t c h e d  with the  hard copies. !lost of the  

promising surrogates iden t i f i ed  3 t o  6 cases from the  ccmputer f i l e  

which were not located i n  t he  hard copies. 

There were 5 surrogate combinations which aid about the  same a t  

identifying crash f i r e s  i i ;  the  f i r e  departinent data. These d i f fered  

cnly s l i g h t l y  in the  number of cases found and a lso  in the  d e f i n i t i o n ,  

usually d i f fe r ing  only by the  inclusion of one additional code value. 

The one selected as  best iden t i f i ed  52 cases from the  computer f i l e .  2f 

these ,  17 were non-crashes and 5 Liere missing, The remaining 30 were 

e i t h e r  d e f i n i t e  o r  probable crashes. Of the  crashes the  computerized 

surrogate ident i f ied  2 4  of the  55 d e f i n i t e  and 6 of the  9 probable 

crashes--or 30 of 64 probable crash f i r e s .  

While other  combinations of variables did s l i g h t l y  d i f f e r e n t l y ,  i t  

was not possible t o  f ind subs tan t i a l ly  more of tile crashes without 

including an unacceptably 1 a rse  nunher of non-crashes. For exampl e, i  n 

order  t o  include 34 of the  55 crashes,  160 non-crasiies w u l d  be 

included. Thus, i d e n t i f i c a t i o n  of crash f i r e s  in the  f i r e  department 

data i s  qui te  d i f f i c u l t .  We have used the  surrcgate  l ~ a r i a b l e  f o r  the  

Ilichigan da ta ,  s ince  i t  i s  somewhat b e t t e r  than j u s t  using the  code 71-- 

c o l l i s i o n ,  overturn, knockdown, b u t  i t  does not seem j u s t i f i e d  t o  use i t  

in  other f i r e  department data. Several possible iden t i f i ca t ions  of the 

f i r e s  iii t h  crashes in those data \ /ere considered. 9ne was t o  include 

only codes 71 and 41. Another was t o  exclude arsons and other  knoiin 

non-crash causes. Eoth resulted in the  inclusion of sorne non-crash car  

f i r e s  and the  exclusion of some c a r  f i r e s  which resulted from crashes. 
Ifowever, the  s i z e  of t h i s  discrepancy i s  not kno\in. I t  i s  l ike ly  t o  

d i f f e r  f o r  each s t a t e ' s  da ta ,  s ince  the  data vrere collected by local 



f i r e  departments in each s t a t e  and  assembled b y  the  s t a t e  Fi re  

I la rshal l ' s  off ice.  The exact de f in i t ion  of the surrogate used in the 

:4ichigan d a t a  i s   give^ in Appendix A. 

3.3 Analytic i4et hods 

Althoush there are two general types of data sources, the  basic 

analytical techniques were simi 1 ar f o r  both. The analysis consisted of 

defining an appropriate crash f i r e  r a t e  ( o r  r a t i o )  and  then calculat ing 

these estimated rates.  These crash f i r e  rates were ( a t  a  mini mu^) 

estimated scyarately f o r  each node1 year  back t o  about 1961. The ra tes  

viere then analyzed t o  look f o r  age e f fec t s  within versions of the 

standard, and  di fierences among di f ferent  versions of the stafidard. 

;+:hen possible--in po:ice accident data--rates were calculzted aqd 

analyzed by other variables as e l .  Exarzples include type of crash, 

posted speed l i n ~ i  t ,  etc.  Even in the  largest  data s e t s ,  the  r a r i t y  of 

f i r e s  made the data too tenuous t o  include many variables ( i n  addition 

t o  model year)  a t  once. Hence, i t  was d i f f i c u l t  t o  lock f o r  

in terac t ions  among the  various variables. 

3.3.1 Definition a n d  Calculation of Crash Fi re  Rates. For data 

which come from the  sariie reporting systeir;, the  def in i t ion  of crash f i r e  

ra tes  i s  straightforrrard. One simply determines the nurnber of f i r e s  

f o r ,  say, a  given model year ,  a n d  the  nunber of vehicles of tha t  r~lodel 

year involved in crashes, and divides the  number of vehicles involved in 

crashes ~ h i c h  caught on f i r e  by the  to ta l  number of such veiiicles 

involved i n  crashes. These ra t e s  may be calculated separately f o r  each 

model year  of veliicle, f ~ r  t y ~ e s  of crashes, or  f o r  categories of othcr  

variables in the data. Eecause of the r a r i t y  of the  f i r e s ,  i f  one 

ca lcula tes  tiiese ra tes  for  cornbi nations of other variables,  the  ra tes  

become ~ n r e l i a b l e .  That i s ,  the  numerator becomes e i t h e r  zero o r  one o r  

tiio, so that l i t t l e  infomat icn  i s  gained. 

An a l te rnat ive  t c  using the  nurcber of crashes as the dencminator 

~iculd be t o  use the number of registered vehicles as the denominator. 

One would then have a ra te  of crash f i r e s  per registered vehicle ra ther  



than of f i r e s  per crashes. While the  r a t e  of f i r e s  7er regis tered  

vehicle has some relevance, t h e  f i r e s  per crash r a t e  i s  more d i r e c t l y  

relevant  t o  F:<1VSS 301, and i s  the  r a t e  of choice. The t l ~ o  ra t e s  are  

highly re l a t ed ,  the  crash f i r e s  per registered vehicle being about one 
tenth  t h a t  of the  f i r e s  per crash. The f i r e s  per crash r a t e  was 

general ly used i n  i h i  s study. 

Nhen the  data on f i r e s  come from the  f i r e  department reccrds while 

the  accident data come from ?o l i ce  department records, the  de f in i t ion  of 

r a t e s  i s  not as c l e a r  cut.  Conceptually, ttie r a t i o  of crash f i r e s  t o  

c rashes \ /ou ld  s t i l l  be preferred. tfowever, with t h e d i f f i c u l t y  of 

identifying crashes anong the  f i r e  d e p a r t ~ e n t  reccrds of ca r  f i r e s ,  t h i s  

r a t i o  i s  open t c  question. A number of a l t e rna t ives  were considered. 

One a1 t e rna t ive  would be t o  use a1 1 car  f i r e s  divided by the  nuriiber 

of registered vehicles. Such a r a t e  would be calculated f o r  each model 

year.  Since f i r e  department data do not contain any information about 

the  crash--if  the re  \:as one--further subdivision of the r a t e s  i s  not 

possible. The ra t iona le  f o r  t h i s  r a t e  i s  t h a t  i f  FflVSS 301 improved the  

i n t e g r i t y  of the  fuel system, t h i s  ma;] ~ ~ e 1 1  have h a d  the  e f fec t  of 

reducing the  1 i kel i hood of c a r  f i r e s  in general , not j u s t  those which 
resulted from a crash. There are  a number of refinements of t h i s  r a t e  

~ihich would appear useful.  Arson and suspected arson cases s h ~ u l d  be 

eliminated as i r r e l evan t .  I n  addi t ion ,  cases crhich do not involve fuel 

should be eliminated. While elimination of the  arson cases i s  f a i r l y  
re1 i ab le ,  when other  t j p e s  of f i  res a re  cons idered--el e c t r i c a l  versus 

fue l - fed ,  f o r  example, one encounters la rge  amounts of inissing data. 

That i s ,  should one only include f i r e s  f o r  which fuel i s  given as the  

substance f i r s t  ign i t ed ,  o r  should one exclude the  non-fuel sources, 

leaving a la rge  amount of missing data? In t ry ing t o  exclude the  non- 

relevant  ca r  f i r e s ,  one i s  soon l e f t  with t ry ing t o  develop a crash 

surrogate as described in Section 3.2.2. As a r e su l t  of these 

considerat ions,  tcro r a t e s  were considered. 9ne approach selected was t o  

use the  f i r e  department data which seemed t o  correspond t o  crash f i r e s  

as the  numerator, a n d  t o  use the  crashes as the  denominator. The second 

a~proach  \/as t o  use a1 1 f i r e  department f i r e s  excluding the  cbviouslj/ 
non-crash f i r e s ,  b u t  re ta in ing the  essent ia l  ly u n k n o w n  causes. 



3.3.2 Relaticn of ?a tes  t o  Standard. Once an appropriate r a t e  was 

defined, these ra tes  rrere calculated f o r  each model year  of passenger 

car  frorn the rnost recent back t o  a b o u t  1961. Ear l ie r  models were 

excluded or  coi;:bined i n t ~  a  s ingle group f o r  two reasons. F i r s t ,  the  

nuiqber of such vehicles uas very small,  leading t o  unrel iable f i r e  

rates.  Second, cars  nore than 15 years old are  not generally in regular 

use--they tend t o  become antiques or  special use vehicles--and so are  

no t  relevant t o  the  evaluation of the standard. Tables showing the  f i r e  

ra tes  by niodel year  are presented in S e c t i ~ n  5 ,  in the sub-section 

corresponding t o  each d a t a  se t .  

Averaging the f i r e  ra tes  over a l l  model years corresponding t o  a 
s ingle version of the standard gives a n  average r a t e  f o r  t h a t  version of 

the  standard. These ra tes  are summarized in Tzble 3.1. 

As can be seen in Table 3.1 most of the f i r e  ra tes  shori a tendency 

t o  be lower f o r  the  more recent versions of the  standard. This i s  

consistent  with a  beneficial e f fec t  of the standard in terns of reducing 

the  incidence of post-crash f i r e s .  l io~~ever ,  t h i s  i s  a1 so consistent  

with an increase i  the post-crash f i r e  ra tes  with the  age of the 

vehicle. Thus, there  i s  a  plausible,  a l t e rna te  explanation f o r  the  

lower f i r e  rates arcong the  more recent model years. This point i s  

discussed fur ther  in the Section 5 ,  findings. I t  i s  also of in te res t  

t o  note tha t  the estiriiated f i r e  ra tes  d i f f e r  by a n  order of magnitude 

among the d i f fe ren t  data sets .  Further,  the  d i f ferent  data s e t s  show 

sor;le disagreements biith respect to  the  trends o r  patterns of the r a t e s  

a1 so. 

2.3.3 Adjustment of Rates f o r  Confounding Factors. I t  has been 

pointed o u t  tha t  the aye of the  vehicle i s  one fac to r  ~rhich i s  

confounded with e f fec t  of the standards. This confounding cannot be 

conpl etely el imi nated, s ince the d a t a  a re  rnostly r e s t r i c t ed  t o  crashes 

which occurred in 1976 a n d  1977. During t h i s  time ?eriod,  tile cars 

manufactured under the f i r s t  version of the  standard riere a1 ready frorr! 

one t o  nine years o ld ,  v,ilile those bu i l t  ~ r i o r  t o  the standard (;re-1963 

models) \,:ere a t  l e a s t  ten years o l d .  Similarly cars  bu i l t  a f t e r  the  

l a t e r  versions were new--or a t  nost two years o l d .  To eliminate t h i s  

confounding, one lyiould need d a t a  f o r  the e a r l i e r  cars crash f i r e  r a t e s  

when they were new--data which are not avai lable .  



Table 3.1 
Average Fi re  Zates by Standard a n d  Cata Source 

( A l l  Rates a r e  per thousand ca r s )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I I 
I I Standard 

Data Source 
' - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - -  

Date /.lone 301 301-75 301-75 Post 1975 I (Pre  1968) 1968-75 1976 1977 combined 
- - - - - - - - - - - - - - -+- - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I l l i n o i s  19761 5.90 5.30 6.00 - - 6.14 1 I 1977 3.90 3.50 2.90 4.00 3.25 

comb 5.17 4.33 3.96 4.95 4.01 
\{ashi ngton 1 9 7 6  0.42 0.22 0.37 - - 0.47 

i 1977, 0.50 0.46 0.34 0.79 0.53 
j combj 0.44 0.33 0.35 0.87 0.51 

: ie\ i  'tork 1 19761 0.30 0.29 0.35 0.00 0.34 
Pol i c e  I 1977 0.44 0.26 3.31 0.22 0.27 

comb1 0.37 0.28 0.33 0.21 C.29 
::el/ Yo rk 19771 4.91 2.29 0.97 0.75 0.38 
Fi re/Pol i c e  
Ilichigan 1976' 0.71 0.31 0.06 - -  0.06 
FirelPo1 i c e  1977 1.00 C.44 0.13 0.15 0.14 

0.82 0.37 0.09 0.15 0.11 

27.17 15.18 7.18 6.80 5.92 

I corib 
; l i c h ~ s a n  Pol i ce  
leaks 1978 
Fi res 
:ti ssouri 
Fi re/?ol i ce  
llaryl and  

3.14 
7.92 

2.51 1.72 1.83 1.80 
3.74 1.35 1.02 1.20 

19771 0.41 0.17 0.15 0.08 0.12 
Fi re/Regi s. 
Cal i fornia 19761 1.93 1.62 1.09 7.43 1.31 
Spec. Study 
[CSS Towaways 1 1977l 
Leaks 1 5.40 2.82 6.$9 4.92 5.95 
Fi res I 3.81 3.09 3.86 3.38 3.63 
Idaho 1.11 0.32 0.33 
Pol i ce 1.05 0.93 1.89 1.34 

1.00 1.06 0.70 1.81 1.35 
3kl ahoma 0.70 0.41 0.41 
Pol i ce  I 

Ohio / 7 7  2.17 0.84 0.23 0.23 0.23 
Fi res/Pol i ce  
Oregon 1977 
FARS ( F a t a l )  I3-Yrs I 

0.77 0.57 0.29 0.29 
18.4 21.1 23.2 22.8 

Fi res/Kegi s , i 
I - - - - - - - - - - - - - " - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
1 iiodel year  ranges f g r  Oklahorna are  pre 1971, 1972-1975, 1976 
and l a t e r .  



One method t o  t r y  t o  el iminate a t  l e a s t  one of the confounding 

fac to r s  i s  t o  adopt a model f i t t i n g  approach. I n  t h i s  approach, a  

smooth (e .  g. , l  inear  or quadra t ic)  age e f fec t  i s  pcstul ated and estimated 

from the  data within a c~iven version of the standard. To t h i s  

general ized l i n e a r  model f o r  t h e  f i r e  r a t e s  a re  then added ind ica to r  

var iables  which i n t r o d ~ c e  as differences in in te rcep t s  the  e f f e c t s  of 

the  various versions of the  standard. If  the  c o e f f i c i e n t s  o f  the  

var iables  which indica te  the  d i f f e r e n t  versions of the  standard a r e  

s i g n i f i c z n t ,  ( a f t e r  the  age e f fec t  has been e s t i ~ a t e d )  then t h i s  would 

indica te  an e f fec t  associated lii th the introduction of the  standard 

above tha t  which i s  1 ikely t o  be due t o  aging of the vehicle. 

Let P i  denote the  f i r e  r a t e  f o r  model year  i. Let X l i  be the  aSe 

o f  a vehicle of model year  i .  Let Xei  be l ( 0 )  accordins a s  model year  i  

i s  l a t e r  than 1967 (1967 or e a r l i e r ) ;  Y 3 i  be 1 ( 0 )  according as  model 

year  i  i s  l a t e r  than 1975 (1975 o r  e a r l i e r ) ,  and l e t  X q j  be l ( 0 )  

accordinc; a s  model year  i i s  l a t e r  than 1976 (1976 o r  e a r l i e r ) .  Then 

one can f i t  the  model : 

E P .  = G + 3 X t E 2 X 2 i  t G 3 X 3 i  + B X 1 0  1 l i  4 4 i '  

That i s ,  t h e  expected value of the  f i r e  r a t e  i s  a  constant (En)  plus a  

l i n e a r  age e f fec t .  I n  addi t ion ,  ( B 2 )  represents  a n  es t ina ted  e f f e c t  on 

the  expected f i r e  r a t e  coincident irith the  1968 standard, :rhile ( 2 3 )  

est imates a n  additional e f f e c t  coincident with the  1976 change, a n d  (Z4) 
estimates the additional e f f e c t  on the  average f i r e  r a t e  coincident with 

the  1977 standard. 

The model exerllpl i f i e d  here i s  only one of simil a r  nodels bihich were 

considered. I t  assumes a 1 inear  age e f fec t  throughout the  data viith the  

same slope. Linear e f f e c t s  sdi tti d i f f e ren t  slopes in the  ? r e  1968 and 

1968-75 ranges can be f i t t e d .  Polynomials o r  other  functions of age can 

a lso  be considered, b u t  general ly proved unnecessary. 

In terpre ta t ion  of the  e f f e c t s  of the  stenaard as e s t i ~ a t e d  by the  

c o e f f i c i e n t s  of trie indica tor  var iables  in the  model i s  sorewhat 

conservative. T h a t  i s ,  an e f fec t  of the  stavdard i s  estiinated only i f  

i t  i s  apparent over and above any e f fec t  which could be e x ~ l  ained by a 

smooth aging e f fec t .  i f  there  were no aginl; e f f e c t ,  b u t  three d i f f e r e n t  



levels  of the  r a t e s  corresponding t o  th ree  d i f f e r e n t  versions of the  

standard,  scme e f f e c t  of aging would be estimated by the  model. Thus, 

in such a  s i t u a t i o n ,  t h e  zodel would underestimate the  ef fec t iveness  of 

the  standard. I f  a n  e f fec t  of the  standard i s  found using the  model 

described above, then one can be reasonably ce r t a in  t h a t  such an e f fec t  
occurred a t  the same t i n e  as the  change in the standard. This does not 

imply casual ty ,  of course,  s ince  conceivably o ther  f ac to r s  coul d have 

occurred t o  cause o r  p a r t i a l l y  cause such a  change a t  the  sane t ine .  

i f  the  coe f f i c i en t s  of the indica tor  var iables  i n  t he  above model 

a r e  n o t  s i s n i f i c a n t ,  i t  does not necessarily xean t h a t  no standard 

e f fec t  \,as present--merely t h a t  2 decrease in the  rean f i r e  r a t e  bias n o t  

fcund s ign i f i can t ly  more t h a n  a general decreasing trend i n  f i r e  r a t e s  

v ~ i t h  newer model years. I t  seems 1 ikely t h a t  r a the r  m a l l  design 

changes ~ o u l d  be anticipated t o  meet the standard. In addi t ion ,  many 

mcdel s  may not have required any design changes. F inal ly ,  in scme 

models f o r  which design chanses were necessary t o  meet the  standard,  

these niay have been introduced p r io r  t o  the f ina l  pronulgation of the  

standard. A 1  1  of these f ac to r s  nay operate t o  make an e f fec t  of the  

standard f a i r l y  small in magnitude. I n  addit ion,  suck an e f fec t  might 

be of the  f o m  of a  sharply decreasing trend in f i r e  r a t e s  over 2 o r  3 

node1 years instead of a sudden drop a t  the model year  coinciding u i t b  

the  introduction of the  standard. 

Whatever the  type of e f f e c t ,  cne should (eventual ly)  see a  lower 

average f i r e  r a t e  f o r  model years subject t o  the  more s t r ingen t  versions 

of the  standard i f  the  standard was benef ic ia l .  I f  t h i s  i s  the  case ,  
b u t  i f  the  1 ower f i r e  r a t e s  show a  smooth trend over the  ~ncdel years ,  

t h a t  i s ,  i f  f i r e  r a t e s  general ly increase f o r  o lder  c a r s ,  then while the 

pat tern would be ccns is tent  with a  beneficial e f fec t  of the  standard,  i t  

could a lso  be due t o  simple aging of the  cars.  This a1 t e rna t ive  
explanation could n o t  be ruled out. Thus, i t  i s  possible t h a t  a 

beneficial  e f fec t  may appear, b u t  t h a t  i t  may not be i d e n t i f i a b l e  as 

caused by  the  standard in the sense t h a t  a l t e r n a t i v e ,  p laus ib le  
explanations f o r  the  observed changes xay be available.  



4. DATA SOURCES AIdD USEABILITY CRITERIA 

In order t o  be useful ,  data s e t s  must contain severs1 key elements. 

These d a t a  elercents rnust enable one t o  determine t h a t  a  vehicle \,as 

involved in a post-crash f i r e  a n d  what the model year  of the vehicle 

involved in the f i r e  was. For jo l i ce  accident da ta ,  t h i s  rec ju i re~ent  

inpl ies  tha t  one qust be  able t o  determine the ?ode1 year  of each 

vehicle involved i n  a  crash a n d  iihether o r  not tha t  vehicle \/as a lso  

involved in a pcst-crash f i r e .  F i re  department data rnust ident i fy  the  

model year  of each vehicle involved in a f i r e  and a lso  whether the f i r e  

resulted from a  crash ( t r a f f i c  accident) or  some other cause. In 

addit ion,  i t  must be ;ossible t c  r e l a t e  the post-crash ca r  f i r e s  

icent i  f ied through f i r e  department data t o  accident data. 

Thus, the mininal ~ a t a  r e q u i r e ~ e n t s  are the followincj. For a  

defined accident popul a t ion ,  using e i t h e r  police accident data,  f i r e  

dc~artrnent da ta ,  or  both, one must be able t o  deterr;:ine how many 

vehicles of each nodel year  ;/ere involved in post-crash f i r e s  a n d  how 

many vehicles of each model year  were involved in crashes, 

I n  addition t o  containing the  minimal data elenents needed t o  
ensure i d e n t i f i a b i l i t y  of post crash f i r e s  by model year ,  the  data s e t s  

must be f a i r l y  larse.  That i s ,  the  population cf accidents covered by 

the  data source must contain enough crash f i r e s  so tha t  the calculated 

f i r e  rates by node1 years will  be reasonably staole.  dsing a  Poisson 

ap;roximation, the  standard e r ro r  of a  f i r e  r a t e  i s  approximately 

proportional t o  the  square root of the number of f i r e s  ( t h e  numerator). 

Tlius, in order to  have standard er rors  of 1G% of the  estimated r a t e s ,  

one irould need t o  be able to  expect about 130 crash f i r e s  fo r  each mode? 

year ( o r  f o r  each r a t e  t o  be ca lcula ted) .  For a  2CA r e l a t i v e  e r ro r  2 5  

crash f i r e s  should beexpected,  e t c .  Combined with the r a r i t y  of crash 

f i r e s ,  t h i s  neans tha t  data s e t s  from geographical areas smaller than a  

s t a t e  are n o t  1 i  kely t o  be of much practical use. Indeed, dara from 

re la t ive ly  small s t a t e s  w i l l  be of 1 imited use. A ?ost crash f i r e  r a t e  

of between one and f ive  f i r e s  per thousand crash-involved vehicles would 

produce only a n  expected 100-500 crash f i r e s  in a  s t a t e  vii t h  100,OCO 

crashes in a year. 

In addition t o  the  minimal data needed in order t o  ca lcu la te  f i r e  



r a t e s  by model year  (and hence by version of the F!.1VSS 301 s tandard) ,  

other  data would be useful .  In pa r t i cu la r ,  informaticn a b o u t  the  type 

of crash ,  the  sever i ty  ( o r  speed) of the  crash ,  the  fiake a n d  

manufacturer of the  c a r ,  and any i n j u r i e s  would be pa r t i cu la r ly  useful.  

Of course, these  must be re la ted  t o  the  crash f i r e s  in  ord3r t o  be used. 

I n  prac t ice ,  these data a re  avai lable  and usable only in police accident 

f i l e s  which also contain f i r e  infomat ion.  

4.1 2ata Analyzed 

Eased on the  considerat ions of the d a t a  elements a n d  the  v o p u l  a t ion  

s i z e  needed several statewide d a t a  f i1  es were obtained and analyzed. 

The s t a t e  police accident d a t a  f i l e s  t h a t  contained useful f i r e  

i  nfomation were I 1  1 i  nois ,  ;!ichigan, ;ie~i York, Z i t 1  ahoma, Idaho, and 

hashington. I n  addi t ion ,  sane s t a t e s  h a d  f i r e  department data. These 

bere i l i c h i ~ a n ,  ;li ssour i ,  ah io ,  Oregon, New York, and i$aryl and. I n  

addi t ion ,  a  small s e t  of d a t a  from a special highliay ?a t ro i  study in 

California a re  analyzed, Some data from the  K S S  a n d  the  FARS a re  a lso  

analyzed. 

4.2 Sata Sets  Found Not Useful 

Police accident da ta  from the  48 contiguous s t a t e s  were 

invest igated f o r  use in t h i s  project .  The accident report ing f o r m  were 

reviewed. I n  addi t ion ,  telephone contacts  with each s t a t e  were made in 

order t o  inves t iga te  the  a v a i l a b i l i t y  and u t i l i t y  of the  data. S t a t e  

f  i  re  marshal 1  ' s  o f f i c e s  were contacted f o r  i  nfornation a b o u t  

a v a i l a b i l i t y  and app l i cab i l i ty  of f i r e  department data. In addition the  

rlational F i re  Administrat ion 's  ilational F i r e  Incident Reporting System 

(!!FIRS) was u t i l  i  zed. 

Table 4.1 summarizes the  r e s u l t s  of t h i s  data invest igat ion.  I n  a 
n u ~ ~ b e r  of cases police accident data have a variable 1 abeled " f i r e "  

bihich turned cut t o  be ncn-crash f i r e s  only. That i s ,  f i r e  was one of 

several non-crash events ~ ~ h i c h  c o ~ l d  lead t o  an incident  report in the  

police data f i l e .  Other s t a t e  data f i l e s  did n o t  include the model year  

of the  vehicle, 



Table  4.1 

S ta tus  o f  S t a t e  F i r e  and Acc iden t  Records 

S t a t e  

Alabama . . . 
A r i z o n a  . . . 
Arkansas . . . 
C a l i f o r n i a  . . 
Colorado . . . 
C o n n e c t i c u t  . 
Delaware . . . 
i l o r i d a  . . . 
Georgia . . . 
Idaho  . . . . 
I l l i n o i s  . . . 
I n d i a n a  . . . 
I o w a . . . . .  
Kansas . . . . 
Kentucky  . . . 
L o u i s i a n a  . .  
Elaine . . . . 
l r l a n  . . . 
t l a s s a c t ~ u s e t t s  
~ l i c h i g a r i  . . . 
bl innesota . . 
M i s s i s s i p p i  . 
l l i s s o u r i  . . . 
Elontana . . . 
Nebraska . . . 
Ilevada . . . . 
ilew l iampshi r e  

Mew J e r s e y  . . 
Nerr i l e x i c o  . . 
New York . . . 
N o r t h  C a r o l i n a  
l l o r t h  Dakota . 
Oh io  . . . . . 
Oklahoma.. . 
Uregon . . . . 
Pennsy lvan ia  . 
Rhode I s l a n d  . 
South C a r o l i n a  
Sou th  Dakota . 
Tennessee . . 
Texas . . . . 
Utah  . . . . . 
Vermont . . . 
V i r g i n i a  . . . 
Washington . . 
West V i r g i n i a  
Wiscons in  . . 
Wyoming . . . / 

F i r e  Data 

i io  
:lo 
'io 
IJFIRSino !node1 y e a r  
IIO 
110 
I io 
tl o 
110 
;l o 
I;o 
!lo 
No 
ii o 
No 
flo 
E l  o 
Yes s i n c e  Jan. 1!77 
flo 
Yes 
Yes, s i n c e  Jan. 1977 
i lo  
Yes, s i n c e  1975 
Yes,but n o  model y e a r  
ti0 
Elo 
I n  process--no expec ted  d a t e  

No 
110 
Yes 
i io  
l io 
Yes 
Ho 
yes,  s i n c e  1966 
110 
I lo 
I lo 
S i n c e  Jan. 1978 
No 
Ilo 
o n l y  s i n c e  Jan. 1976 
N o 
l l o  
I lo 
I n  proce:s 
I: o 
11 o 

................................................................................................................ 
P o l i c e  Data 

. . . . . . . . . . . . . . . . . . . . . . .  1 Colrments 
F i r e  / I4odcl Year / 

.-..-----------.-.+--------+--------------L-------------------------------------"-+-----------------------------. 

No* 1 'Yes 
tlo Yes 1 ,io 

Yes ;iF j e s  
Ilo Ye; 

* F i r e  as p r i m a r y  e v e n t  

. 
*:pet. s t u d y  

I * F i r ?  as p r i n a r y  e v e n t  o n l y  

*Code as second harmfu l  even t  
I n  house 
* F i r e  as f i r s t  even t  o n l y  

* F i r e  a s  p r i m a r y  e v e n t  o n l y  

I n  house (yes  beg. 1978) 

No niodel y e a r  ( 5  f i r e s )  

* F i r s t  hann fu l  even t  o n l y  

F i r e  as p r i m a r y  e v e n t  o n l y  
* b u r p  i n . j u r y  n o t e d  
* *L icense  p l a t e  # 

I n  house f i r e  coded as second e v e n t  

*has 1 i cense p l a t e  nuc~her  
flew 7/77 pd d a t a  
I n  house 
(12 f i r e s )  
o n l y  s i n c e  J u l y  1977 

* I s t  ha rmfu l  even t  o n l y  

Changed c m p u t e r  a t  t lar .  1977 
*Coded f rom n a r r a t i v e  

, 'pr imary e v e n t  o n l y  
---*-------------------------------<------------.-------------------------------.------.-------------------------- 

KO I l e s  

/I0* I 'Yes !lo , i lo  
Yes* Yes 
Yes 'Yes 
i lo* Yes 
Ilo Yes 
Ilo Yes 
No Yes 
tlo 
i lo*  
ti0 
lio 
No* 
Pio 
Yes 

Yes 
i lo 
Yes 
Iio 
F i  o 

?lo Yes' 
No* Yes 
No 
Ilo 
110' 

l o *  
tlo 

I lo 
Yes 

/ lo**  
li o 

Yes I Yes 
i lo ' les 
yes i NO* 

tio 
'Yes 
Yes 
Ilo 
110 
KO* 
No 
Ilo 
Ilo 
Ilo 
!io 
140 
Yes* 
Ilo 

Yes 
Yes 
N o 
Yes 
!lo 
Yes 
I10 
Yes 
Yes 
'Yes 
I lo 
Yes 
Yes 
Yes 

!lo Yes 
No* 1 i i o  



5. RESULTS 

The r e s u l t s  presented in t h i s  sect ion a re  presented separately f o r  

eac,h data s e t .  Since the data s e t s  generally cons is t  of data from a  

s t a t e  f o r  one o r  nore yea r s ,  the  sect ions a r e  ident i f ied  ~ i i t h  the  

s t a t e ' s  data. Githin each subsection, the  qual i ty  of the  data and the  

r e s u l t s  fron analys is  of the  data from t h a t  source are discussed. 

Fesults  from d i f fe ren t  data s e t s  a re  somewhat d i f f e r e n t ,  and t h i s  should 

be borne in mind by the  reader. 

5.1 Data from the  S ta te  of I l l i n o i s  

5.1.1 Character is t ics  of the  Cata, The data from I1 l i n o i s  a r e  

police accident data. They represent accidents which occurred during 

calendar 1976 and the  f i r s t  th ree  quarters  of 1977. 

In the I l l i n o i s  da ta ,  a variable i s  coded as " f i r e "  o r  "no f i r e " .  

This i s  a  vehicle-identif ied var iable ,  so i t  r e fe r s  t o  t he  presence o r  

absence of a  crash f i r e  in each vehicle in a niul t i p l e  vehicle accident. 

Data fron vehicle one and vehicle two were used. The vehicle numbers 

r e f e r  t o  an a rb i t r a ry  number assigned in the  accident report .  (Single 

vehicle accidents  have no da ta  f o r  vehicle two.) These were combined 

in to  a vehicle f i l e  f o r  analysis .  Thus, the  r a t e s  reported in the  

t ab les  in t h i s  sec t ion  r e f e r  t o  crash f i r e s  per vehicle involved in a  

crash. 

There a re  trro key variables f o r  analysis.  The f i r s t  i s  the f i r e  

var iable ,  while the  second i s  tlie mode1 year  of the vehicle. In the  

1976 data ,  3.3% of the  accidents were missing the  model year  

information. I n  the  1977 data ,  3.2% of the  accidents were missing model 

year  information. I n  addit ion,  0.6% of the  accidents were f o r  rodel 

years e a r l i e r  than 1960 o r  had unknown o r  "wild" codes (e.g. ,  ~ o d e l  year  

86) .  Thus, the  model year  variable was missing in a b o u t  4% of the  

crashes. 

The f i r e  variable was present l e s s  often. In the  1976 data ,  t h e  

f i r e  variable bias unknown in 31.46 of the  vehicles,  while in the  1977 

da ta ,  the  f i r e  variable was unknown in 22.82 of the vehicles. (These 

f igures  r e f e r  t o  the  iilissing data o n  vehicle one). I n  ca lcula t ing  :he 



c r a s h  f i r e  r a t e s ,  o n l y  d e f i n i t e l y  p r e s e n t  d a t a  were used. T h a t  i s ,  t h e  

f i r e  r a t e s  were  c a l c u l a t e d  as  t h e  nunbe r  o f  c r a s h  f i r e s  d i v i d e d  by  t h e  

number o f  c r a s h  f i r e s  p l u s  t h e  number o f  n o n - f i r e s .  The cases w i t h  

"unknown" on  t h e  f i r e  v a r i a b l e  l i e r e  n o t  i n c l u d e d .  T h i s  p r o b a b l y  b i a s e s  

t h e  r a t e s  i n  t h e  u?ward d i r e c t i o n .  T h a t  i s ,  i t  i s  c l e a r  t h a t  mos t  o f  

t h e  unknolrn were n o n - f i r e s .  I n  f a c t ,  i t  i s  p o s s i b l e  t h a t  t h e y  a l l  were 

n o n - f i r e  c rashes .  I f  t h i s  were  t h e  case  i t  wou ld  a c c o ~ n t  f o r  much o f  

t h e  d i f f e r e n c e  i n  l e v e l  i n  t h e  two  y e a r s '  da ta .  I f  m i s s i n g  d a t a  a r e  

assumed t o  be n o n - f i r e s ,  t h e  ave ras2  f i r e  r a t e  i n  t h e  l 9 7 6  d a t a  i s  3 . 9 3  

f i r e s  p e r  t housand  v e h i c l e s  i n  c r a s h e s ,  ~ r h i l r l  f o r  1977 t h e  ave rage  f i r e  

r a t e  i s  2.82 f i r e s  p e r  t housand  v e h i c l e s  i n  c rashes .  

I n  c o n s i d e r i n g  t h e  c r a s h  f i r e  r a t e s  f o r  d a t a  f r o m  i l l i n o i s ,  i t  

s h o u l d  be b o r n e  i n  m i n d  t h a t  d a t a  cn t h e  o c c u r r e n c e  o f  f i r e  i s  m i s s i n g  

o r  unknoun i n  2 0  t o  30 p e r c e n t  o f  t h e  v e h i c l e s ,  depend ing  on  t h e  y e a r  

t he  c r a s i l  c c c u r r e d .  T h i s  d i f f e r e n c e  i r :  rili s s i n s  d a t a  r a t e  f r o m  1976  t e  

1977 a c c o u n t s  f o r  h a l f  o f  t h e  d i f f e r e n c e  i n  e s t i m a t e d  c r a s h  f i r e  r a t e s .  

W h i l e  t h e  m i s s i n g  d a t a  r a t e s  do n o t  appea r  t o  be a s s o c i a t e d  w i t h  t h e  

d i f f e r e n t  model y e a r s ,  t h e  l a r g e  amount o f  m i s s i n g  d a t a  i n t r o d u c e s  a  

g r e a t  d e a l  o f  u n c e r t a i n t y  i n t o  any c o n c l u s i o n s  f r o m  t h e  I l l i n o i s  da ta .  

5.1.2 Crash  F i r e  Rates.  The c r a s h  f i r e  r a t e s  were c a l c u l a t e d  

e x c l u d i n g  m i s s i n g  d a t a  on t h e  v a r i a b l e  w h i c h  i n d i c a t e s  whe the r  o r  n o t  a  

f i r e  occu r red .  Da ta  f r o m  b o t h  v e h i c l e  one and two  were  combined so  t h a t  

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

t h a n  i n  te r i i l s  o f  a c c i d e n t s .  R a t e s  a r e  exp ressed  p e r  t h c u s a n d  v e i i i c l e s .  

2 1  F i r e  R a t e s  by ;lode1 Year  T a b l e s  5.1.1 and 5 .1 .2  p r e s e n t  

t h e  c r a s h  f i r e  r a t e s  by  model y e a r  o f  t h e  v e h i c l e  f c r  c r a s h e s  w h i c h  

o c c u r r e d  i n  1976  and 1977  i n  I 1  l i n o i s ,  r e s p e c t i v e l y .  The l a s t  co lumn 

g i v e s  t h e  a p p r o x i m a t e  s t a n d a r d  e r r o r  a s s o c i a t e d  w i t h  each r a t e .  D a t a  

f o r  b o t h  y e a r s  combined a r e  p r e s e n t e d  i n  T a b l e  5 .1 .3 .  

I t  s h o u l d  be n o t e d  t h a t  i n  each case, t h e  c r a s h  f i r e  r a t e  f o r  t h e  

c u r r e n t  model y e a r  i s  based  on  f e w e r  c r a s h e s  t h a n  t h e  r a t e s  f o r  t h e  

i m n i e d i a t e l y  p r e c e d i n g  y e a r s .  T h i s  r e f e r s ,  f o r  example, t o  t h e  model 

y e a r  1976  i n  t h e  y e a r  1 9 7 5 ,  The r e a s o n  f o r  t h i s  i s  t h a t  1976  v e h i c l e s  

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

y e a r ' s  t r a f f i c  exposure.  T h i s  r e s u l t s  i n  t h e  l o w e r  number o f  c rashes .  



Table 5.1.1 

I1 l i n o i s  1976 Fires  
by Model Year 

............................................................... 
d with Fire/ 

/lode1 6 \ii t h  d Without dwithout Fi re  Approx. S t d .  
year  1 Fire  F i  r e  x 1900 e r r o r  of r a t e  

- - - - - - - - - -$ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Missing 77,011 7.19 C. 306 
Pre 1961 19 2,405 7.90 1.812 

The r a t e s  presented a r e  based on those vehicles involved in crashes. 

However, ttie smaller number of crashes should be considered. Very few 

crashes involving the  newest model (1977 in 1976; 1978 i n  1977) were 

included i n  the  f i l e .  

1963 . . 1 23 
3;521 6.53 !. 362 

1964 , . 32 6,035 5,3Q 0.937 
1165 . . / 60 

19,592 5.66 0.731 
1966 . . 7 1 14,128 5.133 3.596 

5.1.2.2 Fi re  Rates by Standard Table 3.1 summarized t h e  f i r e  

r a t e s  by t h e  versions of the  standard f o r  a1 1 data sources. Reference 

t o  i t  shows t h a t  f o r  the  ti:o years combined, there  i s  a n  estimated 5.2 

crash f i r e s  per 1000 vehicles fo r  the  pre-1968 nodels,  a  r a t e  of 4.3 Fer 
1000 f o r  the  1968-1975 nodels,  a  r a t e  of 4.0 per 10120 f o r  tke  !?7t 

models and a r a t e  cf 4.8 per 1300 f o r  the  1977 and l a t e r  irodels. I f  the 
1976 and  l a t e r  are grouped, the  ccnibined ra te  i s  4.C per 1CQO.  The 
associated standard e r ro r s  are  estimated as 0.228, 3.082, 0.231, and 

1967 . . 
1968 . . 
1969 . . 
1970 . . 
1971 . . 

122 18,346 6.65 C. 602 
141 24,211 5.82 0,430 
187 29,749 6.29 0.46C 
180 30,694 5.86 0.437 
192 33,890 5.67 0.309 

1972 . . 234 42,530 5.50 0.360 
1973 . . ( 227 48,923 4.64 0.308 
1974 . . 204 46,530 4.38 0.307 
1975 . . 
1976 . . 
1977 . . 

196 40,258 4.87 0.348 
158 26,364 5.99 0.477 

4 2 0 200.00 lOO.OOr3  
1978 . . - - - - - - - - 
Others . I 0  , 10  - - - - 

............................................................... 



Table 5.1.2 

I l l i n o i s  1977 Fi res  
by ?lode1 Year 

f with Fire/  
t lode1 I t ir'ith f Without #without Fi re  Approx. S t d .  

Year F i re  Fi r e  x 1000 Error  

0.425, res;ecti . iely, o r ,  i f  the  1376 and l a t e r  nodels a re  grouped, t h e  

associated standard e r r o r  f o r  the  conbined r a t e  i s  C.205. 

Thus, the re  i s  some evidence t h a t  the  crash f i r e  r a t e s  a r e  l e s s  f o r  

cars  b u i l t  under the  l a t e r  versions of the  standard. There i s  a n  
apparent increase (non-s igni f icant )  f o r  the  f i r e  r a t e s  associated with 

models b u i l t  under the  l a t e s t  version of the  standard. However, t h i s  i s  

based on ra the r  scanty da ta ,  and may ire1 1 be an a r t i f a c t .  I f  the  th ree  

versions (no standard,  1968, and 1975 and l a t e r )  a re  considered, the  

crash f i r e  r a t e s  show a steady dounvard p r o ~ r e s s i o n .  This amounts t o  a 

14.6% red~ic t ion  in tile crash f i r e  r a t e  f o r  cars  b u i l t  p r io r  t o  the 1968 

standard as compared t o  those b v i l t  with the  1966 standard. An 

addit ional  7.E reduction i s  observed with the 1976 standarc. ( A n  



Tab le  5.1.3 

I1 1 i n o i s  F i r e s  by Iiodel Year 
1976 and 1977 Data Conbined 

ilodel F a t e s /  
Year I I F i r e s  Crashes  1000 

Pre 1968 5.174 
1968-1975 4.333 
1976 3.964 
1977 t  4.845 

I 

1976 . . I 0 10  C.9 

a p p a r e n t  22% i n c r e a s e  re1 a t i v e  t o  1976 model r a t e s  o c c u r r e d  w i t h  t h e  

1977 and l a t e r  models ,  bu t  t h i s  i s  based on s p a r s e  d a t a . )  

1977 . , 
1975 . . 
1975 . . 
1974 . . 
1973 . . 
1972 . . 
1971 . . 
1973 . . 
1969 . . 
19G8 . . 
1367 . . 

5.1.2.3 F i r e  R a t e s  by Othe r  F a c t o r s .  T a b l e s  5 . 1 . 4 a n d 5 . 1 . 5  

p r e s e n t  e s t i f i a t e d  f i r e  r a t e s  by t y p e  of  a c c i d e n t .  Again t h e  r a t e s  a r e  

p e r  1000 v e h i c l e s  i nvo lved  i n  each l i s t e d  c r a s h  t y p e .  In  tsrms of  t h e  

r a t e s ,  t t ;e f i r e  r a t e  i s  h i g h e s t  i n  head-on col  l i s i o n s ,  f o l l o r ~ e d  by 

c o l  l i  s i c n s  w i t h  r a i l  road t r a i n s ,  r o l  l o v e r s ,  and c r a s h e s  i n t o  f i x e d  

o b j e c t s .  These  a r e ,  o f  c o u r s e ,  t h e  most s e v e r e  t y p e s  c f  c r a s h e s .  For 

c o n ~ a r i  son ,  t h e  f i r e  r a t e  f o r  non-coll  i  s i o n  c a s e s  ( i .  e . ,  non-crash  f i r e s  

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

124 25 ,583 4.847 
29 5 74,422 3.964 
324 77,285 4.192 
3 38 89 ,041  3.796 
359 94 ,711  4.107 
371 81 ,938  4.528 
2 9 5 64 ,819 4 .551 
2 7 3 58 ,164  4.694 
290 54,342 5.337 
206 43 ,491 4 ,737 
170 32 ,077 5.300 

1966 . . 115 24 ,353 4 ,722 
1965 . . SI 17 ,888  4.919 
1964 . . I 10,081 4 .761 
1963 . . 3 3 5 ,849  5.642 
1962 . . 
1961 . . 
Pre 1961 
Ili s s i n g  

17  3 ,418  4.973 
11 1 , 3 3 1  8.264 
3 1 4 ,140  7.487 

900 153,299 5.871 ..................................................................... 



was t h e  cause o f  t h e  r e p o r t  i n  abou t  19 p e r  thousand  o f  t h e  non -c rash  

r e p o r t s  f i l  ed. 

T a b l e  5.1.4 

I1 1  i n o i s  1976 F i r e s  
3y  Type o f  Crash 

.................................................................. 
+ N i t h  i W i t h o u t  4 K i t h  F i r e / #  W i t h o u t  F i r e  

Crash  Type 1 F i r e  F i  r e  x 1000 ( F a t e  p e r  t housand )  

3 v e r t u r n e d  . . 
Kear -end  . . . 
Zead-on . . . 
S i d e s ~ l i  2e . . 
,Ar;gle . . . .  
T u r n i n g  . . . 
Parked  c a r  . . 
P e d e s t r i a n  . . 
R a i l  r o a d  t r a i n  
Peda l  c y c l i s t  
Animal  . . . . 
F i x e d  O b j e c t  . 
O t h e r  O b j e c t  . 
O t h e r  
non  c o l l i s i o n  

I n  t h e  1977 d 2 t a ,  head-on c r a s h e s  s t i l l  have t h e  h i g h e s t  r a t e ,  

i o l  l owed 0; o v e r t u r n s ,  and f i x e d  o b j e c t s .  Crashes i n v o l v i n g  r a i l  r o a d  

t r a i n s  a r e  r a t h e r  r a r e ,  and had t h e  f o u r t h  h i g h e s t  c r a s h  f i r e  r a t e  i n  

1977. 

A l t h o u g h  head-on c r a s h e s  had t h e  h i g h e s t  r a t e  o f  f i r e ,  t h e y  a r e  

r e l a t i v e l y  r a r e .  l l any  o t h e r  c r a s h  t y p e s  r e s u l t e d  i n  R o r e  f i r e s ,  

a l t h o u g h  t h e y  were l e s s  l i k e l y  t o  r e s u l t  i n  a  f i r e  i n  a  g i v e n  c rash .  

Rear -end  c r a s h e s  p r cduced  t h e  l a r g e s t  cumber o f  f i r e s ;  however ,  t h e  r a t e  

o f  f i r e  p e r  t housand  v e h i c l e s  was r e 1  a t i v e l y  1 ow. T h i s  i s  p resumab ly  

due t o  t h e  f a c t  t h a t  r e a r  end c ras t i es  a r e  g e n e r a l l y  l e s s  seve re - -  

i .e. happen a t  1  ower s p e e d s - - ~ h a n  d o  head-on c rashes ,  r o l l o v e r s ,  o r  



Table 5.1.5 

I l l i n o i s  1977 Fi res  
by Type of Crash 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# W i t h  ?: ilithout i i i ' i t h  Fi re l i i i i i thout  Fi re  

Crash Type 1 F i r e  F i  r e  x 1000 ( r a t e  per thousand) 
- - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Overturned . . I ::; 3,947 7,09 
?ear-end . . . 55,725 3.32 
Head-on . . . 2 7 2,138 1?,63 
Sideswi pe 1 135 29,225 3.59 
Angle . , . ' 1  . 7 7  26,197 2.94 
Turning . . . I I08 47,146 2.29 
Parked Car . . 6 6  27,133 2.43 

1 
Pedestrian . . 
Rail road t r a i n  
Pedal cycl i  s t  . 
Animal . . . . 
Fixed object . 
Other object . 
Other 
non c o l l i s i o n  

Other . . . . l 2  504 3.97 .................................................................. 

s ing le  vehicle in to  f ixed object crashes. 

From the  d i f ferences  in  f i r e  r a t e s  by type of crash ,  i t  i s  evident 

t h a t  d i f f e ren t  d i s t r ibu t ions  of crash types could e i t h e r  cover u p  

differences in f i r e  r a t e s  by code1 year ,  or  shou apparent d i f ferences  

wiiere none rea l ly  ex i s t .  That i s ,  i f  d i s t r ibu t ions  of crash types a re  

d i f f e r e n t ,  t h i s  coul d  cause apparent differences in crash f i r e  ra tes .  

The data a r e  t o o  sparse t o  ca lcu la te  meaningful f i r e  r a t e s  by crash type 

and by model year.  However, d i s t r i b u t i o n  of crash types by model year  

did not reveal any apparent la rge  differences.  

5.1.3 /,lodeling Crash F i re  Rates. A number of d i f f e r e n t  models 

idere f i t  t o  the I 1  1 inoi s  data t o  t r y  t o  separate out the  possible 

standard e f f e c t s  from possible e f f e c t s  due t o  aging of the cars .  A n  

" a l l  means" model did not f i t  the  data adequately. T h a t  i s ,  estimating 

a  ccnstant f i r e  r a t e  within each version of the  standard did not f i t  the  



data we1 1. There was evidence :hat a 1 inear  e f f e c t  f o r  age \/as needed, 

a t  l e a s t  over the  rniddle range cf a;es of vehicles.  in both the  1976 

an ' '977 da t a ,  a  :;iodel iirith a  1ir;ear e f f e c t  f o r  age of c a r  f i t  the data  

wel l ,  with the  coe f f i c i en t  f s r  age being s i g n i f i c a n t l y  d i f f e r e n t  from 

zero. 

h'hen e f f e c ~ s  f o r  the d i f f e r en t  versions of the  standard were added 

t o  the  rriodel , however, they Liere a1 1 n o n - s i ~ n i f i c a n t l y  d i f f e r e n t  from 

zero. Thus, k,hile ther2  i s  a tendency f o r  f i r e  r a t e s  t o  be lower in 

newer vehicles ,  t h i s  can be explained by a 1 inear ly increasing f i r e  r a t e  

increasing irith the  age cf the  vehicle sonerihat b e t t e r  than by s teps  

ui:\iard cor res~ondinr ;  t o  the  t i l ~ l i n g  of d i f f e r en t  versions of t he  

standard. I n  the  1977 da ta ,  the  est i i la ted standard e f f e c t s ,  while not 

 significant;^ d i f f e ren t  froi;; zero, ~ r e r ?  i n  the  1 ogical d i rec t ion .  That 

i s ,  they ifidicated dokinward s h i f t s  i  addi t ion t o  the general dov~nward 

t rend in  t he  f i r e  r a t e s  f o r  the neirer inodels. Ciowever, in the  1976 

da ta ,  t h i s  was not the case. The estimates of the  e f f e c t s  of the 

standard were t o  pred ic t  increases in the f i r e  r a t e s  with the  l a t e r  

versions of the standard. These irere a1 so non-si gn i f i can t ,  and 

emphasize tha t  the d i f fe rences  from zero could r e s u l t  f ron  chance 

f luc tua t ions .  

I n  t he  hope of reducins t h e  f luc tua t ions  sorxecrhat, t h e  d a t a  from the  

tiplo years  Liere combined. The xodel with a l i n e a r  e f f e c t  f o r  age f i t  
2 well ( x  =17.4, 1 5  d f ,  p=O,297). The parameters were estimated a s  an 

in t e rcep t  of 3.757 f i r e s  ?er  thousand, ana a  slope of 0.106 f i r e s  per 

thousand increase with each y e z r ' s  increase in age. These parameters 

were b o t h  s ign i f i can t ly  d i f f e r en t  fron zero. Thus, a model which f i t s  

t he  d a t a  from i l l i n o i s  well i s :  

P = 3.757 t 0.106 (Aye),  

where P i s  the  predicted r a t e  per thousand vehicles ,  and the  age of the  

vehicle  i s  i n  ?ears with 1977 zcdels taken t o  be oEe year old.  

Ttie model which assumes a  constant f i r e  r a t e  within each version of 

t h e  standard d i d  not f i t  well (Lack of f i t  x2=25.96 with 13 d f ,  

P=0.@17). This iiiodel e s t i r a t e s  the Irean f i r e  r a t e s  t o  be 4.82/!000 f c r  

t he  current  version,  3.948/11300 f o r  



and 5-015/1000 f o r  t h e  pre-1968 versions. The standard devia t ions  

assoc ia ted  with these  r a t e s  a r e  4.320/1000, 2.294/1000, 0.875/1000, a n d  

2.?86/1C0OY respec t ive ly .  The only pairwi se d i f fe rence  which i  s 

s ic jn i f icant  i s  from t h e  pre-1968 t o  t h e  1968-1975 s tandards ,  b~hich i s  a 

reduct ion s i g n i f i c a n t  a t  P=0.007), 

When standard e f f e c t s  were estimated in  addi t ion t o  a 1 i nea r  terrn 

f o r  t h e  age of the  c a r ,  t h e  follokring model was obtained. 

Overall mean = 3.08 - + 0.546/1000 

51 ope f o r  age = 0.15 + 0.0399/1Q00 

Estimate cf e f f e c t  krith 1977 models = 1.C2 + 0.491/1000 

Estiirnate of e f f e c t  with 1976 models = 0.20 - t 0.?9C/1000 

Estimate of e f f e c t  with 1968 models = 0.36 - + 0.359/1000 

Jnly tile overa l l  mean and the  s l  ope a re  s i g n i f i c a n t l y  d i f f e r e n t  

frorii zero. The model shoc.1~ a genera l ly  decreasing t rend in t h e  f i r e  

r a t e s  with the  newer models as  evidenced by t h e  s i g n i f i c a n t  s lope f o r  

t h e  age. This es t imates  t h a t  t he re  was on t h e  average a reduct ion of 

about 0.16 f i r e  per thousand vehic les  in crashes each year .  Ho~iever, 

t h e  slope i s  somewhat too  s t eep - - tha t  i s ,  t h e  average r a t e s  f o r  t h e  

?I-e-68 models a r e  l e s s  than the  1 i nea r  trend shows, while those f o r  t h e  

o the r  years  a r e  somewhat grea te r .  All of these  d i f f e r ences  a r e  non- 

s i g n i f i c a n t .  The reason f o r  t h i s  appears t o  be t h a ~  t h e r e  i s  a 

d e f i n i t e  slope only during tile model years  1968-1975. ;los'; of t he  data  

a r e  in these years  a lso.  Thus, t h e  slope i s  e s s e n t i a l l y  s e t  t h e r e  and 

extrapolated f o r  t h e  e a r l i e r  nodels and the 1 a t e r  models. 

Taking t h i s  i n t o  account, a model bias f i t  which allowed f o r  

d i f f e r e n t  l i n e a r  t rends  in  t h e  pre-1968 da ta  and the  1968-75 rodels .  

The estimated t rend in t h e  pre-1967 models uas almost zero (not  

s i g n i f i c a n t l y  d i f f e r e n t  from zero and very sriall in  absolute  value)  so 
t h i s  t e r n  Lras de le ted  and the  data  \;ere rnodeled a s  a constant  r a t e  f o r  

1976 and 1977 models y e a r s ,  a 1 i nea r  t rend from 1968-1975 ~ ~ o d e l s ,  and a 

constant  r a t e  f o r  t h e  pre-1968 nodels. 

This model seems t o  be t h e  best  i n  t e r n s  of f i t t i n g  adequately and 

being in t e rp re t ab le .  I t  f i t s  a constant  r a t e  in 1376 a n d  1977, a 



l i n e a r l y  d e c r e a s i n ~  r a t e  i ron  1968 t o  1975, and a constant r a t e  f o r  t he  

pre 1368 rnodel s. The parameters estimated f o r  t h i s  rnodel a r e :  

!.lean f o r  1976 and 1977 model years  
= 4.14 - t 3.203/1000 

Linear trend f o r  1968-1975 models 
= 0.16 - -+ 0,041/1000 

In te rcept  f o r  1 inear  t rend 
= 3.72 - + 0.!81/1000 

Fean f o r  pre-1968 rnodel s 
= 5.02 t 0.229/1000 

The chi-squared s t a t i s t i c s  f o r  t e s t i n g  lack of f i t  f o r  t h i s  model 

bras 13.26 with 13  degrees of freedom, indicat inl ;  a s a t i s f a c t o r y  f i t .  

This model can be in te rpre ted  as follows. For models p r io r  t o  

1968, t h e  f i r s t  version of F14VSS 301, t h e r e  i s  a r e l a t i v e l y  high crash 

f i r e  ra te .  The crash f i r e  r a t e s  decrease ~ v i t h  newer models from 1968 t o  

1975. This decrease can be described by a 1 inear  t rend;  however, 

inspect ion of the  r a t e s  shows t h a t  t he  model years  1968 and 1963 could 

e a s i l y  be included with t h e  pre-1963 models while the  l a s t  two o r  t h ree  

models in  t h i s  period could be included with the  1976 and 1977 models. 

That i s ,  t h e  decrease in  f i r e  r a t e s  from about 5 per thousand t o  about 4 

per thousand occurred over a 3 o r  4 model year  period somewhat a f t e r  t h e  

f i r s t  promul gation of FllVSS 301 and scme~ihat before the promulgation 

da t e  of the  revised versions of the  standard. ldhile t h i s  i s  cons is ten t  

~ i i t h  a beneficial  e f f e c t  due t o  t h e  s tandard,  t h e  data a r e  i n s u f f i c i e n t  

t o  a t t r i b u t e  t h i s  e f f e c t  t o  the  standard. 

Figure 5.1.1 p l o t s  t h e  observed a n d  predicted f i r e  r a t e s  by node1 

yea r ,  where the  predicted r a t e s  a r e  estimated from t h i s  model. Table 

5.1.6 gives t h e  observed and predicted r a t e s  toge ther  with the  estimated 

standard e r r o r s  cf t he  predicted r a t e s .  

Using t h i s  model, t h e r e  i s  an estimated reduction of C.875 f i r e s  

?cr  thousand vehicles  in crashes from the  pre-1968 models t o  t h e  cur ren t  
2 

models. This i s  s t a t i s t i c a l l y  s i g n i f i c a n t  ( x  =8.20, p=0.004). There i s  

a l so  an estimated reduction of 0.32 f i r e s  per thousand vehicles  in  

crashes from t h e  mid-1963-1975 standard t o  t he  current .  This  reduct ion,  
hcilever, i s  not 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=0,16) .  The 





Table 5.1.6 

Snlocthed Fi re Rates 
I l l i n o i s  Combined D a t a  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
!/lode1 3bserved Predicted S t d .  e r r c r  
'fear Rate cf predicted r a t e  

estimated reduction from pre-1968 t o  1968-1975 models i s  0.555 f i r e s  ?er  

thousand vehicles in crashes, which i s  s igni f icant .  

In summary, the  data from I l l i n o i s  shor, a  reduction in the crash 

f i r e  ra tes  f o r  newer vehicles. llost of the reduction seems t c  be 

associated riith the xodel years f o r  about I970 t o  about 1974, with r a t e s  

f o r  both l a t e r  rnodels and e a r l i e r  models being approximately 1 eve1 as 

functions of model year. This reduction i s  associated with rnodels scme 

years a f t e r  the standard was f i r s t  published, and a few years befcre the 

e f fec t ive  date  of the current standard. Thus, while the d a t a  a re  

consistent  with a beneficial e f fec t  of t h e  standard, the  c h a n ~ e s  are  n o t  

associated d i rec t ly  with a ctiange in the standard. ,Is a r e s u l t ,  other 

explanations o f  the reducrion are as v a l i d  as  a resul t  of the standard. 



5.2 K a s h i n g t o n  S t a t e  P o l i c e  D a t a  

5.2.1 N a t u r e  and C h a r a c t e r i s t i c s  o f  t h e  Data.  The d a t a  f r o m  t h e  

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

i n  1976 and 1977. T i l e r ?  i s  no  q u e s t i o n  o n  t h e  d a t a  f o r m  w h i c h  i n q u i r e s  

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

i n d i c a t e  o c c u r r e n c e s  subsequen t  t o  t h e  i n i t i a l  c r a s h .  One such  p o s s i b l e  

o c c u r r e r i c e  i s  a  p o s t - c r a s h  f i r e .  Up t o  t h r e e  p o s t  c r a s h  e v e n t s  a r e  

r e c o r d e d .  A f i r e  c o u l d  be n o t e d  i n  any one  o f  t h r e e  responses .  D a t a  

f o r  t h i s  v a r i a b l e  come f r o m  t h e  n a r r a t i v e  o f  t h e  p o l i c e  r e p o r t .  A t  t i l e  

s t a t e  l e v e l ,  t h e  n a r r a t i v e  o f  each  r e p o r t  i s  r e a d  and used  t o  code  

v a l u e s  f o r  t h e s e  c r a s h  seque lae .  As a  consequence,  i n  o r d e r  f o r  a  f i r e  

t o  be r e p o r t e d  i n  t h e  Wash ing ton  d a t a ,  i t  mus t  have  been  n o t e d  i n  t h e  

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

Thus, p resumab l y  t h e  f i r e s  r e p o r t e d  i n  t h e  Wash ing ton  d a t a  a r e  

t h o s e  \;hick i n v o l v e d  t h e  e n t i r e  c a r  o r  w h i c h  r e s u l t e d  i n  a d d i t i o n a l  

damage o r  i n j u r y .  t iowever ,  rnany c r a s h  f i r e s  n a y  have  been missed .  

P r o b a b l y  a l l  o f  t h e  c a r  f i r e s  r e p o r t e d  a r e  o f  t h e  " s p e c t a c u l a r "  t y p e  

w h i c h  i n v o l v e  t h e  e n t i r e  v e h i c l e .  i i o s t  such  f i r e s  a r e  p r o b a b l y  

r e p o r t e d .  I t seems l i k e l y  t h a t  many o f  t h e  s m a l l e r ,  e a s i l y  e x t i n g u i s h e d  

f i r e s  w o u l d  n o t  b e  m e n t i o n e d  i n  t h e  n a r r a t i v e  and w o u l d  n o t  appea r  i n  

t h e  da ta .  T h i s  w o u l d  c e r t a i n l y  b e  t r u e  i f  t h e  f i r e  was e x t i n g u i s h e d  

b e f o r e  t h e  p o l i c e  a r r i v e d .  

5.2.2 C rash  F i r e  Ra tes .  T a b l e  5.2.1 p r e s e n t s  t h e  f i r e  r a t e s  p e r  

t h o u s a n d  v e h i c l e s  f o r  t h e  1976 and  1977 da ta .  The r a t e s  f o r  t h e  

co r i b i ned  d a t a  a r e  p r e s e n t e d  i n  T a b l e  5.2.2, w h i c h  a l s o  p r e s e n t s  t h e  

e s t i ~ a t e d  s t a n d a r d  e r r o r s .  The r a t e s  a r e  p r e s e n t e d  f o r  each mcde l  y e a r  

o f  t h e  v e h i c l e .  

I n  g e n e r a l ,  t h e  r a t e s  a r e  q u i t e  s m a l l - - a p p r o x i r c a t e l y  a  t e n t h  c f  t h e  

r a t e s  i n  t h e  I l l i n o i s  da ta .  T h i s  l o w  l e v e l  o f  t h e  r a t e s  i s  1  i k e l y  due 

t o  u n d e r r e p o r t i n g .  T h a t  i s ,  t h e  method  o f  r e p o r t i n g  t h e  d a t a  i n i g h t  n o t  

i n c l u d e  Rany c a r  f i r e s ,  a l t h o u g h  when a  f i r e  i s  n o t e d ,  i t  i s  p r o b a b l y  

c o r r e c t .  T h e r e  appea rs  t o  be  r e l a t i v e l y  1 i t t l e  d i f f e r e n c e  i n  t h e  r a t e s  

b y  s t a n d a r d .  The g e n e r a l  i ~ p r e s s i o n  i s  t h a t  t h e  r a t e s  show a  

c c n s i d e r a b l e  amount o f  v a r i a t i o n  frorn y e a r  t o  y e a r ,  b u t  no v e r y  

o u t s t a n d i n g  t r e n d .  The ? o s t - 1 9 6 8  r a t e s  a r e  sor i ie~ ihat  1  o u e r  t h a n  t h e  ;re 



Table 5.2.1 

Washington Crash Fire Rates 

............................................................. 
19 7 6 1977 ............................................................. 

1 1 Rate/ Rate/ 
Fires Crashes 10,000 Fi res Crashes 10,000 

- - - - - - -+--- - - - - - - , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I 

Rate by standard 1976 1977 
Pre 1963 4.2 4.6 

l968 models' rates.  " tai led comparisons a r e  wade in the  analysis  

section which fol lows. 

One possible explanation f o r  the s l i gh t  differences in ra tes  by 

di f fe ren t  versions of the standard i s  a possible confounding with other 

variables. Table 5.2.3 presents the average f i r e  ra tes  grouped by 

standard and by the  posted speed l imi t  of the road where the crash 

occurred. Go f i r e s  occurred where the posted speed was 15 mph o r  less.  

One can note a n  increase in the f i r e  ra tes  with the posted speed l imit--  

presur~iably t h i s  corresponds t o  higher speeds f o r  the crashes. I n  

addition, there  i s  some indication tha t  older vehicles had a greater  



Table 5 . 2 . 2  

Washington Crash Fires 
1975 and 1977 crashes combined 

.................................................................. 
Model Year / Fires Crashes Rate/lOOC 

pre 1968 0.4363 
1968-1975 0.3345 
1976 0.3488 
1977 0.8721 

proportion of t h e i r  crashes where posted speeds were lower. Pre-1968 

nodels had 82.5% of t h e i r  crashes where the posted speed was 45 mph or 

less.  ilodels from 1968-1975 had  80.091, of t h e i r  crashes on sucli roads, 

while models 1 a t e r  t h a n  1976 had only 77.4% of t h e i r  crashes o n  such 

roads. This would tend t o  a r t i f i c i a l l y  reduce the cbserved f i r e  ra tes  

i n  older cars r e l a t i ve  t o  those in newer cars. 

Table 5.2.4 presents the  ra tes  by standard and posted speed f o r  the 

co~bined  (1976 and 1977) crash d a t a .  There i s  a de f in i t e  trend fo r  the 

crash f i r e  ra tes  t o  increase with the higher posted speeds. I n  a1 1 

speeds, the 1965-1975 models s h o ~  a lower f i r e  ra te  than the pre-1963 

models. In the 16-30 speed group, the 1976 and l a t e r  nodels have a 

s t i l l  lower rate.  Yowever, f o r  posted speeds over 30 mph, the 1976 a n d  



Table 5.2.3 

Fire  2a tes  by ;:ode1 Year and Posted Speed 
Fi res/10,30@ Crashes 

L{!asninc$on Data 

i.lote: These r a t e s  do not correspond exact ly t o  those in Table 5.2.1 
because of mi ssing data on posted speeds. 

..................................................................... 
1961- 1968- 1961- 1168- 

Speed 1 1957 1975 1 9 7 6 ~  1967 1975 1976t 
- - - - - - - - -+--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

l a t e r  riodels have higher ra tes  t h a n  the o ther  tbro groups. I t  should be 

noted t h a t  the  amcunt of data  f o r  the  1976 and l a t e r  niodels i s  r a the r  

small. Thus, tile r a t e s  estimated f o r  t he  cars  b u i l t  a f t e r  t h i s  version 

of the  standard was promulgated a re  subject  t o  la rge  e r rors .  The t ab l e  

presents  t h ree  f i s u r e s  f o r  each conbi nation of aosted s;eed a n d  standard 

version. The f i r s t  i s  t he  r a t i o  of crash f i r e s  t o  crashes ( i n  t e r ~ s  of 

vehic les ) .  T h e  second i s  the  r a t e  per thousand vehic les ,  and t h e  t h i r d  

i s  a n  es t imate of the standard e r ro r  of t he  crash f i r e  ra te .  For the 

case of zero observed r a t e s ,  tile es t ina ted  standard e r r o r  was obtained 

by ca l cu la t in s  a 95% confidence interval f o r  the  f i r e  r a t e ,  then using 

the  midpoint of t h a t  in te rva l  a s  the r a t e  in a Poisson d i s t r i b u t i o n  t o  

est imate t he  standard e r r o r  of the  f i r e  r a t e .  For example, in  the  

pre-1978 models no f i r e s  i n  261 crashes were observed a t  posted speeds 

of l e s s  than 15 nch. The upper 955; confidence l i m i t  i s  found from the  

equa t i on 

1-15 
16-30 
31-45 
46-t . 

\,here I n  stands fo r  the naturdl logari thn.  Frcm t h i s ,  P i s  found t o  be 

C).1964/1000. This i s  the  lip;er l imi t  of the 95% confidence in te rva l .  

Tile midpoint i s  0,098?/1COC. : :ul t i? lying t h i s  by 261, taking the  square 

r co t ,  and dividing 57 0.261 s i v e s  0.61?S/iZ00 as  the e s t i na t ed  standard 

e r r o r .  

0.3 3.0 0.0 0.0 0.0 0.0 
3.13 1.66 0.0 3.74 3.39 1.65 
7 . 7 2  2.84 0.0 3.65 5.69 3.77 

15.32 5.71 15.61 17.23 1.71 2.02 ..................................................................... 



Tab le  5.2.4 

Crash F i r e  R a t e  by S t a n d a r d  and Pos t ed  Speed 
Washington Data 

................................................................... 

I S t a n d a r d  I 

Pos ted  Speed .................................... I A l l  Z tds .  
Pre-1968 1968-1975 1375+ 1 

9-15 mph  
Fi r e s / C r a s h e s  
~ a t e ( p e r  1000)  
S td .  E r r o r  

31-45 mpt: 
Fi r e s / C r a s h e s  
Ra te (  p e r  1000)  
S td .  E r r o r  

45+ nip h 
Fi r e s / C r a s h e s  
R a t e ( p e r  1000)  
S t d . E r r o r  

The c r a s h e s  which were f o l l o w e d  by f i r e s  \ / e r e  more s e v e r e  t h a n  

t h o s e  l l i t h o u t  f i r e .  They a l s o  r e s u l t e d  i n  a  h i g h e r  r i s k  o f  f a t a l i t y .  

I n  1976,  9 per sons  were k i l l e d  i n  t h e  47 v e h i c l e s  \ ~ h i c h  \ r e r e  i nvo lved  i n  

p o s t - c r a s h  f i r e s ,  f o r  a  r a t e  o f  0.192 d e a t h s  per f i r e .  I n  a l l ,  517 

p e r s o n s  were k i l l e d  i n  t h e  165,872 v e h i c l e s  i n  c r a s h e s  f o r  a  r a t e  o f  3.1 

f a t a l  i t i e s  p e r  t housand  v e h i c l e s  i n  c r a s h e s .  In  1977 t h e  c o r r e s ~ o n d i n g  

f i g u r e s  \ , e re  1 5  d e a t h s  i n  t h e  76 p o s t - c r a s h  f i r e  v e h i c l e s  f o r  a  r 2 t e  of  

A1 1 speeds  
F i  r e s / C r a s h e s  
R a t e ( p e r  1 C C O )  
S t d . E r r o r  

1 1 

36156,569 6011211773 13117,993 
0.636 0.493 0.722 I 
0.106 0.064 0.200 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



0.197 fa ta l  i t i e s  per i r e ,  \ , h i 1  e  590 deaths occurred in the 162,312 

vehicles in crashes f o r  a ra te  of C.OC36. I n  1976 reported crash f i r e  

ra te  was 0.283 per thouscnc vehicles, :ihile in 1377 i t  was 0.468 per 

t h  usand. The combine6 data estimate a r a t e  of 0.195 deaths per post 

crash f i r e  reported, while i n  a l l  crashes the f a t a l i t y  r a t e  i s  only 

0.30337 deaths i;er crash ( o r  3.37 deaths per thousand crashes) .  This 

indicates tha t  tlie f i r e s  r e ~ o r t e d  in the !dashington data \/ere much core 

severe crashes t h a n  the averase. It i s  unlikely t h a t  the increased r i sk  

of f a t a l i t y  i s  due solely t o  the presence of f i r e  in these crashes. 

Further,  as noted before, the  reporting systeK would tend t o  only repcrt  

the conflagrztioil type of f i r e s ,  hhicti ~oulc i  be the Rore serious. 

Table 5 .2 .5  presents f i r e  rates by t y p e  cf crash fo r  the  Washington 

d a t a ,  f o r  the  19'6, 1377, and combined data. Again, the  frequencies are  

presented, follcwed by the  r a t e  per thousand vehicles and the  standard 

e r ro r  estimated for  t h a t  r a t e ,  again in t e r m  of a  per thousand vehicle 

rate .  Rollovers have the highest r a t e ,  follokred by s ingle  vehicle into 

fixed object crashes. Two car crashes have considerably lower f i r e  

r a t e s ,  while the rear-end col l i s ions  have the lowest r a t e  reported, 

although i t  i s  n o t  much di f ferent  from the  other t:lo-car crash f i r e  

rates.  

In these data, s ingle  vehicle crashes have much higher f i r e  r a t e s  

than d o  multiple vehicle crashes. The observed ra te  f o r  s ingle vehicle 

crashes i s  over 15 times t h a t  f o r  irultiple vehicle crashes. The s ingle  

vehicle crashes tend t o  be more severe than multiple vehicle crashes. 

The fixed object struck type of crash would be approximated by the  

f ronta l  barr ier  t e s t  specified in the standard. Rollovers are very 

d i f f i c u l t  t o  approxirate in a crash cesting s i tua t ion .  The low r a t e  f o r  

the  rear  end i n ~ a c t s  may r a i s e  the question of the advantage of the rear 

impact part of the standard.  obie ever, i t  should be re~ernbered t h a t  

these f i r e s  r e ~ r e s e n t  the Gore  severe f i res .  Further,  the  s ingle  

vehicle into fixed object type cf crash i s  ty? ica l ly  preceded by a loss 

of control.  ,Is a r e s u l t ,  the  vehicle nay be skidding a t  the  time of the  

impact and could h i t  tile fixed object w i t h  any portion of the vehicle, 

possibly the  rear. 

5.2.3 Analysis of Rates A ni;n@er of models were f i t  t o  the  



T a b l e  5.2.5 

F i r e  R a t e s  b;/ Type of  Crash  (Wash ing ton )  

.................................................................... 
Type o f  Crash  1 1976 197 7  Combi ned 

F ixed  o b j e c t  s t r u c k  
Fi r e s l c r a s h e s  
R a t e ( p e r  1000 )  
S td .  E r r o r  

Rol l  o v e r  
Fi r e s 1 C r a s h e s  
R a t e ( p e r  1000 )  
S t d . E r r o r  

Two C a r s ( o n e  a t  a n g l e )  I 
! 

W a s h i ~ g t c n  d a t a .  I n  g e n e r a l  a l l  models  showed a  sood  f i t  t o  t h e  d a t a .  

Eea r  End 
R a t e ( p e r  1 0 0 0 )  
S t d . E r r o r  

h'owever, i n  g e n e r a l  o n l y  t h e  o v e r a l l  mean e f f e c t  was s i g n i f i c a n t .  T h a t  

i s ,  no s i g n i f i c a n t  d i f f e r e n c e s  were found  among t h e  r a t e s  f o r  d i f f e r e n t  

1130 ,197  5 /23 ,42?  6159,619  
0.033 0.17 0 .10  
0.033 0.076 0.041 

v e r s i o n s  o f  t h e  s t a n d a r d ,  and no s i g n i f i c a n t  a g e  e f f e c t  was found.  

.................................................................... 

Thus,  t h e  d a t a  can  be a d e q u a t e l y  sumti~arized by a  s i n g l e  mean. The 

sampl i n g  v a r i a b i l i t y  e x p e c t e d  b ~ i t h  d a t a  such  a s  t h e s e  i s  l a r g e  enough t o  

a c c o u n t  f o r  t h e  o b s e r v e d  v a r i a t i o n  a b o u t  t h i s  mean. I n c l u s i o n  o f  

s e p a r a t e  means i n  t h e  v e r s i o n s  o f  t h e  s t a n d a r d  does  n o t  r e d u c e  t h i s  

v a r i a b i l i t y  s i ~ n i f i c a n t l y ;  n e i t h e r  d o e s  a  1  i n e a r  t r e n d  i n  age .  

The model which f i t s  a  s e p a r a t e  mean r  t h e  model y e a r s  

c o r r e s p o n d i n g  t o  t h e  d i f f e r e n t  v e r s i o n s  o f  t h e  s t a n d a r d  g i v e s  the Eeans  

l i s t e d  by s t a n d a r d  a t  t h e  bo t tom o f  T a b l e s  5.2.1 ( s e p a r a t e l y  by y e a r  o f  

c r a s h )  and 5.2.2 ( f o r  t h e  d a t a  combined ) .  The d i f f e r e n c e s  i n  t h e s e  nean  

c r a s h  f i r e  r a t e s  were  n o t  s i g n i f i c a n t .  Thus ,  e x c e p t  f o r  random 

f l u c t u a t i o n s ,  t h e  d a t a  can  be v i e ~ i e d  a s  a  c o n s t a n t  f i r e  r a t e  by r;:odel 



year of 0.2C f i r e s  per thousand vehicles in 1976 crashes and 0.42 crash 
f i r e s  per thousand vehicles in 1377 crashes. 

The model with only the  average r a t e  i s  not  in teres t ing .  The more 
cornplex ~ o d e l  was f i t  which estimated d i f fe ren t  reans in the  d i f fe ren t  

versions of the standard and includes age e f fec t s  f i t  separately in the  

1968-75 models and the  13G7 a n d  e a r l i e r  models. While t h i s  model f i t  
3 

adequately (e.  g . ,  X "  = 8.70, P=. 79 f o r  lack of f i t  in 1977 data ,  be t t e r  

in 1976), the age coeff ic ients  were not s ign i f i can t ly  d i f fe ren t  from 

zero, and none of the differences among the  means corresponding t o  
d i f f e ren t  standaras was s ign i f i can t ly  d i f fe ren t   fro,^ zero. I n  the 1376 

data,  the  age e f fec t  in the  pre-1967 xodels approached s i ~ n i f i c a n c e  

(?=0.085),  a n d  also in the 1976 data ,  the  difference betyieen the  means 

f o r  the pre-1967 models 2 n d  the mean f o r  the 1976 and l a t e r  mcdels 

approached signif icance (P=0.084). Eowever, t h i s  l a t t e r  difference 

iiculd indicate t h a t  the  newer models had  a higher f i r e  r a t e .  These 

questicnable parameters were qui te  d i f f e ren t  in the 1977 data where they 

did not  approach s isn i f icance .  The difference in the pre-67 2nd post-75 

f i r e  r a t e s  bias in the  opposite d i rec t ion  in 1977 data. As a  r e s u l t ,  n o  

s ign i f i can t  di fferences were observed. 

Since no age ef fec t  \ /as found, b u t  soise indication of newer cars  

having crashes a t  higher posted speeds, the  data i n  Table 5.2.4 were 

analyzed t o  determine brhether t h i s  difference was covering u p  a n  e f fec t  

of the  standard. Inspection of the ra tes  in Table 5.2.4 s h o ~ s  t h a t  

there  was a strong l inea r  trend f o r  the  f i r e  ra tes  to  increase with the  

posted speed. Within the speeds from 16 t o  3C mph, t he re  i s a  

decreasing f i r e  r a t e  with each version of the  standard. I n  the  higher 

speeds, the  1968-1975 models show lower ra tes  t h a n  those f o r  which nc 

standard was in e f f e c t ,  b u t  the  l a t e s t  version has somewhat high f i r e  

ra tes .  Overall ,  there  i s  a s ign i f i can t  difference in the  f i r e  r a t e s  f o r  

d i f f e ren t  posted speeds, and the  f i r e  ra tes  f o r  sccle version of the 

standard ( i . e .  s ince 1968) are  s ign i f i can t ly  lower than f o r  no version 

of the standard. 

As a  general conclusion fron the Xashington data ,  there  i s  some 

ev'dence t h a t  the f i r s t  version of the standard reduced crash f i r e  r a t e s  
so~ ie i~ha t ;  however, there  i s  n o  indicatior: tha t  t he  l a t e r ,  mcre s t r ingent  



standard had a additional e f fec t .  The data a re  qui te  sparse ,  

par t icdl  ar ly f o r  cars  b u i l t  a f t e r  the  e f f e c t i v e  date  of the  strengthened 

standard. This has resulted in m a l l  differences and large  estimated 

standard e r ro r s ,  so fekl s ign i f i can t  e f f e c t s  were found. One of the  

d i f f i c u l t i e s  i s  the  under-reporting of the minor crash f i r e s .  On the  

other  hand, the  type of crash f i r e  reported in the  \dashington data i s  

the  type i~ i s  most i ~ p o r t a n t  to  prevent--the l a rge ,  spectacular  f i r e  

which engulfs the  e n t i r e  vehicle. The small,  almost inconsequential 

f i r e s  are  no t  reported in these  data--except f o r  t h e i r  potential t o  get 

l a r g e r ,  they do n o t  have very serious consequences. L i t t l e  e f fec t  cn 

the  reduction of these large f i r e s  bias found. However, with the  1 imited 

s i z e  of the data s e t ,  reductions ~rould have t o  have been dramatic t o  

appear. Figure 5.2.1 plots  the  observed ra tes  by model year.  

I.leu York Data 

5.3.1 Pol i ce  D a t a .  Data from the  s t a t e  of ilew York reported in 

t h i s  Section consis t  of pclice accident data. 

The police accident data from ilew York include a "second adverse 
event" variable. This variable includes f i r e  as one of i t s  codes. I n  

t he  ins t ruc t ions ,  o f f i ce r s  a re  to ld  t o  cede t h i s  variable as f i r e  i f  a 

f i r e  i s  present. That i s ,  i f  a  crash f i r e  occurs, t h i s  i s  t o  be 

reported as the  second adverse event no matter how many events occur. 

Thus, i f  ins t ruc t ions  are followed, m u 1  t ip1  e impact crashes fol lowed by 

f i r e  would be reported as crash f i r e s .  

The data from 1976 crashes and from 1977 crashes a re  reported in 

Tables 5.3.1 and 5.3.2,  respectively.  In each t a b l e ,  t h e  number of 

f i r e s ,  number of crashes and f i r e  r a t e  i s  reported separately f o r  each 

model year from 1961 models t o  the  current.  These r a t e s  a r e  r a the r  

low. The overall  r a t e  f o r  1976 i s  0.296/1000 crashes and f o r  1977 i t  i s  

0.272/1CCO crashes,  giving a combined ra te  of C.?88/1000 crashes. This 

i s  s imi lar  t o  the r a t e  repcrted  fro^ Nashington s t a t e ,  and i s  
approximately an order of marjnit~de lower than t h a t  reported f o r  
I l l i n o i s .  ( I t  should be reca l l ed ,  however, t h a t  in ca lcu la t in5  the  

I1 1 inoi s  r a t e ,  crashes ::ith the  f i r e  variable missing were excluded 
ra the r  t h a n  counted as non-fire. \?ad they been ccunted as non-fires ,  
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Figure 5 . 2 . 1  

Observed and Predicted Crash Fire Rates 
Was hi n g t o n  



Tab le  5 .3 .1  

;!el4 'tori:, 1976 

Soirrce: l i e ~  York S t a t e  Department  o f  Motor Veh ic l e s  

- - - ................................................................... 
!?ode1 I ;lo. o f  ::o. o f  F i r e  r a t e  per 
Year 1 F i r e s  Crashes  10 ,000  c r a s h e s  

- - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1978 i - - - - - - I 1977 , 0 1 , 4 9 8  0 
1976 I 16 45 ,192 3.54 
1975 i 12 57 ,434 2.09 
1974 i 19 59 ,036 2.75 
19 7 3 16 77,026 2.08 

t h e  r a t e s  biould have been reduced by abou t  o n e - t h i r d ) .  

1372 
1971 
19 7 0 
1969 
1368 
1967 
!966 

F i r e  r a t e s  f o r  t h e  1975 and 1977 c r a s h e s  combined a r e  r e p o r t e d  i n  

Tab le  5.3.3. S t a n d a r d  e r r o r s  f o r  t h o s e  r a t e s  by model y e a r s  a r e  a1 s o  

e s t i m a t e d  and r e p o r t e d  i n  t h i s  t a b l e .  G e n e r a l l y ,  t h e  r a t e s  show l i t t l e  

t r e n d  w i t h  age ( o r  model y e a r ) .  The a v e r a g e  r a t e  f o r  t h e  c u r r e n t  

v e r s i c n  of  t h e  s t a n d a r d  i s  0.21 f i r e s  p e r  1000 c r a s h e s ;  f o r  t h e  1976 

n o d e l s ,  t h e  r a t e  was 0.33 f i r e s  p e r  thousand c r a s h e s ;  f o r  t h e  1168-1975 

inodels ,  t h e  r a t e  was 0.28/1000;  and f o r  t h e  pre-1968 ii;odels, t h e  r a t e  

was 0.35/1000. I f  t h e  c a r r e n t  v e r s i o n  i s  combined, t h e  1975 and l a t e r  

models show an a v e r a g e  c r a s h  f i r e  r a t e  of  0.29 p e r  t housand ,  Thus 

c o n s i d e r i n g  t h e  f c u r  s t a n d a r d s ,  t h e r e  i s  a d rop  i n  t h e  f i r e  r a t e  o f  f r c ~  

abou t  0,35/1000 t o  abcu t  0.28/1000 c o r r e s p o n d i n g  t o  models b u i l t  b e f o r e  

t h e  1968 s t a n d a r d  a s  ccnpa red  t c  t h o s e  s i n c e .  L i t t l e  o r  no change  has  

been obse rved  w i t h  t h e  l a t e r  v e r s i o n s  of  t h e  s t a n d a r d .  

16 G7,929 2.36 
2 9 60 ,334 4.81 
2 2 57 ,581 3.82 
1 3  51 ,425 2.53 
14  42 ,798 3.27 

6 28 ,313 2.12 

I 6 21,587 2.78 
1965 6 15 ,475  3.88 
1964 
1963 
1962 
1961 

2 8 ,248  2.42 
4 4 , 4 4 3  9.01 
0 2 ,124 0 
C 932 0 ................................................................... 



Table  5.3.2 

Ide~v York , 1977 
. - --- ................................................................... 

Model I 110. F i r e s  o f  No. of F i r e  r a t e  p e r  
Year Crashes  10 ,000 Crashes  

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

1372; I 
i (3 1 ,231  3 

1977 9 40,030 2.25 
1976 1 11 6 1 , 5 7 5  3.09 
1975 , 9 50,154 1.79 
1974 , 16 60 ,759 2.63 
1973 , 2 0 69,119 2.83 
1972 

1 
14  61 ,487 2.23 

1971 I 11  53,4&6 2.06 
1973 15  43,994 2.36 

1 4  41,671 3.36 
1968 32 ,719 2.75 
1167 j 20,672 2.90 
1965 1 11  15 ,490 7.10 
1965 I 3 10 ,556 2.84 
1364 I 3 5 ,465  5.49 
19 6  3 1 2 ,961 3.38 
1962 / 1 1 ,276  7.27 
1961 , 0 7  10 0  ................................................................... 

Source :  New York S t a t e  Department o f  I lo tor  Veh ic l e s  

When models were f i t  t o  t h e  d a t a  f o r  each y e a r  s e p a r a t e l y ,  no 

a  e q u a t e  f i t s  were found. The small  number of  f i r e s  and t h e  r e l a t i v e l y  

1 a r s e  v a r i  a t i  cn a m n g  model y e a r s  p rec luded  d e s c r i  bi  n~  t h e  d a t a  

a d e q u a t e l y  witti  a  nodel  ; . ~ i t h  o n l y  a few parameters .  I l e i t h e r  t h e  a1 1 

ineans model, no r  t h e  model which inc luded  a 1 i n e a r  e f f e c t  i n  age  f i t  

a d e q u a t e l y ,  nor  d i d  n o r e  complex models w i t h  an ag ing  e f f e c t  and 

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

When t h e  d a t a  were pooled f o r  t h e  two y e a r s ,  much o f  t h e  

v a r i a b i l  i t y  was smoothed ou t .  Cons ide r ing  t h e  combined d a t a , t h e  a1 1  

means model f i t  adequa te ly  (x2=12.87 wi th14 d f ,  P-0.536, f o r  l ack  o f  

f i t ) .  tlowever, none of t h e  d i f f e r e n c e s  aniong t h e  f i r e  r a t e s  were 

s i g n i f i c a n t .  No p a i r  of  t h e  r a t e s  d i f f e r e d  s i g n i f i c a n t l y ,  nor  d i d  t h e  

1176 and l a t e r  r a t e  d i f f e r  frcm t h e  e a r l i e r  r a t e s ,  no r  d i d  t l ie  ave rage  
r a t e  f o r  1963 and l a t e r  models d i f f e r  from t h e  pre-196% node1 r a t e  



s i g n i f i c a n t l y .  

I f  a node1 with a l i n e a r  e f f e c t  f o r  age i s  considered,  i t ,  t o o  f i t s  
2 adequately.  However, t h e  age e f f e c t  i s  barely s i g n i f i c a n t  ( x  =4.06, 1 

d f ,  P=0.0438). Thus,there a r e  few d i f f e rences  i f  any in  t h e  combined 

da ta  which cannot reasonably be ascr ibed t o  random f l  uctuat ions.  

Table 5.3.3 

New York F i r e s  by Plodel Year 
1976 and 1977 da ta  ccnbined 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
!:ode1 Year / Fi re s  Crashes Rate/1003 5td.Dev. 

pre 1968 3,374 + 0.@51 
1968-1975 0.276 - 0.018 
1976 0.328 + 0.055 
1977 0.210 7 - 0.070 

I f  t h e  model with age (1 i n e a r )  and s t e p  funct ion e f f e c t s  a t  t h e  

t i ~ e  of t he  standard changed i s  used, age i s  barely s i g n i f i c a n t  ( ?  i s  

be t~ ieen  0.01 and 0.05).  Above the  general decreasing t rend with newer 

models ( o r  increasing t rend with a g e ) ,  t h e  197i and l a t e r  nxdels sh0r.i a 

drop coinpared t o  iihat t he  1 i n e a r  e f f e c t  xould predict .  The 1976 models 
were higher than predic ted ,  a s  were t h e  1968-1975 models. However, none 



of these differences were s igni f icant ly  d i f fe ren t  from zero even a t  the 

105 level .  Further, none of the differences in e f f e c t s  es t in~ated  among 

the  d i f f e r e n t  versions of the standard was s ign i f i can t ly  d i f fe ren t  from 

zero. Figure 5.3.1 p lo t s  the  rates by model year. 

In sumnar;,, the !Jew '(ork golice data a re  consistent  with a ccnstant 

f i r e  r a t e  f o r  a l l  aodel years. There i s  s l i g h t  evidence f o r  someuhat 

lower r a t e s  with newer models and with l a t e r  versions of the  standard,  

b u t  nothing reached s t a t i  s t i ca l  s ignif icance a t  the 1% 1 evel. 

5.3.2 iierr York Fi re  De;arr.nent C a t a .  in addition t o  the f i r e  

infor11;ation in the ;ol ice accidenr. data I n  i!el,i '/or!,, data a re  available 

frsm the liFIRS f c r  tile s t a t e  of ;.ew o r  These data report f i r e  

department records. Again, the  cases reported are a1 1 the car  f i r e s  

excluding arson, natural , and e lec t r i ca l  sources of igni t ion .  Tab1 e 

5 .3 .4  presents the number of f i r e s  by acdel year as riel 1 as  the f i r e s  t o  

crasties r a t io .  The cras l~es  are  the saine as reported in Table 5.3.2. I t  

should be noted t h a t  cver 2% of the car  f i r e s  had no reported rodel 

year  and  so become n?i ssing d a t a .  Any conclusions could obvicusly be 

affected by t h i s  a m o u n t  of ~ i s s i n y  data. 

The average r a t i c s  by version cf the standard are 0.75, 0.97, 2.29,  

and 4.91 per tholisand crashes frorn the  current version t o  the  pre- 

standard models. The estimated standard er rors  associated with these 

a re  0.130, 0.137, 0.074, and 0.206, respectively. These average ra t ios  

a re  s ign i f i can t ly  d i f fe ren t  from each o ther ,  b u t  there  i s  s t i l l  

s i s n i f i c a n t l y  Lore var ia t ion  anong ra t ios  f o r  model years within 

standards than cculd be ex?ected from random variat ion.  T h a t  i s ,  

d i f f e ren t  mean e f fec t s  corresponding t o  d i f f e ren t  versions of the 

standard a r e  n o t  a n  adequate descript ion of the  data.The ra t ios  by mode1 

year  a re  presented in Table 5.2.5. 

I f  the  data are  averased over a l l  ~ o d e l  years ,  t h e  average f i r e /  

crash r a t i o  i s  1.562/1000. Tile models corresponding t o  the  current  

(1977 and l a t e r )  version of the  standard show a reduction t o  0.65/1000 

the  1976 models show a reduction t o  C . G 7 / 1 C C C  the 1968 t o  1975 models 

show a r a t e  of 2.02/100@, 1,ihile the pre-standard models have a l a rge r  

r a t i o  of 4.78/1000. The reductions of the  Jean r a t i c s  f o r  the  1976 and 
l a t e r  models are  siynificact--tha",s,  these codels (1975 a n d  1977) had 
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Figure 5.3.1 

Observed and  Predicted Crash Fire Rates 
--New York (Police D a t a )  



Tab le  5.3.4 

P a s s e n g e r  Car i i r e s  and Crash  F r e q u e n c i e s  
i l ew  ' tork 1977 

I 
I i x c l  u s i o n  

!.lode1 Year 1 A i l  F i r e s  Code 4 1  Code 71  S u r r o g a t e  Crashes  

s i 3 n i f i c a n t l y  f ewer  f i r e s  t h a n  a v e r a g e ,  w h i l e  t h e  o l d e r  (p re -1958)  

models  had s i g n i f i c a n t l y  mcre t h a n  ave rage .  The 1968-1975 ~ c d e l s  d i d  

no t  d i f f e r  s i c j n i f i c a n t l y  from t h e  ave rage .  

1973 . 
1977 . 
1970' . 
1975 . 
1974 . 

As n o t e d ,  models f i  t t i n y  mean e f f e c t s  o n l y  were no t  adequate .The  

l a c k  of f i t  c h i - s q u a r e  was 118.5 w i t h  14 d e g r e e s  of  f r e e d ~ m .  The re  was 

a s i g n i f i c a n t  age  e f f e c t  i n  t h e  d a t a - - a t  l e a s t ,  a  1 i n e a r  t e rm i n c r e a s i n g  

:.iith t i l e  age  o f  t h e  v e h i c l e s  i np roved  t h e  f i t  s i g n i f i c a n t l y .  The model 

J 3 0 0 1 1 ,231  
86 1 2 3 2 40 ,030  

140 13 5 00 61 ,578  
172 2 2 7 6 50 ,154 
223 1 3 9 7 60 ,759 

where R i s  t h e  r a t i o ,  u i s  a mean, and t h e  age i s  t r e z t e d  a s  a  1 i n e a r  

t e r m ,  w h i l e  t h e  s t a n d a r d s - - d e n o t e d  kg t h e  f i r s t  y e a r  o f  t h e  model 

a f  f e c t e d - - a r e  t a k e n  a s  changes  i  n l e v e l ,  f i t  t h e  d a ~ a  mars ina l  l y  

1373 . , 270 2 8 111 69,119 
1972 . 279 C 0 111 51 ,487 
1971 . 1 323 4 1 133 53,486 

326 3 2 ! 36 43 ,994 : I 305 1 2 151 41 ,671  
1368 . 305 3 3 141 32,719 
1967 . 1 200 3 2 88 20,672 
1966 . 145 3 2 7 3 14 ,490  
1965 . I 122 1 1 5 2 10 ,556 
1954 . 
1963 . 

1 6 5 2 3 3 5 ,465  
3 3 0 0 1 3  2 ,961  

1962 . i 2 4 0 2 10  1 ,376  
1961 , 11 0 0 7 710 
i?i s s i  ng 1 , 9 1 3  9 1 6  361 

..................................................... 

T o t a l  . , 1 4 , 9 7 3  34 5 4 2 ,022 577,452 
.................................................................. 



T a b l e  5 . 2 . 5  

F i  r e / C r a s h  E a t i o s  
Gew York 1977  

a d e q u a t e l y .  ( C h i - s q u a r e  f o r  e r r o r  \ / a s  25.15 ~ i i  th 1 3  d f ,  2 = 0 . 0 2 ) .  T h i s  

model s h o ~ ~ e d  a s i g n i f i c a n t  e f f e c t  f o r  t h e  l i n e a r  t e r n  i n  age.  The  

p a r a m e t e r s  w e r e  e s t i n a t e d  a s :  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C1 = 0 . 3 4 3  - t 3 .036 /1000  p e r  y e a r  

Yodel Y e a r  
S t a n d a r d  

R a t i o  Eev i  a t i o n  
- - - - - - - - - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1 9 7 8  
1977  
1976  
1 9  7 5 
1 9 7 4  
1 9 7 3  

0.812 0 .812  
0.799 0 .137  
0.974 9 . 1 2 6  
1.515 3 .174  
1 .596  C. 1 6 2  

I 1.625 C. 1 5 2  
1372  1 . 3 5  9 . 1 7 1  
1 9 7  1 
1 9 7 6  
1 9 6 9  

2. LS7 0 .136  
2.776 0 . 1 4 1  
3 .624 C.295 

1 9 6 8  I 4.309 9 . 3 5 3  
1 9 6 7  I 4 . 257  0 . 4 5 4  
1 9 6 6  I 5.028 2.59C 
1 3 6 5  4.920 3 . 5 € 3  
1 9 6 4  
1 9 6 3  
1 9 6 2  
1 9 6  1 

P r e - 1 9 6 8  
1968-75 

6 .038 1. 0 5 1  
4.39C 1 . 2 1 8  
7 , 2 6 7  2 . 2 9 e  
9 .859 3 .726  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4.908 0 .236 
2.285 C. 074  

1 9  7 6 I 0.374 9 .137  
1 9 7 7 t  0 .746 0 . 1 3 0 3  

1976-on  0.879 3 .391  .................................................................... 



\/here the parameters and  t h e i r  estimated standard deviations a re  b o t h  in 

terms of thousands of crashes. 

l'ie~ied co l l ec t ive ly ,  tllere i s  1 i t t l  e  evidence tha t  the  e f f e c t s  of 
3 

the  various versions of the standard were s igni f icant .  The X' f o r  

t e s t ing  t h i s  was 4.18 with 3 d f ,  giving a  P=0.243. Thus, these data 

indica te  no differences among inodels subject t o  d i f f e ren t  versions of 

the  standard (including no standard) which are  s ign i f i can t  a t  the  57!, 

level a f t e r  a 1 inear  e f fec t  f o r  age has been removed. The parameters 

estiinated indicate tha t  the  models from 1963-1975 showed the  larges t  

reduction frorn what \ioulc! be e x ~ e c t e d  froin aye alone. The 1976 shoued a  

sr;lall increase a n d  the I377 models showed a  very sinall increase. !,'one 

of these individual ?araneters  reaches s t a r i s t i c a l  s ignif icance a t  the 

52 1 eve1 , however. 

In suil:iilary, the  f i r e  department data indicate t h a t  there  \:ere 

differences in the  f i r e  data t o  crash ra t ios  f o r  models subject t o  

d i f f e ren t  versions of FllVSS 301. The newer models have lower f i r e  t o  

crzsh ra t ios .  However, most of the  differences can be explained by a 

l i nea r  ef fec t  increasing with the  age of the car .  There was no 

indicat ion t h a t  s ign i f i can t  differences anong the  versions of the  

standard persisted a f t e r  adjustment f o r  age. After adjust ing f o r  age, 

the  indication i s  tha t  the 1968-1975 models had the best f i r e  t o  crash 

r a t e s ,  however, t h i s  i s  not s t a t i s t i c a l  ly s i sn i f i can t ly  d i f fe ren t  from 

the  others. I n  addit ion,  the  large amount of missins d a t a  (38% on the  

model year  in the  f i r e  department da ta )  preclude any firm conc1usions. 

Figure 5.3.2 ; lo ts  the  r a t i o s  frcm the  Tle~r York Fire aepartnent data. 

5.4 Data frorn itichiaan 

Fi r e  Department Data i 4 i  chigan passenger car  f i r e s  were 

ident i f ied  through the  statewide f i r e  department reporting system, while 

crashes were found thrwgh the pol i ce  accident report ins 

systec. Ceginning in 1378, j c l i c e  accident reports  a l so  have a check b o x  

t o  report whettier f i r e  was involved in each vehicle, Also included cn 

the  new reports  i s  a variable t o  record whether fuel sp i l lage  occurred. 

However, pr ior  t o  1973--the data reported here--no i  nfornation abo~it 

f i r e  in crzshes was available frorc the computerized accident re2ort.  



NEW YORK FIRE CRASH RATIOS C19771 

Figure 5.3 .2  

Observed and Predicted Fire Crash Rates 
--New York (Fire Data) 



( I f  a  vehicle burned following a c rash ,  t h i s  might be noted in the  

na r ra t ive  of the police repor t ,  b u t  the  infernlation was not computerized 

a n  ' so v~ould n o t  be access ib le  without manually reading a l l  of the  

accident repor ts . )  The 1975 crash data a re  analyzed in Section 5.4.2. 

From the passenger ca r  f i r e s  reported in the  f i r e  department da ta ,  

a combination of code values f o r  various variables was used t o  t r y  t o  

iden t i fy  which f i r e s  resulted from crashes. The developn~ent of t h i s  

crash surrogate was discussed in Section 3 ,2 .2 .  A 1  though the  crash 

surrogate developed the re  has ser ious  l imi ta t ions ,  i t  appears t o  be the  

best variable ava i l ab le ,  a n d  \ /as used as the  numerator f o r  ca lcula t ing  

the  ra tes .  Althoush i t  appears tha t  i t  s e l e c t s  about the  r i g h t  number 

of cases ,  about half of the  cases selected riiay n o t  be crashes. Thus, 

cne nust re:neii;ber t h a t  i t  i s  only a surrogate. The f i r e s  f l: s e l e c t s  a r e  

those involving passenger ca r s ,  which occurred o n  a  highway o r  public 

s t r e e t ,  e tc .  The corxplete 1 i s t  of variables i s  presented in Appendix A. 

Tables 5.4.1 and 5.4.2 present the f i r e s ,  crashes and crash- 

surrogate f i r e  r a t i o s  f o r  the  d a t a  from llichigan from 1976 and 1977 

respectively.  Tab1 e  5.4.3 presents  these data combi ned. Ratios a r e  

presented by model year  of the  ca r  involved. 

Inspection of the  r a t i o s  presented in Tables 5.4.1 - 5.4.3 shows 

t h a t  there  i s  a  tendency f c r  these  t o  be lower with the  newer models. 

If  one ca lcu la tes  the  r a t i o s  by version of the  standard f o r  the combined 

d a t a ,  one obtains r a t i o s  of 0,148, 0.093, 0.368, and 0.817 per thousand 

crashes f o r  the  versions of the  standard running from current  t o  no 
standard (pre-1968 models). The estimated standard e r ro r s  associated 

with these are 0.0558, 0.0293, C.0201, a n d  0.0822 per thousand crashes,  

respectively.  These di  fferences a r e  cons is tent  with a beneficial  

e f f e c t  of the various versions of the  standard. 

Linear models were f i t  t o  the r a t e s  f o r  each year  of data 

separately.  The r e s u l t s  d i f fered .  The data from1976 showed re la t ive ly  

l i t t l e  v a r i a b i l i t y .  A model 1,iith a 1 inear  e f f e c t  f o r  age and biith tb ree  
2 standard e f f e c t s  f i t  qu i t e  riel1 ( x  =3.08, 12 d f ,  p=.99 f o r  lack of f i t ) .  

However, the  only c o e f f i c i m t  which Kas s ign i f i can t ly  d i f f e r e n t  frcin 

zero was t h a t  f o r  age. ,1 rcdel  with only a 1 inear  e f f e c t  f o r  age a lso  

f i t  the  data adequately. Thus, the  1976 data are  best explained by a 



T a b l e  5 .4 .1  

Crash  S u r r o g a t e  F i r e  R a t e s  
Michigan 1976 

................................................................. 
Idode 1 F i r e  r a t e  p e r  
Year  1 F i r e  C r a s h e s  10 ,000  C r a s h e s  

- - 
52,500  
56 ,100  
68 ,540  
77 ,180  
58 ,400  
53 ,960  
4 6 ,  COO 
47 ,110  
37 ,780  
26 ,140  
1 9 , 2 4 0  
13 ,060  

l i n e a r  i n c r e a s e  i n  t h e  f i r e  r a t e  w i t h  t h e  a g e  of the v e h i c l e .  A1thour;h 

t h i s  does  n o t  r u l e  o u t  an e f f e c t  o f  t h e  s t a n d a r d ,  such  an e f f e c t  was n o t  

n o t i c e a b l e  o v e r  a  1 i n e a r  e f f e c t  o f  i n c r e a s i n g  f i r e  r a t e s  k ~ i  t h  i n c r e a s i n g  

a g e  of  t h e  v e h i c l e  ( d e c r e a s i n g  f i r e  r a t e s  w i t h  newer model y e a r s ) .  The 

e s t i m a t e d  p a r a m e t e r s  f o r  t h e  l a t e r  v e r s i o n s  o f  t h e  s t a n d a r d  \ ; e re  

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

s i g n i f i c a n c e .  The e s t i m a t e d  p a r a m e t e r s  f o r  t h e  model :  

P = u + S l ( a g e )  + B2(1976 and l a t e r )  + B3(!968-1975), 

we r e  

u = 0.175/1CCO - t C. 194/1000 

" = 0.946/1000 + 0.0117/1000 p e r  y e a r  Ll - 
B = -0.059/190O + 0.057/!C00 2 - 

C 3  = -0.1@5/1CCO - + 0.12? /1000 



T a b l e  5.4.2 

Crash  S u r r o g a t e  F i r e  R a t e  
I p l i  c h i g a n  1977 

.................................................................. 
:lode 1 F i r e  r a t e  p e r  
Year  1 F i r e s  Crashes 10,000 Crashes  

where  t h e  numbers f o l l o w i n g  t l - le  "t" - a r e  t h e  e s t i m a t e d  s t a n d a r d  e r r o r s  o f  

t h e  paramete r .  

The d a t a  f r o m  1977 showed more v a r i a t i o n  o f  t h e  c r a s h - s u r r o g a t e  

f i r e  r a t i o s  by model y e a r .  Pione o f  t h e  models  f i t  t h e  d a t a  a d e q u a t e l y  

( t h e  b e s r  had a  xL-23.79 w i t h  1 2  d f ,  P=0.022 f o r  l a c k  o f  f i t ) .  T h i s  

i n d i c a t e s  t h a t  e i t h e r  some p a r a m e t e r  has been o m i t t e d  f r o m  t h e  model o r  

t h a t  t h e  d a t a  a r e  more v a r i a b l e  t h a n  wou ld  be p r e d i c a t e d  f r o m  t h e  

b i  nomi a1 e r r o r  s t r u c t u r e .  !io s y s t e n i a t i c  v a r i a t i o n  c o u l d  be deduced, 

a1 t hough  polders o f  age we re  t r i e d  as we11 as d i f f e r e n t  age  e f f e c t s  

w i t h i n  s t a n d a r d  v e r s i o n s .  Even w i t h i n  t h e  l i m i t a t i o n s  o f  t h e  f i t  o f  t h e  

mode l ,  i t  was c l e a r  t h a t  t h e r e  i s  a  s i s n i f i c a n t  e f f e c t  o f  a c e - - f i r e  

r a t e s  i n c r e a s i n g  f o r  o l d e r  ca r s .  F u r t h e r ,  i t  was e v i d e n t  t h a t  above a  

1  i n e a r  age e f f e c t ,  t h e  es t i rnazed  e f f e c t s  o f  t h e  s t a n d a r d  \ / e r e  n o t  

s i g n i f i c a n t .  (The  e s t i m a t e  o f  t h e  e f f e c t  o f  t h e  1362 v e r s i o n  was a  



T a b l e  5 .4 .3  

F i r e s  by ::ode1 Year 
1976 and 1977 Combined 

r e d u c t i o n  o f  0.52/100 w h i l e  t h a t  o f  t h e  1976 v e r s i o n  was an i n c r e a s e  of  

0.021/1000,  bu t  n e i t h e r  approached  s t a t i s t i c a l  s i g n i f i c a n c e ) .  

...................................................................... 
ilodel Ra te /  
Year I I F i r e s  Crashes  1900 

- - - - - - - - - - - - - - - - - - - f - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I 

1973 , , I - - - - - - 
1977 . . 7 47,374 0.148 
1376 . . 1 8  1C7,803 0.093 
1975 . . 2 4 98,120 0.245 
1974 . . I 30 I 120,799 0 .248  
1973 . . i 3 4 137,955 0.275 
1972 . . 3 8 123  ,045  9.209 

I n  the hope of  srnoothing t h e  v a r i a b i l  i t y  of  t h e  r a t e s ,  t h e  t v o  

y e a r s  d a t a  were  combifled, a s  i n  T a b l e  5.4.3.  The model which e s t i m a t e d  

a  d i f f e r e n t  mean i n  each  v e r s i o n  of t h e  s t a n d a r d  d i d  no t  f i t  a d e q u a t e l y  
'3 

(XL=40.  27 1 3  d f ) ,  i n d i c a t i n g  t h a t  t h e r e  was s u b s t a n t i a l  v a r i a b i  1 i  t y  i n  

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

s t a n d z r d .  In  v i e w  of  t h e  s t r o n s  a s e  e f f e c t  obse rved  i n  each  y e a r ' s  

d a t a ,  t h i s  was n o t  s u r p r i s i n g .  The rnodel d i d  i n d i c a t e  t h a t  t h e r e  \,as 

n o t  s u f f i c i e n t  e v i d e n c e  t o  c o n c l u d e  t h a t  t h e  iiiear: f o r  t h e  1977 models 

iias s i ~ n i f  i c a n t l y  d i f f e r e n t  ( h i g h e r )  t h a n  f o r  t h e  1976 c:odel s .  Hcuever ,  

1971 . . 
1978 . . 4 3 97 ,916  9.439 

4 9 33 ,588  0.586 
1953  . 4 5 80 ,331  0.560 
I 9 6 8  . . 3 3 63 ,520 0.520 
1957 , . 3 1 42 ,486 0.730 1 15  1966 . . I 30 ,141  0 .630  
1965 . . 2 5 20 ,439  1.223 
1364 . . 8 10 ,453  0.765 
1963 . . 3 5 ,014  0.538 
1562 . . 4 2 ,825  1.416 
1961 . . 2 1 ,224  1 .634  .................................................. 



The rodel iii tl: 3 1 inear  e f f e c t  f o r  ase ,  sn overall  Liean, and ste;: 

f ~ n c t i o n s  f o r  the e f f ec t iveness  of eac;i version of the standard f i t  the 
3 

cc:;bined data b e l l ,  (XL=1!,24, 12 d f ,  ?=0.459). The i;iodel i s :  

The r a t e  P i s  per thousand crashes ,  as  usual. The e s t i ~ a t e s  of the  

~ a r a r ~ e t e r s  and estiinated standard e r r o r s  liere: 

u = 0.106 - + 0.140/1000 

= 0.054 + 0.013/1000 (pe r  year  age) " ! - 

Only the  coe f f i c i en t  f o r  age ( D l )  was s i g n i f i c a n t l y  d i f f e r e n t  f ron zero,  
3 

a1 though D2 could be considered border1 ine  ( x L - 2 . 9 1 ,  1 d f ,  P=O.C88). 

Further ,  combining a l l  t h r e e  standard e f f e c t s  shows t h a t  as a  group a l l  
3 

t h r e e  a r e  non-s i sn i f icant  ( X L = 3 . 7 3 ,  3 d f ,  ?=0.285) ,  So again, t h e  

d i f fe rences  in f i r e  r a t e s  i n  the Xichigan data can be explained as  

corresponding t o  a  l i n e a r  e f f e c t  increasing blith the age of t he  vehicle.  

Khile t h i s  i s  n o t  contradictor;, t o  an efic?ct of the FllVSS 201, i t  does 

a11ou tile a l t e r n a t i v e  explanation of aging. Changes in level  above the 

1 inear  age e f f ec t  :,ere n o t  s i g n i f i c a n t .  Figure 5.4.1 p lo t s  the  data.  

In conclusion, F i r e  3epartment data  from the  S t a t e  of i;ichigan show 

s i ~ n i f i c a n t  d i f f e r ences  in t he  mean pcst-crash f i r e  r a t e s  with t h e  l a t e r  

versions of F:?VSS 301 corresponding t o  lower c r a sh - f i r e  ra tes .  Iiowever, 

t h e r e  i s  s ign i f i can t  v a r i a b i l i t y  of these  f i r e  r a t e s  within models 

corresponding t o  each version of the standard--variabi 1 i  t y  which can be 

in te rpre ted  as  a  1 inear  e f f e c t  increasing with the  age of the car ,  I lo  

s i g n i f i c a n t  d i f fe rences  in  t he  d i f f e r e n t  versions of t he  standard 

remained a f t e r  adjust ing f o r  a  l i n e a r  age e f f ec t .  I t  w a s c u i t e  

d i f f i c u l t  t o  i den t i fy  crash f i r e s  in t he  f i r e  departnent data.  A crash- 

sur roga te  !/as used, :,hici-\ i s  thought t o  give about the cc r r ec t  nurnber of 

f i r e s ,  b u t  f o r  which nearly half  of rhe cases  found may not be crashes.  



r - observed 
x - predicted 

77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 
Mbdel Year 

Figure 5.4.1 

Observed and  Predicted Crash-Surrogate Fire Ratios 
(per 1000 vehicles) Michigan Data 





Table 5.4.4. 
Fgel Leakage a n d  F i  re Frequencies, iiichigan 1978 

................................................................... 
F i  r e  

'iear 1 Leak F i  re and Leak ilone Total 



Table  5.4.5 t a b u l a t e s  t h e  r a t e s  c f  f i r e s  and f u e l  leakarje  i n  c r a s h -  

i nvo lved  pas senge r  c a r s  i n  l l ich igan  1378. Overa l l  t h e r e  bier? about  12 .3  

c a s e s  o f  f u e l  l eakage  p e r  thousand v e h i c l e s .  About 2.3 f i r e s  occu r red  

p e r  thousand v e h i c l e s ,  and e i t h e r  f i r e  o r  f u e l  l e a k a g e  occu r red  i n  about  

14.6 p e r  1000 o f  t h e  c r a s h - i n v o l v e d  v e h i c l e s .  

Tab le  5.4.5 
Fuel Leakase  and F i r e  R a t e s ,  Xichisan  1178 

( p e r  thousand c r a s h -  i nvol ved pas senge r  c a r s )  

I I 

T o t a l s .  1 2 . 3 4  1.35 0.76 13.10 / 2.31 / 14.68 ............................................................ 

............................................................ 
Leak F i r e  F i r e  I 

' t ear  / C n l y  Oniy and Leak Leaks / F i r e s  1 A l l  
----------t---------------------------------+-------+------- 

I 1 1 

1 9 7 9 .  . 1 4.36 2.73 0.79 5.16 3.57 7.93 
1 9 7 3 . .  1 6.54 1.42 C .  45 7.01 1 1.28 
1 7  . . 6.13  1 .14  0.55 6.72 1 .73  7 . 8 6  
1976 . . 6.62 1 .22  0.5C 7.13 1.72 I 8.40 
107- .. 3 . . 3.16 1.67 0.81 8.96 I 10.64 

A r,odel ~ { h i c h  i nc luded  d i f f e r e n t  mean f i r e  r a t e s  in  t h e  f o u r  groups  

1974 . . 1 10.70 1.98 ?. 70 ! 1.40 
1 9 7 3 .  . ' 12.20 1.72 0.70 12.90 1 2.41 

13.38 
14.52 

2.32 16.60 
2.32 18.67 

1972 . . 
1 9 7 1 . .  

14.28 1.61 0.70 14.99 
16.36 1.43 0.38 17.24 

1970 . . 
1 9 6 9 . .  
1968 . . 
1 x 7 .  . 
1966 . . 
1965 . . 
1964 . . 
1 9 6 3 .  . 
1 9 6 2 . .  

19.61 1.37 1.06 20.67 2.43 22.04 
21.27 1.74 1.22 22.49 ' 2.96 ' 24.23 
22.51 1.83 1.09 22.59 / 2.92 ' 21.54 1.61 0.94 22.48 2.55 

1961 . . 30.15 5.03 0.00 30.15 5.03 1 35.18 
are-60  . 33.53 1.97 5.92 39.45 7.89 , 41.42 

i . ................................ + ------- + ------- 
pos t -75  I 6 .39 1.27 0.53 6 8 1 8.19 
pos t -76  I 6.26 1.29 0.54 6.30 1 . 3  1 8.09 
1 9 7 6 .  . 1 6.68 1.22 0.50 7.18 1.72 8.40 
68-75 . 14.34 1.68 0.84 17.65 1 2 5  13.32 

25.43 
24.09 

61-67 . 25.70 1.82 1 . 2  26.93 1 3.C4 1 28.75 

25.95 2.15 1.34 27.23 1 3.53 29.38 
29.96 1.14 0.46 30.42 1 2.30 32.27 I 
29.84 1.96 1.96 31.80 3.91 / 33.76 

pre-1961 1 33.53 1.97 5.12 29.45 7.89 41.42 
I---------------------------------t-------t------- 

38.54 1.96 1.98 40.51 
30.30 0.00 7.25 38.04 

3.35 42.49 
7.25 ' 38.04 



of :?ode1 years corresponding t o  the  versions of the  standard was f i t  t o  

the  police accident data frorc ;lichi(;an. The resul t ing  means and 

associated standard e r r o r s  were: 

Post -1376 1.81 + 9.1?8/1000 
1976 1.72 + 3.185,/1000 
196e-1975 2.50 7 0.092/1000 
Pre- 1968 2.91 - 0.335/1000 

For t h i s  analys is ,  a l l  f i r e s  were used. The model f i t  the  data well. 

The chi-squared f o r  lack cf  f i t  was 13.20 with 16 degrees of freedom; P 

= O.GG. The f i r e  r a t e s  f o r  the  1976 vehicles did n o t  d i f f e r  

s ign i f i can t ly  frorr t h a t  f o r  the  l a t e r  vehicles ( t h a t  i s ,  t he  r a t e s  of 

1 .8 /1NC 2nd 1.7/1COC can be regardcd as equal except f o r  chance 

v a r i a t i c n ) .  20th the  1976 :nd post-1?75 r a t e s  d i f fered  s i ~ n i f i c a n t l y  a t  

the  ! ;.'ercent level frorn the  e a r l i e r  ra tes .  i'owever, the  d i f ference  in 

the  pre-1$6% a n d  1?63-1975 r a t e s  has not s t a t i s t i c a l l y  s ign i f i can t .  

(Tbe chi-squared s t a t i s t i c  bias 1 .43  and 1 d f ,  P = 0.23).  

Tile ::ichigan police data include a var iable ,  TAD, t h a t  i s  a nleasure 

of the  sever i ty  of the  crash. Although t h i s  neasure i s  based o n  the  

damage t c  the  ca r ,  a n d  thus may be a d i f f e ren t  sca le  f o r  cars  of 

d i f f e ren t  s i zes  or const ruct ions ,  i t  does provide a useful neasure of 

crash severi ty.  I t  i s  a seven point sca le ,  with increasins amounts of 

damage f o r  l a rge r  values of the  variable. The crash f i r e  r a t e s  by TAD 

level and standard version a re  3iven in Table 5.4.6. A general 

increasing trend in the  r a t e s  with increasing Tcli) level i s  seen within 

each version of the standard. The highest TAC 1 eve1 has subs tan t i a l ly  

higher f i r e  r a t e s  than any of the  others .  

If model years  of cars  corresponding t o  d i f fe ren t  v e r s i o ~ s  of the  

standard had d i f f e r e n t  d i s t r i b u t i o n s  of crash sever i ty ,  t h i s  could 

confuse the  comparisons of the standards. This ciould be 9articularl;l 

the  case i f  one s e t  of model years  had crashes which had a s ign i f i can t ly  

d i f fe ren t  proportion of TAD-7 type crashes. To i nves t i s te  t h i s  

possibi l i t y ,  adjusted f i r e  r a t e s  \rere covputed by the  d i r e c t  mettiod. 

The adjustnent was f o r  TAD sever i ty  and tile standard p o p ~ l a t i c n  bras 

taken as the  d i s t r i b u t i o n  of a11 Fassenger cars  i n  ::ichirjan 1973 

crashes. The adjusted ra t e s  and estimated standard e r ro r s  were: 



Table 5 . 4 . 6  
F i r e  Rates by TAC Level, 1lichir;an 1978 Rztes ?er  Thoilsand Crashes 

Standard 
T,\,D Level , 1 Pre-1962 301-6% 

Pre-1968 2.90 t 0.3215 per thousand vehicles  
301-1968 2.48 7 0.031 per thousand vehicles  
1 - 7 6  1.91 -7 - 3.113 per thousand vehicles  

The di f fe rence  in t he  zdjusted r a t e s  between the  pr2-1968 and the  

1963-1975 ~ o d e l  s  was not s i ~ n i f i c a n i ,  however, t h e  o ther  two conpari sons 

were. The adjusted r a t e s  correspond t o  a  14.55 reduction with the  f i r s t  

version of F l l V S S  301, a f u r t h e r  22.9% reduction with the  1975 (and 

l a t e r )  version of F;*iVSS 301, a n d  a  34.1% reduction in the f i r e  r a t e  from 

the  pre-standard models t o  t h e  cur ren t  (post-1975) models. Thus, t h e r e  

was a drop in  the f i r e  r a t e s  a f t e r  ad jus t in s  f o r  possiSle  d i f f e r e n t  

crash s e v e r i t i e s  a s  measured by t he  TAC scale .  Inspection of Table 

5.4.6 sholrs t h a t  s imi l a r  reductions in the  r a t e s  occur within most of 

t he  T4C l e l ~ e l s ,  although t h e r e  a r e  mcre f luc tua t ions  there .  

To t e s t  whether t h e r e  was a  l i n e a r  increase  in  the  f i r e  r a t e s  which 

could be a r e s u l t  of age, a model bias f i t  t h a t  included age as  a  

cova r i a t e ,  and e f f e c t s  f o r  t he  d i f f e r e n t  versions of the  standard. This 

n:odel a l so  f i t  the data  very !.,ell. The chi-squared s t a t i s t i c  t o  t e s t  

f o r  lack of f i t  \:as 12.75 u i t h  15 degrees of freedom; ? = 5.62. The 

estimated ~ a r a n e t e r s  a n d  standzrd e r r o r s  of t h i s  r;lodel , /ere:  



The observed and  f i t t e d  values a re  plotted in Figure 5.4.2. 

The nodel e s t i ~ a t e d  a sl ight trend f o r  the  f i r e  r a t e s  t o  increase 

~ ? i  t h  age. Ho\~ever, the  slope \ /as  not  s ign i f i can t ly  d i f fe ren t  from zero. 

( P  = - > 0.5.) Including the age as a covar ia te ,  the  model estimated a 

reduction in the  f i r e  r a t e  of C.23 of a f i r e  per 1000 crash involved- 

passenser cars  f o r  models newer than 196e. Ttii s indicates a drop in the  

f i r e  r a t e  concurrent with the  models t h a t  Fil'JSS 301 f i r s t  appl ied t o  
9 L 

t h i s  drop \:as n o t  s ign i f i can t ly  d i f fe ren t  from zero (X = 0.26, P = 

A reducticn in the  f i r e  r a t e  concurrent u i th  the  1975 ncdel iias 

a lso  e s t i ~ ~ a t e d .  This reduction \/as e s t i r ~ ~ a t e d  as 0.89 f i r e s  per 1OCO 

crash-i nvol ved passenger cars.  This approached s izni f icance  ( X  ' = 

2.25, P = 5.13). F inal ly ,  a reduction f o r  the  1977 and l a t e r  nodels was 

es t i za ted  as 0.76 f i r e s  per thousand passenger cars .  This did n o t  reach 
2 s igni f icance  ( X  = 1.44, P = C.23). 

Taken tor;ether,  the  three  standard e f f e c t s  were j u s t  s ign i f i can t  a t  
r )  

the  10 percent level  (:( = 6.35, 3 d f ,  P = 0.096). Thus, the re  i s  

evidence a t  the  10 percent level t o  conclude t h a t  reductions in the  

f ina l  r a t e s  occurred coincident biith each version of FXSS 3C1 a f t e r  

adjtisting f o r  age as a covar ia te .  These reductions \;ere small (0.23, 

0.99, a n d  0.70 f i r e s  per 1000). iio~rever, they corn?are t o  a n  average of 

2.52 f i r e s  per thousand. 

Thus, in the  Ilichigan da ta ,  an a l l  means model i s  adequate. 

S igni f icant  reductions in the  f i r e  r a t e  were observed concurrent :.ri t h  

t he  ~iocliels affected by Fl'iVSS 301-63 and Fi4VSS 3C1-75 (ns additional 

charicje was noted f o r  1977 models). Even i f  age i s  included as a 

covar ia te  ( i t s  slope i s  not s ign i f i can t ly  d i f f e r e n t  from zero) 

reductions concurrent with the  two main versions of the standard were 

observed. These reductions were s ign i f i can t  a t  the 10 percent 1 evel. 

Thus, ~ i h i l e  these data d o  n o t  i i ~ p l y  causal i t y ,  i t  i s  reasonable t o  

assunc t h a t  the 1968 versicn of the  standard reduced the  post-crash f i r e  

r a t e  by about one f i r e  f o r  every four thousand crashes (0.23/1CCC). 

Likeliise, the  strengthening of the  standard f o r  1.776 and l z t e r  ncdel s i s  

associated with an addit ional  reduction f about two f i r e s  f o r  th ree  

thousand c r a s h s  (0.06/1300). 
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5.4.2.2. Leaks. I n  analyzing the  fuel leakage, a11 cases  ~ t i t h  flrel 

leakage marl:ed "yes" liere used. This included a small percentacje of 

leaks  kihere f i r e  a l s o  occurred. The a l l  means model had a  s i g n i f i c a n t  

lack of f i t .  The neans and s tandard e r r o r s  were estimated a s :  

The means f o r  post-76 a n d  1976 models c l e a r l y  were n o t  s i g n i f i c a n t l y  

d i f f e r e n t .  Coth of these  r a t e s  d i f f e r ed  s i g n i f i c a n t l y  from t h e  

:9G3-1975 r a t e  and from t h e  pre-1968 model r a t e ,  I n  add i t i on ,  t he  

363-75  r a t e  d i f f e r e d  s i g n i f i c a n t l y  frorii the  pre-1968 ra te .  

Age iias incorporated a s  a  cova r i a t e  t c  t r y  t o  i~liprove the  f i t  and 

:o see whether t h e  d i f f e r ences  in means could be explained by t h e  

o i f f e r e n ~  ases  of t he  groups. The inccrporat ion of a  1 inear  age e f f e c t  
3 

ii,?;rovsd the  f i t  subs t an t i a l  1y ( f o r  lack of f i t  was reduced from 

399.8 t o  31.1, 16 and 15 d f ,  r e s ? e c t i v e l y ) ,  b u t  t he  lack of f i t  was 

s t i l l  s i g n i f i c a n t  a t  about t h e  ! percent leve l  ( P  = 0.009).  

The estimated p a r m e t e r s  and s tandard e r r o r s  were: 

u = -0.510 + 1.7214/1C00 
C(age) = 2.059 7 3.1072/1000 per year  
T(1?7G+) = 2.G05 7 0.4777/10@C 
T(1376) = 0.036 3.5625/10CO 
T(196St) = 1.425 7 - 1.2519/1000 

The s lope bras highly s i s n i f i c a n t  i nd ica t ing  a  d e f i n i t e  t rend  f o r  t h e  

fue l  leakage r a t e  t o  increase  with t h e  age of t he  vehicle .  This e f f e c t  

vias so s t rong t h a t  the  estimated sroup e f f e c t s  corresponding t o  t h e  

d i f f e r e n t  s tandards were a1 1 p o s i t i v e ,  ind ica t ing  t h a t  t h e  fue l  leakage 

r a t e s  f o r  these  models were higher than would be predicted on t he  bas is  

of t h e  age t rend.  The observed and f i t t e d  r a t e s  a r e  p lo t ted  in  Figure 

5.4.3. 

!/one of t h e  est imated s tandard e f f e c t s  iras s i g n i f i c a n t  a t  the  5 

percent leve l .  lio~vever, t he  l a t e s t  one was barely s i g n i f i c a n t  a t  the  13 

Fercent l eve l .  The conclusion i s  t h a t  tile d i f f e r ences  in crash fuel  

lealtase r a t e s  aii;ong node1 years  i s  best ex?lained ?y a l i n e a r  t rend f o r  

",ose r a t e s  t o  be 1 zrger  f o r  o lde r  vehicles .  'N'hile t h i s  i s  cons ' swn t  
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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, i t  i s  a l s o  c o n s i s t e n t  w i t h  an 

a g i n g  e f f e c t ,  o r  d i f f e r e n t  c r a s h  c h a r a c t e r i s t i c s  f o r  o l d e r  ca rs .  As a  

r e s u l t ,  w h i l e  t h e  ? , l i ch igan d a t a  show r e d u c t i o n s  i n  f i r e  r a t e s  a s s o c i a t e d  

w i t h  FtilVSS 301, t h e y  do n o t  show co r respond ing  r e d ~ c t i o n s  i n  f u e l  

leakage r a t e s .  S i n c e  t h e  mechanism o f  f i r e  r e d u c t i o n  was t o  be by 

r e d u c t i o n s  i n  f u e l  leakage,  t h i s  c a s t s  s e r i o u s  doubts  on  a t t r i b u t i n g  

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

5.5 Da ta   fro^ t h e  S t a t e  o f  l , ! i ssour i .  

The d a t a  f rom r l i s s o u r i  c o n s i s t  o f  passenger c a r  f i r e s  f rom f i r e  

depar tment  d a t a  (IIFIRS) and p o l i c e  a c c i d e n t  d a t a  f r o m  t h e  T l i ssou r i  

Department o f  T r a n s p c r t a t i o n .  Tab1 e 5.5.1 p r e s e n t s  t h e  f r e q u e n c i e s  by 

model y e a r  o f  a1 1 passenger c a r  f i r e s ,  t hose  coded as caused by f u e l  

s p i l l a g e  (code 4 1 ) ,  by c o l l i s i o n ,  a c c i d e n t ,  o r  o v e r t u r n  (code711 and by 

t h e  t . xc lus ion  su r roga te .  I n  t h e s e  da ta ,  ve ry  few o f  t h e  passenger c a r  

f i r e s  had e i t h e r  code 4 1  o r  code 71 as t h e  cause o f  t h e  f i r e .  N h i l e  i t  

i s  p o s s i b l e  t h a t  t h e  f i r e  t o  c r a s h  r a t i o s  a r e  muck s m a l l e r  i n  r i l i s sou r i  

t h a n  e l  sewhere, i t  seems more 1  i k e l y  t o  be a  d i f f e r e n c e  i n  r e c o r d i n g .  

As a  r e s u l t ,  t h e  p r i m a r y  a n a l y s i s  uses t h e  e x c l c s i o n  s u r r o s a t e  r a t i o s ,  

wh ich  a r e  more c o n s i s t e ~ t  w i t h  o t h e r  d a t a  se ts .  The o v e r a l l  r a t i o  o f  

s u r r o g a t e  f i r e s  t o  c rashes  i s  3.30 p e r  thousand. 

Thers  were a  t o t a l  o f  11 f a t a l  i t i e s  r e p o r t e d  among t h e  passenger 

c a r  f i r e s ,  o n l y  f i v e  o f  wh ich  c o u l d  be matched t o  s p e c i f i c  model years .  

There  were t h u s  0.036 f i r e - a s s o c i a t e d  f a t a l  i t i e s  pe r  crash.  There  were 

an a d d i t i o n a l  50 i n j u r i e s ,  36 o f  wh ich  c o u l d  be matched t o  s p e c i f i c  

model years.  T h i s  g i v e s  a  r a t i o  o f  0.164 ( n o n - f a t a l )  f i r e - a s s o c i a t e d  

i n j u r i e s  p e r  crash. Group ing t h e  model y e a r s  co r respond ing  t o  t h r e e  

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

t o  c r a s h  r a t i o s  o f  0.018/1000 ( c u r r e n t ) ,  0.015/1000 (1968-1975) c rashes 

and fl 023/1000 (pre-1968).  The co r respond ing  r a t i o s  f o r  i n j u r i e s  a r e  

0.088/1000, 0.103/100C, and 0.?27/10CO, r e s p e c t i v e l y .  A1 though t h e s e  

r a t i o s  show r e d u c t i o n s  co r respond ing  t o  t h e  l a t e r  v e r s i o n s  o f  t h e  

s tandard ,  t h e  smal l  number o f  f a t a l i t i e s  and i n j u r i e s  t o g e t h e r  w i t h  t h e  

d i f f i c u l t y  i n  ma tch ing  t h e n  t o  model y e a r s  and t o  c rashes means t h a t  

li ttl e impor tance  shou ld  be a t t a c h e d  t o  them. 



Tab le  5.5.1 

Passenge r  Car Fi r e s  and Crash F requenc ie s  
Mi s s o u r i  1977 

................................................................. 
:.lode 1 A1 1 Code Code Exc lus ion  
Year F i r e s  4 1 7 1 S u r r o g a t e  Crashes  

Tab le  5.5.2 p r e s e n t s  t h e  f i r e  t o  c r a s h  r a t i o s  by model y e a r .  When 

t h e s e  a r e  grouped by v e r s i o n  of  t h e  s t a n d a r d ,  t h e s e  r a t i o s  show 

r e d u c t i o n s  by each  v e r s i o n  o f  t h e  s t a n d a r d .  When an a l l  means model was 

f i t  t o  t h e  d a t a ,  t h e  pa rame te r s  and t h e i r  s t a n d a r d  e r r o r s  were e s t i m a t e d  

a s :  

1978 
1977 
1976 
1375 
1974 
1972 
1971 
1970 

p r e  1967 7.56 - t 0.411/1000 

f i r e s  pe r  c r a s h .  The p o s t  1976 and t h e  1976 r a t i o s  a r e  no t  

s i g n i f i c a n t l y  d i f f e r e n t .  ,411 o t h e r  p a i r w i s e  d i f f e r e n c e s  a r e  s i g n i f i c a n t  
2 a t  t h e  1% l e v e l .  T h i s  model showed a s u b s t a n t i a l  l a c k  of  f i t  ( x  =84.14  

7 0 C 2 1 1,195 
32 0 2 24 
6 6 3 3 42 

7 8 3  2 5 9 
107 1 1 72 
132 6 5 3 5 
126 3 3 9 9 
137 4 5 110 

24,336 
31,149 
24,114 
29,088 
33 ,511 
22,474 
23 ,178 
23,084 1969 143 9 3 112 

1968 150 4 2 115 17 ,989  
1967 1 91 4 1 7 9 ' 13,288 

10 ,971 
8 , 5 7 3  
5 ,580 
3 ,479 

115 ii:i 1 78 
5 4 9 2 
0 1 6 6 

1964 6 8 2 2 5 3 
1963 4 9 1 1 3 8 
1962 

Mi s s i  ng 
2 5 0 0 2 0 2 ,068 

606 17 1 7  10  / --- 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+- - - - - - - - - - -  

Tota l  , 2 ,123  6 6 54 1188 I 304,516 ................................................................. 



Tab le  5.5.2 

F i r e / C r a s h  R a t i o s  
ili s s o u r i  1977 

( p e r  1000 Crashes) 

............................................................... 
;,?ode 1 A1 1  Code Code Codes 
Year 1 F i r e s  4 1 7 1 S u r r o g a t e  41771 

- - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+- - - - - - - - -  

w i t h  13 degrees o f  f reedom).  T h i s  i n d i c a t e s  t h a t  t h e r e  was a  l a r g e  

amount o f  v a r i a b i l  i t y  i n  t h e  r a t i o s  w i t h i n  s t a n d a r d  groups-more t h a n  

c o u l d  be e x p l a i n e d  by random v a r i a t i o n s .  

1974 
1973 
19 7 2 
1971 

An a d d i t i o n a l  model was f i t ,  which  used t h e  age o f  t h e  v e h i c l e  as a  

c o v a r i a t e ,  and i n c l u d e d  changes i n  l e v e l  co r respond ing  t o  t h e  changes i n  

t h e  s tanda rd  (model y e a r s  1968, 1976, and 1977). T h i s  model f i t  t h e  
2 d a t a  r ie l  1. ( X  due t o  e r r o r  10.1 w i t h  12 degrees o f  freedom, P = 0.61). 

The observed r a t i o s  (+ )  and t h e  f i t t e d  va lues  ( * ) a r e  p l o t t e d  i n  F i s u r e  

5.5.1, where t h e  a b s c i s s a  r e p r e s e n t s  t h e  age and t h e  o r d i n a t e ,  t h e  f i r e s  

t o  c r a s h  r a t i o .  

3.68 0.03 0.03 2.48 
3.94 0.13 C. 15 2.33 
4.21 0.17 C. 37 3.40 
5.37 0.13 3.13 4.22 

3.07 
0.33 
0.24 
0.26 

1970 5.91 0.17 0.22 4.75 
1969 1 6.19 0.39 0.13 4.85 

0.39 
0.52 

1968 3.34 0.22 0.11 6.33 0.33 
1967 1 6.85 0.3C 0.08 5.35 0.28 
1966 10.48 0.46 0.36 8.39 I 0.82 
1965 
1964 
1963 
1962 

Post75 
1968-75 
pre1967 

T o t a l  j 7.01 0.22 0.18 3.90 j 0.39 ............................................................... 

9.10 0.00 0.12 7.70 1 0.12 
12.13 0.36 0.36 9.50 0.72 
14.08 0.29 0.29 10.92 
12.09 0.00 0. 00 9.67 
1.76 0.05 0.09 1.20 
4.92 0.17 0.11 3.74 
9.69 0.27 0.21 7.92 

0.57 
0. OC 
0.14 
0.28 
0. 48 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ - - - - - - - - -  
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The parameters of t h i s  mode1 were estimated as 

mean 1.05 - + 0.861/1000 

Of these,  only the  slope--the 1 inear trend in age--was s ignif icant ly  

d i f fe ren t  from zero. T h a t  i s ,  a l l  of the differences in r a t i o s  among 

the  model years can be described adequately by a 1 inear increase with 

the  age of the car. The estimated e f fec t s  of the  standards a f t e r  

adjusting fo r  t h i s  trend were: 

1968 standard -0.626 - + 0.596/1000 

1976 standard -0.753 - + 0.758/1000 

1977 standard -0.572 - + 0.832/1000 

where the negative signs indicated a reduction in the r a t i o s  from those 

predicted by the  1 inear trend. flowever, none of these reductions i s  

s ignif icant ly  d i f fe ren t  frorn zero. While the 1 inear trend could resu l t  

in l~hole or  in part from the  standard, i t  could a lso  be a r e su l t  of the 

deter iora t ion of the vehicle with age, or  other fac tors  associated with 

the age of the vehicle. 

The data from r5issouri are  thus best described by a f i r e  t o  crash 

r a t i o  smoothly increasing in a 1 inear fashion with the age of the 

vehicle. A1 t h o u g h  reductions in addition t o  t h i s  occurred corresponding 

t o  each version of the standard, none of these was s ignif icant .  A t  most 

the  standard appears t o  reduce the f i r e  r a t e  by about three-fourths of a 
f i r e  per thousand crashes. Most of t h i s  possible reduction was 

associated with the f i r s t  version of the standard smaller reductions 

with the l a t e r  two versions. Thus, the  I..lissouri d a t a  indicate 1 i t t l e  o r  

no effect .  



5.G Data from Idaho 

The d a t a  from idaho a r e  p o l i c e  a c c i d e n t  d a t a :  Crashes  which 

i n v o l v e  f i r e  a r e  r e p o r t e d  by a v a r i a b l e  checked on t h e  a c c i d e n t  

r e p o r t i n g  form. The re  were a t o t a l  of  41 f i r e s  r e p c r t e d  arnong 44,602 

c r a s h e s  i n  1976, f o r  an o v e r a l l  f i r e  r a t e  of  0.92 f i r e s  pe r  thousand 

c r a s h e s .  In t h e  1977 d a t a ,  a t o t a l  o f  54 f i r e s  were r e p o r t e d  amons 

45,240 c r a s h e s  f o r  a r a t e  of  1.19 f i r e s  p e r  t h o ~ s a n d  c r a s h e s  ( s e e  F i g u r e  

5 .6 .1) .  Tab le s  5.6.1 and 5.6.2 g i v e  t h e  f r e q u e n c i e s  of c r a s h  f i r e s  and 

c r a s h e s  by model y e a r  f o r  t h e  1976 and 1977 d a t a ,  r e s p e c t i v e l y .  The 

c r a s h e s  a r e  s e p a r a t e l y  r e p o r t e d  f o r  f a t a l  c r a s h e s ,  pe r sona l  c r a s h e s ,  and 

p r o p e r t y  damage c r a s h e s ,  a s  e l  a s  t h e  t o t a l .  Combined d a t a  a r e  

p r e s e n t e d  i n  Tab le  5.6.3. 

The t h r e e  means model f i t  t h e  d a t a  from Idaho a d e q u a t e l y  ( t h e  l ack  

o f  f i t  ch i - squa red  was 12.44 w i t h  8 d e g r e e s  o f  freedom, P=0.13). The 

means were e s t i m a t e d  a s  0.86 f i r e s  p e r  thousand ( c u r r e n t )  0.90 f i r e s  p e r  

thousand (1968-1975) and 1.00 f i r e s  p e r  thousand (pre-1968 s t a n d a r d ) .  

There  were t h u s  on ly  very  s l  i g h t  d i f f e r e n c e s  i n  t h e  mean c r a s h  f i r e  

r a t e s  by the  d i f f e r e n t  v e r s i o n  of t h e  s t a n d a r d .  The s t a n d a r d  e r r o r s  

a s s o c i a t e d  kri t h  t h e  t h r e e  means were were 0.289/1000, 0.1?5/10C0, and 

0.213/1000, r e s p e c t i v e l y .  There were no s i g n i f i c a n t  d i f f e r e n c e s  among 

t h e  t h r e e  means. 

A second model was f i t  t o  t h e  d a t a .  T h i s  model i n c l u d e d  a 1 i n e a r  

e f f e c t  f o r  age ,  an o v e r a l l  i n t e r c e p t  o r  mean, and l e v e l  e f f e c t s  f o r  t h e  

t b ~ o  v e r s i o n s  of  the s t a n d a r d  ( s t a r t i n s  i n  1968 and 1976) .  The 

pa rame te r s  and t h e i r  a s s o c i a t e d  s t a n d a r d  e r r o r  were e s t i m a t e d  a s :  

!lean = 1.00 -t 0.213/1000 
S lope  = 0.11-+ 0.056/i000 p e r  y e a r  
1968 standard-= -0.50 + 0.399/1000 
1976 S tanda rd  = 0.36 - +-0.374/1000 

T h i s  model a l s o  f i t  wel l  ( x 2  = 8.47, 7 d f ,  P = 3.29) .  However, on ly  t h e  

s l o p e  and t h e  o v e r a l l  mean a r e  s i g n i f i c a n t l y  d i f f e r e n t  froni zero .  The 

model e s t i m a t e s  t h a t  t h e  f i r e  r a t e  dropped 0.139 f i r e s  p e r  thousand 

c r a s h e s  w i t h  t h e  1976 s t a n d a r d .  However, t h i s  i s  not  s t a t i s t i c a l l y  

s i g n i f i c a n t l y  d i f f e r e n t  from zero .  I t s  s t a n d a r d  e r r o r  i s  0.3588 p e r  

1000 c r a s h e s ,  s o  t h a t  t h e  change c o u l d  e a s i l y  be t h e  r e s u l t  o f  chance  



IDAHO CRASH FIRE RATES C19771 
Figure 5.6.1 
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f l  uctuati on. 

Similarly the model estimated a reduction of 0.502 f i r e s  per 

thousand crashes associated with the 1968 standard. Uhile t h i s  i s  also 

n o t  s ignif icant ,  it approaches significance a t  the 13 percent level ( X  2 

= 2 .47 ,  P = 0.116). The estimated standard e r ro r  i s  0.3192 f i r e s  per 

thousand crashes. The slope estimates tha t  the f i r e s  per crash 

increases a b o u t  3.1 f i r e  per thousand crashes fo r  every year of age of 
3 

the vehicle. The slope :.,as just  s ignificant  a t  the 5 percent level ( x "  

= 3.97, P = 0.0463). The observed and  predicted values were plotted in 

Figure 5.6.1. 

All of the possible e f fec t s  of the standards on the Idahc data may 

be judged no t  s ignificant .  F i t t ing  a single ixean t o  the f i r e  ra tes  f o r  

a1 1 models gave an  estimated crash f i r e  ra te  of 0.92 f i r e s  per thousand 

crashes, liith a standard e r ro r  of 0.101 per thousand. There was l i t t l e  
2 

evidence of lack of f i t  i n  t h i s  model ( X  = 12.65, 10 d f ,  P = 0.244). 

A1  though the standard may have reduced the f i r e  rates in the Idaho 

d a t a ,  the data were insuff ic ient  t o  conclude that  the small differences 

observed were not due t o  chance. Thus although the data show s l i gh t  

beneficial changes in ra tes  associated with the timing of t h e  standard, 

they a re  insufficient  to  conclude tha t  these changes are rea l ;  tha t  i s ,  

n o t  simply due t o  chance. Of course, even i f  these were rea l ,  one could 

n o t  conclude tha t  they were caused by the  standard. The observed 

difference (0.86, 0.90, 1.00 of a f i r e  per thousand crashes) are so 

small that  one nay question t h e i r  practical importance even i f  they Lvere 

real and uere the resu l t  of the standard. 

5.7 Data from the Sta te  of Ohio 

Passenger car  f i r e s  were ident i f ied  in the statewide f i r e  

department d a t a  from Ohio as reported t o  the /!FIRS. There were 67,633 
records of ~ o b i l e  property in the rIFIRS f i l e .  Of these,  54,931 were n o t  

passenger cars or  were missing data. There remained 12,702 records of 

passenger car f i r e s  in the incident f i l e ,  and  12,469 records in the 

equipment f i l e .  (The equipment f i l e  contains the data describing the 

car  type--that i s ,  the model year.) Of the records in the Sncident 
f i l e ,  541 had no matching cases in the equipment f i l e s ,  a n d  of those in 



Table 5.6.3 

Crash Fi re  Rates 
Idaho (1376 and 1977) 

................................................................... 
rlodel 'fear I I Rate I I Standard Error 

- - - - - - - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - -  

the  equipment f i l e ,  308 had no matching records in the  incident  f i l e .  

There were a  t o t a l  of 12,161 complete records of passenger c a r  f i r e s  

avai lable  in the  Ohio data from 1977. 

The d a t a  on crashes were supplied t o  HSRI fron the  Ohio Department 

of Tra f f i c  Safety. A d i s t r i b u t i o n  of the  number of passenger cars  o  

each model year  which were involved in pol i c e  reported crashes was 

suppl ied. As a r e s u l t ,  t h e  data from Ohio have been used t o  construct  

r a t i o s  of c a r  f i r e s  t o  cars  in crashes f o r  1977. 

;jot a l l  of the  passenger c a r  f i r e s  a lso  involved a  crash. Three 

~ o s s i b i l  i t i e s  were considered t o  t r y  t o  r e l a t e  ca r  f i r e s  t o  crashes. 

Code 71 indica tes  t h a t  the  source of igni t ion  was a  c o l l i s i o n ,  overturn,  

o r  knockdown, while code 41 indica tes  t h a t  fuel sp i l l age  was the  cause. 

(These are  mutually exclusive. ) Both of these had very few cases. A n  

addit ional  poss ib i l i ty  t h a t  was used t o  exclude cases which were c l ea r ly  



no t  crash related and consider the res t  re la t ive  t o  the crash 
dis t r ibut ion.  For the exclusion surrogate arson and suspected arson, 

natural , elect r ica l  , e tc . ,  causes were excluded, and the renai n i  ng cases 

considered as possible crash-re1 ated f i r e s .  Table 5.7.1 presents the 

frequencies of a l l  passenger car  f i r e s ,  code 41 f i r e s ,  code 71 f i r e s ,  
and the exclusion surrocjate f i r e s  as well as the dis t r ibut ion of 

crashes. The f i re /crash ra t ios  are  presented i n  Table 5.7.2. While i t  

i s  c lea r  tha t  codes 41 and 71 d o  n o t  contain a l l  of the crash-related 

f i r e s ,  and while those codes may contain non-crash-re1 atea f i r e s ,  the 

masnitude of the r a t i o  of codes 41+71 f i r e s  t o  crashes i s  more 

consistent  w i t h  r a t ios  froin other data sources than the other possible 

ra t i  0s. 

Table 5.7.1 

2assenger Car Fires and Crash Frequencies 
Ohio  1977 

.................................................................. 
liodel A1 1 Code Code Exclusion 
Year Fires 4 1 7 1 Surrogate Crashes 

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

1978 I 10 0 0 13 2,376 
1977 222 6 5 138 ' 44,186 

I 390 57,083 
46,135 
62,375 
70,911 
64,054 
53,868 
52,726 
47,236 
38,670 
26,182 
19,668 
13,936 
7,649 
4,215 

1976 , 6 7 242 
1975 
19 74 
1973 
1972 
1971 

5 11 15 3 317 
835 4 1 18 544 
988 42 3 654 
1006 4 1 16 6 98 
1044 5 1 16 7 74 

1962 121 4 1 8 9 ' 2,150 

1970 , 1198 5 7 12 875 
1969 1 1309 6 1 15 1,026 
1968 1154 5 8 17 922 

<I962 238 7 1 164 1 1,364 
1267 3 9 16 842 - - - 

--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+--- - - - - - - - -  

Total 1 13,010 580 159 9,461 I 614,784 .................................................................. 

1967 
1966 

882 GO 7 704 
733 3 5 5 5 88 

1965 5 6 7 2 9 7 453 
1964 1 336 18 3 285 
1963 164 10 2 131 



Table 5.7.2 

Passenger Car Fire/Crash Ratios 
Ohio 1977 (Per 1000 Crashes) 

.................................................................... 
!:ode1 I All Code Code Exclusion 1 4 E ~ i e 7 1  
Year , Fires  7 1 4 1 Surrogate 

Total 1 21.16 0.26 0.94 15.39 1 1.20 .................................................................... 

The f i r e  department data indicated a t o t a l  of 24 f a t a l i t i e s  which 

could be iden t i f i ed  with p a r t i c u l a r  model year  of vehicles. I n  

addi t ion ,  there  were 114 i n j u r i e s  ident i f ied  by model year  of car.  

These were d i s t r ibu ted  by version of the  standard as  follokis: 1976 and 

l a t e r ,  2 f a t a l i t i e s  and 7 i n j u r i e s ;  1968-1975, 13 f a t a l i t i e s  and 79 

i n j u r i e s ;  pre 1968 models, 9 f a t a l i t i e s  and 28 in ju r i e s .  These injury 

data a re  probably not complete. However, i t  i s  ins t ruc t ive  t o  consider 

the  r a t i o s  of f a t a l i t i e s  and i n j u r i e s  reported in the  passenser ca r  

f i r e s  by t h e  f i r e  department data t o  f a t a l  crashes,  injury crashes,  o r  

a l l  crashes. The relevant data a re  summarized in Table 5.7.3 All of the 



ra t ios  shorr a favorable iinprovenent fo r  each successive version of the 

standard. The ra t ios  are reduced by a b o u t  a f a c t c r  of two t o  one f o r  

each vers ionof  the standard. For example, the  r a t i o  of e i t he r  a 
f a t a l i t y  or  an injury per thousand crashes was 0.49/100C i n  the pre- 

standard cars ,  0.021/1000 the 1968-1975 models, a n d  0.087/1000 in the 

post 1975 models. !/bile there i s  probably a considerable amoun t  of 

underreporting, there i s  no obvious reason to  indicate tha t  t h i s  should 

bias the ra tes ,  

The f i res /crashes  ra t ios  were modeled in two ways. The f i r s t  was a 

four means model. This node1 e s t i ~ a t e s  the mean r a t i o  in each of four 

groups of model years,  associated with the various versions of the 

standard. The estimated p a r a ~ e t e r s  and standard errors  were: 

pre-1968 2.414 - + 0.1736/1000. 

2 This model showed a s ignif icant  lack of f i t  ( X  388.79 with 14 d f ) .  

This means tha t  there were s ignif icant  differences aKong rrodel years 

~ i t h i n  groups. Even with the lack of f i t  i t  i s  c lea r  tha t  no 

s ignif icant  difference l i e s  between the 1976 and l a t e r  models. Allowing 

f o r  the lack of f i t ,  there i s  evidence a t  the 5% s ignif icant  l eve l ,  t h a t  

1976 and l a t e r  models have 1 ower f i r e  ra t ios  than d o  the 1968-75 or the 

pre-1968 iiiodel s. 

A second model bias f i t  cihich included a I inear trend in age, a n  
overall in tercept ,  a n d  addit ive e f fec t s  f o r  the di f ferent  standards. 

The parameters and t h e i r  standard errors  were estimated as:  

a (  in tercept)  = O .  118 - + 0.323/1000 

=0.186 - + 0.022/1000 

This model f i t  the d a t a  well. The X' f o r  lack of f i t  was 15.9 with 13 
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degrees of freedom (P=0,25). The 1 inear  e f fec t  was highly s i g n i f i c a ~ t .  

Viewed co l l ec t ive ly ,  the  standard e f f e c t s  were s ign i f i can t  only a t  the  

10% level (P=0.068). The observed ra t ios  (+ )  and the f i t t e d  values ( *  

connected by l i n e s )  a re  presented in Figure 5.7.1. As can be seen in 

the  f igure ,  there  i s  a  noticeable drop in level corresponding t o  the  

1968 model year. The ra t ios  f o r  1976, 1977, and 1978 a re  e s sen t i a l ly  

f l a t  - 1976 i s  s l i g h t l y  lower. (The abscissa of the  Figure i s  the age 

of the c a r s ) .  

In t h i s  model, the  l i n e a r  e f fec t  f o r  age was highly s igni f icant .  

Viewed col l e c t  ive ly ,  the  th ree  standard e f f e c t s  were marginal 1y 

s ign i f i can t  (?=3.068). Each of the  incremental e f fec t s  i s  a t  best 

marginally s igni f icant .  The estimated e f f e c t s  of the  th ree  versions of 

the standard, a f t e r  adjus t ins  f o r  a  l inea r  arje t rend,  were: 1368 

version -0.251/10CO; 1975 version -0.263/1000; and 1976 version 

-0.058/1000. These are  reductions in the  f i  re/crash r a t i o s  

corresponding t o  the  d i f fe ren t  versions of the  standard. 

I t  seems somewhat inconsistent  t h a t  the most recent standard - the 

most s t r i  ngent- shows the  m a l l  e s t  benef i c i  a1 ef fec t .  The most 1 i  kely 

expl anation f o r  t h i s  i s  t h a t  some of the 1 inear  trend in age i s  a  r e su l t  

of the  standard. l~iith the strong 1 inear  trend and the  snal l  r a t ios  f o r  

new cars ,  l i t t l e  additional e f fec t  could be estimated. There i s  no clay 

t o  completely separate the  possible aging e f fec t  from the  e f fec t  of the 

standard. The strong increasing trend of the  r a t i o s  f o r  older  cars  and 

the  f a c t  tha t  the r a t i o  must remain posi t ive may make the  estimated 

e f fec t  f o r  the  most recent version an a r t i f a c t .  

The conclusion from the  Ohio data i s  t h a t  the  newer nodel year  

passenger cars  have substantial  ly  1 ower f i r e  t o  crash ra t ios .  However, 

t h i s  i s  primarily a l i n e a r  trend in the age of the vehicle. There i s  

some evidence of : change in in tercept  concurrent with the  versions of 

the  standard, b u t  t h i s  did not reach signif icance a t  the  5% level .  

While the smooth trend in age could be par t ly  a n  e f fec t  of FilVSS 3C1, i t  

could also represent a  more general age e f fec t  as well. 
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5.5 Data from the  S ta te  of 3klahoma 

The 5kl ahoma ;ol i c e  accident records include informati o n  about 

whether each vehicle involved in a crash caught f i r e  o r  no t .  These d a t a  
a l so  include the ase of the vehicle ( i n  yea r s )  a t  the t i n e  of the  crash. 

The accidents in the data f i l e  occurred during calendar 1977. The 

coding convention idas tha t  the current  model year  was assisned age "O", 

1977 models rrere coded age " I " ,  etc .  The ages were grouped a f t e r  seven 

years ,  so t h a t  a1 1 model years  1971 and e a r l i e r  vrere combined. Since 

the  f i r s t  version of FIIVSS 301 vtas e f fec t ive  f o r  the 1968 models, t h i s  

neans tha t  the ;re-1968 standard and the post-1966 standard cannot be 

c l ea r ly  distinguished. Holiever, about half of the cars  in the  1971 a n d  

earl  i e r  i,oul d be pre-standard vehicles. 

Only a t o t a l  of 54 f i r e s  o u t  of 35,330 records were observed. Two 
of these f i r e s  had missing model years ,  while overa l l ,  model year  was 

rcissing on  954 non-fire vehicles. F i v e  of the  vehicles t h a t  caught f i r e  

were involved in a f a t a l  crash,  10 addit ional  vehicles tha t  caught f i r e  

\:ere involved in a crash which resulted in personal in jury ,  a n d  37 

resulted in property damage only. Thus, of the  vehicles t h a t  caught 

f i r e  a a r e s u l t  of the crash,  9.6% viere involved in f a t a l  crashes,  19.2% 

were involved in personal injury crashes,  and the  remaining 71.2% were 

involved in property damage crashes. 

Of the  vehicles t h a t  did not catch f i r e  a f t e r  t h e i r  crash,  only 

0.5:; liere involved in f a t a l  crashes. 15.2: were involved in personal 

injury crashes, and the  remaining 23.3% were involved only in property 

damage crashes. This over involvement of the f i r e  crashes with f a t a l  

crashes and personal - in jury  crashes suggests t h a t  f i r e  poses a 
substant ia1 additional hazard t o  the  occupants. Hoc~ever, such a 
conclusion nay n o t  be warranted from these data. Forty of the  52 f i r e s  

occurred in s ingle-vehicle crashes,  which tend t o  be more severe than 

m u 1  t ip le-vehic le  crashes. In addi t ion ,  45 of the f i r e s  occurred on 
roads where the legal speed l imi t  was more than 45 mph ( i . e .  50 o r  5 5 ) ,  

sugsesting t h a t  almost a l l  of the  f i r e s  occurred in rural o r  freeway 

crashes. 

Table 5.8.1 presents the  crash f i r e  ra tes  by model year  f c r  the  

Oklahoma crashes which occurred in 1977. A n  unusually large number of 



Tab le  5.8.1 

Crash F i r e  2 a t e s  
Oklahoma 1977 

.................................................................... 
iiodel Ra te  S t a n d a r d  

Year 1 F i r e s  Crashes  ( p e r  1000)  E r r o r  

1977 
1976 
1975 
1974 
1973 
1972 

< I972  
rlli s s i  ng 

To ta l  

Tab le  5.8.2 

1975 2 l a t e r  
1972-75 

Oklahoma Crash  F i r e  R a t i o  by 
Speed and S t a n d a r d  

7 17 ,561  0.409 0.151 
2 5 35 ,643  0.70 0.140 

........................................................................ 
0 

Standard  1 PqpH 
1-29 30-45 

Vers ion  !SIP H I4P I? 

1971 8 e a r l i e r  , 2O 41 ,065  0.49 0.109 .................................................................... 



Table 5.8.3 
Crash Fi re  Rates in Single- a n d  i4ul tiple-Vehicle Crashes 

(Posted Speed Greater than 45 mpt1)--3klahoma 1977 

Single 1 !?ul t i p l e  
!:lode] Year - - - - - - - - - - - - - - - - - - - - - - - -+--- - - - - - - - - - - - - - - - - - - - - -  

I F i res  Crashes Rate / Fires Crashes Rate 

I 
Total 41 11,980 3.42 1 3 8,850 0.34 ! 

crashes involving new (1977) vehicles i s  noted. These apparently were 

mostly minor crashes, f o r  when the data were f i l t e r e d  on posted speed o r  

speed a t  o r  before impact, t he  number of 1977 vefiicles reported i s  

a~proximately equal t o  the number of 1976 model vehicles. 

Table 5.8.2 presents the  crash ra t e s  by posted speed and standard. 

In t h i s  t ab le ,  model years 72-75 have been combined as the  second 

version of the standard, and mcdels pr ior  t o  1972 have been considered 

as the  pre-standard ~ o d e l s .  This i s  c l ea r ly  not exactly the  case, b u t  

iilodels pr ior  t o  1972 cannot be distinguished in the  Oklahoma data. The 

zero category in the  t a b l e  cons is ts  of two types of crashes. One type 

i s  parked vehicles and the  other  i s  missing data on posted legal speed. 

Essential ly a1 1 of the  f i r e s  occurred where the  posted speed was grea ter  

than 45 mph. 

Since v i r tua l ly  a l l  of the  f i r e s  occurred where the pcsted speed 

was greater  t h a n  45 mph. Table 5.8.3 presents the  crash f i r e  ra tes  by 

model year f o r  s ingle-  a n d  ~ u l t i p l e - v e h i c l e  accidents ,  f c r  which the 



posted speed was grea ter  t h a n  45 mph.  I n  considering the  subset of 

s ingle  vehicle crashes, tile post-76 models have the lowest f i r e  r a t e ,  

1 1 / 1 0  The 72-75 models have the  highest r a t e ,  4.89/1CCOY while the 

3re-71 rcdels  have a r a t e  of 2,86/1000. 

I t  i s  d i f f i c u l t  t o  at tach too much meaning t o  these r a t e s ,  s ince 

the  t ~ o  e a r l i e r  r a t e s  do not  correspond biith model years when the  

standard changed, The data suggest tha t  the post-1975 models have lower 

f i r e  r a t e s  than the  e a r l i e r  models, although the single year  1976 i s  

ra ther  high. Yhether these 1 ower ra tes  a re  a  r e su l t  of FI.IV5.S 301 o r  of 

the  agint; of the vehicles being dssociated with higher crzsh f i r e  r a t e s  

i s  problematical. 

There arc  too few data t o  support rnuch model f i t t i n g ,  a n d  there  i s  

no evident trend in the  ra tes .  Considering the  three groups ( ? r e  1972, 

1972-1975, and post 1375), the  differences in the  crash f i r e  ra tes  a r e  
2 n o t  s igni f icant  ( X  =2.51, 2 degrees of freedom, P>O!). However, i f  1976 

i s  included as a  separate group, then the  four r a t e s  do d i f f e r  
7 

s ign i f i can t ly  ( X '  = 10.4, 3 degrees of freedom, 0.01<P<0.05). Cbviously 

the  fac t  tha t  a11 seven of the f i r e s  reported f o r  post-1975 model year  

vehicles occurred in 1976 models accounts f o r  the difference.  The ra tes  

a r e  not  monotonic a s  would be expected i f  the  increasingly s t r ingent  

versions of F!,IVSS 301 ciere having progressively more ef fec t .  In f a c t ,  

the  1976 models' r a t e  i s  the  hishest.  This i s  probably best viewed as s 

sampl in9 a r t i f a c t  of the  re1 a t ive ly  small numbers. If  the  r a t e s  f o r  the  

single-vehicle crashes which occurred where the  posted speed was grea ter  

t h a n  45 mph a re  considered, the re  are  no s igni f icant  differences among 

the  r a t e s ,  iihether the  1976 model i s  considered separately o r  combined 

with the  1977 models ( x *  = 6.87, 3 d f ,  or  X' = 4.58, 2 d f ,  P)0.1). 

I n  conclusion, the  data from Oklahoma d o  not show any s t a t i s t i c a l l y  

s ign i f i can t ly  differences among f i r e  ra tes  f o r  nodel year  groupings 

corresponding t o  the  versions of the  standard. Datz l imi ta t ions  on the  

node1 year variable make i t  impossible t o  d is t inguish  between cars  bu i l t  

before and short ly a f t e r  the f i r s t  (19G8) version of the standard. The 

1976 models had the  highest f i r e  r a t e s ,  followed by the  1972-1975 

rnodels. The pre-1972 models were r e l a t ive ly  low, and no f i r e s  were 

observed in crashes involving 1977 models. The best conclusion seem t o  



be tha t  the  FMVSS 319 standard had no e f fec t  observed i n  the  data from 

Cklahoma. Although a L37: reduction in crash f i r e s  k1s.s reported 

coinparing 1972-1935 nodels ~ r i t h  1976-197i7 models, i f  the 1976  rrodels 

were considered separa te ly ,  a 46% increase f o r  1976  was observed, 

followed by a 10eL decrease f o r  1377. 

5.9 Data from the S ta te  o f  Oregon 

Police accident data in Oregon contained f i r e  as a crash variable. 

However, the  model year  of the  vehicle was not included in the  1 i s t  of 

variables included in the  computerized data. As a r e s u l t ,  in order t o  

determine the model year of a vehicle involved i n  a crash f i r e ,  one 

ilould have t o  natcii the case nunber t o  a f i l e  of the original  hard 

copies of the  accident report.  Further,  in order t o  obtain a 
d i s t r ibu t ion  of the model years of passenger cars  involved in  crashes,  

one w o u l d  have t o  sanple the f i l e  of hard copies t o  record the  model 

years. Eecause of confidential i t y  considerat ions, any worl; with the  

hard copies w o u l d  have t o  be done by employees of the S t a t e  of Oregon's 

Department of Transportation. 

P, computer search f o r  the  vehicles in the accident f i l e  which were 

involved in a crash followed by f i r e  bias done by Rr. Crawford Godsey of 

the  Oregon Department of Transportation. Thi s resulted i n only twel ve 

( 1 2 )  cases of post-crash f i r e s  being ident i f ied  in the  1976  a n d  1977  

data. This nunber of cases i s  too small t o  add anything t o  the  

analysis .  As a r e s u l t ,  no fu r the r  use was made of the Oreson crash 

 data. 

Fi re  departnent data frcm Oregon were obtained f rcn  the  NFIRS. 

Table 5.9.1 gives the  frequencies of car  f i r e s  by model year. The t ab le  

a lso  cjives passenser c a r  r eg i s t r a t ion  f o r  1977. These l 5 t t e r  data were 

supplied t o  HSRI d i rec t ly  from the  s t a t e  of Oregon through the  kind 

ass is tance  of I lilayne Iv ie ,  Operations llanager, Motor Vehicles 

Di vi s ion,  Oregon Department of Transportat ion. 

The f i r e  department data were used in trro ways. The column headed 

"crash o r  sp i i  1" cons is ts  of those passenger c a r  f i r e s  where the cause 

of igni t ion  was e i t h e r  code 7 1  o r  code 41, ilearly a l l  of these a r e  

thought to  be post-crash f i r e s .  However, i t  i s  thought tha t  these w i l l  



substantial  l y  under-report the crash-f i  res.  The col urnn headed 

"surrogate" contains passenser ca r  f i r e s  a f t e r  removing those t h a t  were 

c l e a r l y  not crash re la ted  (e.9. arson, natural causes).  These data 

contain substantial  nur~bers of cases where the  crash r e l a t i c n  i s  

uncertain. For example "design defec ts"  i s  included. I t  i s  1 ikely t h a t  

many of the f i r e s  reported here are not crash-related.  The data did not 

pemi t a  r;;ore d e f i n i t i v e  de ter r i  nation of crash-f i res .  (See discussion 

of at ten$s t o  derive a  s u r r o ~ a t e  in Section 3.2.2.) 

Table 5.9.1 

Fire 3esartment Data 
Cregon 1977 

Passenger Cars 

.................................................................... 
;,lode 1 I Car Crash 
Year I Fires  or Spi l l  Surrogate ?egi s t r a t i  ons 

and l a t e r  
1975 
1974 
1973 
1972 
1971 
1973 
1969 
1968 
1967 
1966 
1965 
1964 
1963 

pre-1963 
i":i ss  i ng 

Total 1 2349 109 2033 1,657,967 .................................................................... 

Table 5.9.2 presents the f i r e  r a t e s  per 10,000 regis tered  vehicles 

in Oregon. (The choice of 13,000 makes these r a t e s  approximately on the  
same scale as r a t e s  per !COO crashes.)  For the  th ree  versions of the  

standard,  the crash f i r e  rates are 9 - 7 7  per 13,CCC cars  (no standard) 



Table 5.9.2 

Fire Rates - Oregon 1977 
(Rates per 10,000) 

0.57 per 10,000 cars (1968-1975) and 0.29 per 10,000 cars (1976 and 

l a t e r ) .  These ra tes  a re  too low in actual value, but, s ince they a r e  

consis tent ly  defined f o r  a l l  model years ,  should indicate trends o r  

differences. 

............................................................... 
Yodel Crash Standard Surrogate Standard 
Year 1 Fires Errors Fi res Errors 

- - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

If only the  obviously non-appl icable car  f i r e s  a r e  excluded, the  

r a t e s  by version of the standard a r e  22.82 per 10,000 cars (no standard) 
9.0 per 10,000 cars (68-75 vers ion) ,  a n d  2.5 per 10,000 cars (1976 and 

l a t e r  version).  The actual values of these ra tes  are  too h i g h  f o r  

crash-re1 ated f i r e s ,  b u t  again shoul d correct ly  indicate trends c r  

d i  fferences. 

post -1975 
1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 
1965 

The surrogate ra tes  a r e  plotted as a  function o f  the age or model 

0.29 5.101 2,50 C. 299 
0.23 0.131 3.10 0.405 
0.20 0.116 3.48 0.483 
0.14 0.093 5.33 0.610 
0.61 0.231 7.52 0.8!1 
0.47 0.209 8.50 0.891 
3.36 0.171 10.55 2.956 
0.90 0.239 18.01 1.339 
1.40 0.411 23.84 1.649 
0.32 0.369 21.35 1.573 
0.90 0.339 21.29 1.653 
1.30 0.460 25.99 2.055 

1964 1 1.29 0.526 34.36 2.717 
1963 
1963 

Tot a1 

rost-75 
1968-75 

0.94 0.540 29.61 3.038 
0.57 0.217 17.03 1.181 ................................................. 
0.66 0.063 12.26 0.272 

0,29 0.101 2.50 0,299 
0.57 0.077 9.05 0,308 

pre-68 1 0.77 0.135 22.82 0.732 ............................................................... 



year of the  car  in Figure 5.9.1, (1s can be seen in the  f igure ,  the  

differences in r a t e s  d o  not correspond simply t o  d i f fe ren t  l eve l s  

coinciding with d i f fe ren t  versions of the  standard. There are  

substantial  differences among model years within a given version of the 

standard. Although there  a r e  f luc tuat ions ,  the re  appears t o  be a 

general trend f o r  the  r a t e s  t o  increase viith the  age of the car .  This 

trend i s  par t icular ly  apparent f o r  model years 1968-1975. Cl der nodels 

r a t e s  appear constant ( b u t  with large v a r i a b i l i t y ) .  Thus the re  i s  the  

question of h o w  much of t.he difference in r a t e s  r e l a t e s  t o  the standard 

and how much i s  simply a matter of the aging of the  vehicle. 

The three means model was f i t  t o  the  data from Oregon. These data 

a re  r a t ios  of f i r e s  (from f i r e  department da ta )  t o  registered passenger 

cars. Thus, the  r a t ios  do not d i rec t ly  address the  question of crash 

f i r e s .  In t h i s  s e t t i n g ,  registered vehicles a re  used as  an approximate 

surrogate fo r  crashes. The resul t ing  r a t i o s  a re  approximately one tenth 

of what they r~ould be with crashes as the denominator. However, crashes 

could not  be ident i f ied  with model years of cars  in the  Oregon data. 

The estimated means were 0.249/1000, 0.594/1000, a n d  2.168/100 

registered vehicles corresponding t o  post-75 models, 1968-1975 models, 

and pre-1968 models, respectively.  The standard e r ro r s  associated with 

these were, respectively:  0.02985, 0.02498, and  0.07126 per thousand. 

The lack of f i t  was highly s igni f icant .  I n  part t h i s  r e f l e c t s  the f a c t  

t h a t  there  was a1 so a 1 i  near trend in the  f i r e  rates.  However, part  of 

the  s ign i f i can t  lack of f i t  i s  caused by the  use of r eg i s t r a t ion  data as  

denominators. The extrenely 1 arge numbers cause re1 a t ive ly  small 

differences in the  r a t e s  t o  be declared s t a t i s t i c a l l y  s ign i f i can t ,  t he  
3 

model had an R" of 0.81, implying tha t  81 percent of the v a r i a b i l i t y  in 

the  r a t e s  was explained by the  three  means. I t  was evident t h a t  the 

l a s t  Rean was s ign i f i can t ly  l a rge r  than the  f i r s t  two. T h a t  i s ,  

pre-1968 models had a s ign i f i can t ly  higher f i r e  r a t e  than e i t h e r  the 

post-75 models, and t h e  1968-1975 models was not c l ea r ly  s igni f icant .  

A second model was f i t  which included a 1 inear  trend in age as we1 1 

as d i f f e ren t i a l  e f f e c t s  f o r  the two versions of the Fiyl'iSS 301 (beginning 

with the  1963 and  1976 models, respect ive ly) .  The $ f o r  t h i s  mode1 was 
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0.90, indicat ing tha t  i t  explained 90 percent of the  year-to-year 

var ia t ion  of the  f i r e  ra tes .  The lack of f i t  was s t i l l  s ign i f i can t .  

However, no other  trend o r  explanatory variable was found. The large  

lack of f i t  i s  presumed t o  be a r e s u l t  of the  use of the  la rge  

reg i s t r a t ion  numbers of the  denominator. The parameters of the  model 

and t h e i r  estimated standard e r ro r s  were: 

Hean = 0.256 + 0.1703/1000 
1975 = 0.145 T 0.0556/1000 
1968 = -0.219--t 0.1331/1000 
Sl ope = 0.143 T - 0.0115/1C00 per year.  

This model est imates t h a t  the  f i r e s  per regis tered  vehicle increases 

with the  age of the  c a r  a t  approxiniately C.14 f i r e s  per thousand 

registered vehicles per year  of age. I n  addit ion,  the  model est imates 

t h a t  in  addition t o  t h i s  trend with age, the re  was a drop of about 0.22 

f i r e s  per thousand registered vehicles concurrent with the  1962 

standard. Ho~rever, t h i s  drop i s  not s t a t i s t i c a l l y  s ign i f i can t .  In 

addi t ion ,  the re  was a l so  a drop of 0.074 f i r e s  per thousand regis tered  

vehicles concurrent with the  current  (1976) version of the  standard. 

However, t h i s  drop \/as a1 so not  s t a t i s t i c a l l y  s ign i f i can t ly  d i f f e r e n t  

from zero. The observed and predicted ra t e s  are  plot ted in Figure 

5.9.1. 

The data from Oregon show a pat tern which could be consistent  with 

a beneficial  e f fec t  of the  FMVSS 301. However, the  data a re  

insuf f i c i en t  t o  conclude t h a t  such an e f fec t  i s  r ea l ly  there.  While 

the re  a re  c l e a r l y  differences in the  average f i r e  r a t e s  grouped by the  

model years affected by d i f f e r e n t  versions of the  standard,  these  

d i f ferences  a r e  la rgely  re la ted  t o  a smooth increase in the  f i r e  r a t e s  

with the  age of the  vehicle. If  age i s  used as  a covar ia te ,  only very 

small ,  non-significant d i f ferences  a r e  observed. The numerator data 

a re  f i r e  department data and a re  n o t  c l e a r l y  iden t i f i ed  with crashes. 

The denorni nator data a r e  r e g i s t r a t i o n s  of passenger cars  r a the r  than 

crashes. As a r e s u l t ,  while the data from Oregon do no t  cont radic t  a 
possible beneficial  e f f e c t  of FI/IVSS 301, they do not add  much evidence 

of such an e f fec t .  



5.10 Fatal Accident Reporting System ( F A R S )  D a t a  and 
fiational Crash Severi t~ Stud\/ (NCSSI 2ata 

5.10.1 Data From FAR5 

In the Fatal Accident 2eporting System coders in each s t a t e  are  

asked t o  note whether o r  not a  f i r e  occurred f o r  each crash and f o r  each 

vehicle involved. In addition t o  the notation cf the  presence or 

absence of f i r e ,  the  FARS f i l e  contains information about the accident 

configurat ion,  the  poirits of i n i t i a l  and  principal impact f o r  each 

vehicle,  the  vehicle inode1 year ,  e tc .  Given the  FARS data alone it i s  

possible to  ccunt t h e  nunber of f i r e  f a t a l  involvements in any of 

several categories,  a n d  t o  compute the r a t i o  of f i r e  involvenents t o  a l l  

invol vements. 

Three years of F?W data have been used in t h i s  study--data from 

calendar years 1976, 1377, and 1978. In t ab les  5.10.1 through 5.10.5 

data from the  three years have been combined and displayed f o r  ( 1 )  rear-  

danaged ca r s ,  ( 2 )  front-dama~ed cars ,  ( 3 )  side-damaged ca r s ,  ( 4 )  cars  in 

which a f a t a l i t y  occurred, and ( 5 )  a l l  passenger cars involved in f a t a l  

accidents.  Actual counts of f i r e  occurrence and vehicle involvement, as  

well as the  r a t i o  of these two, a r e  shown f o r  each model year  in these 

tables.  At the  bottom of each t a b l e  the  data are  grouped in to  the  

periods covered by various versions of the standard. 

In each of these ca tegor ies ,  the  r a t i o  of f i r e s  t o  involvements i s  

r e l a t ive ly  constant with model year ,  a n d ,  in  f a c t ,  i s  generally s l i g h t l y  

higher f o r  newer cars  t h a n  f o r  older  ones. If  improvement in fuel 

containment were the only f a c t o r  responsible f o r  changes in t h i s  r a t i o  

in successive model years ,  one would have t o  conclude tha t  there  i s  

1 i  t t l  e evidence of improvement. For rear-damaged cars  (Table 5.10.1) 

the re  i s  a  s l i g h t  reduction, b u t  f o r  other configurations ( a n d  f o r  the  

t o t a l s )  there  i s  an increase f o r  the  newer model years. 

An exception to  t h i s  general pat tern i s  tha t  f o r  rear-damaged cars .  

For rear-damaged cars  there  appears to  be a reduction f o r  the 1976 and 

l a t e r  versions of the  standard. This would be log ica l ,  s ince t h i s  

l a t e s t  version of the standard included a rear  impact t e s t  as part of 

the  demcnstration of compliance. I t  i s  a lso  in teres t ing  t o  note tha t  

the  r a t e  of f i r e s  in f a t a l  cars  t h a t  were rear-damaged i s  two o r  three  



Table 5.10.1 

Rear-Damaged Passenger Cars in 
Fatal Crashes--FARS 1976-78 

S t d .  Version R a t i o ( f i r e s  t o  c a r s )  

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

tirnes the  corresponding r a t e  f o r  f a t a l  cars  with other types of danase. 

This i s  probably indica t ive  of in terac t ions  of several fac tors .  In 

general f a t a l  i t i e s  a re  unlikely in rear  impacts--unless a f i r e  occurs. 

Passenger Car riunber of Cars llumber of Cars 1 in Fatal Crashes ilodel Year With Fi res  , 

An a1 t e rna t ive  explanation f o r  the  f indings ,  however, waul d be t h a t  

newer cars  are  l e s s  often involved in f a t a l  accidents (perhaps because 

of many design improvements), and tha t  f i r e ,  while a constant r a t i o  with 

f a t a l  involvements, i s ac tual ly  much 1 ess frequent because a1 1 f a t a l  
involvements a re  reduced. This cannot be t e s t ed  without some exposure 

data such as vehicle miles t raveled (by model y e a r ) ,  and perhaps 

inclusion of o ther  f ac to r s  in an analysis  as  well. As a subs t i tu te  f o r  
complete exposure da ta ,  i t  i s  possible t o  use data from the  National 

Ratio of Fi res  
t o  Total Cars 

---------------+----------------+--------------------+---------------- 
196 1 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1370 
1971 

3 
6 
6 
6 
10 
2 1 
14 

7 3 0,0411 
3 8 0.1579 
7 7 I 0.0779 
109 
132 0,0758 
204 0.1029 
226 0.0619 

1972 1 40 
482 0.0830 

1973 4 3 527 0.3816 

2 0 291 1 0.0687 
2 1 0.0537 
3 1 0.0777 
3 9 3 9 5 0,0987 

1974 4 2 459 
1975 
1376 
1977 
1978 

0.0915 

.................................................................... 

2 4 3 53 0.0680 
24 42 1 0.0570 
2 1 1 334 0.0629 
10 I 159 0.0629 



T a b l e  5.10.2 

Front-Damaged Passenger  Cars  i n  
F a t a l  Crashes--FARS 1976-78 

Std .  V e r s i o n  R a t i o ( f i r e s  t o  c a r s )  

.................................................................... 

Crash  S e v e r i t y  S tudy  t o  e s t i m a t e  t o t a l  ( towaway)  c r a s h  i n v o l v e m e n t  by 

model y e a r ,  and t h u s  t o  compute t h e  r a t i o  o f  f a t a l  i n v o l v e m e n t s  o r  f a t a l  

f i r e  i n v o l v e m e n t s  t o  " a 1  1 "  c r a s h  i n v o l v e m e n t .  

Passenger  Car  / l l unbe r  o f  Cars  / lumber o f  Cars  
:lode1 Year  , b l i  t h  F i r e s  / i n  F a t a l  Crashes 

T h i s  has been done by compu t i ng  t h e  p r o p o r t i o n  o f  each c a r  model  

y e a r  w i t h  f a t a l  f i r e  i n vo l ve t xen t s ,  t h e  p r o p o r t i o n  o f  each  model y e a r  i n  

t h e  NCSS r e c o n s t r u c t e d  p o p u l a t i o n ,  and t a k i n g  t h e  r a t i o  o f  t h e  two  

p r o p o r t i o n s .  T h i s  r a t i o  i s  p l o t t e d  as  F i g u r e  5.10.1, and shows a  

d e f i n i t e  t r e n d  o f  improvement  w i t h  newer mode? yea rs .  I f  t h e  PICSS model 

y e a r  d i s t r i b u t i o n  r e p r e s e n t s  t h e  n a t i o n a l  p o p u l a t i o n  a el 1 ,  one  n a y  i n f e r  

t h a t  newer c a r s  a r e  l z s s  1  i k e l y  t o  i n v o l v e  a  f i r e ,  g i v e n  t h a t  t h e y  have  

been i n v o l v e d  i n  a  " towaway"  c rash .  

R a t i o  o f  F i r e s  
t o  T o t a l  Cars 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+--- - - - - - - - - - - - - - - -+--- - - - - - - - - - - - - -  
1961 1 5 I 250 I I 0.0200 
1962 3 160 ' 0.0187 

0,0139 
0.0105 

1963 1 4 287 
1964 , 4 3 82 
1965 1 

I 
5 3 5 0.3142 

1966 17 82 7 1 0.0206 
I967  I 6 894 1 0.0067 
1968 1 8  
1969 
1973 
1971 
1372 
1973 
I374  
1975 
1976 
1977 
1978 .................................................................... 

1 3  
1 3  
14 
2 1 , 34 2 6 
2 3 
3 5 
2 7 
8 

' 0.0152 
1387 0.0130 
' IC2 

Q.0094 1387 
1428 I O.OC98 
1642 1 0.0128 
1725 
1627 
1177 
1473 
1147 

568 

0.0197 
0.016C 
0 ,0195 
0.0238 
0.0235 
0.0141 



T a b l e  5.1C.3 

Side-Damaged Passenger  Ca rs  i n  
F a t a l  Crashes--FARS 1976-78 

Std. V e r s i o n  R a t i o ( f i r e s  t o  c a r s )  

. ................................................................... 

Such an i n t e r p r e t a t i o n  mus t  be  made w i t h  some c a u t i o n  a t  t h i s  

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

n a t i o n a l  p o p u l a t i o n .  A s t r o n g e r  i n f e r e n c e  s h o u l d  b e  p o s s i b l e  once t h e  

iiASS d a t a  become a v a i l  a b l e ,  and  t h e i r  c o r n b i n a t i c n  w i t h  FARS i n f o r m a t i o n  

i n  t h e  manner shown h e r e  s h o u l d  c e r t a i n l y  be  p lanned .  

Passenger  Ca r  I Plumber o f  Ca rs  ' !.lumber o f  Cars  
i4odel Year  U i t h  F i r e s  i n  F a t a l  Crashes  

5.10.2 D a t a  f r o m  i4CSS. D a t a  f r o m  t h e  i4CSS we re  used  t o  e s t i m a t e  

R a t i o  o f  F i r e s  
t o  T o t a l  Cars  

t h e  a p p r o x i n a t e  f i r e  r a t e  and f u e l  l e a k a g e  r a t e  i n  t h e  t ok i a~ i ay  c r a s h e s  

i n v e s t i g a t e d  i n  t h e  YCSS. The d a t a  r e p o r t e d  h e r e  a r e  f r o m  t h e  f i r s t  two  

y e a r s  o f  NCSS. The d a t a  have  been  w e i g h t e d  w i t h  t h e  i n v e r s e  o f  t h e  

sampl i n g  f r a c t i o n  t o  r e c o n s t r u c t  t h e  p o p u l a t i o n  r a t e s .  A1 1 o f  t h e  d a t a  

---------------+---------------- f - -------------------+----------------  

0.0196 
0.0082 
0.0082 
0.0159 
0.0160 
0.0088 
0.0218 
0.0151 
0.0201 
0.0183 

3 57 
243 
367 
565 
814 
1027 
1241 
1589 
1845 
2024 

1361 7 
1962 2 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

3 
9 
13 
9 
2 7 
24 
3 7 
3 7 

1971 
1972 

4 3 2035 1 0.0211 
2242 
2471 
2255 
1763 
2011 
1521 
751 

0.0152 
0.01 13 
0.0120 
0.0227 
0.0154 
0.0171 
0.0173 

I 34 
1973 2 8 

.................................................................... 

1974 
1975 

2 7 
4 0 

1976 3 1 
1977 26 
1978 13 



Table 5.10.4 

Fatal Passenger Cars i n  
Fatal Crashes--FARS 1976-73 

S t d .  Version Rat io(f i res  t o  cars)  

.................................................................... 

pre- 1968 ,0245 
1963-75 ,0312 
1976 ,0363 
1977-78 ,0354 

Passenger Car !lumber of Cars riumber of Cars 
Model Year 1 Vi thF i r e s  / in Fatal Crashes 

from the di f ferent  teams have been pooled, 140 attempt has been made 

here t o  weight the di f ferent  teams' data separately t c  obtain a more 

national ly representative number. Copies of the f i r e  and fuel spil  lage 

forms were obtained from James Hedlund. These were used t o  identify the 

vehicles which had been reported t o  have post-crash f i r e s  and/or fuel 

spil lage.  The computerized data were then used together with the subset 

identif ied t o  be involved in fuel leakage or f i r e s .  

Ratio of Fires 
t o  Total Cars 

A to ta l  of 70 vehicles were reported t o  have post-crash f i r e s ,  a n d  

85 vehicles were reported t o  have post-crash fuel spil lage.  Most of the 

fuel spi l lage  cases were a1 so f i r e  cases. Fourteen of the vehicles 

which were involved in a  post-crash f i r e  were no t  reported t o  have had 

- - - - - - - - - - - - - - -+-------- - - - - - - - -+-------- - - - - - - - - - -+-------- - - - - - - - -  
1961 
1962 
196 3 
1964 
1965 
1966 
1967 

3 7 
19 
2 1 
3 1 
6 9 
7 8 
9 2 

1176 
6 25 
1155 

1968 129 
1969 1 155 

1977 1 149 3991 i 0.0373 
1978 6 9 2167 0.0312 .................................................................... 

0.0315 
0.0277 
0.0132 

4422 
5053 
5421 
5 588 

1970 
1971 
19 72 
1973 
1974 
1975 
1976 

1730 0.0179 
2550 1 0.0271 
3250 0.0230 
3632 1 0.0253 

0.0292 
0.0306 
0.0301 
0.0310 

163 
173 
188 
191 
138 
171 
194 

G212 0.0303 
6425 I 0.C217 
5932 1 0.0317 
4440 C. 0385 
5273 0.0368 



Table 5.10.5 

A1 1 Passenger Cars in 
Fatal Crashes--FARS 1976-78 

S t d .  Version Rat io(f i res  t o  ca r s )  

Passenger Car ilunber of Cars I4ur;;ber of Cars I Ratio of Fires 
:lode1 Year 1 Nith Fires 1 i n  Fatal Crashes I t o  Total Cars 

---------------+----------------+--------------------+----------------  

fuel leakage. After weighting with the sample weights, the  PICSS d a t a  

reported a to ta l  of 132 f i r e s  and 149 cases of fuel leakage. The ra tes  

become 3.35 post-crash f i r e s  per thousand towaway crashes, and 3.78 fuel 

spi l lage  cases per thousand  towaway crashes. I t  i s  important t o  note 

t ha t  the i4CSS d a t a  a re  res t r i c ted  t o  towaway crashes, while other data 

s e t s  have reported a1 1 pol i  ce-reported crashes. I,?uch of the differences 

in reported ra tes  may be caused by d i f ferent  reporting thresholds i n  

d i f ferent  s t a tes .  The overall f i r e  ra te  reported from the XSS seems t o  

agree f a i r l y  well : i i t h  tha t  from Ijichigan c r  I1 1 inois. 

1961 / 40 1962 2 0 
1963 1 2 3 1964 3 8 

Table 5.10.6 gives the (weighted) frequencies of f i r e s  a n d  fuel 

spi l lage  as well as the (weighted) crashes by model year fo r  the XSS 

1578 0.0253 
984 0.0203 
1653 0.0139 
2539 3.3147 

1965 
1966 

7 7 I 3346 
9 5 5039 I 0.0139 I 1967 103 5714 1 0.0180 

1068 1 146 
1969 176 
1970 I 187 
1971 191 
1972 1 220 
1973 I 224 

7302 I 0,0200 
8715 I 0.0202 

1974 

9110 
8967 

221 
1975 
1976 
1977 
1978 

0.02C5 
0.0213 

104 17 '3.0211 
11441 O.C!?G 
10262 3.0215 

.................................................................... 

I 195 7377 
2 14 9211 
1 G4 I 6 8 9  I 7 1 I 3390 

0.0243 
0.0232 
0.0238 
0.0209 



THIS FLOT SHDWS T E  RATIO 

MODEL YEAR 

Figure 5.10.1 

Ratio of Fatal Fire Involved Cars t o  
Crash Involved Cars 



data. I n s ~ e c t i o n  of the r a t e s  by model year shor.is considerable year-to- 

year  variat ion.  I n  addi t ion ,  the  weighting fac to r s  have very noticcible 

e f f e c t s  on the  number of f i r e s  and fuel leakages. All of the  model 

years where the estimated nunber of f i r e s  or fuel s p i l l s  was more than 

ten included one crash t h a t  had a sample weight of 10--that i s ,  was a 
vehicle in which no one kias injured. I n  general ,  the  overall  f i r e  r a t e  

/;lay be f a i r l y  r e l i a b l e ,  b u t  the  individual yea r s '  ra tes  are  subject t o  
such large  f luc tuat ions  tha t  no pa r t i cu la r  import should be imparted t o  
them. The f i r e  data seen t o  be f a i r l y  re l iable .  Ho~vever, the  fuel 

sp i l l age  data are  open t o  question. Since the IlCSS did n o t  include on- 

scene invest igat ion,  the  fuel leakage information was inferred by the  

invest igators  viewing the  car  a f t e r  i t  had been removed t o  a d i f f e ren t  

1 ocation. Consequently, fuel  sp i l l age  infomat ion was obtained from the  

physical condition of the  car-- that  is--were there holes in the  fuel 

tank, liere fuel l i n e s  broken, e tc .  While t h i s  should reveal any large 

s p i l l s ,  or  fuel tank ~ u n c t u r e s  o r  ruptures,  i t  seems l ike ly  t h a t  small 

sp i l l s - - say ,  2 o r  3 ounces per minute--would escape detect ion in t h i s  

system. This may account f o r  the  la rge  difference in the  r a t e  compared 

t o  the  Irlichigan pol i ce  data from 1978. Presunably, fuel sp i l  l a se  r a t e s  

should tend t o  be l a rge r  in towaway accidents than in a l l  police- 

reported accidents. However, the  Xichigan police data report on-scene 

inves t iga t ions ,  while the  NCSS a re  a f t e r  the ca r  has been towed. This 

may account f o r  the  higher r a t e  of leakage observed in the  ilichigan 

data. 

I:odel f i t t i n g  was at tenpted with the llCSS data. F i t t ing  a four 

means model t o  the  sp i l l age  data resulted in the  estimates of the  nean 

rz te s  by version of the  standard as :  

Pre-1967 1.05 + 0.406 per thousand 
1968-1975 2.39 7 0.301 per thousand 
1976 6.84 7 1.363 per thousand 
Post-1976 4.39 7 - 1.156 per thousand. 

The standard e r ro r s  reported do not include any design e f f e c t ,  and 

were calculated on the basis  of the  weighted numbers. They a r e  thus 
3 

c lea r ly  too small. This model did n o t  f i t  t he  data adequately ( t h e  X' 

f o r  lack of f i t  was 40.37 with 11 d f ) .  The model with a l i n e a r  term in 

the  age of the vehicle was also f i t .  tiowever, i t  did not f i t  as well. 



Table 5.10.6 
Crash Fire Rates From riCSS (per 1000) 

iilodel Year 1 Fires Crashes Sp i l l s  Fi re  Rate Spi l l  Rate 

1978 . , 
1977 . . 
1975 , , 
1975 . . 
1974 . , 
1973 . . 
1972 . . 
1971 . . 
I970 . . 
1969 . . 
1968 . , 
1967 . . 
1966 , . 
1965 . . 
Fre- 1965 

Total . 1 132 39,438 149 3.35 3.78 ................................................................ 

In addit ion,  the  l i nea r  term was non-significant and very close t o  zero. 

As a consequence, the  paralxeters a re  not  reported. The best 

in te rp re ta t ion  of the lack o f  f i t  here seems t o  be t ha t  the va r i ab i l i t y  

of the  ra tes  i s  simply l a rger  than the binomial variat ion would be. 

This seems t o  mostly be a r e su l t  of the sampling design. !lo design 

e f fec t  has been reported fo r  the  NCSS data. This model suggests t ha t  

f o r  t h i s  variable such a design e f fec t  might be about four. I f  t h a t  

design effect  i s  assumed, none of the pairwise differences in fuel 

s ~ i l l a g e  ra tes  by version of the  standard were s ign i f i can t .  (Only the 

l a t e s t  t o  the  pre-1967 version would be s ignif icant  i f  the design e f fec t  

of one were assumed. Such differences in fuel sp i l l age  ra tes  as there  

were observed i n  PICSS, indicated higher sp i l  lase r a t e s  f o r  the  more 

recent versions of the standard.) The conclusion from the i4CSS about 

fuel sp i l l age  i s  t h a t  nc differences among model years corresponding t o  

d i f fe ren t  versions of the standard were s ign i f i can t .  In addit ion,  the  

data col lec t ion system seem l ike ly  t o  under-report the cases of fuel 

spi l  lage. iluch more data waul d be needed before compari sons among model 

years based on ;ICSS data would be meaningful. 



The f i r e  d a t a  f r o m  IlCSS seems 1  i k e l y  t o  be  more comp le te  t h a n  t h e  

f u e l  s p i l l a g e  da ta .  However, s i n c e  t h e  c a r s  were  n o t  i n s p e c t e d  on t h e  

scene,  t h e r e  i s  t h e  p o s s i b i l  i t y  t h a t  some s m a l l  f i r e s  w c o u l d  have  been 

e x t i n g u i s h e d  and wou ld  n o t  b e  r e p o r t e d .  However, t h e  f i r e  d z t a  can  be 

c o n s i d e r e d  f a i r l y  compl e te .  

I n s p e c t i o n  o f  t h e  f i r e  r a t e s  i n  T a b l e  5.10.6 shows c o n s i d e r a b l e  

v a r i a b i l i t y  by model y e a r .  ?lo p a r t i c u l a r  t r e n d  i s  observed.  I f  t h e  

models a r e  g rouped by v e r s i o n  o f  t h e  s t a n d a r d ,  t h e  f i r e  r a t e s  a r e  h i g h e r  

f o r  t h e  inore r e c e n t  v e r s i o n s  o f  t h e  s tanda rd .  The %ode1 w h i c h  f i t s  a  

mean t o  each v e r s i o n  o f  t h e  s t a n d a r d  save t h e  f o l l o w i n g  e s t i m a t e d  neans 

and s t a n d a r d  e r r o r s  f o r  f i r e  r a t e s :  

Pre-1967 1 .01  + 0,398 p e r  thousand 
1963-1975 2.26 T 0.293 p e r  t housand  
19 76 3.84 7 1.025 p e r  t h c u s a n d  
Pos t -1976 3.66 7 - 1.056 p e r  t housand  

Aga in ,  i t  s h o u l d  be n o t e d  t h a t  t h e  e s t i m a t e d  s t a n d a r d  e r r o r s  a r e  based 

on  t h e  assunied b i n o m i a l  v a r i a n c e s  \ i f i  t h i n  model y e a r s  and do n o t  i n c l u d e  

t h e  samp l i ng  d e s i g n  e f f e c t ,  w h i c h  i s  c l e a r l y  g r e a t e r  t h z n  one, and m i g h t  

be abou t  f o u r  f o r  t h i s  v a r i a b l e .  T h e r e  i s  a  s i g n i f i c a n t  1  ack o f  f i t  f o r  

t h e  ~ o d e l ;  hcwever ,  i t  i s  i n p r o v e d  o n l y  m a r g i n a l l y  b y  i n c l u s i o n  o f  a  

t r e n d  i n  age. C e a r i n g  i n  m i n d  t h a t  t h e  s t a n d a r d  e r r o r s  must  b e  i n f l a t e d  

t o  accoun t  f o r  a  d e s i g n  e f f e c t ,  none o f  t h e  p a i r w i s e  d i f f e r e n c e s  i n  t h e  

above means was s t a t i s t i c a l l y  s i g n i f i c a n t .  The r a t e s  do  appear  t o  be 

worse f o r  c a r s  c o r r e s p o n d i n g  t o  t h e  newer v e r s i o n s  o f  t h e  s tanda rd .  

However, t h e s e  d i f f e r e n c e s  appear  most  r e a s o n a b l y  t o  b e  sanp l  i ng 

a r t i f a c t s  a n d / o r  s a m p l i n g  v a r i a t i o n .  The l a r g e  r a t e s  a l l  c o r r e s p o n d  t o  

r o d e l  y e a r s  where a t  l e a s t  one v e h i c l e  w i t h  a  sample w e i g h t  o f  10  ( n o  

i n j u r i e s  i n  t h e  c r a s h )  was i n c l u d e d .  T h i s  appears t o  p roduce  a r t i f a c t s  

i n  t h e  numera to rs  where t h e  f r e q u e n c i e s  a r e  o f  t h e  o r d e r  o f  5 t o  10. 

The model w h i c h  i n c l u d e d  a  t r e n d  f o r  age had t h e  f o l l o w i n g  

e s t i m a t e d  pa rame te rs  and s t a n d a r d  e r r o r s  ( w i t h  t h e  same c a u t i o n  t h a t  

t h e s e  l a t t e r  do  n o t  i n c l u d e  t h e  d e s i g n  e f f e c t ) :  

I n t e r c e p t  -2.57 - + 2.037 p e r  t housand  
S lope  (age )  0.27 - + 0.152 p e r  thousand p e r  y e a r  
1968+ 3.37 + 1.232 p e r  thousand 
1976 2.50 7 1.2C8 p e r  t housand  
1977+ 0.12 7 - 1.481 p e r  t housand  



The lack of f i t  Lias s igni f icant .  I t  appears t o  be es sen t i a l ly  caused by 

a n  excessivg a m o u n t  of var ia t ion  in the year-to-year rates.  This i s  an 

a r t i f a c t  of the sampling weights and the small arnount of d a t a  f o r  the  

ra tes .  The estimated e f fec t  of the  current (1977) version of the  

standard i s  an increase of 5.99 per thousand with a n  estimated standard 

e r r o r  cf 3.76 ?er  thousand, a n d  the estimated e f fec t  of the 1968 

standard was 3.37 Fer thobsand with an estimated standard e r r o r  of 2.29 

per thousand. A l l  of these e f f e c t s  a re  c h a n ~ e s  in the  f i r e  r a t e  above a 

1 inear trend in the  age cf the vehicle. The slope f o r  the  age was 

estimated as  0.27 per thousand per year  with an estimated standard e r r o r  

of 2.83 per thousand. Thus, the  model estimates a 1 inear trend f o r  the  

f i r e  ra tes  t o  increase with age. However, the standard e f f e c t s  a re  

estimated as increases in level above tha t  l inea r  trend. tione of these 

increases i s  s t a t i s t i c a l  11 s ign i f i can t ly  d i f fe ren t  fro12 zero. The 

signif icance of the l i n e a r  trend i s  a lso  i n  d o u b t .  

Although the  r:CSS data s h o ~ ~  mean f i r e  r a t e s  tha t  increase with the 

1 a t e r  versions of the standard, these differences are  no t  s t a t i s t i c a l  ly  

s igni f icant .  Similarly,  the  estimated standard e f fec t  above age as a 

covari a t e  do not sho~i any s t a t i s t i c a l  s ignif icance.  The general 

conclusion from the  3CSS data i s  t h a t  no s igni f icant  e f fec t  of the F!1VXS 

331 has been observed. Because of the  sampling f luc tua t ions ,  

considerably more data from rlCSS would be needed before neaningful 

c o ~ p a r i s o n s  of f i r e  r a t e s  by model years  could be wade. However, t h e  

overall  estimate of the  f i r e  r a t e  may be reasonably accurate. 

5.11 Suppl ementai 3ata 

5.11.1 Data From i~laryl and, Data o n  passenger c a r  f i r e s  in ilaryland 

come from the  NFIRS. They represent f i r e  department data. Since 

d i s t r ibu t ion  of crashes by model year  f o r  iqaryl and 1977 accidents was 

unavail able,  r eg i s t r a t ion  data were used f o r  denomi nators. The ra tes  

reported a r e  thus passenger ca r  f i r e s  per 10,100 registered vehicles. 

There were only 15 passenger car  f i r e s  with source of igni t ion  codes 41 

and 71 (fuel  sp i l lage  and c o l l i s i o n )  so the  exclusion surrogate ?/as used 

t o  f i l t e r  the  passenger ca r  f i l e s  f o r  the  numerator data. That i s ,  

arsons,  suspected arson, na tura l ,  and other obviously non-crash causes 



were el imi nated. The renai nder, however, include many " n o t  othertrise 

speci f ied"  ca tegor ies ,  a n d  so probably i  ncl ude many non-crash f i r e s .  

The frequencies of f i r e s ,  r e g i s t r a t i o n s ,  f i r e  r a t e s  ( p e r  10,000 

regis tered  vehicles)  , and estimated standard e r ro r s  a re  reported in 

Table 5.11.1. The overall  r a t e  was 2.71 f i r e s  per 10,000 regis tered  

vehicles. This ~ioul  d approximately correspond t o  2.71 f i r e s  per 

thousand crashes, assuming t h a t  there  are  about one tenth as many 

crashes as regis tered  vehicles. The f i r e  r a t e s  show a general tendency 

t o  be l a rge r  f o r  the  e a r l i e r  node1 years. 

Table 5.11.1 
Fire Fates per Fegi s tered  'dehicles, Iclaryl and 1977. 

........................................................................ 
I F i res  I Rate 

ilodel 'tear 1 ( ~ x c l u s i o n  Regi s t r a t i o n s  (pe r  Standard 
Surrogate) 10,000) Error 

1976 . . 
1975 . , 
1974 . . 
1973 . . 
1972 . , 
1971 . , 
1970 . . 
1969 . . 
1963 . . 
1967 . . 
1966 . , 
1965 . . 
1964 . . 
1963 . . 
1962 . . 
Pre-62 . 
rili s s  i  ng 
Total . 



A model t h a t  f i t  d i f f e r e n t  mean r a t e s  i n  t h r e e  groups o f  node1 

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

t h e  data.  The e s t i m a t e d  neans and s t a n d a r d  e r r o r s  were: 

1976-1977 0.919 + 0.1613 p e r  10,000 r e g i s t e r e d  v e h i c l e s  
1968-1975 1.520 7 0.1155 p e r  10,000 r e g i s t e r e d  v e h i c l e s  
Pre-1968 4.447 - T 0.4508 p e r  10,000 r e g i s t e r e d  v e h i c l e s  

The t h r e e  neans model f i t  t h e  d a t a  o n l y  m a r g i n a l l y .  The c h i - s q u a r e d  

s t a t i s t i c  f o r  t e s t i n g  l a c k  o f  f i t  was 24.94 w i t h  14 degrees o f  freedom, 

g i v i n g  a  P -va lue  o f  0.035. T h i s  i n d i c a t e s  t h a t  t h e r e  i s  ev idence  o f  a  

l a c k  o f  f i t  a t  t h e  5% l e v e l .  Even w i t h  t t l e n a r g i n a l  f i t  accounted f o r ,  

t h e r e  i s  ev idence  t h a t  t h e r e  a r e  s i g n i f i c a n t  d i f f e r e n c e s  among t h e  t h r e e  

means. The c u r r e n t  mean i s  l o r i e r  t h a n  e i t h e r  o f  t h e  t ~ o  ? r e v i o u s  ixeans. 

The d i f f e r m c ?  b e t w e n  t h e  c u r r e n t  mean and t h e  r a t e  f o r  t h e  1968-1975 

n ~ o d e l s  was s i s n i f i c a n t  a t  t h e  5% l e v e l ,  b u t  n o t  a t  t h e  1% l e v e l .  The 

o t i ~ e r  p a i r w i  se d i f f e r e n c e s  were s i g n i f i c a n t  we1 1  beyond the  1:: l e v e l .  

Thus, t h e r e  i s  ev idence  t h a t  t h e  models c o r r e s p o n d i n g  t o  t h e  c u r r e n t  

v e r s i o n  o f  t h e  s t a n d a r d  have t h e  l o w e s t  f i r e  r a t e ,  \:bile t h o s e  

c o r r e s p o n d i n g  t o  t h e  f i r s t  v e r s i o n  o f  t h e  s t a n d a r d  have a  f i r e  r a t e  

s i g n i f i c a n t l y  1  o l ie r  t h a n  t h o s e  c o r r e s p o n d i n g  t o  t h e  p r e - s t a n d a r d  era.  

/?owever, i t  i s  p o s s i b l e  t h a t  t h e s e  d i f f e r e n c e s  c o u l d  be m e r e l y  a  r e s u l t  

o f  t h e  age o f  t h e  c a r .  

To i n v e s t i g a t e  t h e  p o s s i b l e  age e f f e c t ,  and t o  t r y  t o  improve t h e  

f i t ,  a  model wh ich  i n c l u d e d  a l i n e a r  t e r m  i n  age and s t e p  e f f e c t s  f o r  

t h e  d i f f e r e n t  v e r s i o n s  o f  t h e  s t a n d a r d  Lras fit. The es t i r xa ted  

parameters  and a s s o c i a t e d  s t a n d a r d  e r r o r s  were as f o l l  ows: 

s l o p e  B (age)  =-0.200 + 0.0565/10,000 p e r  y e a r  
1976+ T  = 0.230 t O.~B~O/~O.OOO 

The e s t i m a t e d  e f f e c t  o f  t h e  c u r r e n t  s t a n d a r d  i s  a  n e t  r e d u c t i o n  o f  1.284 

( t0 .794)  - p e r  10,000 r e g i s t e r e d  v e h i c l e s  i n  t h e  f i r e  r a t e .  T h i s  i s  o f  

b o r d e r l i n e  s i g n i f i c a n c e  ( x 2  = 2.62, P = 0.1C6). The e s t i m a t e d  e f f e c t  o f  

t h e  1968 v e r s i o n  o f  t h e  s t a n d a r d  was a  r e d u c t i o n  o f  1.51/10,000 

r e g i s t e r e d  v e h i c l e s  i n  t h e  f i r e  r a t e .  T h i s  was s i g n i f i c a n t  a t  t h e  1:; 

l e v e l  ( x L  = 6.11, 1 d f ) .  These e s t i m a t e s  c f  e f f e c t s  a r e  i n  a d d i t i o n  t o  

an e s t i m a t e d  age e f f e c t .  The e s t i w a t e  o f  t h e  age e f f e c t  i s  an i n c r e a s e  



of 0 . 2  per 10,COO in the  f i r e  r a t e  f o r  each year  of a2e of the vehicle. 
2 .? The goodness of f i t  of t h i s  model uas qui te  sa t i s fac to ry  ( X  = 12.37, LJ 

d f ,  2 = 0.497). The age ef fec t  bias highly sign 'f icant .  

Thus, much of the difference in the  means and the  lack of f i t  of 

the  a1 1 means model i  s  explained by a  1 inear age ef fec t  in the  f i r e  

ra tes .  lIo\~ever, even a f t e r  a  1 inear t e r n  f o r  the  age e f fec t  i s  

included, there  i s  s t i l l  some evidence of a  beneficial standard ef fec t .  

This e f fec t  i s  only of borderline sisnif icance--at  the 10% level .  I n  

addit ion,  most of the est'mated ef fec t  occurred corresponding t o  the 

f i r s t  (1968) version of the standard. The estimated additional e f fec t  

of the  1976 version of the standard i s  no t  s ign i f i can t ly  d i f fe ren t  from 

zero ( P  = 0.45) and i s  pos i t ive ,  indicat ing a  s l i g h t  upward s h i f t .  Gf 

course, the  standard could cause a 1 inear decrease in the  r a t e s  f o r  the  

newer models, so the  age e f fec t  cannot be separated from a  possible 

standard e f f e c t ,  unless the age and standard e f f e c t s  are  assumed t o  be 

of d i f f e ren t  forms. 

While i t  i s  c l e a r  tha t  there  LJere smaller f i r e  r a t e s  in nerier model 

cars  in the  ilaryl a n d  da ta ,  given the  nature of the da ta - - f i r e  department 

reported passenger car  f i r e s  per registered vehicle, i t  iiould be 

presumptious t o  ascribe these differences t o  the e f f e c t s  of the 

standard. Although some beneficial e f f e c t s  above a  1 inear trend car; be 

observed, these did not reach signif icance.  Coup1 ing the  d i f f i c u l t y  of 

ident i fy i  ng the  crash-fi  res and the  marginal e f f e c t s  a f t e r  adjusting f o r  

ase ,  the  best conclusion seem t o  be t h a t  no s igni f icant  standard e f fec t  

was observed in the  3aryland data. The data with a smooth quadratic 

e f fec t  in age are  plct ted in Figure 5.11.1. 

5.11.2 Data from a Special Study in California. The California 

Highway Patrol conducted a  special study of ca r  f i r e s  from June 8 t o  
December 8 ,  1976. All car  f i r e s  which s t a t e  patrol o f f i ce r s  were aware 

of were invest igated,  a n d  a special data form collected.  Eata from the  

highway patrol as t o  the  number of crashes in the  same time period on 

roads patrol led by the  highway patrol were a l so  obtained a n d  were 

recorded by model year  of the vehicle. These d a t a  d o  not represent the 

e n t i r e  s t a t e .  Further,  they a re  predominantly rural or  freeway crashes, 

and thus would tend t o  be Tore severe crashes a t  higher speeds. To date 



FIRES PER REGISTERED VEHICLE 
MARYLAND C19771 

Figure 5 .11 .1  



there  has been no report ?ub1 ished o n  these d a t a .  

The data are  presented in Table 5.11.2. In the  t ab le ,  only crash 

f i r e s  were presented, The data included a to ta l  of 393 f i r e s ,  of ~ h i c h  

165 :/ere crash f i r e s .  The r e s t  were cases \,here the  ca r  caught f i r e  and 

a highway patrol o f f i c e r  stopped t o  a s s i s t ,  b u t  which did not involve a 

crash pr ior  t o  the  igni t ion  of the f i r e .  The f i r e  r a t e s  shcw r e l a t i v e l y  

l i t t l e  va r i ab i l i ty  by model year.  The average ra tes  by versions of the 

standard are 7.43 ( 1 9 7 7 ) ,  1 .09  ( 1 9 7 6 ) ,  1.52 (1968-75) and 1 .93  ( ? r e  

1968) .  All r a t e s  a re  per thousand crashes. The 1377 r a t e  i s  based on 2 

f i r e s  o u t  of 269 regorted crashes, and i s  presumably an a r t i f a c t .  

Table 5.11.2 

Cal i fornia  6-ilonth Special Study 

By standard 
61-67 1.93 
68-75 1.62 
7 6 1.09 
7 7 7. $3 

........................................................................ 
!.lode1 Year I F ires  Crashes Rates per 1 ,000  

- - - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

A model which f i t s  mean e f fec t s  t o  the d i f fe ren t  versions 3f t h e  

197 7 
19 76 
1975 
1974 
1973 
1972 

2 2 6 9 7.43 
8 7 ,338 1.09 

11  6 ,489 1.70 
1 3  8 ,402  1.55 
12  9 ,710 1.24 
11 9,336 1.18 

1971 17 7,744 2.20 
1970 I 12 7,585 1.58 I 1969 9 8 ,217 1.10 
1968 1 2C 7,258 2.76 
1967 1 11 6,116 1.80 
1966 
1965 
1964 

12 5 ,511 2.18 
6 5,479 1.10 

13  3 ,589 3.37 
1963 3 2,594 1.16 
1962 1 3 

1 ,545  1.94 
1961 2 244 2.37 



standard f i t s  these d a t a  aaequately, 1io:iever there  are no  differences 

ansng tlie Geans ;,hich a re  s t a t i s t i c a l l y  s ign i f i can t  a t  the 1% level .  

S i ~ l i l a r l y ,  ; model uhich inclcldes age a n d  standard e f f e c t s  f i t s  well ,  

b u t  not  even the  l i n e a r  age e f fec t  i s  s ign i f i can t ly  d i f fe ren t  from zero. 

I n  f a c t ,  these data a re  ccns is tent  with a  constant crash f i r e  r a t e  f o r  

a l l  n;odel years--no s ign i f i can t  lack of f i t  i s  found. Tnus, although a  
m a l l  reduction in averase r a t e  with each version of the  standard i s  

noted ( i f  1376 and l a t e r  a re  consiaered as one) of 1.93/1000 t o  
!.62/1000 iiith the  1958 version 1.32/!000 ; i i th the 1976 and l a t e r  

versions c f  F:IIJSS 301, these changes are  not s t a t i s t i c a l  ly d i f f e r e n t  

f r c ~  zero--that i s ,  those three  average ra t e s  are  not  s t a t i s t i c a l  i y  

s i ~ n i f i c a n t l y  d i f fe ren t .  Thus, t h e  data frcm Cal i fornia ,  uh i l e  

ccns is tent  wi", a  ssr~all beneficial e f fec t  of FITS5 301, a re  based on too 

1 i:nited d a t a  t o  conclude t h a t  such an e f f e c t  ex i s t s .  

5.11.3 3ata From the  S ta te  c f  : : ississi?;3i 

Pol i ce  accident data in Ili s s i s s ipp i  contain a var iable ,  vehicle 

condit ion,  ~ihich indicates whether a  vehicle involved in a n  accident 

caught f i r e  or  no t ,  Sowever, the  model year of the  vehicle i s  no t  

co~nputerized, The computer f i l e  was interrogated t o  1 i s t  a l l  of the  

cases f o r  rrhich the vehicle condition r?oted f i r e .  Cnly eight  such cases 

were f o ~ n d .  ?hotocopies o f  these cases were supplied t c  HS2I and a r e  

su~marized below. k i t h  only a  t o t a l  of e ight  cases ,  there  are  

i n s ~ f f i c i e n t  data t o  ca lcu la te  r a t e s ,  so fu r the r  sampl in~  of the  hard 

copies cf the repor ts  t o  estiixate d i s t r ibu t ion  of nodel years cf 

vehicles involved i n  crashes was nct undertzken. 

9ne case involved a  1370 Chevrolet passenger ca r  t r ave l l ing  on 155. 

The d r ive r  l o s t  control a f t e r  being passed by a la rge  truck,and ran off  

the  roadway. The car  ro l led  over, then caught f i r e .  The dr iver  and 

passenger were injured and taken t o  a  hos?i ta l .  The car  burned 

compl e te l  y. 

The second case involved a Datsun ?+2 (year  u n s p x i f i e d ) ,  i~hich  

struck a parked 1969 Chevrolet 4-door in the l e f t  rear .  Follocring the  

crash, the  bat tery of the  1963 Chevrolet caught f i r e .  The f i r e  was 

eas i ly  extinguished and  caused 1 i  tt1 e  additional damage. ':o i n ju r i e s  

occurred. 



The th i rd  case involved a  1971 truck ( s e n i - t r a i l e r ) .  The drive 

shaf t  came loose as the truck was going u p  a h i l l  and punctured the  fuel 

tank. The l o s s  of control caused the truck t o  ro l l  back dovrn the  h i l l ,  

jack-knifins and ignit ing the fue l .  The truck a n d  t r a i l e r  burned 

en t i r e ly .  There \:ere no in jur ies .  

The other f ive  cases involved vehicles which caught f i r e  pr ior  t o  

or  without a crash. One idas a  1975 Euick t ravel ing  o n  I 5 5  when a  short 

in the  e l ec t r i ca l  systern s e t  the car  on f i r e .  The dr iver  stopped a n d  

sufiiiiioned the  f i r e  department to extinguish the  f i r e .  Another involved a  

I975 ilodge r,iotor hone t ravel ing  on 155. The vehicle suddenly burst iqto 

f l a w s .  The dr iver  made a panic stop arid t h e  dr iver  a n d  passengers 

abandoned the  vehicle. One ?erson :,as injured a n d  taken t o  a  hospi ta l ,  

The vehicle was 2 t o t a l  loss.  Another case involved a  1976 Kenworth 

truck (semi).  The d r ive r  reported i t  was pulling hard. lie stopped and 

found that the r ight  r ea r  of the  t r a i l e r  was burning apparently caused 

by overheating of t h e  brakes o r  bearings of the  wheel. A 1974 

Vol ksbiagen t ravel ing  on ili s s i s s ipp i  high~iays 24 and 33 caught f i r e  in 

the  engine area. Finally a  1372 Chevrolet truck t ravel ing  on 

Fli s s i  ss i  ppi Highway 28 caught f i r e  and burned. 

Very l i t t l e  more can be said about these data. Only one of the 

cases involved a fuel f i r e  a f t e r  a crash. Only tiro of the cases were 

ac tual ly  passenger ca r  crashes,  although one other case which involved a  

truck could be considered a  crash. The variable which indicates f i r e  i s  

vehicle condition. F,l t e rna t ive  codes are  fo r  defect ive brakes, 

s t ee r ing ,  headlights ,  t a i l l i g h t ,  e t c . ,  so i t  Ray be tha t  coding of 

defec ts  which may have 1 ed t o  the  crash receives preference over coding 

of f i r e s  which followed the  crash. I t  seems 1 ikely t h a t  t h i s  system 

does not ident i fy  a l l  of the  vehicle f i r e s .  Further,  i t  i s  evident t h a t  

many of the  f i r e s  reported will not be post-crash f i r e s .  

5.11.4 D a t a  From the S t a t e  of !lev/ Hampshire 

:Ire Peter Klein, Head of the  Office of information Systems in :lew 

Hampshire, informed us tha t  f i r e  i s  coded as the  f i r s t  harmful event in 

the  idew Hampshire accident data. As a  r e s u l t ,  those cases wogld be very 

unlikely t o  be post-crash f i r e s .  Jew Hampshire f i l t e r e d  on t h e i r  f i r e  

variable in t h e i r  ccmputerized data and sent us information about the 



accident r epor t s  which i nvo:ved f i r e s .  There were three  cases involving 

f i r e  in the  1977 data,  and f i v e  cases involving f i r e  in the 1976 data. 

::re !I? e in s ta ted  in his  l e t t e r  thaz i t  bias h is  be1 ief  t h a t  p r io r  t o  1978 

they were n o t  prcperly coding a l l  of the f i r e  accidents  in to  t h e i r  f i l e .  

A1 so ,  t h e i r  code f o r  f i r e  bias a  f i r s t  harmful event f o r  the  crash. They 
presently have p l  ans t o  adapt t h e i r  codins system f o r  the  1980 data so 

as t o  indica te  in the  f i l e  f i r e  involvement, whether i t  i s  the  f i r s t  

harrnfdl event o r  not. 

5.12 Coi~;t.ined E s t i ~ a t e s  of the  Effects  of F:I1'SS 301 

I n  t h i s  sect ion the  e f f e c t s  o f  FI1VSS 301 e s t i ~ a t e d  separately a r e  

cciilbined. I t  should be borne j n  mind throughout tha t  these  e s t i n a t e s  

a r e  associ ationa! --not causzl . Certain e f f e c t s  observed occurred a t  the 

time of intrcduction of tne standard. These e f f e c t s  cculd plausibly 

nave resdl ted  frorn the  standzrd; ho~revcr, a  n u ~ b e r  of other  f ac to r s  may 

have contr ibuted t o  the  e f fec t s .  So the  data do not j u s t i f y  ascribing 

the  e f f e c t s  e s t ina ted  t o  the  standard. 

5.12.1 Effect of FWSS 301 on F a t a l i t i e s .  The best source of data 

on f a t a l  crashes i s  in the FARS f i l e s .  Hcwevcr, s ince a l l  of the  

crashes in FARS resul ted  in a  f a t a l i t y ,  these data a r e  not c l e a r l y  

useabl e  a1 one. Some s o r t  of s tandardizat ion i s  desirable.  The 

proportion of f i r e s  in f a t a l  accidents  d i f f e r s  r e l a t i v e l y  l i t t l e  by 

model y e a r ,  b u t  the  s l  ight tendency t h a t  i s  the re  shows a higher r a t e  

f o r  newer models--contrary t o  what rnight be expected as the  des i rab le  

e f fec t  of i!i1JSS 301. The exception t o  t h i s  i s  f o r  rear-impacted 

vehicles which shoci 1 owr f i r e  r a t e s  in the  nore recent years  i n  FARS. 

The r a t i o  o f  the  proportion of f i r e  crashes ( i n  FARS) t o  towaway crashes 

( i n  IICSS) by node1 year  shows a steady decl i ne f o r  newer ~nodels. Tc the  

extent  t h a t  the  nodel-year d i s t r i b u t i o n  ir, ilCSS ref1 e c t s  the  national 

model yea r  d i s t r i b u t i o n  the  ro le  of f i r e  would ap?ear t o  be reduced in 

f a t a l  crashes f o r  nerier ncdels ,  

I t  should be noted t h a t  the occurrence of a f i r e  in a  f a t a l  

accideqt does n o t  lean t h a t  the  f i r e  czdsed the  f a t a l  i t ; .  F i res  a re  

more l i k e l y  t o  occur in more ser icus  accidents ,  i n c i ~ d t n g  f a t a l  

accidents.  I n  a  ser ious  crash an occupant Kay \ /e l l  d i e  from other  



i n ju r i e s  tha t  \/ere sustained before the  f i r e  occurred. Thus, in some 

f rac t ion  of fa ta l  crashes :iith f i r e ,  the  f i r e  might be considered 
1 

incidental .  This has been discussed a t  length in Cooley ,- where i t  was 

estimated tha t  about half of the f a t a l i t i e s  tha t  occurred i n  cars  tha t  

caught f i r e  would have occurred even i f  there  had been no f i r e .  Some of 

the  others night a lso  have died without the presence of f i r e .  The 

current (FARS) data do not allow one t o  determine with ce r t a in ty  whether 

a f a t a l i t y  t h a t  occurred in a car  tha t  burned a f t e r  the  crash would have 

resulted without the f i r e .  Indeed, a de ta i led  autopsy i s  often 

necessary t o  make such a determination. In t h i s  repor t ,  f a t a l i t i e s  

"with f i r e "  a re  those t h a t  occurred in a car  tha t  was repcrted t o  have 

causht f i r e .  rio attempt has been nade t o  separate the fire-caused 

f a t a l i t i e s  those that  would have died without the presence of f i r e .  

The f i  re-associated fa t a l  i t i e s  reported in the  f i r e  degartment data 

a re  so s e l d o ~  reported and so d i f f i c u l t  t o  identif;! ~ i i  t h  a d e f i n i t ?  

crash tha t  they were not used in estimating possible e f fec t s  of the 

standard on  f a t a l  i t i e s .  One should note, however, t h a t  the r a t io  of 

these fa ta l  i t i e s  t o  crashes tends t c  be sma? l e r  f o r  newer car  rodels.  

See the  individual s t a t e  sect ions of t h i s  report fo r  de ta i l s .  Table 

5.12.1 presents the  r a t i o  of f a t a l i t i e s  in crashes with f i r e  t o  police- 

reported crashes by grouped model years for  each s t a t e  f o r  which crash 

d i s t r ibu t ions  liere avail able. Table 5.12.2 presents an estimated 

percent change in f i re-associa ted  f a t a l  i t  ies  which occurred concurrently 

f o r  models of passenger cars. i t  should be noted t h a t  there  are  many 

other  changes in cars which associ a t e  with model year--i ncl udi ng 

adherence to  numerous other  motor vehicle standards and other  design 

modifications. Any of these could have affected the  f a t a l i t y  ra te .  

Final ly,  note t h a t  only data frorn a se lec t  number of s t a t e s  have been 

used--mainly because of ava i l ab i l i ty  of d a t a .  This could bias the 

r e s u l t s  in the sense of a national estimate. 

5.12.2 Effect of FI11'SS 301 o n  Injuries .  iifilike the case f o r  

f a t a l  i t i e s ,  no sa t i s fac to ry  source of injury information i s  avail able. 

1 Cooley, Peter ,  "F i re  in Yotor Vehicle Accidents," A n  HSRI Special 
Report, L'::-/SET-Sk-74-3, The Highway Safety Research I n s t i t u t e ,  The 
University of Ilichigan, A n n  Arbor, : l i c h i ~ a n  48159, Apri 1 1974. 



T a b l e  5.12.1 

F i r e  F a t a l  i t i e s  p e r  Thousand C r a s h e s  
(1976 and i 9 7 7  FkRS i n  S e l e c t e d  S t a t e s )  

.................................................................... 
S t a t e  I P re -301 301-1968 301-1976 

I l l i n o i s  . I 0.19: 0.164 0.259 I 
Idaho . . 1 0.1291 0.105 0.000 

I 
l4ichir;an . I 3.389 2.051 0.02G 

R i s s o u r i  . I 0.125 C\, 072 0.962 

I!ew 'lork . I 0.C72 C, 106 0.087 

Ohio . . . 1 2.297 0.123 0.087 
1 

Yashi ngton I C. CGS 0.127 0.103 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P e r c e n t  Change i n  F i  r e - F a t a l  i  t y  R a t e  
(1976 and 1977 FAES Data  from S e l e c t e d  S t a t e s )  

........................................................................ 
I ? r e -301  301-1968 Pre-301 

S t a t e  I t c  1368 t o  c u r r e n t  t o  c u r r e ~ t  

I l l i n o i s  . I 
I d aho  . . I 1-15.4 - 1 O C .  0 - l C O . O  

I 
: l i ch igan  . 1 -42.7 -49.0 -70 .8  

i.;i s s o u r i  . -42.4 -13.9 -50.4 

?e\ i  York . ~ 4 7 . 2  -17.9 t 2 0 . 8  

Chio . . . 1 125 .8  -29.3 -10.3 
I 

Xash ing ton  I t84.l -18.9 t 4 9 . 3  ........................................................................ 



Although some passenger car  f i r e  in ju r i e s  were reported i n  the  f i r e  

department da ta ,  these were t o o  incomplete a n d  t o o  d i f f i c u l t  t o  r e l a t e  

t o  crashes t o  permit t h e i r  use. As a r e su l t  of t h i s  lack of da ta ,  there  

i s  no sa t i s fac to ry  estimate of the  e f fec t  of F!l\/SS 301 on (non-fa ta l )  

in jur ies .  

5.12.3 Effect of FHVSS 301 on Passenger Car Fires. in estimating 

the  combined e f fec t  of the  standard on passenger car  f i r e s ,  only the  

data from accident f i l e s  were used. There \,ere trio reasons fo r  t h i s .  

F i r s t ,  the  standard was aimed a t  reducins the incidence of post-crash 

f i r e s .  The accident data c lear ly  ident i fy  f i r e s  in crashes;  f i r e  

department data could not be adequately reduced t o  crash f i r e s ,  

Secondly, a n d  perhaps because of the  inab i l i ty  of the f i r e  de;artxent 

data t o  ident i fy  crash f i r e s ,  the f i r e  department data generally shoiied 

a r a t i o  of ca r  f i r e s  t o  crashes ( o r  r eg i s t r a t ions )  which increased 

sfiioothly w i t h  the age of the vehicle. Thus the  f i r e  departinent data 

indicated differences ~rhich appeared l e s s  1 ikely t o  be associated with 

FllVSS 301 (and more l ike ly  with a vehicle age c h a r a c t e r i s t i c ) .  Further, 

s ince a covariate of aye idas c l ea r ly  necessary f o r  the  f i r e  department 

da ta ,  and, s ince  the  r a t e s  differed by more t h a n  a f a c t c r  of ten anong 

the  s t a t e s ,  no useful way t o  combine the  data was apparent. 

The accident data generally did not show a s igni f icant  e f fec t  fo r  

the  age of the  vehicle. Even in the  one s t a t e  t h a t  did--1l l inois-- the 

e f fec t  was primarily a d r o p  over only a four- or five-year period, and 

bias a lso  consistent  with a standard ef fec t .  In order t o  combine the  

data from d i f fe ren t  s t a t e s  i t  was necessary t o  express the data as a  

percent change in the post-crash f i r e  ra te .  This was required since the 

average f i r e  r a t e  varied so r,ii dely among the  states--evidently depending 

on the s t a t e ' s  c r i t e r i a  f o r  reporting f i r e s  and upon the c r i t e r i a  f o r  

inclusion as a  pol ice-reported crash. 

Table 5.12.3 presents the estimated percent change in crash-f i re  

r a t e  by s t a t e .  Vehicles are  considered in three  groups: the  pre-1968 

passenger cars  (ca l led  " o l d " ) ,  the  I968 through 1375 passenger cars 

(ca l led  "middle") a n d  the  1976 t o  present ?assenger cars  (ca l led  "new"). 

Three percentage change are sho\vn: tne "old" t o  "middle", the "niddle t o  

new", and the  "old" t o  "new". Vehicles f r o ~ ~ i  I975 forxard have been 



c c ~ b i n e d ,  p a r t l y  because  t h e r e  bias n e v e r  any s i c ; n i f i c a n t  d i f f e r e n c e  i n  

t h e  r a t e s  a s s o c i a t e d  \ : i t h  t h e  1975 and i 9 7 7  v e r s i o n s  o f  t h e  s t a n d a r d ,  

and p a r t l y  because t h e r e  Liere l i ~ i t e d  d a t a  on t h e  n e v i e r n o d e l s .  

P r e s e n t e d  w i t h  each chanl je  i s  an  e s t i m a t e  o f  i t s  s t a n d a r d  e r r o r ,  These 

esc i f i i a t ed  s t a n d a r d  e r - r o r s  $ { e r e  c a l  c u l  a t e d  by u s i n g  a  T a y l o r  s e r i e s  

a p p r o x i m a t i o n  t o  t h e  f u n c t i c n  o f  t h e  d i f f e r e n c e  d i v i d e d  by t h e  e a r l i e r  

r a t e .  I n  t h e  t a b l e  n e s a t i v e  s i g n s  i n d i c a t e  r e d u c t i o n s  i n  t h e  f i r e  r a t e ;  

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

T a b l e  5.12.3 

P e r c e n t  Changes i n  F i r e  2 a t c s  
A s s o c i a t e d  c i i t h  Changes i n  F:l\;SS 3C1 

................................................................... 
? re -1968  I 1963-1975 ' P re -1968 I compared ri t h  1 o a r e d  i t  I c o r p a r e d  w i t h  

I 1968-1075 pos t -1975  1 pos t - 1975  
5 t a t e  1 - ---------------- t - - - - - - - - - - - - - m e - -  J- ----------------- 

I P C ~ .  S td .  I Pc t .  S td .  1 P C ~ .  I Std.  1 Change E r r o r  , C h a n ~ e  E r r o r  1 Change E r r o r  ---- - - - - - - - - -$ - - - - - - - - - - -  ----- -t- ---- -- ---------- t ----------------- 

; I l i n o i s  
I I I 
i - ' ' a7  '*I4 i -5.0 4.22 / -19.0 5.33 

lu'astii n g t o n  I -23.4 15.61 i I 153.4 43.98 1 t 1 7 . 6  35.9: ! 
Yew York ' -19.0 12.76 / t 2 . 5 2  16.88 

' I  I 1 17.26 I 

~ ~ C S S  . . . 1 -22.3 i 7 . 7 9 /  t 2 2 . 4  2 7 . 5 9 1  -4.9 26.65 
- - - - - - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - -  

I 

Combined . , -15.6 3 . 2 7 1  -13.5 2 . 9 1 ,  1 -25.0 3.26 ................................................................... 

I 
C a l i f o r n i a  ' 
e c .  t u d y  -16.7 i 4 . X  1 I 

-18.9 -32.5 23.39 

I d a h o  . . . + Z . S 3  26.81 1 ' 
2 6 * 3 2  / 

I -a..9 3.67 1 14.59 38.62 

The i n d i v i d u a l  es t i n : a ted  p e r c e n t  changes were  combined i n t o  an 

o v e r a l l  e s t i n a t e  of t h e  p e r c e n t  chanrje u s i n g  a  v:eigt i ted mean. The 

01.1 .,.I ahcma . 1 +4?.2 44.45 / -44.74 23.62 
I 

-18.1 35.15 



w e i g h t s  we re  i n v e r s e l y  p r o p o r t i ~ n a l  t o  t h e  v a r i  ances. The o v e r a l l  

e s t i ~ a t e  i s  t h a t  t h e r e  i ras a  15.6% r e d u c t i o n  i n  c r a s h  f i r e  r a t e s  

a s s o c i a t e d  w i t h  t h e  1968-75 mode ls  as  i n  cornpar isor :  \ ~ i t h  t h e  e a r l i e r  

j p r e - 1 9 6 8 )  models .  A f u r t h e r  r e d u c t i o n  o f  13.9% i n  t h e  c r a s h  f i r e  r a t e s  

i s  o b s e r v e d  f o r  t h e  1976 and  l a t e r  inodels.  From t h e  pre-FI1VSS 301 

r ~ c d e l s  t o  t h e  c u r r e n t  ( p o s t  1975 )  mode l s ,  a  r e d u c t i o n  o f  25.0% i n  t h e  

p o s t - c r a s h  f i r e  r a t e  was obse rved .  The e s t i m a t e d  s t a n d a r d  e r r o r s  o f  

t h e s e  t h r e e  r e d u c t i o r i s  i r e r e  3.?7%, 2,91%,  and 3.86% r e s p e c t i v e l y .  

It s h o u l d  be  c l e a r l y  n o t e d  t h a t  t h e  l i ~ i t a t i o n s  o f  t h e  d a t a  p r e v e n t  

t h e  e x c l u s i c n  o f  o t h e r  f a c t o r s  as p o s s i b l e  causes  o f  t h e s e  r e d u c t i o n s .  

P r o p e r l y  one  may o n l y  say t h a t  t h e  r e d u c t i o n s  occlcirred and  we re  

a s s o c i a t e d  w i t h  c a r  mode l s  p roduced  unde r  t h e  d i f f e r e n t  v e r s i o n s  o f  

FllVSS 301. I t  i s  n o t  p o s s i b l e  t o  e x c l u d e  o t h e r  f a c t o r s  as  c o n t r i b u t i n g  

causes ,  n o r  t o  i m p u t e  any c a u s a l  i t y  t o  t h e  s t a n d a r d .  

F i n a l l y ,  i t  i s  p o s s i b l e  t h a t  t h e s e  r e d u c t i o n s  a r e  s u b j e c t  t o  l a r g e  

b u t  unknown b i ases .  A l t h o u g h  t h e  combined  e s t i m a t e  i s  based  on  d a t a  

f r o m  s i x  s t a t e s  ( p l u s  a  s p e c i a l  s t u d y  f rom C a l i f o r n i a  and  p r e l i m i n a r y  

d a t a  f r o m  RCSS), t h e  comb ined  r e s u l t  i s  mos t  h e a v i l y  i n f l u e n c e d  by d a t a  

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

r e d u c t i o n s .  The d a t a  f r o m  t w o  s t a t c s - - i l i c h i g a n  and Ill i n o i s - - d o m i n a t e  

t h e  comb ined  r e s u l t .  Go th  o f  t h e s e  s t a t e s  had  s u b s t a n t i a l  numbers o f  

r e p o r t e d  c r a s h e s  and o f  p o s t - c r a s h  f i r e s .  A l t h o u g h  many c r a s h e s  

o c c u r r e d  i n  t h e  llew York d a t a ,  v e r y  f e w  f i r e s  we re  r e p o r t e d .  S t a t e s  

such  as I daho ,  b /ash ing ton ,  o r  Oklahoma, we re  s i m p l y  t o o  s m a l l  t o  add 

much t o  t h e  comb ined  e s t i m a t e s .  S i m i l a r l y ,  t h e  iiCSS and t h e  C a l i f o r n i a  

S p e c i a l  S t u d y  we re  u s e f u l ,  b u t  based  o n  r e l a t i v e l y  f e ~ ,  da ta .  I f  t h e r e  

a r e  r e y i o n a l  d i f f e r e n c e s  i n  t h e  e f f e c t  o f  FFiVSS 301--and t h e r e  a r e  

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

be b i a s e d  t o w a r d  t h e  e f f e c t  i n  t h e  u p p e r  l l i dk res t .  

5.12.4 E f f e c t  o f  FI:1'SS 301  on  F u e l  Leakage  i n  Crashes.  F , l though  i t  

was hoped t h a t  t h e  d a t a  f rom f i r e  d e p a r t m e n t s  w o u l d  a ' d  i n  e s t i m a t i n c  

t h e  f u e l  s p i l l a g e  r a t e ,  t h i s  p r o v e d  n o t  t o  b e  t h e  case. The f i r e  

d e p a r t m e n t  d a t a  c o u l d  j u s t  n o t  be  i d e n t i f i e d  ~ d i t h  c rashes .  I n  a d d i t i o n ,  

t h e  o n l y  f u e l  s p i l l a g e  cases  i n  t h e  f i r e  d e p a r t m e n t  d a t a  p r o v e d  t o  be 

l a r g e  s p i l  l s - - u s l ; a l l y  i n v o l v i n g  t a n k  t r u c k s .  Thus i t  was n o t  p o s s i b l e  



t o  i den t i fy  fuel leakage in  crashes from f i r e  department data  

cons i s t en t ly  enough t o  be useful .  

Only two usable sources of fuel sp i l  l a s e  sr leakage data  i n  crashes 

were found--the rlCSS and t h e  1978 data  from :5ichigan. The data  from 

NCSS i s  of l imited use, s ince  est imates  of fuel s p i l l a g e  a re  based on 

inspect ion of the  v e h ~ c i e  a f t e r  i t  has been toiled t o  a  loca t ion  rernote 

from the  accident  s i t e .  '4iscussions i l i th  IICSS inves t iga tors  lead 9 the  

conclusion t h a t  only only obvious fuel t a n k  ?unctures could be 

iden t i f i ed .  P!hile these wculd include cases in  iihich the  bulk of t h e  

fue l  was s p i l l e d ,  many cases  of fuel s ? i l l a g e  !!hick exceed the  cne- 

ounce-per- ,~i  nute r a t e  spec i f ied  in the  s t a ~ d a r d  r!oul d be !~ i ; s ed .  

Currently the  best source of i  nformation i s  the  1973 pcl ice-re;orted 

accident  data  f r cn  :iichicjan. These data  es t imate  a  r e d u c t i o ~  i n  post- 

crzsh fuel sp i l  l a s e  of 40.9:& from pre-standard models t o  1968-75 rzodels. 

Ar? adc i t iona l  42.8% reduction in s p i l l a g e  r a t e s  i s  noted from 1363-1975 

models t o  post-I975 models. F ina l ly ,  an overal l  reduction of 66.2% i s  

noted f o r  cur ren t  models compared ~ i i  t h  pre-1962 mcdels. These est imates  

should be viewed with caution. They come from a s i n g l e  s t a t e  and from a 

s ing le  year.  In addi t ion ,  o ther  f ac to r s  could be a t  l e a s t  as  

i n f luen t i a l  i n  causing  the^ a s  t he  standards.  



The main conclusion of t h i s  study i s  tha t  exis t ing  data are  not of 

s u f f i c i e n t  qua1 i  ty t o  provide a d e f i n i t i v e  evaluation of FMVSS 301--Fuel 

System Integr i ty .  Further,  i t  seems unlikely t h a t  mass data reporting 

systems--statewide pol i ce  accident data o r  f i r e  department da ta- - \ / i l l  be 
adequate f o r  t h i s  problem in the  foreseeable future.  I n  order t o  obtain 

the  level of de ta i l  needed, additional invest igat ion of the crash would 

be required. Fowever, the  r a r i t y  of the event of interest--post-crash 

f i r e - - i s  such tha t  de ta i led  accident s tudies  a r e  a lso  unlikely t o  f ind 

su f f i c i en t  cases. 

The deficiencies in the data are sumnlarized t o  provide an 

indicat ion of what would be needed i f  they \/ere t o  be usefzl.  

Police accident data often do not contain the information about 

whether or  not a vehicle in a  crash caught f i r e .  I n  some cases,  the  

data indica te  the  occurrence of a  f i r e  i f  i t  was an obvious one, uhich 

resulted i n  s ign i f i can t  additional damage or  in jury ,  b u t  f a i l  t c  exclude 

the  presence of fiinor f i r e s .  Thus, the  data underreport f i r e s ,  b u t  the 

degree of underreporting cannot be determined. Even in cases where 

the re  i s  a  d e f i n i t e  variable t o  indicate the presence or absence of a 

f i r e ,  the  variable i s  often l e f t  blank--for 2C t o  30% cf the  vehicles. 

With a crash f i r e  r a t e  of one or  two per thousand, missing data on the 

variable of 300 per thousand leads t o  extreme uncertainty. Even f o r  
those cases where the  variable i s  checked (presumably c o r r e c t l y ) ,  no 

information i s  avai lable  t o  indica te  whether the  f i r e  was re l s t ed  t o  the  

fuel system or  not. 

F i re  department data a t  present su f fe r  from def ic iencies  a t  l e a s t  

as  great.  F i r s t ,  t he re  i s  a  d i f f i c u l t y  in determining whether a  car  

f i r e  resulted from a crash o r  from some other cause. Only one or two 
percent of passenger ca r  f i r e s  i n  f i r e  department data seem t o  be 

related t o  crashes. With the current data s t ruc tu re  of the data from 

NFIRS, i t  i s  inconvenient t o  determine the model year or  other  
information about the  car - - th is  i s  in a d i f f e ren t  f i l e  which must be 

matched--however, t h i s  can be accommodated. Unfortunately, \;{hen these 
data a re  matched, the  information about the mcdel year o f  the vehicle i s  

often missins--typically f o r  3 of the cases. For those cases f o r  



:/hicIi the model year infomat ion i s  present,  there  i s  s t i l l  the 1 ack of 

any information about the  type of crash,  speed, or  any other  crash 

variables.  Some i ~ f o r m a t i o n  a b o ~ t  the part of ca r  damaged, whether fuel  

Lias involved in the  f i r e ,  e t c . ,  i s  avai lable- -a t  l e a s t  the variables a re  

recorded. I n  working u i th  the actual da ta ,  a la rge  proportion of the 

cases have codes such as unknown, or unspecified, which actual!:! provide 

n o  additional information. This kiss found t o  be the  case 30-40% of the  

t ine .  

Post crash f i r e s  a re  qui te  rare. I n  a l l  the  data s e t s  

inves t iga ted ,  they appear t o  occur no pore frequently than abou t  f ive  

f i r e s  7er thousand crashes. This appears t o  be about the  r a t 2  f o r  older  

cars  in the i l l i n c i s  data i f  missing data a r e  excluded; including 

missins data as non-fires would reduce t h i s  t o  somewhat l e s s  than 4 

f i r e s  per thousand crashes. G n  the  other hand, data from Washington and 

:ieii York shoii ~ o s t - c r a s h  f i r e  r a t e s  of about 0.4 f i r e s  per thousand 

crashes--about a tenth the  r a t e  in I l l i n o i s .  These, too ,  a r e  subject t o  

nf ssing data problems. Perhaps the data which are  best f o r  estimating 

the  crash f i r e  r a t e  a re  those from the  IICSS. The prel iminary indicat ion 

i s  tha t  there  i s  abcut a  r a t e  of 3.1 f i r e s  per thousand crashes in tow- 

away crashes. If  a l l  crashes \/ere included t h i s  r a t e  w o u l d  be less- -  

about one f i r e  ger thousand venicles in crashes. 

The r a r i t y  of the event makes i t  d i f f i c u l t  t o  detect  changes in 

f i r e  ra tes .  That i s ,  great  a m ~ u n t  of data i s  needed t o  provide 

inforniation o n  enough f i r e s  so t h a t  a  difference in crash f i r e  r a t e s  

could be noted. I n  addit ion,  the  data must be of cons is tent ly  high 

qua1 i ty .  I t  i s  not to le rab le  t o  have a 1% e r r o r  r a t e  pihen investirjating 

a phenomenon i~hich  occurs only in one-tenth of one percent of the  cases. 

In a l l  the data f i l e s ,  the  missing data rate--on the key iden t i f i ca t ion  

variables--has been much higher than the crash f i r e  ra te .  

Crash f i r e s  occur l e s s  frequently i ' n  the newer models than in 

9revious models. This f i  ndi 'ng  was ra ther  consistent  throughout the  

data. A summary of t h i s  can be seen in Table 3.1. IL;owever, in 

Nashington, :iew York pol i ce  accident da ta ,  a n d  in the  special study in 

Cal i f o r n i a ,  these reductions \ /ere not s i g n i f i c a n t ;  those data were 

cons is tent  with a constant f i r e  r a t e  f o r  a l l  model years. I n  the  r e s t  



o f  t h e  d a t a , t h e  r e d u c t i o n  appeared  t o  b e  p r i m a r i l y  a  l i n e a r  t r e n d ,  w h i c h  

c o u l d  be  caused  by a  g r a d u a l  i n c r e a s e  i n  f i r e  r i s k  w i t h  i n c r e a s i n g  ase 

o f  t h e  v e h i c l e .  On t h e  o t h e r  hand, such  an e f f e c t  c o u l d  r e s u l t  f r o m  t h e  

s t a n d a r d  a l s o .  On t h e  one hand , t he  g r a d u a l  i n c r e a s e  i n  c r a s h  f i r e  r a t e s  

c o u l d  be a t t r i b u t e d  t o  a  s l o w  d e t e r i o r a t i o n  w i t h  t h e  ar ; ing o f  t h e  

v e h i c l e .  Cn t h e  o t h e r  hand, t h e  g r a d u a l l y  d e c r e a s i n g  f i r e  r a t e s  c o u l d  

be a t t r i b u t e d  t o  a  img rovemen ts  i n  t h e  f u e l  sys tem i n t e g r i t y  

( p o s s i b l y  d i f f e r e n t  makes i n  d i f f e r e n t  y e a r s )  r e s u l t i n g  f r o n  t h e  f i r s t  

v e r s i o n  o f  FMVSS 3 0 1  o r  i n  a n t i c i j a t i o n  o f  t h e  l a t e r  v e r s i o n s  o f  Fi4VSS 

1 .  The d a t a  a r e  i n a d e q u a t e  t o  d i s t i n g u i s h  b e t l i e e n  t h e s e  

p o s s i b i l i t i e s .  O f  c o u r s e ,  t h e  m i s s i n s  d a t a  a r e  such  t h a t  a1 1  o f  t h e s e  

r e d u c t i o n s  c o u l d  be a r t i f a c t s .  

The p a t t e r n  o f  r e l a t i o n s h i p  o f  c r a s h  f i r e  r a t e s  t o  model  y e a r  n a y  

be  t y p i f i e d  by  t h e  d a t a  f r o n  I l l i n o i s .  P re -1968  mode ls  had  a  n e a r l y  

c o n s t a n t  r a t e  o f  a b o u t  5 p e r  thousand .  Mode ls  f r o m  1968 t o  1975 show a  

g r a d u a l ,  n e a r l y  l i n e a r  d e c r e a s e  t o  a  r a t e  o f  a b o u t  4 per thousand ,  w h i c h  

i s  c o n s t a n t  f o r  model y e a r s  1975-1977. The a c t u a l  model y e a r s  where  t h e  

f o r m  changes i s  n o t  c e r t a i n ;  t h e  l o w e r  a t e  c o u l d  e x t e n d  as f a r  back as  

t o  i n c l u d e  t h e  1973  mode ls ,  w h i l e  t h e  h i g h e r  r a t e  c o u l d  i n c l u d e  t h e  1969 

and even  p o s s i b l y  t h e  1970 models.  A l t h o u g h  t h e s e  d a t a  show a  r e d u c t i o n  

o f  c r a s h  f i r e  r a t e s  o f  a b o u t  18% f r o m  t h e  p re -1968  s t a n d a r d  t o  t h e  

c u r r e n t ,  i t  s h o u l d  be  b o r n e  i n  n i n d  t h a t  t h i s  i s  r a t h e r  l e s s  t h a n  one  

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

y e a r s .  

W i t h  t h e  r a r i t y  o f  t h e  e v e n t ,  i t  does n o t  seem t h a t  i t  w i l l  be 

f e a s i b l e  t o  d e t e r m i n e  w h e t l i e r  t h e  1376 v e r s i o n  o f  FI4VSS 301 - -wh i ch  o n l y  

a f f e c t e d  one model  y e a r  o f  p r o d u c t i o n - - d i f f e r e d  i n  e f f e c t  f r o m  t h e  

p r e v i o u s  v e r s i o n  o f  t h e  s t a n d a r d  o r  f r o m  t h e  f o l l o w i n g  v e r s i o n  o f  t h e  

s t a n d a r d .  To do so  w o u l d  r e q u i r e  n e a r l y  c o m p l e t e  d a t a  o f  h i g h  a c c u r a c y  

a b o u t  c r a s h e s  i n v o l v i n g  1976 mode ls ,  and m i g h t  w e l l  r e q u i r e  a d d i t i o n a l  

d a t a  a b o u t  wh i ch ,  i f  any,  models  had m o d i f i c a t i o n s  t o  t h e i r  f u e l  sys tems 

f o r  1976 p r o d u c t i o n .  T h e r e  i s  no  way t h a t  t h i s  c o u l d  be e v a l u a t e d  \;/!ti: 

e x t a n t  d a t a ,  and i t  w o u l d  p r o b a b l y  b e  p r o i l i b i t i v e l y  e x p e n s i v e  t o  

a t t e m p t .  

Da ta  on  1977 and l a t e r  mode ls  a r e  s p o t t y  and i n c o m p l e t e .  A b e t t e r  



e v a l  u a t i o n  o f  t h e  e f f e c t  o f  F;IVSS 3 0 1 - - c u r r e n t  v e r s i o n - - c o u l  d be 

p e r f o r m e d  !/hen more  d a t a  a r e  a v a i l a b l e  on  c r a s h e s  i n v o l v i n g  t h e s e  

n c d e l s .  Yowever, i r p r o v e n e n t  i n  d a t a  q u a l i t y  i s  a  must  i f  such  an 

e v a l u a t i o n  i s  t o  be d e f i n i t i v e .  

The p o l i c e  a c c i d e n t  d a t a  we re  a  b e t t e r  s o u r c e  o f  d a t a  t h a n  t h e  f i r e  

depa r tmen t  da ta .  O n l y  one s e t  o f  p o l i c e  a c c i d e n t  d a t a  showed a  1 i n e a r  

t r e n d  w i t h  age t h a t  l i as  s i g n i f i c a n t .  S u b s e q u e n t l y ,  t h e s e  d a t a  can  

g e n e r a l l y  b e  a d e q u a t e l y  mode led  w i t h  d i f f e r e n t  mean f i r e  r a t e s  f o r  t h e  

mode ls  c o r r e s p o n d i n g  t o  d ~ f f e r e n t  v e r s i o n s  o f  t h e  s t anda rd .  I f  t h i s  i s  

dcne,  a  ~ e r c e n t  change n u s t  be  used  t c  make d a t a  f r o m  d i f f e r e n t  sou rces  

comparab le .  A f t e r  c a l c u l a t i n g  a  p e r c e n t  change ii passenge r  c a r  c r a s h  

f i r e  r a x e s  by v e r s i o n  o f  t h e  s t a n d a r u ,  t h e  d a t a  \;ere combined u s i n g  a  

w e i g h t e d  mean, T h i s  r e s u l t s  i n  a  cornbined e s t i m a t e  o f  a  16% r e d u c t i c n  

i n  t h e  f i r e  r a t e s  c o r r e s ? o n d i n g  t o  t h e  1968 v e r s i o n  o f  301  and a  f u r t h e r  

14:; r e d u c t i c n  c o r r e s p o n d i  ns t o  t h e  1 a t e r  (1976 and 1977 combined)  

v e r s i o n  o f  FTlVSS 3C1. Frotr  t h e  p r 2 - s t a n d a r d  t o  t h e  c u r r e n t  mode ls ,  a  

25% r e d u c t i o n  i n  t h e  c r a s h  f i r e  r a t e s  was observed .  The d a t a  a r e  n c t  

s u f f i c i e n t  t o  c o n c l u d e  t h z t  t h e  d i f f e r e n c e s  u e r e  caused  by t h e  s t a n d a r d ,  

b u t  no o t h e r  cause  was i d e n t i f i e d .  

A l l  o f  t h e  f i r e  depa r tmen t  d z t a  s e t s  showed a  s i g n i f i c a n t  1  i n e a r  

t r e n d  i n  t h e  f i r e  r a t e s  w i t h  t h e  age o f  t h e  v e h i c l e .  T h i s  i s  more  

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

s d d i t i o n ,  t h e  f i r e  depa r tmen t  d a t a  c o u l d  n o t  b e  i d e n t i f i e d  w i t h  c r a s h e s  

a d e q u a t e l y .  As a  r e s u l t ,  t h e  f i r e  d e p a r t m e n t  d a t a  d i d  n o t  show any 

e f f e c t  o f  FXVSS 301. 

The p o s s i b l e  age e f f e c t  c a n n o t  b e  c o n l p l e t e l y  e l i m i n a t e d .  The b e s t  

way o f  a t t e m p t i n g  t o  d o  t h i s  i n  t h e  f u t u r e  wou ld  be t o  c o l l e c t  s e v e r a l  

y e a r s  o f  d a t a  f r o m  s t a t e s '  p o l i c e  a c c i d e n t  d a t a  t h a t  i n c l u d e  f i r e  a n d / o r  

f u e l  s p i l l a g e  as w e l l  as a  c o n s i s t e n t  d e f i n i t i o n  o f  a  passenge r  c a r  

c rash .  One \/auld t h e n  have  d a t a  on  s e v e r a l  p re -1977  s t a n d a r d  models  and 

on  c u r r e n t  mode ls  f o r  s e v e r a l  d i f f e r e n t  ages o f  t h e  c a r s .  T h i s  n i g h t  

s e ~ a r a t e  an age e f f e c t  f ro in  t h e  s t a n d a r d  e f f e c t .  



A t  ? resent ,  f i r e  department datz a re  not we1 1 suited fo r  
identifying vehicle f i r e s  which resulted from a crash, To identify 

c lear ly  whether a car  f i r e  resulted from a crash biould require a chanse 
in one variable on the :IFIRS form and a corresponding modification of 

the instruct ions.  Horlever, in order t o  obtain good data,  more a t tent ion  

t c  careful corcpletion of the form by the local f i r e  departrents  ~iould be 

required. The c l a r i f i c a t i o n  t o  ident i fy  which car  f i r e s  iiere associated 
vrith a crash should be suggested t o  the  Fire Administratioc. Insistence 

o n  the data qua1 i t y  and assurance tha t  the model year of the vehicle i s  
obtained should also be suggested. Even with these modifications, f i r e  

department data would not contain any information about the nature of 
the  crash. Such data are  ir;i?ortant, s ince the  severi ty of the crash i s  

a very important fac tor  in the r isk of crash f i r e .  Adding such 

information to  the  f i r e  reports  vlould be too ~ u c h  cf a burden on the  

system and r~ould 1 ikely r e su l t  in very poor da ta ,  a n d  so i s  not 
recommended. I t  might be ~ o s s i b l e  t o  arrange a survei l lance system 

which would ident i fy  crash f i r e s  fo r  invest igat ion t h r o u g h  f i r e  
departments, and t h i s  m i  g i l t  be considered. 

Host pol i ce  accident reporting fornls do not include infomation 
about occurrence of a crash f i r e .  Even ~ihen such a variable i s  present, 
i t  typica l ly  only notes the  presence of f i r e ,  nct whether fuel ;.,as 

involved, the  extent of the f i r e ,  whether i t  resulted in any additional 

in ju r i e s ,  etc.  I t  i s  recommerlded tha t  a variable L O  ident i fy  f i r e  in 

crashes be suggested f o r  addition t o  standard accident rerort ing forms. 

iiowever, col lec t ion  of the de ta i led  infcnnation should not be attempted 

on general accident reporting forms. The event i s  too rare. Such an 

attempt would resu l t  in wasted e f fo r t .  The best approach vrould be a 

surveil lance type of system t o  ident i fy  a l l  the crash f i r e s  fo r  fu r the r  

invest igat ion.  Such a system w u l d  provide the infcrrnation tha t  nc f i r e  

occurred f o r  non-fire crashes,  which could be sampled f o r  nore in-depth 

invest igat ions.  

The pol ice  accident reporting system provides potential ly be t t e r  
data on crash f i r e s  than the f i r e  departinent data,  b u t  requires 
improvements t o  reduce the missing data in order t o  consider events 



1,ihich cccur in only oce case per thousand. A l inking of the  police a n d  

f i r e  d e ~ a r t n e n t  data would be advantageous--the ,zolice d a t a  provide 

information about the crash ,  ldhile the  f i r e  department dzta provide 

infomat ion abo i ; t  the f i r e  (where i t  or iginated,  iihetker fuel or  

e l ec t r i ca l  , etc . )  

The best hope f o r  a  re1ati1/ely short-term pore de f in i t ive  

evaluation ~ o u l  d be with a  nore in-depth accident i  ~ v e s t i g a t i o t l  e f f o r t  

such as the  l lCSS or  the  / !ASS.  While there \,iould be re l a t ive ly  few f i r e s  

found, the d a t a  o n  each crash a n d  each f i r e  siiobld be of su f f i c i en t  

a c a l i t y  a n d  de ta i l  t o  permit sone conclusions t o  be dra!iv. There would 

probably no t  be e~ough  f i r e s  t o  permit consideraxion of f i r e  r a t e s  

separately by each nodel ;/ear. Thus the inherent confounding between 

age of vehicle a n d  version of the  standard could not be resolved. 

Hotiever, the de ta i l  present could a s s i s t  in invest i2at ing the 

r e l a t ionsh i?  bebeen f i r e  and a c:ide variety of crash events ,  and could 

be used t o  scii;e extent t o  cornpare models b u i l t  under various \fersions of 

the  staridarb. 



APPENDIX A 

The Michigan f i r e  data were obtained from tapes sent from the Michigan 

Sta te  Fire Marshal 1 ' s  o f f ice .  The surrogate used t o  determine the number of 

f i r e s  due t o  crashes i s  given below. Any code l i s t e d  for  a given variable 

qual i f ies  for  inclusion. To be included, a case must have one of the l i s t e d  

codes for  each variable l i s t e d .  

'14 Situation Found 

1 .  Fire ,  explosion w i t h  f i r e ,  crash with f i r e  

3.  Zescue, crash 

4. Hazardous condition - gasoline s p t l l  

V35 Mobile Property Classif icat ion 

1 7 .  Car, Automobile 

V41 Area of Origin of Fire 

80. --- 
81 . Mobile, Passenger Area 

82. Mobile, T r u n k  or Load carrying area 

83. Mobile, engine area,  wheels, e tc .  

84. Nobile, Fuel tank 

85. --- 
86 .  --- 
87 .  --- 
88. --- 
89. Mobile, other area 

90. Undetermi ned 

97. Mu1 t i p l e  location 

V46 Equipment involved f n  ignition 

90. Undetermined 

99. Other 

96. Vehicle 

66. internal Combus~ion Engine ' 



'1147 Fom of Heat Causing Ignition 
10. Undeterni nea head from fuel f i  red or powerea object 
1 1 .  Spark from gas fueled equipment 
1 2 .  Heat from Gas fueled equipment 
13. Spark from 1 ?quid fueled equipment 
14. Heat from liquid fueled equipment 
75. Spark from so1 id fueled equipment 
1 5 .  Heat from solid fueled equipment 
1 7 .  Spark from unknown fueled equipment 
1 .  Heat from u n k n o w n  fueled equipment 
19. Other - from fuel f i red  or powered equicment 
51. Heat or spark from f r ic t ion  ( t i r e  overheated) 
53. Undetermined heat from hot object 
49. Other heat frcm open flame or spark 
99. Other heat 

V49 Use o f  Material f i r s t  ignited 
65.  Fuel 
86. Accelerants , gas or 1 i q u i d  

59. Undetemined power t ransfer  equipment or fuel 
90. Undeterflined form of material 
99. Other 

'J50 A c t  or Omission 
41. Fuel spil  led or released accidental l y  

71 . Accident, overturn, knockdown 






