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SUMMARY 

This is an interim report  de ta i l ing  t h e  f indings and r e s u l t s  from 

t h e  f i r s t  y e a r ' s  e f f o r t s  on a projec t  e n t i t l e d  "Evaluation of the  

Effect iveness of Federal Motor Vehicle Safety Standard 301--Fuel System 

I n t e g r i t y ,  Passenger Cars." The projec t  is s p n s o r e d  by the  National 

Highway T r a f f i c  Safe ty  Administration (Contract No: WT-HS-7-01755) . 
The projec t  f i r s t  determined the  a v a i l a b i l i t y  and a p p l i c a b i l i t y  of 

da ta  from severa l  sources. Pol ice  accident da ta  and f i r e  department 

da ta  were considered. A summary of the  da ta  ava i l ab le  and appl icable  by 

each s t a t e  is presented i n  t h e  report  a s  Table 4.1. 

Passenger ca r  f i r e s  following a crash a r e  rare.  However, when they 

do occur, they subs tan t i a l ly  increase the  r i sk  t o  the  occupants and the  

amount of damage. I n  order  t o  evaluate the  FMVSS 301 standard, post- 

crash f i r e  r a t e s  by model year-and hence by version of the  standard- 

were estimated and compared. I n  order  t o  do t h i s ,  da ta  sets must 

provide a minimum amount of information: the  presence o r  absence of 

f i r e  i n  crash and t h e  model year of the  vehicle f o r  accident data;  the  

occurrence o r  non-occurrence of a crash and t h e  model year of the  

vehic le  f o r  f i r e  department data. I n  addit ion,  i n  order f o r  comparisons 

t o  be meaningful, a l a rge  number of f i r e  crashes must be ant ic ipa ted  i n  

each da ta  se t .  This l a s t  considerat ion r e s t r i c t e d  a t t e n t i o n  t o  s ta te-  

wide f i l e s ,  while the  former r e s t r i c t e d  a t t e n t i o n  t o  those which 

contained t h e  required data  elements. 

In  the  report ,  da ta  from t h e  s t a t e s  of I l l i n o i s ,  Washington, 

Missouri, Maryland, Michigan, and N e w  York a r e  considered. I n  addit ion,  

da ta  from a spec ia l  study i n  Cal i fornia  a r e  u t i l i z e d  and preliminary 

da ta  from the  NCSS a r e  mentioned. 

One major finding was t h a t  none of the exis t ing  data  sources is 

adequate t o  d e f i n i t i v e l y  evaluate the  e f f e c t  of FMVSS 301. In  p a r t  this 

is a consequence of the  type of da ta  and the  f a c t  t h a t  information on 

crash f i r e s  is only ava i l ab le  f o r  a t  most a few years, while the  

o r ig ina l  standard went in to  e f f e c t  i n  1968. However, as ide  from the  

known limits of the  data,  t h e  q u a l i t y  was found t o  be q u i t e  low. A l l  

da ta  sources had missing data  r a t e s  on the  key data  elements which were 



much higher than Lle estimated r a t e  of crash f i r e s .  For exmple ,  t h e  

va r i ab le  t o  i f idicate whether a f i r e  occurred i n  a crash might ind ica te  

t h a t  no f i r e  occurred i n  7C.O% of the  crashes, t h a t  a f i r e  d id  occur i n  

0.4% of t h e  crashes,  and be missing f o r  the  remaining 29.6% of the  

crashes. I n  F i r e  department da ta ,  model year  was o f t e n  missing f o r  

20-30% of the  c a r  f i r e s .  Generally, the  assumption has been made t h a t  

t h e  missing data  a r e  unbiased--that they contain the  same d i s t r i b u t i o n s  

of f i r e s  and non-f i r e s  t h a t  the other  da ta  do. This  is probably not  

t r u e ,  but the re  does not seem t o  be much a l t e rna t ive .  

A second major f inding is t h a t  c rash  f i r e s  a r e  rare.  The d i f f e r e n t  

da ta  sources d i sagree  on t h e  proportion of crashes which r e s u l t  i n  

f i r e s .  I n  addi t ion ,  t h e  amount of missing data  makes any such es t imate  

uncertain. The l e v e l  v a r i e s  from a b u t  3 f i r e s  per thousand crashes ( i n  

t h e  I l l i n o i s  da ta )  t o  about 0.3 f i r e s  per thousand crashes  ( i n  

Washington and New York da ta )  . The mst defens ib le  f i g u r e  is about 3 

f i r e s  per thousand towaway crashes from t h e  preliminary data  from t h e  

NCSS. A frequency of about one f i r e  per  thousand pol ice  reported 

crashes seerns a reasonable est imate,  although, a s  mentioned, t h e  m i s s i ~ g  

data  rake t h i s  uncertain.  

A t h i r d  major f inding is t h a t  the  crash f i r e  r a t e s  a r e  lower i n  the  

more recent  models. This  e f f e c t  is apparent cons i s t en t ly  i n  a l l  of the  

da ta  sets. However, i n  some of the  smaller da ta  s e t s ,  t h e  r a t e s  a r e  not 

s i g n i f i c a n t l y  d i f f e r e n t  from a constant  r a t e  f o r  each model year of car .  

I t  is not poss ib le  t o  a s c r i b e  these  lower crash f i r e  r a t e s  in  newer 

models d i r e c t l y  t o  the  more s t r i n g e n t  versions of FMVSS 301, o r  even t o  

any vers ion  of FMVSS 301. The data  genera l ly  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  r a t e s  could be due t o  a gradual de te r io ra t ion  of the  c a r  with 

age. I t  is poss ib le  t h a t  the  lower r a t e s  f o r  newer inodels could be due 

t o  yearly improvements i n  t h e  f u e l  system i n  response t o  the  ea r ly  

version of FMVSS 301 o r  i n  an t i c ipa t ion  of the  more s t r i n g e n t  versions 

of M V S S  301 l a t e r .  The da ta  a r e  not adequate t o  d i s t ingu i sh  between 

these  a l t e rna t ives .  
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INTRODUCTION 

This is an interim repor t  d e t a i l i n g  t h e  f indings and r e s u l t s  from 

t h e  f i r s t  yea r ' s  e f f o r t  on a p ro jec t  e n t i t l e d  "Evaluation of the  

Effect iveness of Federal Motor Vehicle Safety Standard 301--Fuel System 

I n t e g r i t y ,  Passenger Cars." The projec t  is sponsored by t h e  National 

Highway T r a f f i c  Safe ty  Administration (Contract no. Em-HS-7-01755). 

Passenger ca r  f i r e s  following a crash a r e  r a re  events. However, 

when they do occur, they a r e  spectacular  and po ten t i a l ly  l e t h a l ,  and a s  

a consequence, p a r t i c u l a r l y  newsworthy. I n  an e f f o r t  t o  reduce the  

f a t a l i t i e s  and i n j u r i e s  associated by post-crash f i r e s ,  the  FMVSS 301 

was formulated. The o r i g i n a l  version of the  standard became e f f e c t i v e  

on January 1, 1968. Subsequently the  requirements of the  standard 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 m d e l  year passenger c a r s  and 

more recently modified again f o r  t h e  1977 model year passenger cars .  

These l a t t e r  versions of the  standard were broadened t o  include l i g h t  

t rucks.  However, t h i s  repor t  restricts a t t e n t i o n  t o  passenger cars .  

The purpose of t h i s  report  is t o  est imate any changes i n  post-crash 

passenger ca r  f i r e s  which may have occurred a s  a r e s u l t  of the  standard 

i n  its various forms. P rac t i ca l  considerat ions have reduced t h i s  

est imate of the  ef fec t iveness  of the  standard t o  est imating the  post- 

crash f i r e  r a t e s  experienced by d i f f e r e n t  m d e l  year passenger ca r s  i n  

recent  years '  crashes. By attempting t o  r e l a t e  observed d i f ferences  in  

the  post crash f i r e  r a t e s  t o  t h e  standard,  one can obta in  a measure of 

the  s tandard ' s  e f fec t iveness .  



2. APPROACH 

The general  approach t o  es t ina t i r .g  t h e  e f f e c t  t h a t  FMVSS 301 has 

had on passenger ca r  post-crash f i r e s  is t o  t r y  t o  determine the  r a t e  of 

occurrence of post-crash f i r e s  in acc idents  involving c a r s  of d i f f e r e n t  

model y e a r ' s  manufacture. These f i r e  r a t e s  by model year  a r e  then 

re la t ed  t o  t h e  vers ion  of the  standard i n  e f f e c t  a t  the  time of the  

c a r ' s  manufacture. The d i f fe rences  which a r e  found m y  be a t t r i b u t a b l e  

t o  the  e f f e c t s  of the  standard. 

There a r e  a number of complications t o  t h i s  method, of course. I t  

is p s s i b l e  t h a t  any observed l i i fferences may be due t o  a number of 

f a c t o r s  instead of o r  i n  addi t ion  t o  t h e  standard. Attempts were made 

t o  iden t i fy  such confounding fac to r s .  ' hen  they were found, t h e  

magnitude and presumed d i r e c t i o n  of t h e  b i a s  they introduce was 

estimated. To the  extent  t h a t  t h i s  could be done, then these  f a c t o r s  

were adjusted f o r  o r  cont ro l led  f o r  i n  an attempt t o  remove t h e i r  

influence from the  d i f fe rences  i n  f i r e  ra tes .  I t  may well be t h a t  not 

a l l  of these  p o t e n t i a l  confounding f a c t o r s  were eliminated. I n  t h a t  

case,  d i f ferences  i n  f i r e  r a t e s  may be re la ted  t o  the  standard o r  t o  t h e  

confounding fac to r s ,  o r  both. 

2.1 Evolution of the  Standard -- 

The f i r s t  version of FMVSS 301 went in to  e f f e c t  on January 1, 1968. 

I t  ca l l ed  fo r  the  f u e l  systems t o  r e t a i n  t h e i r  i n t e g r i t y  (not  leak f u e l )  

a f t e r  a crash and a f fec ted  t h e  f u e l  tank, f i l l e r  pipe, and f u e l  l i n e  

connections. Compliance was t o  be judged o r  demonstrated by a 30 miles 

per  hour perpendicular f r o n t a l  crash in to  a f ixed b a r r i e r  following 

which fue l  leakage was t o  be l e s s  than one ounce per  minute. 

The FMVSS 301 was u ~ r a d e d  e f f e c t i v e  with the  1975 model year of 

passenger ca r s ,  following some postponements of  the  i n i t i a l l y  proposed 

e f f e c t i v e  date.  The main change i n  the  standard was t h a t  following a 30 

mph f r o n t a l  b a r r i e r  c rash ,  the  ca r  should not leak more than the  one 

ounce per minute in  any of four f i n a l  r e s t ing  positions--on its wheels, 

on its roof, o r  on e i t h e r  s ide .  

The current  version of the  standard was e f f e c t i v e  f o r  the  1977 

model year vehicles.  I n  addi t ion  t o  the  previous requirements, the  



cur ren t  version s p e c i f i e s  t e s t i n g  i n  two a l t e r n a t i v e  modes-moving 

b a r r i e r  r ea r  c o l l i s i o n  and angle s i d e  impacts. Following any of t h e  

c o l l i s i o n  types, t h e  vehic le  should not leak m r e  than the  one ounce per  

minute i n  any of the  four r e s t ing  posi t ions.  The 1976 and 1977 vers ions  

of t h e  standard a l s o  covered more vehic les  than t h e  1968 version. I n  

addi t ion ,  t h e  d e t a i l s  of the  t e s t i n g  procedure a r e  somewhat d i f f e r e n t  

and more completely speci f ied .  Exact d e t a i l s  of the  standard i n  its 

th ree  vers ions  may be found i n  32 F.R. 2416, February 3, 1967, 38 

F.R. 22397, August 20, 1973, and 40 F.R. 48352, October 15,  1975, 

respect ive ly  . 
2.2 Timing of Design Changes - 

Although the  da tes  of t h e  s tandard ' s  three  versions a r e  given 

above, i t  is not c l e a r  whether these  da tes  a r e  a c t u a l l y  the  da tes  when 

c a r s  f i r s t  met the  standards.  In f a c t ,  i t  seems q u i t e  unl ike ly  t o  be 

so. I t  seems genera l ly  accepted t h a t  most passenger cars--at l e a s t  

those made i n  t h e  U.S.--required l i t t l e  o r  no modification i n  order  t o  

comply with t h e  f i r s t  vers ion  of the  standard. I f  a make o r  model did 

requi re  some modification i n  order  pass the  t e s t  spec i f i ed  i n  the  1968 

vers ion  of the  standard,  such a modification would almost su re ly  have 

been introduced with the  f i r s t  of the  new (1958) model year  r a the r  than 

i n  the  midst of the  model year  ( f o r  those cars  b u i l t  a f t e r  January 1, 

1968). Thus, i t  is a reasonable assumption t h a t  the  f i r s t  version of 

the  standard was a c t u a l l y  e f f e c t i v e  f o r  the  e n t i r e  1968 model year 

r a the r  than beginning on January 1, 1968. This is for tunate ,  s ince  

ident i fy ing t h e  d a t e  of manufacture of a c a r  i n  ex i s t ing  data  is next t o  

impossible. 

Since the  l a t e r  versions of the  standard were postponed from 

proposed e a r l i e r  e f f e c t i v e  dates ,  i t  is possible t h a t  some manufacturers 

u ~ r a d e d  the  f u e l  systems of some models t o  meet the  ant ic ipa ted  

standard i n  advance of the  d a t e  t h a t  was f i n a l l y  es tabl i shed.  Again, 

one would expect ca r  makers t o  modify models (when such modifications 

were needed t o  meet the  standard) a t  the  time when other  design changes 

o r  s t y l i n g  changes were t o  be incorporated. One would hope t h a t  such 

modifications would pre-date  the  ac tua l  e f f e c t i v e  d a t e  of the  standard. 

However, i t  is poss ib le  t h a t  i f  i t  was border l ine  o r  quest ionable 



whether a p a r t i c u l a r  model would meet Lle standard,  and i f  t h a t  model 

was t o  have major design changes shor t ly  a f t e r  the  ant ic ipa ted  e f f e c t i v e  

da te  of a new version of the  standar6,  t h a t  any modifications t o  t h a t  

model might be postponed u n t i i  t h e  scheduled model change. I t  should be 

emphasized t h a t  the re  is no evidence t h a t  t h i s  was the  case ,  i t  is 

merely a p o s s i b i l i t y .  

To the  extent  t h a t  such phasing i n  of models which complied with 

t h e  new standard took place, any e f f e c t s  of the  standard would appear a s  

a reduction i n  f i r e  r a t e s  over two o r  th ree  years r a the r  than a sudden 

drop i n  f i r e  r a t e s  coincident  with the  timing of the  standard. 

2.3 Dif ferent  Effec ts  - of Standard Revisions & Crash 
Severi tv. 

The standard s p e c i f i e s  performance i n  terms of crash t e s t s  a t  30 

mph ( l a t e r  versions have some t e s t s  a t  20 mph). A s  always, the re  is 

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  crash a t  30 mph t o  an equivalent  crash 

i n  a r ea l  t r a f f i c  s i tua t ion .  Bowever, a 30 rnph b a r r i e r  crash should be 

approximately equivalent  t o  a d e l t a  V of 30 rnph i n  a f ron t s1  co l l i s ion .  

Preliminary data  from t h e  NCSS (National Crash Severi ty Study) (O'Day, 

e t .  a l . ,  1978, p. 59) shows t h a t  an estimated 90+ % of tow-away crashes 

have a ca lcula ted  d e l t a  V of l e s s  than 30 mph. The re la t ionsh ip  of the  

20 mph t e s t i n g  modes t o  d e l t a  V is l e s s  c l ea r .  However, an estimated 

80+ % of the  towaway crashes had calculated d e l t a  V ' s  l e s s  than 23 mph. 

Thus, the  speeds speci f ied  i n  the  standard would seem t o  encompass most 

of the  crashes which a r e  observed i n  prac t ice .  (The non-tcwaway crashes 

would typ ica l ly  occur a t  lower speeds than the  towaways.) 

I t  should be noted, however, t h a t  the re  w i l l  s t i l l  be some crashes 

a t  low speeds which w i l l  r e s u l t  i n  f u e l  leakage, and, possibly,  in  f i r e .  

On the  o ther  hand, many of the  crashes a t  higher speeds w i l l  not r e s u l t  

i n  e i t h e r  f u e l  leakage or  f i r e .  The chance of fue l  s p i l l a g e  i n  an 

accident  increases with the  s p e d  of impact. P r e s m b l y  the re  is not a 

sudden increase a t  the  s p e d  speci f ied  i n  the  standard,  but a nore o r  

l e s s  continuous one. 

The key p i n t  t o  keep i n  mind is t h a t  the  po ten t i a l  e f f e c t  of the  

standard is t o  a f f e c t  d i f f e r e n t  crashes d i f f e r e n t l y  depending on the  

speed of impact o r  the energy i n  the  crash. The standard should reduce 



t he  chance of fue l  s p i l l a g e  i n  "low" s p e d  crashes ( those  below t h e  

limits speci f ied  i n  the  crash t e s t ) ,  but may do l i t t l e  i f  anything t o  

the  chance of f u e l  s p i l l a g e  i n  high speed crashes, The e f f e c t  i n  the  

crash population is then dependent on the  mix of speeds a s  well  a s  on 

the  ef f icacy of the  standard a t  each speed. Thus, the  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 up a t r u e  e f f e c t  o r  suggest one which 

does not ac tua l ly  e x i s t .  

2.4 Age Effec t s  

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

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

d i f f e r e n t  versions of the  standard were of d i f f e r e n t  ages when t h e i r  

accidents  occurred. I t  is conceivable t h a t  the  aging of a c a r  r e s u l t s  

i n  the  de te r io ra t ion  of its fue l  system and mkes it more l i k e l y  t o  

s p i l l  fue l  i n  a crash. To the  extent  t h a t  t h i s  is so ,  age is a f a c t o r  

confounded with the  e f f e c t  of the  standard. I t  cannot be completely 

separated,  but  the  f a c t  t h a t  the  1968 version of the  standard has 

vehicles of severa l  model years  (and hence ages) provides the  

opportunity t o  est imate whether aging is a f ac to r .  I f  i t  is, then one 

may attempt t o  model i t  a s  a smoothly increasing probabi l i ty  of pst- 

crash f i r e  and look fo r  poss ib le  e f f e c t s  of the  standard above the  

s m o t h  trend seen i n  the  r a t e s  a s  functions of the  age of the  vehicle. 

2.5 Rari ty of Crash-Related F i res  - 

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

they of ten  r a t e  considerable news coverage. This  a t t e n t i o n  may m k e  

them seem t o  be more frequent than they ac tua l ly  are.  The d i f f e r e n t  

da ta  sources invest igated i n  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 t h e  s t a t e  of I l l i n o i s  

show an overa l l  average r a t e  of 1.954 f i r e s  per thousand crashes ( i f  

missing data on f i r e s  a r e  assumed t o  be non-fires) over a two year 

period. On the  other  hand, da ta  from Washington s t a t e  show a two-year 

average r a t e  of 0.375 f i r e s  per thousand crashes. Data from New York 

est imate a crash f i r e  r a t e  of 0.288 per thousand crashes. I t  should be 

noted t h a t  i n  a l l  these  da ta  s e t s  the  proportion of missing data  is much 

l a rge r  than the  estimated f i r e  ra tes .  Perhaps the  bes t  ( i n  t e rns  of 

da ta  qua l i ty )  est imate of crash f i r e  r a t e s  comes from t h e  preliminary 



data  of the  NCSS. Based on the  preliminary data  reported i n  O'Day 

e t .  a l .  (1978), an estimated crash f i r e  r a t e  of 3.137 f i r e s  per thousand 

tow-away crashes is obtained. I t  should be noted t h a t  t h i s  r e f e r s  t o  

tow-away crashes,  while t h e  o ther  es t imates  r e f e r  t o  a l l  po l i ce  reported 

crashes. While it  is not  known exactly how many pol ice  reported crashes 

occurred i n  the  NCSS sites during t h e  period when the  tow-away data  were 

col lec ted ,  t h e  number of non-tow-away crashes was l a r g e r  than the  number 

of tow-away crashes. Presumably the  f i r e  r a t e  i n  non-towaway crashes is 

nearly zero-much lower than i n  t h e  tow-away population. I n  f a c t ,  t h e  

occurrence of a post-crash f i r e  would l i k e l y  r e s u l t  i n  damage which 

would requi re  t0wir.g even i f  o the r  damage i n  the  crash d i d  not. 

In  any event,  it is c l e a r  t h a t  t h e  occurrence of p s t - c r a s h  f i r e s  

is q u i t e  a r a r e  event. They occur a t  the  r a t e  of a t  most about t h r e e  

f i r e s  per thousand towaway crashes,  and perhaps about one o r  less f i r e  

per  thousand po l i ce  reported crashes. 

Although post-crash f i r e s  a r e  r a r e  i n  general  acc ident  da ta ,  they 

a r e  much more frequent  among f a t a l  accidents.  Data from the  Fa ta i  

Accident Reporting System (FARS) show t h a t  i n  f a t a l  acc idents ,  somewhere 

between two and t h r e e  percent  of the  acc idents  which resul ted  i n  a death 

involved a post-crash f i r e .  Pos t  crash f i r e s  increase the  chance of a 

f a t a l i t y .  I n  addi t ion  t o  the  i n d i r e c t  evidence from t h e  FARS, t h e  

f a t a l i t y  r a t e  i n  ca r s  involved i n  post-crash f i r e s  i n  Washington was 

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

0.0034 persons k i l l e d  per  vehicle. O f  course, the  crashes in  which f i r e  

occurred were more severe crashes than those without f i r e ,  so  i n  p a r 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 h e  add i t iona l  

hazards posed by t h e  f i r e .  

The r a r i t y  of the  pos t  c rash  f i r e  event m k e s  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 ,  t h e  f i r e  r a t e s  d i f f e r  by near ly  a f a c t o r  

of ten  i n  da ta  from d i f f e r e n t  sources. Al+mst a l l  da ta  sources have 

missing data  r a t e s  (on the  f i r e  va r i ab le ,  o r  on the  model year  va r i ab le )  

which a r e  much l a r g e r  than the  ca lcula ted  f i r e  ra tes .  Thus, i f  missing 

da ta  a r e  associated with f i r e s ,  very i a rge  biases could be present  i n  

t h e  estimated ra t e s .  



3. METHODS 

nJo general  types of 2a ta  s e t s  were expected t o  be useful  i n  t h i s  

study. One type of da ta  includes a l l  t h e  crashes i n  a given 

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

i n  addi t ion ,  i d e n t i f i e s  which of those crashes resul ted  i n  a post-crash 

f i r e .  An example of t h i s  s o r t  of da ta  s e t  is the  po l i ce  accident  da ta  

from the  s t a t e  of I l l i n o i s .  These da ta  can be used t o  c a l c u l a t e  f i r e  

r a t e s  ( t h e  numerator is a proper subset  of the  denominator). 

The second general  type of da ta  encountered c o n s i s t s  of da ta  about 

crash  f i r e s  from one source, and data  about crashes from another source. 

This is the  case i f  f i r e  department records a r e  used t o  determine t h e  

crash f i r e s  i n  passenger ca r s  by model year ,  while po l i ce  accident  da ta  

a r e  used t o  give t h e  n d e r  of passenger ca r  crashes by model year. 

Data from the  s t a t e  of Michigan a r e  of t h i s  type, These data  can be 

used t o  c a l c u l a t e  f i r e  r a t i o s  ( t h e  numerator is not necessar i ly  a subset  

of t h e  denominator). 

The advantage of the  f i r s t  type of da ta  is t h a t  they include the  

same d e f i n i t i o n  of crash whether o r  not a f i r e  occurs. In  addi t ion ,  t h e  

v a r i a b i l i t y  associa ted  with a r a t e  is genera l ly  smaller than t h a t  of a 

r a t i o .  The disadvantages of the  second type a r e  the  l a r g e r  v a r i a b i l i t y  

(minor) , and m r e  se r ious ly ,  t h e  f a c t  t h a t  the  d e f i n i t i o n  of crash in  

t h e  f i r e  da ta  may d i f f e r  s u b s t a n t i a l l y  from t h a t  i n  t h e  po l i ce  accident  

data.  These disadvantages a r e  o f f s e t  by some other  considerat ions.  

F i r s t ,  f i r e s  may not be reported i n  accident  data. Then using da ta  of 

the  second type can add s i g n i f i c a n t l y  t o  t h e  t o t a l  amount of da ta  

ava i l ab le  f o r  study. Second, s i n c e  f i r e s  a r e  a r a re  event,  a system 

which repor ts  a l l  o r  near ly  a l l  of the  f i r e s  my be advantageous. 

Unfortunately, f i r e  department da ta  cons i s t s  predominantly of non-car 

f i r e s .  Vost of the  da ta  elements were designed with f i r e s  occurring i n  

f ixed property i n  mind, so  t h a t  da ta  about the vehicle a r e  q u i t e  

l imi ted ,  and da ta  about the  accident  a r e  a l m s t  non-existent. Further,  

s ince  c a r  f i r e s  a r e  a small por t ion  of the  f i r e  da ta ,  da ta  q u a l i t y  

problems e x i s t .  These include problems of missing data  and inaccurate 

da ta  a s  well a s  quest ions a b u t  completeness of report ing.  



3.1 Pol ice  Accident Data Which Report F i r e  -- - 
For a v a r i e t y  of reasons, i t  is b e t t e r  i f  a l l  d a t a  come from t h e  

same data  system. I n  addi t ion  t o  a l l e v i a t i n g  data  q u a l i t y  problems by 

reducing them t o  a s i n g l e  system, i n t e r p r e t a t i o n  of the  r a t e s  is more 

d i r e c t  when the  da ta  come from a s i n g l e  s e t .  In some s t a t e s ,  t h e  po l i ce  

accident  da ta  records the  occcrrence o r  no.-occurrence of a f i r e  i n  each 

po l i ce  reported crash. In  I l l i n o i s ,  t h e  pol ice  accident  repor t  form 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 vehic le  involved 

i n  a crash s ince  1975. The data  from New York repor t  f i r e  a s  one of Lle 

poss ib le  "second adverse events" i n  a crash. Since many crashes- 

p a r t i c u l a r l y  t h e  more severe ones i n  which f i r e s  a r e  more l i k e l y  t o  

occur-involve mult iple c o l l i s i o n s ,  t h i s  could r e s u l t  i n  severe under- 

report ing a s  f i r e s  would have t o  compete with second c o l l i s i o n s  f o r  

recording. However,the ins t ruc t ions  requi re  t h a t  i f  a f i r e  occurs, i t  

takes  precedence over any o the r  second adverse events.  Thus, i f  t h e  

ins t ruc t ions  a r e  followed, t h i s  va r i ab le  should be a va l id  ind ica to r  of 

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

mul t ip le  response va r i ab le  with f i r e  a s  one of the  responses f o r  

addi t ional  adverse events. Up t o  t h r e e  addi t ional  events  a r e  coded. 

Data about f i r e s  a r e  abs t rac ted  from t h e  na r ra t ive  of t h e  po l i ce  report  

and then coded a t  t!!e s t a t e  l eve l .  Thus, these  f i r e s  would only be 

reported i f  they were s i g n i f i c a n t  and reccrded by the  inves t iga t ing  

o f f i c e  i n  h i s  narra t ive .  

A v a r i e t y  of l e v e l s  of f i r e  r e p o r t i q  a r e  found among po l i ce  

accident  data. I t  should be noted, t h a t  t o  be useful ,  t h e  pol ice  da ta  

must a l s o  contain t h e  model year  of t h e  car  a s  well  a s  whether o r  not a 

f i r e  occurred. A number of pol ice  accident  da ta  s e t s  included non-crash 

f i r e s .  This  was recorded i f  a pol ice  o f f i c e r  stopped t o  a s s i s t  a 

motorist  whose ca r  had cauqht on f i r e  without being involved i n  a crash 

(from a c a r h r e t o r  f i r e ,  wiring, e t c . ) ,  Such incident  repor ts  do not 

involve crashes. They appear t o  be more z o m n  than crash f i r e s ,  but 

genera l ly  r e s u l t  only i n  property dmage and a r e  the  r e s u l t  of 

mechanical problems ra the r  than accidents .  

3.2 F i r e  Department Data 



The National  F i r e  Administration (NFA) c o l l e c t s  da ta  f rom severa l  

s t a t e s '  f i r e  departments. These da ta  a r e  col lec ted  on a uniform form 

and use common ins t ruc t ions  and de f in i t ions .  The co l l ec t ion  of these  

s t a t e  da ta  f i l e s  forms the  National F i r e  Incident  Reporting System 

(NFIRS) . This is t h e  l a r g e s t  s e t  of da ta  from f i r e  departments, 

3.2.1 I d e n t i f i c a t i o n  -- of Crash Fi res .  Unfortunately f o r  t h e  

purpose of evaluat ing FMVSS 301, t h i s  da ta  s e t  (NFIRS) does not  c l e a r l y  

iden t i fy  a f i r e  inc ident  involving a motor vehic le  with a crash o r  

t r a f f i c  accident  involving t h a t  motor vehicle. Some information is 

avai lable ,  which indica tes  vehic le  f i r e s  which a r e  l i k e l y  t o  have 

resul ted  from crashes. For example, t h e  va r i ab le  " i g n i t i o n  fac to r"  has 

one code value (code 71) f o r  " c o l l i s i o n ,  overturn, knockdown", which 

would appear t o  include motor vehic le  crashes. However, t h i s  comes 

under the  general  category of opera t ional  deficiency.  An a l t e r n a t i v e  

general  category which might apply is "mechanical f a i l u r e ,  malfunction." 

Several o ther  codes could be used f o r  ign i t ion  f a c t o r  f o r  f i r e s  

resul t ing  from a motor vehic le  crash ,  f o r  example, "$1--fuel s p i l l e d ,  

released acc iden ta l ly ,  51--part f a i l u r e ,  leak o r  break, 53--manual 

cont ro l  f a i l u r e ,  61--design deficiency,"  a s  well  a s  a number of general  

ca tegor ies  such a s  "70--operational deficiency,  i n s u f f i c i e n t  information 

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 r e l a t i v e l y  l a rge  number of the  cases. They 

include some of the  crashes but  many o the r ,  non-crash events. Other 

va r i ab les  could g ive  supporting information toward deciding i f  a f i r e  

resul ted  from a crash, f o r  example, t h e  area  of f i r e  o r ig in ,  t h e  form of 

hea t  of ign i t ion ,  t h e  type of mater ia l  igni ted ,  t h e  locat ion.  

3.2.2 Development --- of a Crash Surrogate. To determine how 

accura te  o r  inaccurate i d e n t i f i c a t i o n  of a c a r  f i r e  a s  r e su l t ing  from a 

crash  was, t h r e e  months' of da ta  from the  Michigan f i r e  da ta  were 

obtained a s  hard copies of the  o r i g i n a l  da ta  forms. There were 

approximately 62,700 £ o m ,  each containing t h e  record of a " f i r e  

incident ."  These were reviewed manually t o  s e l e c t  those which involved 

passenger c a r s  and f i r e ,  r e su l t ing  i n  approximately 7,846 f i r e s  

involving passenger cars .  These were read and based on t h e  coded 

values, the  wr i t t en  e n t r i e s ,  and t h e  optional  na r ra t ives ,  were 



c l a s s i f i e d  a s  having d e f i n i t e l y  resul ted  from a crash,  having not 

resul ted  from a crash,  a poss ib le  crash,  o r  unknown. There were 55 

cases  which could d e f i n i t e l y  be iden t i f i ed  a s  r e su l t ing  from a crash,  

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

probably non-crashes. Various combinations of the  va r i ab les  in  the  

computerized da ta  f i l e  were t r i e d  t o  s e e  which d id  t h e  bes t  a t  

ident i fy ing the  crash f i r e s  while excluding t h e  non-crashes. I n  

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

i n  the  computer f i l e  could be matched with the  hard copies. Most of the  

promising surrogates  iden t i f i ed  3 t o  6 cases  from t h e  computer f i l e  

which were not located i n  t h e  hard copies. 

There were 5 surrogate  combinations which d id  a b u t  the  same a t  

ident i fy ing crash f i r e s  i n  t h e  f i r e  department data.  These d i f fe red  

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

usually d i f f e r i n g  only by the  inclusion of one addi t ional  code value. 

The one se lec ted  a s  bes t  iden t i f i ed  52 cases  frcm the  computer f i l e .  Of 

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

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

surrogate  iden t i f i ed  24 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 o the r  combinations of va r i ab les  did s l i g h t l y  d i f f e r e n t l y ,  i t  

was not poss ib le  t o  f ind  s u b s t a n t i a l l y  m r e  of the  crashes  without 

including an unacceptably l a rge  number of non-crashes. For example, in  

order  t o  include 34 of  the  55 crashes,  100 non-crashes would 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 

da ta  is q u i t e  d i f f i c u l t .  We have used t h e  surrogate  va r i ab le  f o r  the  

Michigan data ,  s i n c e  i t  is somewhat b e t t e r  than jus t  using t h e  code 71- 

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

i n  o the r  f i r e  department data.  I d e n t i f i c a t i o n  of the  f i r e  with a crash 

i n  those da ta  is s inp ly  by t h e  most l i k e l y  code-71. This  w i l l  r e s u l t  

i n  the  inclusion of some not-crash c a r  f i r e s  and w i l l  exclude some c a r  

f i r e s  which resul ted  from crashes. However, the  s i z e  of t h i s  

discrepancy is not known. I t  is l i k e l y  t o  d i f f e r  f o r  each s t a t e ' s  da ta ,  

s ince  the  da ta  a r e  col lec ted  by l o c a l  f i r e  departments i n  each s t a t e  and 

assembled by the  s t a t e  F i r e  Marshall 's  o f f i ce .  The exact  d e f i n i t i o n  of 



t h e  surrogate used in  the  Michigan data  is given i n  Appendix A. 

Analytic Methods 

Although there  a r e  two general types of da ta  sources, the  basic 

ana ly t i ca l  techniques a r e  s i m i l a r  f o r  both. The analys is  cons i s t s  of 

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

these  estimated ra tes .  These crash f i r e  r a t e s  a r e  ( a t  a minimum) 

estimated separately f o r  each model year back t o  about 1961. The r a t e s  

a r e  then analyzed t o  look f o r  aging e f f e c t s  within versions of the  

standard, and d i f ferences  among d i f f e r e n t  versions of the  standard. 

When pss ib le - in  pol ice  accident data-rates a r e  calculated and 

analyzed by o ther  var iables  a s  well. Examples include type of crash,  

posted speed l i m i t ,  e tc .  Even i n  the  l a r g e s t  da ta  s e t s ,  the  r a r i t y  of 

f i r e s  mkes  the  data  too tenuous t o  include many var iables  ( i n  addit ion 

t o  model year)  a t  once. Hence, i t  is d i f f i c u l t  t o  look fo r  in terac t ions  

among the  various variables.  

3.3.1 Defini t ion - and Calculat ion of Crash F i r e  Rates. For data --- 
which come from t h e  same reporting system, the  d e f i n i t i o n  of crash f i r e  

r a t e s  is straightforward. One simply determines the number of f i r e s  

fo r ,  say, a given model year,  and the  number of vehicles of t h a t  model 

year ,  involved i n  crashes,  and divides the  number of vehicles involved 

i n  crashes which caught on f i r e  by the  t o t a l  number of such vehic les  

involved i n  crashes. These r a t e s  may be calculated separa te ly  f o r  each 

model year of vehicle,  f o r  types of crashes, o r  f o r  ca tegor ies  of o ther  

var iables  i n  the  data.  Because of the  r a r i t y  of the f i r e s ,  i f  one 

ca lcu la tes  these  r a t e s  fo r  combinations of o ther  variables,  the  r a t e s  

become unrel iable.  That is, the  numerator becomes e i t h e r  zero o r  one o r  

two, so t h a t  l i t t l e  information is gained. 

An a l t e r n a t i v e  t o  using the  number of crashes a s  the  denominator 

would be t o  use the  number of registered vehicles a s  the  denominator. 

One would then have a r a t e  of crash f i r e s  per registered vehicle rather  

than of f i r e s  per crashes. While the  r a t e  of f i r e s  per registered 

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



re levant  t o  FbrJSS 301, and is the  r a t e  of choice. The two r a t e s  a r e  

highly re l a t ed ,  t h e  crash f i r e s  per regis tered  vehic le  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  is t h a t  

used i n  t h i s  study. 

When t h e  data  on f i r e s  come from t h e  f i r e  department records while 

the  accident  da ta  come from po l i ce  department records, the  d e f i n i t i o n  of 

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

crashes would s t i l l  be preferred.  However, with the  d i f f i c u l t y  of 

ident i fy ing crashes among the  f i r e  departrient records of c a r  f i r e s ,  t h i s  

r a t i o  is open t o  question. .4 number of a l t e r n a t i v e s  were considered. 

One a l t e r n a t i v e  would be t o  use a l l  c a r  f i r e s  divided by the  number 

of regis tered  vehicles.  Such a r a t e  would be ca lcula ted  f o r  each model 

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

t h e  crash--if the re  was one-further subdivision of the  r a t e s  is not 

possible. The r a t i o n a l e  f o r  t h i s  r a t e  is t h a t  i f  FMISS 301 improved the  

i n t e g r i t y  of t h e  f u e l  system, t h i s  may well have had t h e  e f f e c t  of 

reducing t h e  l ike l ihood of c a r  f i r e s  i n  general ,  not j u s t  those which 

r e s u l t  from a crash. There a r e  a number of r e f i ~ e m e n t s  of t n i s  r a t e  

which would appear useful .  Arson and suspected arson cases should be 

eliminated a s  i r r e l evan t .  I n  addi t ion ,  cases which do not involve f u e l  

should be eliminated. While el imination of t h e  arson cases is f a i r l y  

r e l i a b l e ,  when o the r  types of f i r e s  a r e  considered-electr ical  versus 

fuel-fed, f o r  example, one encounters l a rge  amounts of missing data.  

That is, should one only include f i r e s  f o r  which fue l  is given a s  the  

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

leaving a l a rge  amount of missing data? I n  t ry ing t o  exclude the  non- 

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

surrogate  a s  described i n  Section 3.2.2. & a r e s u l t  of these  

considerat ions,  the  approach se lec ted  was t o  Gse the  f i r e  department 

da ta  which seemed t o  correspond t o  crash f i r e s  a s  the  numerator, and t o  

use the  crashes a s  the  denominator. (One exception t o  t h i s  is the  da ta  

from Maryland, f o r  which we have not obtained crash data  f o r  t h e  

denominator a s  yet.  For t h i s  s e t ,  r e g i s t r a t i o n  da ta  were used f o r  t h e  

denominators. ) 

3.3.2 Relat ion of s a t e s  t o  Standard. Once the  appropriate r a t e  



was defined, these  r a t e s  were ca lcula ted  f o r  each model year of 

passenger c a r  from t h e  most recent back t o  about 1961. E a r l i e r  models 

were excluded o r  combined i n t o  a s ing le  group f o r  two reasons. First, 

t h e  number of such vehic les  was very small,  leading t o  unre l iable  f i r e  

ra tes .  Second, ca r s  more than 15 years  old a r e  not genera l ly  i n  regular  

use--they tend t o  become antiques o r  spec ia l  use vehicles--and so a r e  

not relevant  t o  the  evaluat ion of the  standard. Tables showing t h e  f i r e  

r a t e s  by model year  a r e  presented i n  Section 5 ,  i n  the  sub-section 

correspnding t o  each data  se t .  

Averaging the  f i r e  r a t e s  over a l l  model years co r respnd ing  t o  a 

s ing le  version of the  standard g ives  an average r a t e  f o r  t h a t  version of 

t h e  standard. These r a t e s  a r e  summarized i n  Table 3.1. 

A s  can be seen i n  Table 3.1 most of the  f i r e  r a t e s  show a tendency 

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

consis tent  with a benef ic ia l  e f f e c t  of the  standard i n  terms of reducing 

the  incidence of post-crash f i r e s .  However, t h i s  is a l s o  cons is tent  

with an increase i n  t h e  post-crash f i r e  r a t e s  with the  age of the  

vehicle. Thus, the re  is a p laus ib le ,  a l t e r n a t e  explanation f o r  the  

lower f i r e  r a t e s  among t he  more recent model years. This point  is 

discussed fu r the r  i n  the  Section 5. Findings. I t  is a l s o  of i n t e r e s t  

t o  note t h a t  the  estimated f i r e  r a t e s  d i f f e r  by an order  of magnitude 

among the  d i f f e r e n t  da ta  s e t s .  Further,  t h e  d i f f e r e n t  da ta  s e t s  show 

some disagreements with respect  t o  t h e  t rends  o r  pa t t e rns  of the  r a t e s  

also.  

3.3.3 Adjustment of Rates f o r  Confounding Factors. I t  has been --- 
pointed out  t h a t  t h e  age of the  vehicle is one f a c t o r  which is 

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

completely eliminated, s ince  the  data  a r e  r e s t r i c t e d  t o  crashes which 

occurred i n  1976 and 1977, During t h i s  time period, the  cars  

manufactured under the  f i r s t  version of the  standard were already from 

one t o  nine years o ld ,  while those b u i l t  p r i o r  t o  the  standard (pre  1968 

models) were a t  l e a s t  ten years old.  S imi lar ly  c a r s  b u i l t  a f t e r  the  

l a t e r  versions were new-or a t  most two years old. To el iminate t h i s  

confounding, one would need data  f o r  the  e a r l i e r  c a r s  crash f i r e  r a t e s  

when they were new--data which a r e  not avai lable.  



Table 3.1 

Average F i r e  Rates  by Standard and Data Source 
( A l l  Rates a r e  pe r  thousand c a r s )  

I I S tandard 
I ] ------_11__.1_1_--- - 

Data Source 1 Cate  1 >one 301 301-75 301-76 Pos t  1975 
I 1 (P re  1968) 1968-75 1976 1977 combined ---- .A+.-- ------------- 
I I 

I l l i n o i s  11976 1 5.90 5.30 6.00 - 5.14 
119771 3.90 3.50 2.90 4.00 3.25 
lcombl 5.07 4.33 3.96 4.85 4.01 
I I 

Washington 11976 1 0.42 0.22 0.37 -- 0.47 
119771 0.50 0.46 0.34 0.79 0.53 
lcombl 0.44 0.33 0.35 0.87 0.51 
I 
I I 

NewYork 119761 0.30 0.29 0.35 0.00 0.34 
P o l i c e  119771 0.44 0.26 0.31 0.22 0.27 

icombl 0.37 0.28 0.33 0.21 0.29 
I I 

New York 11977) 3.48 1.62 0.62 0.75 0.67 
F i r e /Po l i ce  1 1 

I I 
Michigan 11976 1 0.71 0.31 0.06 -- 0.06 
Fire/Pol icel1977 1 1.00 0.44 0.13 0.15 0.14 

Jcombl 0.82 0.37 0.09 0.15 0.11 
I I 

Missouri  11977 1 6.94 3.29 1.38 0.51 0.99 
F i r e / ~ o l i c e  1 I 

I I 
Maryland 119771 0.41 0.17 0.15 0.08 0.12 
F i r e n e g i s .  1 I 

I I 
C a l i f o r n i a  11975 1 1.93 1.62 1.09 7.43 1.31 
Spec. Studyl I 

I I 
NCSS 119771 1.63 1.31 2.02 1.12 1.55 
Sing1 Veh. I I 
Towaways) I I 

One method t o  t r y  t o  e l i m i n a t e  a t  l e a s t  one of t h e  confounding 

f a c t o r s  is 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 i n e a r  o r  q u a d r a t i c )  age e f f e c t  is p s t u l a t e d  and es t imated  

from t h e  d a t a  w i t h i n  a g iven  ve r s ion  of the s tandard .  To t h i s  

gene ra l i zed  l i n e a r  model f o r  t h e  f i r e  r a t e s  a r e  then  added i n d i c a t o r  



var iab les  which introduce a s  d i f f e rences  i n  in te rcep t s  the  e f f e c t s  of 

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

va r i ab les  which ind ica 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 a n t ,  ( a f t e r  the  age e f f e c t  has been estimated) then t h i s  would 

ind ica te  an e f f e c t  associated with the  introduction of the  standard 

above t h a t  which is l i k e l y  t o  be due t o  aging of the  vehicle.  

Let Pi  denote the  f i r e  r a t e  f o r  model year  i. Let Xli  be t h e  age 

of a vehic le  of model year  i. Let X2i be l ( 0 )  according a s  model year  i 

is l a t e r  than 1967 (1967 o r  e a r l i e r ) ;  X3i be 110) according a s  model 

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

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

one can f i t  t h e  model: 

EPi = Bo + BiXli + BZXZi + B3X3i + B4Xqi .  

That is the  expected value of the  f i r e  r a t e  is a constant  (BO) plus a 

l i n e a r  age e f fec t .  I n  addi t ion ,  (B2) represents  an estimated e f f e c t  on 

the  expected f i r e  r a t e  coincident  with the  1968 standard, while (B3)  

est imates an addi t ional  e f f e c t  coincident  with the  1976 charge, and (B4) 

est imates the  addi t ional  e f f e c t  on t h e  average f i r e  r a t e  coincident  with 

the  1977 standard. 

The model exemplified here  is only one of s imi la r  models which were 

considered. I t  assumes a l i n e a r  age e f f e c t  throughout the  da ta  with the  

same slope. Linear e f f e c t s  with d i f f e r e n t  s lopes in  the  p re  1968 and 

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

a l s o  be considered, but general ly proved unnecessary. 

In te rp re ta t ion  of the  e f f e c t s  of the  standard a s  estimated by the  

c o e f f i c i e n t s  of the  indica tor  va r i ab les  i n  the  model is somewhat 

conservative. That is, an e f f e c t  of the  standard is estimated only i f  

i t  is apparent over and a b v e  any e f f e c t  which could be explained by a 

smooth aging e f f e c t .  I f  there  were no aging e f f e c t ,  but three  d i f f e r e n t  

l e v e l s  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,  some e f f e c t  of aging would be estimated by the  model. Thus, 

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

the  standard. I f  an e f f e c t  of the  standard is found using t h e  model 

described above, then one can be reasonably c e r t a i n  t h a t  such an e f f e c t  



occurred a t  the  same time a s  the  change i n  the  standard. This  does not 

imply casual ty ,  of course, s ince  conceivably o the r  f a c t o r s  could have 

occurred t o  cause o r  p a r t i a l l y  cause such a change a t  the  same time. 

I f  t h e  c o e f f i c i e n t s  of the  indica tor  va r i ab les  in  t h e  above model 

a r e  not s i g n i f i c a n t ,  i t  does n9t necessar i ly  mean t h a t  no standard 

e f f e c t  was present--merely t h a t  a decrease i n  t h e  mean f i r e  r a t e  was not 

found s i g n i f i c a n t l y  more than a general  decreasing trend i n  f i r e  r a t e s  

with n w e r  model years. I t  seems l i k e l y  t h a t  r a the r  small design 

changes would be ant ic ipa ted  t o  meet t h e  standard. In  addi t ion ,  many 

models may not  have required any design changes. F inal ly ,  i n  some 

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

these  my have been introduced p r i o r  t o  t h e  f i n a l  promulgation of the  

standard. A l l  of these  f a c t o r s  m y  opera te  t o  make an e f f e c t  of the  

standard f a i r l y  small i n  magnitude. I n  addi t ion ,  such an e f f e c t  might 

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

modei years  instead of a sudden drop a t  the  model year coinciding with 

t h e  introduction of the  standard. 

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

average f i r e  r a t e  f o r  model years  subjec t  t o  the  more s t r i n g e n t  versions 

of the  standard i f  the  standard was benef ic ia l .  If t h i s  is the  case, 

but i t  the  lower f i r e  r a t e s  show a smooth trend over t h e  model years ,  

t h a t  is, i f  f i r e  r a t e s  genera l ly  increase f o r  o lde r  c a r s ,  then while the  

pa t t e rn  would be cons is tent  with a benef ic ia l  e f f e c t  of the  standard,  i t  

could a l s o  be due t o  simple aging of the  cars .  This a l t e r n a t i v e  

explanation could not  be ruled out. Thus, i t  is possible t h a t  a 

benef i c i a l  e f f e c t  may appear, but t h a t  i t  may not  be i d e n t i f i a b l e  a s  

caused by the  standard i n  t h e  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  oksenred changes may be avai lable .  



DATA SOURCES AND USEABILITY CRITERIA 

I n  order  t o  be useful ,  da ta  sets must contain severa l  key elements. 

These da ta  elements must enable one t o  determine t h a t  a vehic le  was 

involved i n  a post-crash f i r e  and what the model year of the  vehic le  

involved i n  the  f i r e  was. For pol ice  accident da ta ,  t h i s  requirement 

implies t h a t  one must be able  t o  determine the  model year of each 

vehic le  involved i n  a crash and whether o r  not t h a t  vehic le  was a l s o  

involved i n  a post-crash f i r e .  F i r e  department da ta  must iden t i fy  the  

m d e l  year of each veh ic le  involved i n  a f i r e  and a l s o  whether the  f i r e  

resulted from a crash ( t r a f f i c  acc ident )  o r  some other  cause. I n  

addi t ion ,  i t  must be poss ib le  t o  r e l a t e  the  p s t - c r a s h  ca r  f i r e s  

iden t i f i ed  through f i r e  department da ta  to  accident data.  

Thus, the  minimal da ta  requirements a r e  the  following. For a 

defined accident  population, using e i t h e r  pol ice  accident da ta ,  f i r e  

department da ta ,  o r  both, one must be able  t o  determine how many 

vehic les  of each model year were involved i n  post-crash f i r e s  and how 

mny  vehic les  of each model year were involved i n  crashes. 

In  addi t ion  t o  containing the  minimal da ta  elements 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  da ta  s e t s  

must be f a i r l y  large. That is, t h e  population of acc idents  covered by 

the  da ta  source must contain enough crash f i r e s  so t h a t  the  calculated 

f i r e  r a t e s  by model years  w i l l  be reasonably s table .  Using a Poisson 

approximation, the  standard e r r o r  of a f i r e  r a t e  is approximately 

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

Thus, i n  order  t o  have standard e r r o r s  of 10% of the  estimated r a t e s ,  

one would need t o  be able  t o  expect about 100 crash f i r e s  f o r  each model 

year ( o r  f o r  each r a t e  t o  be ca lcu la ted ) .  For a 20% r e l a t i v e  e r r o r  25 

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

f i r e s ,  t h i s  means t h a t  da ta  sets from geographical a reas  s m l l e r  than a 

s t a t e  a r e  not l i k e l y  t o  be of much p r a c t i c a l  use. Indeed, data from 

r e l a t i v e l y  small s t a t e s  w i l l  be of l imited use. A post  crash f i r e  r a t e  

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

produce only an expected 100-500 crash f i r e s  in  a s t a t e  with 190,000 

crashes i n  a year. 

In  addi t ion  t o  the  minimal da ta  needed i n  order  t o  c a l c u l a t e  f i r e  



r a t e s  by m d e l  yea r  (and hence by vers ion  of t he  W S S  301 s t anda rd ) ,  

o t h e r  d a t a  would be useful .  I n  p a r t i c u l a r ,  i n f o m a t i o n  about t h e  type 

of c rash ,  t h e  s e v e r i t y  (o r  speed) of t h e  c rash ,  t h e  make and 

manufacturer of t h e  c a r ,  and any i n j u r i e s  would be p a r t i c u l a r l y  usefu l ,  

Of course,  t h e s e  must be r e l a t ed  t o  t h e  c rash  f i r e s  i n  o rde r  t o  be used. 

I n  p rac t i ce ,  t h e s e  da t a  a r e  a v a i l a b l e  and usable only i n  p o l i c e  acc ident  

f i l e s  which a l s o  con ta in  f i r e  information. 

4.1 Data Analyzed - 
Based on t h e  cons idera t ions  of  t he  d a t a  elements and t h e  populat ion 

s i z e  needed s e v e r a l  s t a t ewide  da t a  f i l e s  were obtained and analyzed. 

Three s t a t e  p o l i c e  acc ident  d a t a  f i l e s  contained usefu l  f i r e  

infomiation. These were I l l i n o i s ,  M e w  York, and Washington. Two 

add i t i ona l  s t a t e s  had f i r e  department data .  These were Michigan and 

Missouri. New York a l s o  has state-wide f i r e  department da ta .  F i r e  

department d a t a  from Maryland a r e  used i n  conjunction with r e g i s t r a t i o n  

data .  (Accident da t a  were not  received i n  time f o r  t h e  present  

ana lys i s ,  but w i l l  be used i n  t h e  f i n a l  repor t . )  i n  addi t ion ,  a smail  

s e t  of d a t a  from a s p e c i a l  highway p a t r o l  s tudy  i n  Ca l i fo rn i a  a r e  

analyzed. Some l imi t ed ,  prel iminary d a t a  from t h e  NCSS a r e  a l s o  

analyzed. 

4.2 Data S e t s  Found Not Useful ---- 
Pol i ce  acc ident  da t a  from t h e  48 contiguous s t a t e s  were 

inves t iga ted  f o r  use  i n  t h i s  p ro j ec t .  The acc ident  repor t ing  forms were 

reviewed. I n  add i t i on ,  telephone con tac t s  with each s t a t e  were made i n  

order  t o  i n v e s t i g a t e  t h e  a v a i l a b i l i t y  and u t i l i t y  of t h e  data .  S t a t e  

S i r e  marsha l l ' s  o f f i c e s  were contacted f o r  information a b u t  

a v a i l a b i l i t y  and a p p l i c a b i l i t y  of  f i r e  department da t a .  I n  add i t i on  t h e  

National F i r e  Adminis t ra t ion ' s  National F i r e  Inc ident  Reporting System 

(NFIRS) was u t i l i z e d .  

Table 4.1 summarizes t h e  r e s u l t s  of t h i s  da t a  inves t iga t ion .  I n  a 

number of ca ses  p o l i c e  acc ident  da t a  have a va r i ab l e  labe led  " f i r e "  

which turned out  t o  be non-crash f i r e s  only. That is, f i r e  was one of 

s eve ra l  non-crash events  which could lead t o  an inc iden t  r epo r t  i n  t h e  

p o l i c e  da t a  f i l e .  Other s t a t e  da t a  f i l e s  d i d  not  include t h e  node1 year  



of the  vehicle.  

4.3 Data t o  be Analyzed i n  the  Future --- -- 

Some of the  smaller  o r  apparently l e s s  useful  da ta  s e t s  were added 

t o  t h e  p ro jec t  l a t e  a t  t h e  request  of the  sponsor. These data  w i l l  be 

reported i n  the  f i n a l  report .  They include data  from t h e  s t a t e  po l i ce  

acc ident  f i l e s  of Oklahoma, Idaho, and Vew Hampshire. 

Data from the  s t a t e  of Mississippi  were t o  have been included. 

These records included a va r i ab le  f o r  f i r e  but  not f o r  model year i n  the  

computerized f i l e .  However model year was ava i l ab le  on t h e  hard copies. 

A computer search revealed only f i v e  cases of crash f i r e s .  Copies of 

these  accident  repor ts  have been obtained,  but the re  a r e  too few f i r e s  

i n  the  Miss iss ippi  da ta  f o r  meaningful r a t e s  t o  be calculated.  

F i r e  department da ta  from t h e  NFIRS f o r  Oregon and Ohio have been 

received. Oregon's computerized accident  da ta  contains a va r i ab le  f o r  

" f i r e "  ht not f o r  model year. We have attempted t o  arrange t o  sample 

nard copies t o  est imate the  crash d i s t r i b u t i o n  by model year and t o  

review a l l  accident  repor ts  f o r  the  crash f i r e s .  To date ,  (February),  

we have been unable t o  complete these  arrangements. Preliminary 

indica t ions  a r e  t h a t  c rash  f i r e s  may be extremely rare-on the  order  of 

a dozen. I f  t h a t  is t h e  case reviewing t h e  crash f i r e s  would not be 

useful .  Regis t ra t ion  data  would then provide more cos t -ef fec t ive  

denominator da ta  f o r  ca r  f i r e s  estimated from t h e  f i r e  department data. 

The computer record system f o r  Ohio was changed i n  mid 1977. A s  a 

consequence, model year  d i s t r i b u t i o n s  of crashes may not  be avai lable .  

If t h a t  proves t o  be the  case,  r e g i s t r a t i o n  would be suggested f o r  use 

with Ohio f i r e  department da ta  a lso .  

Analysis of the  ava i l ab le  da ta  from NCSS w i l l  be included i n  the  

f i n a l  report .  

Some s t a t e s  m y  change t h e i r  accident  report ing forms t o  include 

information about post-crash f i r e s  i n  t h e  fu ture .  Michigan i n s t i t u t e d  a 

new form i n  1978 which includes t h i s  variable.  However, the  statewide 

da ta  f o r  1978 w i l l  not be ava i l ab le  u n t i l  mid-1979. I n  addi t ion ,  data 

from the  f i r s t  year  of a new system tend t o  contain more e r r o r s  than 

data  from an on-going system. 
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5. RESULTS 

The r e s u l t s  presented i n  t h i s  sec t ion  a r e  presented separa te ly  f o r  

each da ta  set. Since the  da ta  sets genera l ly  c o n s i s t  of da ta  from a 

s t a t e  f o r  one o r  more years ,  t h e  sec t ions  a r e  iden t i f i ed  with the  

s t a t e ' s  data.  Within each subsect ion,  the  q u a l i t y  of the  da ta  and t h e  

r e s u l t s  from ana lys i s  of the  da ta  from t h a t  source a r e  discussed. 

Resul ts  from d i f f e r e n t  da ta  s e t s  a r e  somewhat d i f f e r e n t ,  and t h i s  should 

be borne i n  mind by t h e  reader. 

5.1 Data from t h e  S t a t e  of I l l i n o i s  ----- 

5.1.1 Charac te r i s t i c s  of t h e  Data. The data  from I l l i n o i s  a r e  --- 
po l i ce  accident  data.  They represent  acc idents  which occurred during 

calendar 1976 and t h e  f i r s t  th ree  quar t e r s  of 1977. A t  t he  time the  

da ta  were obtained, only the  f i r s t  three  quar t e r s  of da ta  from 1977 

crashes were avai lable .  Recently the  complete da ta  f o r  1977 were 

received and w i l l  be included i n  the  f i n a l  report .  

In the  I l l i n o i s  da ta ,  a va r i ab le  is coded a s  " f i r e "  o r  "no f i r e " .  

This is a vehicle-identif ied var iable ,  so  i t  r e f e r s  t o  t h e  presence o r  

absence of a crash f i r e  i n  each vehic le  i n  a mult iple vehic le  accident .  

Data from vehic le  one and vehic le  two were used. The vehic le  numbers 

r e f e r  t o  an a r b i t r a r y  number assigned i n  t h e  accident  report .  (Single 

vehic le  acc idents  have no da ta  f o r  vehic le  two.) These were combined 

in to  a vehic le  f i l e  f o r  analys is .  Thus, the  r a t e s  reported i n  the  

t a b l e s  i n  t h i s  sec t ion  r e f e r  t o  crash f i r e s  per vehic le  involved i n  a 

crash. 

There a r e  two key va r i ab les  f o r  analys is .  The f i r s t  is the  f i r e  

var iable ,  while the  second is the  model year of the vehicle.  I n  the  

1975 da ta ,  3.3% of t h e  acc idents  were missing t h e  model year 

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

year information. I n  addi t ion ,  0.6% of the  accidents  were f o r  model 

years  e a r l i e r  than 1950 o r  had unknown o r  "wild1' codes (e.g., model year 

86) .  Thus, the  model year  va r i ab le  was missing i n  about 4% of the  

crashes. 

The f i r e  va r i ab le  was present  l e s s  often.  I n  the  1976 da ta ,  the  

f i r e  va r i ab le  was unknown i n  31.48 of the  vehic les ,  while in the  1977 



d a t a ,  t h e  f i r e  v a r i a b l e  was unknown i n  22.8% of t h e  vehic les .  (These 

f i g u r e s  r e f e r  t o  t h e  inissing d a t a  on veh ic l e  one ) .  I n  c a l c u l a t i n g  t h e  

c r a sh  f i r e  r a t e s ,  only d e f i n i t e l y  p re sen t  d a t a  were used. That  is, t h e  

f i r e  r a t e s  were ca l cu la t ed  a s  t h e  number of c rash  f i r e s  d iv ided  by t h e  

number of c r a sh  f i r e s  p l u s  t h s  number of non-fires. The cases  wi th  

"unknown" on t h e  f i r e  v a r i a b l e  were not  included. This  probably b i a s e s  

t h e  r a t e s  i n  t h e  upvard d i r e c t i o n .  That is, it  is c l e a r  t h a t  most of 

t h e  unknown were non-fires.  I n  f a c t ,  i t  is poss ib le  t h a t  they a l l  were 

non-fire crashes.  I f  t h i s  were t h e  case  it would account f o r  much of 

. the d i f f e r e n c e  i n  l e v e l  i n  t h e  two yea r s '  data .  The average f i r e  r a t e  

i n  the  1976 d a t a  is 3.53 f i r e s  per  thousand vehic les  i n  c rashes ,  while  

f o r  1977 t h e  average f i r e  r a t e  is 2.44 f i r e s  per  thousand veh ic l e s  i n  

crashes.  

In  considering t h e  c rash  f i r e  r a t e s  f o r  da t a  from I l l i n o i s ,  it 

should be borne i n  mind t h a t  d a t a  on t h e  occurrence of f i r e  is missing 

o r  unknown i n  20 t o  30 perzent  of t he  veh ic l e s ,  depending on t h e  year .  

This  d i f f e r e n c e  i n  missing da t a  r a t e  from 1976 t o  1977 seems l i k e l y  t o  

account f o r  much of t h e  d i f f e r e n c e  i n  est imated crash f i r e  r a t e s .  h b i l e  

t h e  missing da t a  r a t e s  do not  appear t o  be assoc ia ted  with t h e  d i f f e r e n t  

model years ,  t h e  l a r g e  amount of missing da t a  introduces a g r e a t  d e a l  of 

uncer ta in ty  i n t o  any conclusions from t h e  I l l i n o i s  data .  

5.1.2 Crash F i r e  Rates.  The c rash  f i r e  r a t e s  a r e  ca l cu la t ed  -- 
excluding missing da t a  on t h e  v a r i a b l e  which ind ica t e s  whether o r  no t  a 

f i r e  occurred. Data from both veh ic l e  one and two were combined s o  t h a t  

t h e  r a t e s  reported a r e  i n  terms of veh ic l e s  involved i n  c rashes  r a t h e r  

than i n  terms of accidents .  Rates  a r e  expressed per  thousand vehic les .  

5.1.2.1 -- F i r e  Rates &Model -- Year Tables 5.1.1 and 5.1.2 present  

t h e  c rash  f i r e  r a t e s  by model year  of t he  veh ic l e  f o r  c rashes  which 

occurred i n  1976 and 1977 i n  I l l i n o i s ,  respec t ive ly .  The l a s t  column 

g ives  t h e  approximate s tandard  e r r o r  assoc ia ted  with each r a t e .  Data 

f o r  both years  combined a r e  presented i n  Table 5.1.3. 

I t  should be noted t h a t  i n  each case ,  t h e  c rash  f i r e  r a t e  f o r  t h e  

cu r r en t  model year  is based on fewer crashes than t h e  r a t e s  f o r  t he  

immediately preceding years .  Th 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  year  1976. The reason f o r  t h i s  is t h a t  1976 veh ic l e s  



Table 5.1.1 

I l l i n o i s  1976 F i r e s  
by Model Year 

I # with  F i r e /  
Model I # With # Without #without F i r e  Approx. Std. 

year  I F i r e  F i r e  x 1000 e r r o r  of r a t e  
- - - - - - - - - - 

8 - 

I 
Missing 1 554 
P re  1961 1 19 
1961 . . 1 8 
1 9 6 2 . . 1  12 
1963 . . 1 23 
1964 . . 1 32 
1 9 6 5 .  60 
1966 . . 1 71 
1967 . . 1 122 
1968 . . 1 141 
1969 . . 1 187 
1970 . . 1 180 
1971 . . 1 192 
1972 . . 1 234 
1973 . . 1 227 
1974 . . 1 204 
1975 . . 1 196 
1976 . . 1 2158 
1977 . . 1 4 
1978 . . 1 -- 
Others . I 0 

a r e  so ld  throughout t h e  year  and a r e  t hus  s u b j e c t  t o  l e s s  than a f u l l  

y e a r ' s  t r a f f i c  exposure. Th i s  r e s u l t s  i n  t h e  lower number of c rashes .  

The r a t e s  presented a r e  based on those  v e h i c l e s  involved i n  crashes.  

However, t h e  s m l l e r  number of c rashes  should be considered. Very few 

c ra shes  involving t h e  newest model (1977 i n  1976; 1978 i n  1977) were 

included i n  t h e  f i l e .  

5.1.2.2 F i r e  Rates  & Standard Table 3.1 summarized t h e  f i r e  -- 
r a t e s  by t h e  ve r s ions  of the s tandard  for a l l  d a t a  sources.  Reference 

t o  i t  shows t h a t  f o r  t h e  two yea r s  combined, t h e r e  is an est imated 5.1 

c r a sh  f i r e s  per 1000 v e h i c l e s  f o r  t h e  pre-1968 models, a r a t e  of 4.3 per  

1000 f o r  t h e  1968-1975 models, a r a t e  of 4.0 per  1000 f o r  t h e  1976 

models and a r a t e  of 4.8 per  1000 f o r  t h e  1977 and l a t e r  models. If t h e  



Table 5.1.2 

I l l i n o i s  1977 F i r e s  
by Model Year 

---- -- -- - - - - - 

I wi th  F i re /  
Model 1 # With # Without #without F i r e  Approx. Std. 

Year I F i r e  F i r e  x 1000 Er ro r  
- - 1 ---- - - -  

- 

I 
Missing 1 346 76,288 4.54 0.244 
P re  1961 1 12  1735 6.92 1.997 
1961 . . 1 3 5 26 5.70 3.293 
1962 . . I 5 1,355 3.69 1.650 
1963 , . 1 10 2,328 4.30 1.358 
1964 . . 1 15  4,046 3.95 0.989 
1965 . . 1 28 7,296 3.84 0.725 
1966 . . 1 44 1,225 4.30 0.649 
1967 . . 1 48 13,731 3.50 0.505 
1968 . . 1 65 19,280 3.37 0.418 
1969 . . 1 103 24,593 4.19 0.413 
1970 . . 1 93 27,470 3.39 0.351 
1971 . . 1 103 30,929 3.33 0.328 
1972 . . I 137 39,408 3.48 0.297 
1973 . . 1 162 45,788 3.54 0.278 
1974 . . 1 134 42,511 3.15 0.272 
1975 . . 1 128 37,027 3.46 0.306 
1976 . . 1 137 48,058 2.85 0.244 
1977 . . / 102 25,563 3.99 0.395 
1978 . , 1 0 10 0 106.200 
Others . I 2 22 -- -- 
- -- I__----------- 

1976 and l a t e r  a r e  grouped, t h e  combined r a t e  is 4.0 per  1000. The 

assoc ia ted  s tandard  e r r o r s  a r e  es t imated a s  0.230, 0.231, and 0.435, 

r e spec t ive ly ,  o r ,  i f  t h e  1976 and l a t e r  models a r e  grouped, t h e  

assoc ia ted  s tandard  e r r o r  f o r  t h e  combined r a t e  is 0.205. 

Thus, t h e r e  is 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  

c a r s  b u i l t  under t h e  l a t e r  vers ions  of  t h e  s tandard.  There is an 

apparent  increase  (non-signif icant)  f o r  t h e  f i r e  r a t e s  assoc ia ted  with 

models b u i l t  under t h e  l a t e s t  ve r s ion  of t h e  s tandard.  However, t h i s  is 

based on r a t h e r  s can ty  da t a ,  and my well be an a r t i f a c t .  If  t h e  t h r e e  

vers ions  (no s tandard ,  1968, and 1976 and l a t e r )  a r e  considered, t h e  

c r a sh  f i r e  r a t e s  show a s teady  downward progression.  This amounts t o  a 

14.6% reduct ion i n  t h e  c rash  f i r e  r a t e  f o r  c a r s  b u i l t  p r i o r  t o  t h e  1968 



Table 5.1.3 

I l l i n o i s  F i res  by Model Year 
1976 and 1977 Data Combined 

Mode 1 I Rates/ 
Year 1 F i r e s  Crashes 1000 

1978 . . 
1977 , . 
1976 . . 
1975 . . 
1974 . . 
1973 . . 
1972 . . 
1971 . . 
1970 . . 
1969 . . 
1968 . . 
1967 . . 
1966 . . 
1965 . . 
1964 . . 
1963 . . 
1962 . . 
1961 . . 
Pre 1961 
Missing 

Pre 1968 5.074 
1968-1975 4.333 
1976 3.964 
1977+ 4.845 

standard a s  compared t o  those b u i l t  with the  1968 standard. An 

addi t ional  7.4% reduction is observed with the  1976 standard. (An 

apparent 225 increased r e l a t i v e  t o  1976 model r a t e s  occurred with the  

1977 and l a t e r  models, but t h i s  is based on sparse  da ta . )  

5.1.2.3 F i r e  Rates & Other Factors. Tables 5.1.4 and 5.1.5 -- 
present  estimated f i r e  r a t e s  by type of accident.  Again t h e  r a t e s  a r e  

per 1000 vehic les  involved i n  each l i s t e d  crash type. I n  terms of the  

r a t e s ,  the  f i r e  r a t e  is highes t  i n  head-on c o l l i s i o n s ,  followed by 

c o l l i s i o n s  with r a i l road  t r a i n s ,  ro l lovers ,  and crashes in to  f ixed 

objec ts .  These a re ,  of course, t h e  most severe types of crashes. For 



comparison, t h e  f i r e  r a t e  f o r  non-collision cases  ( i . e . ,  non-crash f i r e s  

i n  the  po l i ce  da ta )  is a l s o  presented. This  r a t e  ind ica tes  t h a t  f i r e  

was t h e  cause of the  repor t  i n  about 19 per  thousand of the  non-crash 

repor ts  f i l e d .  

Table 5.1.4 

I l l i n o i s  1976 F i r e s  
By Type of Crash 

I # With # Without # With Fire/# Without F i r e  
Crash Type I F i r e  F i r e  x 1000 (Rate per thousand) 

I 
Overturned . . 1 49 
Rear-end . . . 1 319 
Head-on , . . 1 31 
Sideswipe . . 1 111 
Angle . . . . 1 111 
Turning . . . 1 206 
Parked c a r  . . 1 103 

I 
Pedestr ian . . 1 3 
R a i l r o a d t r a i n  1 7 
Pedal c y c l i s t  1 4 
Animal , . . . 1 6 
Fixed Object . 1 245 
Other Object . 1 5 
Other I 
non c o l l i s i o n  I 108 

I 
Other . . . . I 4 

In  t h e  1977 da ta ,  head-on crashes still have the  h ighes t  r a t e ,  

followed by overturns,  a d  f ixed objec ts .  Crashes involving ra i l road  

t r a i n s  a r e  r a the r  r a re ,  and had t h e  four th  highest  crash f i r e  r a t e  i n  

Although head-on crashes had t h e  highest  r a t e  of f i r e ,  they a r e  

r e l a t i v e l y  rare.  Many o the r  crash types resul ted  i n  more f i r e s ,  

although they 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 given crash.  

Rear-end crashes produced the  l a r g e s t  nunber of f i r e s ;  however, the  r a t e  

of f i r e  per  thousand vehic les  was r e l a t i v e l y  low. This  is presumably 



Table 5. l .5 

I l l i ~ o i s  1977 F i r e s  
by Type of Crash 

I # With # Without # With Fire/# Without F i r e  
Crash Type I F i r e  F i r e  x 1000 ( r a t e  per thousand) 

I 
Overturned . . I 28 
Rear-end . . . 1 185 
Head-on . . . 1 27 
Sideswipe . . 1 105 
Angle . . . . 1 77 
Turning . . . 1 108 
Parked Car . . 1 66 

I 
Pedestr ian . . 1 5 
Railroad t r a i n  1 2 
P e d a l c y c l i s t .  I 1 
Animal . . . . 1 2 
Fixed objec t  . 1 153 
Other ob jec t  . 1 3 
Other I 
non c o l l i s i o n  1 75 

I 
Other . . . . 1 2 

due t o  the  r ea r  end crashes a r e  genera l ly  l e s s  severe--i.e. happen a t  

lower speeds--than do head-on crashes,  ro l lovers ,  o r  s i n g l e  vehic le  in to  

f ixed objec t  crashes. 

From t h e  d i f fe rences  i n  f i r e  r a t e s  by type of crash,  i t  is evident  

t h a t  d i f f e r e n t  d i s t r i b u t i o n s  of crash types could e i t h e r  cover up 

d i f ferences  i n  f i r e  r a t e s  by model year ,  o r  show apparent d i f f e rences  

where none r e a l l y  e x i s t .  That is, i f  d i s t r i b u t i o n s  of crash types a r e  

d i f f e r e n t ,  t h i s  could cause apparent d i f f e rences  i n  crash  f i r e  ra tes .  

The da ta  a r e  too spa r se  t o  c a l c u l a t e  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 l a rge  d i f ferences .  

5.1.3 Modelin2 -- Crash F i r e  Rates. A number of d i f f e r e n t  models 

were f i t  t o  t h e  I l l i n o i s  da ta  t o  t r y  t o  separa te  out  the  poss ib le  

standard e f f e c t s  from poss ib le  e f f e c t s  due t o  aging of the  cars .  An 



" a l l  means" m d e l  d id  not f i t  t h e  da ta  adequately. That is, est imating 

a constant  f i r e  r a t e  wi th in  each version of the  standard did not f i t  the  

da ta  well. There was evidence t h a t  a l i n e a r  e f f e c t  f o r  age was needed, 

a t  l e a s t  over the  middle range of ages of vehicles.  In  both the  1976 

and 1977 da ta ,  a model with a l i n e a r  e f f e c t  f o r  age of c a r  f i t  t he  da ta  

well ,  with the  c o e f f i c i e n t  f o 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. 

Fhen e f f e c t s  f o r  the  d i f f e r e n t  versions of the  standard were added 

t o  the  model, however, they were a l l  non-significantly d i f f e r e n t  from 

zero. Thus, while t h e r e  is a tendency f o r  f i r e  r a t e s  t o  be lower i n  

newer vehic les ,  t h i s  can be explained by a l i n e a r l y  increasing f i r e  r a t e  

increasing with t h e  age of the  vehic le  somewhat b e t t e r  than by s t e p s  

upvard corresponding t o  the  timing of d i f f e r e n t  versions of t h e  

standard. I n  the 1977 da ta ,  the  estimated standard e f f e c t s ,  while 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, were i n  the  log ica l  d i rec t ion .  That 

IS, they indicated downward s h i f t s  i n  add i t ion  t o  the  general  downward 

trend i n  the  f i r e  r a t e s  f o r  the  newer models. However, i n  the  1976 

data ,  t h i s  was not the  case. The est imates of  the  e f f e c t s  of the  

standard were t o  p red ic t  increases  i n  t h e  f i r e  r a t e s  with the  l a t e r  

versions of the  standard. These were a l s o  r1or-i-significant, and 

emphasize t h a t  the  d i f fe rences  from zero could r e s u l t  from chance 

f luc tuat ions .  

In the  hope of reducing t h e  f luc tua t ions  somewhat, t h e  da ta  from t h e  

two years were combined. The model 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, 15  d f ,  p=0.297). The parameters were estimated a s  an 

in te rcep t  of 3,757 f i r e s  per thousand, and a s lope  of 0.106 f i r e s  per 

thousand increase with each y e a r ' s  increase i n  age. These parameters 

were both s i g n i f i c a n t l y  d i f f e r e n t  from zero. Thus, a model which f i t s  

the  da ta  from I l l i n o i s  well is: 

P = 3.757 + 0.106 (Age) 

where P is the  predicted r a t e  per thousand vehicles,  and t h e  age of 

the  vehicle is i n  years  with 1977 models taken t o  be one year  old.  

The model which assumes a constant f i r e  r a t e  within each version of 
2 

t he  standard d id  not  f i t  well  (Lack of f i t  x =25.96 with 13 d f ,  



P=0.017). This model est imates the  mean f i r e  r a t e s  t o  be 4.82/1000 f o r  

t h e  current  version,  3.948/1000 f o r  1976, 4.350/1000 f o r  1968 t o  1975, 

and 5.015/1000 f o r  the  pre-1968 versions. The standard deviat ions 

associated with these  r a t e s  a r e  4.320/1000, 2.294/1000, 0.875/1000, and 

2.286/1000, respectively.  The only pairwise d i f ference  which is 

s i g n i f i c a n t  is from t h e  pre-1968 t o  the  1968-1975 standards,  which is a 

reduction 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 i n  addit ion t o  a l i n e a r  term 

f o r  the  age of the  c a r ,  the  following m d e l  was obtained. 

Overall mean = 3.08 - + 0.546/1000 

Slope fo r  age = 0.15 - + 0.0399/1000 

Estimate of e f f e c t  with 1977 models = 1.03 - + 0.491/1000 

Estimate of e f f e c t  with.1976 models = 0.20 - + 0.290/1000 

Estimate of e f f e c t  with 1968 models = 0.36 - + 0.359/1000 

Only t h e  overa l l  mean and t h e  s lopes  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  

from zero. The model shows a genera l ly  decreasing trend i n  the  f i r e  

r a t e s  with the  newer models a s  evidenced by t h e  s i g n i f i c a n t  s lope fo r  

the  age. This est imates t h a t  there  was on the  average a reduction of 

about 0.15 f i r e  per thousand vehicles in  crashes each year. However, 

t h e  slope is somewhat too steep--that is, t h e  average r a t e s  for  t h e  

pre-68 models a r e  l e s s  than the l i n e a r  t rend shows, while those f o r  the  

o ther  years a r e  somewhat g rea te r .  A l l  of these d i f ferences  a r e  non- 

s ign i f i can t .  The reason f o r  t h i s  apFears t o  be t h a t  the re  is a 

d e f i n i t e  slope only during t h e  model years. 1958-1975. Most of the  data 

a r e  i n  these years a lso .  Thus, t h e  slope is e s s e n t i a l l y  s e t  there  and 

extrapolated fo r  t h e  e a r l i e r  models and the  l a t e r  models. 

Taking t h i s  in to  account, a model was 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  i n  t h e  pre-1968 data  and the  1968-75 models. 

The estimated trend i n  the  pre-1967 models was 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 small i n  absolute value) s o  

t h i s  term was deleted and t h e  data  were modeled a s  a cors tant  r a t e  f o r  

1976 and 1977 models years,  a l i n e a r  trend from 1968-1975 models, and a 

constant  r a t e  f o r  the  pre-1968 models. 



This  model seems t o  be t h e  b e s t  i n  t e r n  of f i t t i n g  adequately and 

being i n t e r p r e t a b l e .  I t  f i t s  a cons tan t  r a t e  i n  L976 and 1977, a 

l i n e a r l y  decreasing r a t e  from 1968 t o  1975, and a cons t an t  r a t e  f o r  t h e  

p r e  1968 models. The parameters est imated f o r  t h i s  model a r e :  

Mean f o r  1976 and 1977 model yea r s  
= 4.14 - + 0.203/1000 

Linear  t rend  f o r  1968-1975 models 
= 0.16 - + 0.041/1000 

I n t e r c e p t  f o r  l i n e a r  t rend  
= 3.72 - + 0.181/1000 

Mean f o r  pre-1968 models 
= 5.02 - + 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 

was 13.26 wi th  13  degrees  of freedom, ind ica t ing  a s a t i s f a c t o r y  f i t .  

This  model can be in t e rp re t ed  a s  follows. For models p r i o r  t o  

1968, t h e  f i r s t  ve r s ion  of FMVSS 301, t h e r e  is a r e l a t i v e l y  high c ra sh  

f i r e  r a t e .  The c rash  f i r e  r a t e s  decrease  with newer models from 1958 t o  

1975. This  decrease  can be descr ibed  by a l i n e a r  t rend;  however, 

inspec t ion  of t h e  r a t e s  shows t h a t  the model yea r s  1968 and 1969 could 

e a s i l y  be included with t h e  pre-1968 models while  t h e  l a s t  two o r  t h r e e  

models i n  t h i s  per iod could be included with t h e  1976 and 1977 models. 

That is, t h e  decrease  i n  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  per iod somewhat a f t e r  t h e  

f i r s t  promulgation of FWSS 301 and somewhat before  t h e  promulgation 

d a t e  of t h e  revised ve r s ions  of t h e  s tandard.  While t h i s  is c o n s i s t e n t  

wi th  a b e n e f i c i a l  e f f e c t  due t o  t he  s tandard ,  t h e  d a t a  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  t h e  s tandard.  

Figure 5.1.1 p l o t s  t h e  observed and predic ted  f i r e  r a t e s  by model 

year ,  where t h e  predic ted  r a t e s  a r e  e s t i m t e d  from t h i s  model. Table 

5.1.6 g i v e s  t h e  observed and predic ted  r a t e s  t oge the r  with t h e  est imated 

s tandard  e r r o r s  of t h e  predic ted  r a t e s .  

Using t h i s  model, t h e r e  is an est imated reduct ion of 0.875 f i r e s  

per  thousand veh ic l e s  i n  c r a shes  from t h e  pre-1968 models t o  t h e  c u r r e n t  
2 

m d e l s .  Th i s  is 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 is 

a l s o  an e s t ima te  reduct ion of 0.32 f i r e s  per thousand v e h i c l e s  i n  





crashes from t h e  mid-1968-1975 standard t o  the  current .  This  reduction, 

however, is 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 

estimated reduction from pre:1968 t o  198-1975 models is 0.555 f i r e s  per 

thousand vehic les  i n  crashes,  which is s ign i f i can t .  

In  summary, the  data  from I l l i n o i s  show a reduction i n  t h e  crash 

f i r e  r a t e s  f o r  newer vehicles.  Most of the  reduction seems t o  be 

associated with the  model years  f o r  about 1970 t o  a b u t  1974, with r a t e s  

f o r  both l a t e r  models and e a r l i e r  models being approximately l e v e l  a s  

functions of model year.  This  reduction is associated with models some 

years a f t e r  the  standard was f i r s t  published, and a few years before the  

e f f e c t i v e  d a t e  of the  current  standard. Thus, while t h e  da ta  a r e  

cons i s t en t  with a benef i c i a l  e f f e c t  of the standard,  t h e  changes a r e  not 

associated d i r e c t l y  with a change i n  t h e  standard. A s  a r e s u l t ,  o the r  

explanations of the  reduction a r e  a s  va l id  a s  a r e s u l t  of the  standard. 

Table 5.1.6 

Smoothed F i r e  Rates 
I l l i n o i s  Combined Data 

-- -- ----- 
Model I Observed Predicted Std. e r r o r  
Year I Rate Rate of predicted r a t e  



5.2 Washington S t a t e  Po l i ce  Data 

5.2.1 Nature - and Charac te r i s t i c s  --- of the  Data. The data  from t h e  

s t a t e  of Washington c o n s i s t  of pol ice  reported accidents  which occurred 

i n  1976 and 1977. There is no quest ion on t h e  da ta  form which inquires  

whether a f i r e  occurred o r  not. Instead,  the re  a r e  va r i ab les  which 

ind ica te  occurrences subsequent t o  t h e  i n i t i a l  crash. One such possible 

occurrence is a post-crash f i r e .  Up t o  th ree  pos t  crash events  a r e  

recorded. A f i r e  could be noted i n  any one of th ree  responses. Data 

f o r  t h i s  va r i ab le  come from t h e  na r ra t ive  of the  pol ice  report ,  A t  t h e  

s t a t e  l e v e l ,  t h e  n a r r a t i v e  of each repor t  is read and used t o  code 

values f o r  these  crash sequelae. A s  a consequence, i n  order  f o r  a f i r e  

t o  be reported i n  the  Washiqton da ta ,  it must have been noted i n  the  

n a r r a t i v e  of t h e  po l i ce  accident  report.  

Thus, presumably t h e  f i r e s  reported i n  t h e  Washington data  a r e  

those which involved t h e  e n t i r e  c a r  o r  which resul ted  i n  addi t ional  

damage o r  injury.  However, many crash f i r e s  may have been missed. 

Probably a l l  of the  c a r  f i r e s  reported a r e  of the  "spectacular" type 

which involve t h e  e n t i r e  vehicle.  Most such f i r e s  a r e  probably 

reported. I t  seems l i k e l y  t h a t  many of t h e  smal ler ,  e a s i l y  extinguished 

f i r e s  would not  be mentioned i n  t h e  na r ra t ive  and would not appear i n  

t h e  data. This  would c e r t a i n l y  be t r u e  i f  the  f i r e  was extinguished 

before the  po l i ce  arr ived.  

5.2.2 -- Crash F i r e  Rates. Tables 5.2.1 presents  the  f i r e  r a t e s  per 

thousand vehic les  f o r  t h e  1976 and 1977 da ta ,  The r a t e s  f o r  the  

combined data  a r e  presented i n  Table 5.2.2, which a l s o  presents  the  

estimated standard e r r o r s .  The r a t e s  a r e  presented f o r  each model year 

of the  vehicle.  

In  genera l ,  t h e  r a t e s  a r e  q u i t e  smll-approximately a tenth  of the  

r a t e s  i n  the  I l l i n o i s  data.  This  low l e v e l  of the  r a t e s  is l i k e l y  due 

t o  underreporting. That is, t h e  method of reporting t h e  data  might not 

include many c a r  f i r e s ,  although when a f i r e  is noted, i t  is probably 

correc t .  There appears t o  be r e l a t i v e l y  l i t t l e  d i f f e rence  i n  the  r a t e s  

by standard. The general  impression is t h a t  the  r a t e s  show a 

considerable amount of v a r i a t i o n  from year t o  year,  bu t  no very 

outstanding trend. The post  1968 r a t e s  a r e  somewhat lower than the  pre  



Table 5.2.1 

Washington Crash F i r e  Rates 

Model 1 Ra t e/ Rate/ 
Year \ F i r e s  Crashes 10,000 F i r e s  Crashes 10,000 

Rate by standard 1976 1977 
Pre 1968 4.2 4.6 
1968-75 2.2 4.6 
197 6 3.7 3.4 
1977- 15.4 7.9 

1968 models' rates .  Detai led comparisons a r e  made i n  the  ana lys i s  

sec t ion  which follows. 

One poss ib le  explanation f o r  the  s l i g h t  d i f f e rences  i n  r a t e s  by 

d i f f e r e n t  versions of the  standard is a poss ib le  confounding with o ther  

var iables .  Table 5.2.3 p resen t s  the  average f i r e  r a t e s  grouped by 

standard and by the  posted speed l i m i t  of t h e  road where the  crash 

occurred. No f i r e s  occurred where the  posted s p e d  was 15 mph o r  less. 

One can note an increase i n  the  f i r e  r a t e s  with the posted speed l i m i t - -  

presumably t h i s  corresponds t o  higher speeds fo r  the  crashes. I n  

addi t ion ,  there  is some indica t ion  t h a t  o lde r  vehic les  had a g r e a t e r  



Table 5.2.2 

Washington Crash F i r e s  
1976 and 1977 crashes  combined 

- - - 

Model Year I F i r e s  Crashes Rate/1000 

p re  1968 0.4363 
1968-1975 0.3345 
1976 0.3488 
1977 0.8721 

propor t ion  of t h e i r  crashes where posted speeds were lower. Pre-1968 

models had 82.5% of  t h e i r  c rashes  where t h e  posted s p e d  was 45 rnph o r  

l e s s .  Models from 1968-1975 had 80.0% of t h e i r  c rashes  on such roads, 

while  models l a t e r  than  1976 had only 77.4% of  t h e i r  c rashes  on such 

roads. 

Table 5.2.4 p re sen t s  t h e  r a t e s  by s tandard and posted speed f o r  t h e  

combined (1976 and 1977) c rash  da ta .  There is a d e f i n i t e  t rend  f o r  t h e  

c rash  f i r e  r a t e s  t o  increase  with t h e  higher  posted speeds. In a l l  

speeds, t h e  1968-1975 models show a lower f i r e  r a t e  than  the  pre-1368 

models. I n  t h e  16-30 speed group, t h e  1976 and l a t e r  models have a 

st i l l  lower ra te .  However, f o r  posted speeds over 30 rnph, t h e  1976 and 

l a t e r  models have higher  r a t e s  than t h e  o the r  two groups. I t  should be 



Table 5.2.3 

F i r e  Rates by Model Year and Posted Speed 
Fires/10,000 Crashes 

Washington Oata 

1 1961- 1968- 1961- 1968- 
Speed 1 1967 1975 1976t 1967 1975 1976+ 

Note: These r a t e s  do not c o r r e s p n d  exact ly  t o  those i n  Table 5.2.1 
because of missing data  on posted speeds. 

noted t h a t  t h e  amount of da ta  f o r  the  1976 and l a t e r  models is ra the r  

small. Thus, t h e  r a t e s  estimated f o r  the  c a r s  b u i l t  a f t e r  t h i s  version 

of t h e  standard was promulgated a r e  sub jec t  t o  la rge  er rors .  The t a b l e  

presents  th ree  f i g u r e s  f o r  each combination of posted speed and standard 

version. The f i r s t  is the  r a t i o  of crash f i r e s  t o  crashes  ( i n  terms of 

veh ic les ) .  The second is the  r a t e  per thousand vehic les ,  and t h e  t h i r d  

is an est imate of the  standard e r r o r  of the  crash  f i r e  ra te .  For the  

case of zero observed r a t e s ,  the  estimated standard e r r o r  was obtained 

by ca lcu la t ing  a 95% confidence in te rva l  f o r  the  f i r e  r a t e ,  then using 

t h e  midpoint of t h a t  i n t e r v a l  a s  the  r a t e  i n  a Poisson d i s t r i b u t i o n  t o  

est imate the  standard e r r o r  of the  f i r e  r a t e .  For example, i n  t h e  

p r e 1 9 7 8  models no f i r e s  i n  261 crashes  were observed a t  posted speeds 

of l e s s  than 15 mph. The upper 95% confidence l i m i t  is found from t h e  

equation 

where In stands f o r  t h e  na tu ra l  logarithm. From t h i s ,  P is found t o  be 

0.1964/1000. This is t h e  upper l i m i t  of the  95% confidence in te rva l .  

The midpoint is 0.0982/1000. Vult iplying t h i s  by 261, taking the  square 

root ,  and d iv id ing by 0.261 g ives  0.6134/'1000 a s  the  estimated standard 

e r r o r .  



Table 5.2.4 

Crash F i r e  Rate  by Standard and Posted Speed 
Washington Data 

I Standard -------- I 
Posted Speed I -  I A l l  S tds .  

I Pre-1968 1968-1975 1976t  1 

0-15 mph 
Fi  res/Crashes 
Rate (pe r  1000) 
Std.Error  

16-30 mph 
Fi  res/Crashes 
Rate(per  1000) 
Std.Error  

> 

31-45 rnph 
F i  res/Crashes 
Rate (per 1000) 
Std.Error 

45+ mph 
Fi  res/Crashes 
Rate (pe r  1000) 
Std.Error  

A l l  speeds 
Fi  res/Crashes 
Rate (per  1000) 
Std.Error  

The c r a shes  which were followed by f i r e s  were more severe  than 

those  without  f i r e .  They a l s o  r e su l t ed  i n  a h igher  r i s k  of f a t a l i t y .  

I n  1976, 9 persons were k i l l e d  i n  t h e  47 veh ic l e s  which were involved i n  

post-crash f i r e s ,  f o r  a r a t e  of 0.192 dea ths  per f i r e .  I n  a l l ,  517 

persons were k i l l e d  i n  the 165,872 veh ic l e s  i n  c rashes  f o r  a r a t e  of 3 .1  

f a t a l i t i e s  per thousand v e h i c l e s  i n  c rashes .  I n  1977 t h e  corresponding 

f i g u r e s  were 15  dea ths  i n  t h e  76 post-crash f i r e  v e h i c l e s  f o r  a r a t e  of 

0.197 f a t a l i t i e s  per  f i r e ,  while  590 dea ths  occurred i n  t h e  162,312 

veh ic l e s  i n  c rashes  f o r  a r a t e  of 0.0036. I n  1976 reported c r a sh  f i r e  



r a t e  was 0,283 per  thousand vehic les ,  while i n  1977 i t  was 0.468 per  

thousand. The combined data  es t imate  a r a t e  of 0.195 deaths  per pos t  

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  is only 

0.00337 deaths per crash (o r  3.37 deaths  per thousand crashes) .  This  

ind ica tes  t h a t  the  f i r e s  reported i n  the  Washington data  were much more 

evere crashes than t h e  average. I t  is unlikely t h a t  the  increased r i s k  

of f a t a l i t y  is due s o l e l y  t o  the  presence of f i r e  in  these  crashes. 

Further ,  a s  noted before, t h e  report ing system would tend t o  only repor t  

t h e  conf lagra t ion  type of f i r e s ,  which would be the  nore serious.  

Table 5.2.5 presents  f i r e  r a t e s  by type of crash  f o r  the  Washington 

da ta ,  f o r  t h e  1976, 1977, and combined data.  Again, t h e  frequencies a r e  

presented, followed by the  r a t e  per  thousand vehicles and the  standard 

e r r o r  estimated f o r  t h a t  r a t e ,  again i n  terms of a per thousand vehic le  

ra te .  Rollovers have the  highest  r a t e ,  followed by sirigle vehic le  i n t o  

f ixed ob jec t  crashes. Tho c a r  crashes have considerahiy lower f i r e  

r a t e s ,  while t h e  rear-end c o l l i s i o n s  have the  lowest r a t e  reported, 

although it is not much d i f f e r e n t  from the  o ther  two-car crash f i r e  

ra tes .  

In  these  data ,  s i n g l e  vehic le  crashes have much higher f i r e  r a t e s  

than do mul t ip le  vehic le  crashes. The observed r a t e  f o r  s i n g l e  vehic le  

crashes is over 15  times t h a t  f o r  mul t ip le  vehic le  crashes. The s i n g l e  

vehic le  crashes tend t o  be more severe than mult iple veh ic le  crashes. 

The fixed objec t  s truck type of crash would be approximated by t h e  

f r o n t a l  b a r r i e r  t e s t  speci f ied  i n  t h e  standard. .Qollovers a r e  very 

d i f f i c u l t  t o  approximate i n  a crash  t e s t i n g  s i t u a t i o n .  The low r a t e  f o r  

the  r ea r  end impacts may r a i s e  the  quest ion of the  advantage of the  rear  

impact p a r t  of the  standard. However, i t  should be remembered t h a t  

these  f i r e s  represent  the  more severe  f i r e s .  Further ,  t h e  s i n g l e  

vehic le  i n t o  f ixed ob jec t  t s e  of crash  is typ ica l ly  preceded by a l o s s  

of control .  A s  a r e s u l t ,  t h e  vehic le  may be skidding a t  the  time of the  

impact and could h i t  the  f ixed objec t  with any port ion of the  vehic le ,  

possibly t h e  rear .  

5.2.3 Analysis -- of Rates A number of models were f i t  t o  the  

Washington data. I n  general  a l l  models showed a good f i t  t o  the  data.  

However, i n  genera l  only t h e  overa l l  mean e f f e c t  was s i g n i f i c a n t .  That 



Table 5.2.5 

F i r e  Rates by Type of Crash (Washington) 

Type of Crash 1 1976 1977 Combined 

I 
Fixed objec t  s t ruck I 

Fi  res/Crashes I 
Rate (per  1000) I 
Std.Error I 

I 
Rollover I 

Fi res/Crashes 1 
Rate (per  1000) 1 
Std.Error I 

I 
l b o  Cars (one a t  angle) I 

I 
Fi  res/Crashes I 
Rate (per  1000) I 
Std.Error I 

I 
Rear End I 

Rate(per  1000) I 
Std. Error  I 

is, no s i g n i f i c a n t  d i f f e rences  were found among t h e  r a t e s  f o r  d i f f e r e n t  

versions of the  standard,  and no s i g n i f i c a n t  age e f f e c t  was found. 

Thus, the  da ta  can be adequately summarized by a s i n g l e  mean. The 

sdrnpling v a r i a b i l i t y  expected with da ta  such a s  these  is l a r g e  enough t o  

account f o r  the  observed v a r i a t i o n  about t h i s  mean. Inc lus ion of 

sepa ra te  means i n  the  versions of the  standard does not reduce t h i s  

v a r i a b i l i t y  s i g n i f i c a n t l y ;  ne i the r  does a l i n e a r  trend i n  age. 

The m d e l  vihich f i t s  a separa te  mean i n  the  model years  

c o r r e s p n d i q  t o  the  d i f f e r e n t  versions of the  standard g ives  the  means 

l i s t e d  by standard a t  the  bottom of Tables 5.2.1 (separa te ly  by year of 

crash)  and 5.2.2 ( f o r  t h e  da ta  combined) . The di f ferences  i n  these  mean 

crash f i r e  r a t e s  were not s i g n i f i c a n t .  Thus, except f o r  random 

f luc tua t ions ,  the  data can be viewed a s  a constant  f i r e  r a t e  by ~ , o d e l  

year of 0.20 f i r e s  per thousand vehic les  i n  1975 and 0.42 crash f i r e s  

per  thousand vehic les  i n  1977. 



The model with only t h e  average r a t e  is not in te res t ing .  The more 

complex model was f i t  which estimated d i f f e r e n t  means i n  t h e  d i f f e r e n t  

versions of the  standard and includes age e f f e c t s  f i t  separa te ly  in  t h e  

1968-75 models and t h e  1967 and e a r l i e r  models. While t h i s  model f i t  

adequately (e.g., x2 = 8.70, e . 7 9  f o r  lack of f i t  i n  1977 da ta ,  b e t t e r  

i n  1976), the  age coef f i c ien t s  were 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 none of the  d i f ferences  among t h e  means cor respnd ing  t o  

d i f f e r e n t  standards was s i g n i f i c a n t l y  d i f f e r e n t  from zero. I n  the  1976 

data ,  the  age e f f e c t  i n  the  pre-1967 models approached s igni f icance  

(P=0.085), and a l so  i n  the  1976 data ,  the  d i f ference  between the  means 

f o r  the  p re1967  models and t h e  mean f o r  t h e  1976 and l a t e r  models 

approached s igni f icance  (F0 .084) .  However, t h i s  l a t t e r  d i f ference  

would indicate  t h a t  the  newer models had a higher f i r e  ra te .  These 

questionable parameters were q u i t e  d i f f e r e n t  i n  the  1977 data  where they 

did not approach signif icance.  The di f ference  i n  the  pre-67 and post-75 

f i r e  r a t e s  was i n  t h e  opposite  d i r e c t i o n  i n  1977 data.  A s  a r e s u l t ,  no 

s i g n i f i c a n t  d i f ferences  were observed. 

Since no age e f f e c t  was found, but some indicat ion of newer ca r s  

having crashes a t  higher posted speeds, t h e  data i n  Table 5.2.4 were 

analyzed t o  determine whether t h i s  d i f ference  was covering up an e f f e c t  

of the  standard. Inspection of the r a t e s  in  Table 5.2.4 shows t h a t  

the re  was a strong l i n e a r  trend fo r  the  f i r e  r a t e s  t o  increase with the  

posted speed. Within the  speeds from 16 t o  30 mph, the re  is a 

decreasing f i r e  r a t e  with each version of the  standard. I n  t h e  higher 

speeds, the  1968-1975 models show lower r a t e s  than those f o r  which no 

standard was i n  e f f e c t ,  but the  l a t e s t  version has somewhat high f i r e  

ra tes .  Overall,  the re  is a s i g n i f i c a n t  d i f ference  i n  the  f i r e  r a t e s  for  

d i f f e r e n t  posted speeds, and the  f i r e  r a t e s  for  some version of the  

standard ( i .e .  s ince  1968) a r e  s i g n i f i c a n t l y  lower than fo r  no version 

of the  standard. 

hs a general conclusion from t h e  Washington data ,  the re  is some 

evidence t l a t  the  f i r s t  version of the  standard reduced crash f i r e  r a t e s  

somewhat; however, t h e r e  is no indicat ion t h a t  the l a t e r ,  more s t r i n g e n t  

standard had any addi t ional  e f fec t .  The data  a r e  q u i t e  sparse,  

p a r t i c u l a r l y  f o r  ca r s  b u i l t  a f t e r  the  e f f e c t i v e  da te  of the strengthened 



Standard. This has resul ted  i n  small d i f ferences  and l a r g e  estimated 

standard e r r o r s ,  so  few s i g n i f i c a n 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  is the  under-reporting of the  minor crash f i r e s .  On the  

o the r  hand, t h e  type of crash  f i r e  reported i n  the  Washington data is 

t h e  t y p  i t  is most important t o  prevent--the la rge ,  spectacular  f i r e  

which engulfs  the  e n t i r e  vehicle.  The small ,  a l m s t  inconsequential 

f i r e s  a r e  not reported i n  these  data--except f o r  t h e i r  po ten t i a l  t o  g e t  

l a r g e r ,  they do not have very se r ious  consequences. L i t t l e  e f f e c t  on 

t h e  reduction of these  l a r g e  f i r e s  was found. However, with the  l imi ted  

s i z e  of the  da ta  s e t ,  reductions would have t o  have been dramatic t o  

appear. Figure 5.2.1 p l o t s  t h e  observed r a t e s  by model year. 

5.3 Mew York Data --- 

5.3.1 Pol ice  Data. Data from t h e  s t a t e  of New York reported i n  

t h i s  Sect ion cons i s t  of p l i c e  accident  da ta .  

The pol ice  accident  da ta  from New York include a "second adverse 

event" var iable .  This  va r i ab le  includes f i r e  a s  one of its codes. I n  

t h e  ins t ruc t ions ,  o f f i c e r s  a r e  to ld  t o  code t h i s  va r i ab le  a s  f i r e  i f  a 

f i r e  is present.  That is, i f  a crash f i r e  occurs, t h i s  is t o  be 

reported a s  the  second adverse event no matter  how many events  occur. 

Thus, i f  i n s t ruc t ions  a r e  followed, mult iple impact crashes followed by 

f i r e  would be reported a s  crash f i r e s .  

The da ta  from 1976 crashes  and from 1977 crashes  a r e  reported i n  

Tables 5.3.1 and 5.3.2, respectively.  In each t ab le ,  t h e  zumber of 

f i r e s ,  number of crashes  and f i r e  r a t e  is reported separa te ly  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 o v e r a l l  r a t e  f o r  1976 is 0.296/1000 crashes  and f o r  1977 i t  is 

0.278/1000 crashes,  giving a combined r a t e  of 0.288/1000 crashes. This  

is s imi la r  t o  t h e  r a t e  reported from Washington s t a t e ,  and is 

approximately an order  of magnitude lower than t h a t  reported f o r  

I l l i n o i s .  (It should be reca l led ,  however, t h a t  i n  ca lcula t ing  the  

I l l i n o i s  r a t e ,  crashes with the  f i r e  va r i ab le  missing were excluded 

ra the r  than counted a s  non-fire. Had they been counted a s  non-fires, 

the  r a t e s  would have been reduced by about one-third) . 
F i r e  r a t e s  f o r  t h e  1976 and 1977 crashes combined a r e  reported i n  





Table 5.3.1 

New York, 1975 

Model I No. of No. of F i r e  r a t e  per  
Year I F i r e s  Crashes 10,000 c ra shes  

Source: New York S t a t e  Department of Motor Vehic les  

Table 5.3.3. Standard e r r o r s  f o r  those  r a t e s  by model y e a r s  a r e  a l s o  

est imated and reported i n  t h i s  t ab l e .  General ly ,  t h e  r a t e s  show l i t t l e  

t rend  wi th  age ( o r  model y e a r ) .  The average r a t e  f o r  t h e  c u r r e n t  

ve r s ion  of t h e  s tandard  is 0.21 f i r e s  per  1000 crashes ;  f o r  t h e  1976 

models, t h e  r a t e  was 0.33 f i r e s  per thousand crashes;  f o r  t h e  1968-1975 

models, t h e  r a t e  was 0.28/1000; and f o r  t h e  pre-1968 models, the r a t e  

was 0.35/1000. I f  t h e  c u r r e n t  vers ion  is combined, t h e  1975 and l a t e r  

models show an  average c rash  f i r e  r a t e  of 0.29 pe r  thousand. Thus 

considering the  four  s tandards ,  t h e r e  is a drop i n  t h e  f i r e  r a t e  of from 

about 0.35/1000 t o  about 0.28/1000 corresponding t o  models b u i l t  before  

t h e  1968 s tandard  a s  compared t o  those  s ince .  L i t t l e  o r  no change has 

been observed wi th  t h e  l a t e r  ve r s ions  o f  t h e  s tandard.  

hhen models were f i t  t o  t h e  d a t a  f o r  each yeas  separa te ly ,  no 

adequate 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  



Table 5.3.2 

New York, 1977 

Model I No. of No. of F i r e  r a t e  per  
Year 1 F i r e s  Crashes 10,000 Crashes 

Source: New York S t a t e  Department of Motor Vehicles 

l a r g e  v a r i a t i o n  among model years  precluded descr ibing t h e  da t a  

adequately with 2 model with only a few parameters. Nei ther  the  a l l  

means model, nor t h e  model which included a l i n e a r  e f f e c t  i n  age f i t  

adequately,  nor d id  m r e  complex models with an aging e f f e c t  and 

sepa ra t e  e f f e c t s  estimated f o r  t h e  d i f f e r e n t  versions of t he  standard. 

Ihen  the  da t a  were pooled f o r  the  two years ,  much of t he  

v a r i a b i l i t y  was snoothed out. Considering t h e  combined da t a ,  t h e  a l l  
2 means model f i t  adequately (x =12.87 with14 d f ,  P=@.536, f o r  lack of  

f i t ) .  However, none of t he  d i f f e r ences  m n g  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 the 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 ,  nor did t h e  

1976 and l a t e r  r a t e  d i f f e r  from t h e  e a r l i e r  r a t e s ,  nor d id  t h e  average 

r a t e  f o r  1968 and l a t e r  models d i f f e r  from t h e  pre-1968 mode1 r a t e  

s i g n i f i c a n t l y  . 
I f  a m d e l  with a l i n e a r  e f f e c t  f o r  age is considered, i t ,  too f i t s  



2 adequately.  However, t h e  age e f f e c t  is ba re ly  s i g n i f i c a n t  (x =4.06, 1 

d f ,  P=0.0438) . Thus, t h e r e  a r e  few d i f f e r e n c e s  i f  any i n  t h e  combined 

d a t a  which cannot  reasonably be ascr ibed  t o  random f l u c t u a t i o n s .  

Table 5.3.3 

New York F i r e s  by Model Year 
1976 and 1977 d a t a  combined 

Nodel Year I F i r e s  Crashes Rate/1000 Std.Dev. 

p r e  1968 0.374 + 0,051 
1968-1975 0.276 T 0.018 
1976 0.328 0.055 
1977 0.210 - 0.070 

I f  t h e  model wi th  age ( l i n e a r )  and s t e p  func t ion  e f f e c t s  a t  t h e  

time of t h e  s tandard  changed is used, age is ba re ly  s i g n i f i c a n t  (P is 

between 0.01 and 0.05).  Above t h e  gene ra l  decreasing t r end  wi th  newer 

models ( o r  increas ing  t r end  with a g e ) ,  t h e  1977 and l a t e r  models show a 

drop compared t o  what the l i n e a r  e f f e c t  would p red i c t .  The 1976 models 

were h igher  than  p red i c t ed ,  a s  were t h e  1968-1975 models. However, none 

of t h e s e  d i f f e r e n c e s  were s i g n i f i c a n t l y  d i f f e r e n t  from zero even a t  t he  

10% l e v e l .  Fur ther ,  none of t h e  d i f f e r e n c e s  i n  e f f e c t s  es t imated among 



t h e  d i f f e r e n t  vers ions  of t h e  s tandard  was s i g n i f i c a n t l y  d i f f e r e n t  from 

zero. Figure 5.3.1 p l o t s  t h e  r a t e s  by model year .  

In  summary, t h e  New York p o l i c e  da t a  a r e  cons i s t en t  with a cons tan t  

f i r e  r a t e  f o r  a l l  model years .  There is s l i g h t  evidence f o r  somewhat 

lower r a t e s  wi th  newer models and with l a t e r  vers ions  of t h e  s tandard ,  

but  nothing reached s t a t i s t i c a l  s ign i f i cance  a t  t h e  109 l eve l .  

5.3.2 New York F i r e  Department Data. I n  add i t i on  t o  t he  f i r e  --- 
information i n  t h e  ~ l i c e  acc ident  d a t a  i n  New 'Jork, da t a  a r e  a v a i l a b l e  

from t h e  NFIRS f o r  t h e  s t a t e  of New York. These da t a  a r e  from t h e  f i r s t  

t h r e e  qua r t e r s  of 1977 and r epor t  f i r e  department records.  Again, t h e  

ca ses  reported a r e  a l l  t h e  c a r  f i r e s  with code 71  ( c o l l i s i o n ,  e t c . )  f o r  

t h e  source of ign i t ion .  Table 5.3.4 p re sen t s  t h e  number of f i r e s  by 

rode l  year a s  we l l  a s  t h e  f i r e s  t o  c r a shes  r a t i o .  The c rashes  a r e  t h e  

same a s  reported i n  Table 5.3.2. I t  should be noted t h a t  over 30% of 

t h e  c a r  f i r e s  had no reported model year  and s o  become missing data .  

.my conclusions could obviously be a f f ec t ed  by t h i s  amount of missing 

data .  

The average r a t i o s  by vers ion  of t h e  s tandard a r e  9.749, 0.617, 

1.443, and 2.332 per  thousand crashes  from t h e  cu r r en t  vers ion  t o  t h e  

pre-standard models. The estimated s tandard e r r o r s  assoc ia ted  with 

these  a r e  0.136, 0.100, 0.0586, and 0.244, respec t ive ly .  These average 

r a t i o s  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  from each o t h e r ,  but  t h e r e  is still 

s i g n i f i c a n t l y  m r e  v a r i a t i o n  among r a t i o s  f o r  model yea r s  wi th in  

s tandards than could be expected from random va r i a t ion .  That is, 

d i f f e r e n t  mean e f f e c t s  corresponding t o  d i f f e r e n t  vers ions  of t h e  

s tandard a r e  not  an adequate d e s c r i p t i o n  of t h e  da ta .  

I f  t h e  d a t a  a r e  considered s l i g h t l y  d i f f e r e n t l y ,  t he  average f i r e /  

c rash  r a t i o  is 1.562/1000. The models corresponding t o  t h e  cu r r en t  

(1977 and l a t e r )  vers ion  of t he  s tandard show a reduct ion of 0.8i4/1000; 

t h e  1976 models show a reduct ion of 0.946/1000, t h e  1968 t o  1975 models 

show a reduct ion from t h i s  mean of t h e  1976 and i977 ve r s ions  of t h e  

s tandard a r e  s ign i f icant - - tha t  is, these  models (1976 and 1977) had 

s i g n i f i c a n t l y  fewer f i r e s  than average, while t h e  o lde r  (pre-1958) 

models had s i g n i f i c a n t l y  more than average, The 1968-1975 models d i d  

not  d i f f e r  s i g n i f i c a n t l y  from t h e  average. 





Table 5.3.4 

New York F i r e s  ( F i r e  Department Data) 
Crash Ratios 1977 

Model Year I F i r e s  (FD) Crashes (PD) Rate (per  1000) Std. Dev. 

pre 68 3.477 
68-75 1.618 
76 0.617 
7 7 0.749 

A caution t o  be kept i n  mind is t h a t  the  1977 models were not 

subjec t  t o  t h e  e n t i r e  y e a r ' s  exposure f o r  f i r e s ,  but were represented by 

a y e a r ' s  crashes. Thus, t h e  r a t i o  f o r  i977 is somewhat quest ionable.  

As noted, models f i t t i n g  mean e f f e c t s  only were not adequate. 

There was a s i g n i f i c a n t  age e f f e c t  i n  the  data--at l e a s t ,  a l i n e a r  term 

increasing with the  Eige of the  vehic les  inproved t h e  f i t  s ign i f i can t ly .  

The m d e l  

R = u + B, A (age)+B2 (1977) +El3 (1976)+B4 (1968) , 

where R is the  r a t i o ,  u is a mean, and t h e  age is t r ea ted  a s  a l i n e a r  

term, while the  standards-denoted by the f i r s t  year of the  model 

affected-are taken a s  changes i n  l e v e l ,  f i t  t he  da ta  well. (Chi-square 

f o r  e r r o r  was 12.26 with 12 d f ,  P-0.42). This  model showed a 



s i g n i f i c a n t  e f f e c t  f o r  the  l i n e a r  term i n  age. The parameters were 

estimated as: 

where the  parameters and t h e i r  estimated standard deviat ions a r e  both in 

terms of thousands of crashes. 

Viewed c o l l e c t i v e l y ,  the re  is some evidence t h a t  the  e f f e c t s  of the  
2 

various versions of the  standard a r e  s ign i f i can t .  The X f o r  t e s t i n g  

t h i s  was 8.43 with 3 d f ,  giving a P0.0379. Thus, these da ta  ind ica te  

d i f ferences  among models subjec t  t o  d i f f e r e n t  versions of the  standard 

( including no standard) which a r e  s i g n i f i c a n t  a t  the  5% l e v e l  even a f t e r  

a l i n e a r  e f f e c t  f o r  age has been removed. These a r e  somewhat d i f f i c u l t  

t o  i n t e r p r e t ,  however. The parameters estimated ind ica te  t h a t  the  

m d e l s  from 1968-1975 showed t h e  l a r g e s t  reduction from what would be 

expected from age alone. The 1976 showed a very small reduction and t h e  

1977 models showed a small increase.  None of these individual  

parameters reaches s t a t i s t i c a l  s igni f icance  a t  t h e  5% leve l ,  however. 

There is an indica t ion  t h a t  the  1968-1975 models had a d i f ference  from 

tile average l e v e l  of the  o ther  years  which was nearly s ign i f i can t .  

However, i n  t e s t ing  severa l  of these  d i f ferences ,  one must remember t h a t  

they a r e  not independent and t h a t  the  s igni f icance  l eve l s  w i l l  be 

af fec ted  by t h e  mul t ip le  t e s t s .  I n  addi t ion ,  the  quest ions regarding 

t h e  1977 data  add caution t o  any conclusions. 

I n  summary, the  f i r e  department da ta  indica te  t h a t  the re  were 

d i f ferences  i n  the  f i r e  da ta  t o  crash  r a t i o s  fo r  models subjec t  t o  

d i f f e r e n t  versions of FMISS 301. The newer models have lower f i r e  t o  

crash ra t ios .  However, much of the  d i f ferences  can be explained by a 

l i n e a r  e f f e c t  increasing with the  age of the  c a r ,  although the re  is some 

indica t ion  t h a t  s i g n i f i c a n t  d i f f e rences  among the  versions of the  

standard persist a f t e r  adjustment f o r  age. Af ter  adjus t ing  f o r  age, the  
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indicat ion is t h a t  the  1968-1975 models had the  bes t  f i r e  t o  crash 

ra tes ,  however, t h i s  is 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 

t h e  others. I n  addit ion,  t h e  p a r t i a l  da ta  f o r  1977 models, t h e  s p a r s i t y  

of data for  l a t e r  models, and t h e  l a rge  amount of missing data (30+% on 

t h e  m d e l  year i n  the  f i r e  department data)  preclude any firm 

conclusions. Figure 5.3.2 p l o t s  t h e  r a t i o s  from t h e  New York F i r e  

Department data. 

Data from Michigan -- 
In  Michigan passenger ca r  f i r e s  a r e  iden t i f i ed  through the  

statewide f i r e  department reporting system, while crashes a r e  found 

through the  pol ice  accident  reporting system. Beginning i n  1978, pol ice  

accident  repor ts  a l s o  have a check box t o  report  whether f i r e  was 

involved in  each vehicle. Also included on the  new repor ts  is a 

var iable  t o  record whether f u e l  s p i l l a g e  occurred. However, p r io r  t o  

1978-the data reported here-no information about f i r e  in  crashes was 

ava i l ab le  from t h e  computerized accident  report.  ( I f  a vehicle burned 

following a crash, t h i s  might be noted i n  the  na r ra t ive  of the  pol ice  

report ,  but the  information was not computerized and s o  would not be 

access ib le  without manually reading a l l  of the  accident reports.  ) 

From the  passenger car  f i r e s  reported i n  the  f i r e  department data ,  

a combination of code values f o r  various va r iab les  was used t o  t r y  t o  

iden t i fy  which f i r e s  resulted from crashes. The development of t h i s  

crash surrogate was discussed i n  Section 3.2.2. Although the  crash 

surrogate developed the re  has ser ious  l imi ta t ions ,  i t  appears t o  be the  

bes t  var iable  avai lable ,  and was used a s  t h e  numerator f o r  ca lcula t ing 

the  rates.  Although it appears t h a t  i t  s e l e c t s  about the  r igh t  number 

of cases,  about half of the  cases se lec ted  may not be crashes. Thus, 

one must remember t h a t  it is only a surrogate. The f i r e s  i t  s e l e c t s  a r e  

those involving passenger ca r s ,  which occurred on a highway o r  public 

s t r e e t ,  etc .  The complete list of var iables  is presented i n  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 tes  for  the  data  from Michigan from 1976 and 1977 

respectively.  Table 5.4.3 presents  these data  combined. ga tes  a r e  

presented by model year of the  c a r  involved. 



Table 5.4.1 

Crash Surrogate  F i r e  Rates 
Michigan 1976 

Model I F i r e  r a t e  per  
Year I F i r e  Crashes 10,000 Crashes 

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

Inspec t ion  of t h e  r a t e s  presented i n  Tables  5.4.1 - 5.4.3 shows 

t h a t  t h e r e  is a tendency f o r  t h e s e  t o  be lower with t h e  newer models. 

I f  one c a l c u l a t e s  t h e  r a t e s  by vers ion  of t h e  s tandard f o r  t h e  combined 

d a t a ,  one ob ta ins  r a t e s  of 0.148, 0.C93, 0.368, and 0.817 per  thousand 

crashes  f o r  t h e  ve r s ions  of t h e  s tandard running from c u r r e n t  t o  no 

s tandard (pre-1968 models). The est imated s tandard  e r r o r s  assoc ia ted  

with these  a r e  0.0558, 0.0293, 0.0201, and 0.0822 per  thousand 

crashes , respec t ive ly .  These d i f f e r ences  i n  r a t e s  a r e  c o n s i s t e n t  with a 

b e n e f i c i a l  e f f e c t  of t h e  var ious  ve r s ions  of t h e  s tandard.  

Linear models were f i t  t o  t h e  r a t e s  f o r  each year  of da t a  

separa te ly .  The r e s u l t s  d i f f e r e d .  The da t a  from1976 showed r e l a t i v e l y  

l i t t l e  v a r i a b i l i t y .  A model wi th  a l i n e a r  e f f e c t  f o r  age and with t h r e e  
2 s tandard  e f f e c t s  f i t  q u i t e  well (x  =3.08, 12 d f ,  p=.99 f o r  lack  of f i t ) .  

However, t h e  only c o e f f i c i e n t  which was s i g n i f i c a n t l y  d i f f e r e n t  from 



Table 5.4.2 

Crash Surrogate  F i r e  Rate 
Michigan 1977 

- - -  

Model I F i r e  r a t e  per  
Year I F i r e s  Crashes 10,000 Crashes 

zero was t h a t  f o r  age. A model wi th  only a l i n e a r  e f f e c t  f o r  age a l s o  

f i t  t h e  da t a  adequately.  Thus, t h e  1976 da t a  a r e  bes t  explained by a 

l i n e a r  increase  i n  t h e  f i r e  r a t e  with t h e  age of t he  vehicle .  Although 

t h i s  does not  r u l e  ou t  an e f f e c t  of t h e  s tandard,  such an e f f e c t  was not  

no t iceable  over a l i n e a r  e f f e c t  of increasing f i r e  r a t e s  with increasing 

age of the  veh ic l e  (decreasing f i r e  r a t e s  with newer model y e a r s ) .  The 

est imated parameters f o r  t h e  l a t e r  vers ions  of t he  s tandard were 

negat ive,  ind ica t ing  a reduction, but  d i d  not  reach s t a t i s t i c a l  

Signif icance.  The estimated parameters f o r  t h e  model: 

P = u + B1 (age) + B2(1976 and l a t e r )  + B3(1968-1975), 

where: 

u = 0.175/1000 - + 0.194/1000 

B1 = 0.046/1000 - + 0.0117/1000 per  year 



Table 5.4.3 

F i r e s  by Model Year 
1976 and 1977 Combined 

---p------p-pppppp-p 

Model I Rate/ 
Year I F i r e s  Crashes 1000 

1974 . . I 3 0 120,799 0.248 
1973 . . I 34 137,955 0.275 
1972 . . I 3 8 123,045 0.309 
1971 . . I 4 3 97,916 0.439 
1970 . . I 49 83,588 0.586 
1969 . . I 4 5 80,381 0.560 
1968 . . I 3 3 53,520 0.520 
1967 . . I 31 42,486 0.730 
1966 . , I 19 30,141 0.630 
1965 . . I 25 20,439 1.223 
1964 . . I 8 10,453 0.765 
1963 . . I 3 5,014 0.598 
1962 , . I 4 2,825 1.415 
1961 . . I 2 1,224 1.634 

I _ _ _  - - - - - - - -  - -  
I 

p r e  1968 I 9 2 112,582 0.8172 
1968-1975 I 296 805,324 0.3676 
1976 . . I 10 107,803 0.0928 
1977 . . I 7 47,321 0.1479 

- - - I _ - - -  

where t h e  numbers following t h e  "+" - a r e  t h e  est imated s tandard  e r r o r s  of 

t h e  parameter. 

The da t a  from 1977 showed more v a r i a t i o n  of t he  crash-surrogate  

f i r e  r a t e s  by model year.  None of t h e  models f i t  t h e  d a t a  adequately 

( t h e  b e s t  had a x2=23.79 wi th  12 d f ,  P0 .022  f o r  lack of  f i t ) .  Th i s  

i n d i c a t e s  t h a t  e i t h e r  some parameter has  been omit ted from t h e  nodel of 

t h a t  t h e  d a t a  a r e  more v a r i a b l e  than would be predica ted  from t h e  

binomial e r r o r  s t r u c t u r e .  No sys temat ic  v a r i a t i o n  could be deduced, 



although powers of age were t r i e d  a s  well a s  d i f f e r e n t  age e f f e c t s  

wi th in  standard versions. Even wi th in  t h e  l imi ta t ions  of the  f i t  of the  

model, it was c l e a r  t h a t  t h e r e  is a s i g n i f i c a n t  e f f e c t  of age-fire 

r a t e s  increasing f o r  o lder  cars .  Further ,  i t  was evident t h a t  above a 

l i n e a r  age e f f e c t ,  t he  estimated e f f e c t s  of the  standard were not 

s i g n i f i c a n t .  (The est imate of the  e f f e c t  of the  1968 version was a 

reduction of 0.52/100 while t h a t  of the  1976 vers ion  was an increase of 

0.021/1000, but ne i the r  approached s t a t i s t i c a l  s ign i f i cance ) .  

In  t h e  hope of smoothing t h e  v a r i a b i l i t y  of the  r a t e s ,  t h e  two 

years da ta  were combined, a s  i n  Table 5.4.3. The m d e l  which estimated 

a d i f f e r e n t  mean i n  each version of the  standard d id  not  f i t  adequately 
2 

( X  =40.27 13 d f ) ,  indica t ing  t h a t  the re  was s u b s t a n t i a l  v a r i a b i l i t y  i n  

t h e  r a t e s  wi th in  model year corresponding t o  each version of the  

standard. I n  view of t h e  s t rong age e f f e c t  observed i n  each y e a r ' s  

da ta ,  t h i s  was not surpr is ing .  The model did ind ica te  t h a t  the re  was 

not  s u f f i c i e n t  evidence t o  conclude t h a t  the  mean f o r  the  1977 models 

was s i g n i f i c a n t l y  d i f f e r e n t  (higher)  than f o r  the  1976 models. However, 

t h e  mean r a t e  f o r  the  1976 and 1977 models was s i g n i f i c a n t l y  lower than 

f o r  the  1968-1975 models o r  f o r  the  pre-1968 models. 

The model with a l i n e a r  e f f e c t  f o r  age, an overa l l  mean, and s t e p  

functions f o r  t h e  ef fec t iveness  of  each version of the  standard f i t  the  
2 combined data  well. ( X  =11.84, 12 d f ,  P=0.459). The model is: 

P u  + B (age) + B2 (301-77) + B3 (301-76) + B4 (301-68). 
1 

The r a t e  P is per thousand crashes,  a s  usual. The est imates of the  

parameters and estimated standard e r r o r s  were: 

B1 = 0.054 - + 0.010/1000 (per year age) 

Only the  c o e f f i c i e n t  f o r  age (B1) was s i g n i f i c a n t l y  d i f f e r e n t  from zero, 
2 although B2 could be considered borderl ine (X =2.91, 1 d f ,  P.0.088). 

Further,  combining a l l  t h ree  standard e f f e c t s  shows t h a t  a s  a group a l l  



2 t h ree  a r e  non-signif icant  (X =3.78, 3 df , P=0.285) . So again, the  

d i f ferences  i n  f i r e  r a t e s  i n  the  Michigan data  can be explained a s  

correspnding t o  a l i n e a r  e f f e c t  increasing with the  age of the  vehicle. 

While t h i s  is not contradictory t o  an e f f e c t  of the FFWS 301, it does 

allow the  a l t e r n a t i v e  explanation of aging. Changes in  l eve l  above the  

l i n e a r  age e f f e c t  were not s ign i f i can t .  Figure 5.4.1 p l o t s  the  data. 

In  conclusion, data from the  S t a t e  of Michigan show s i g n i f i c a n t  

d i f ferences  i n  the  mean post-crash f i r e  r a t e s  with the  l a t e r  versions of 

FMVSS 301 corresponding t o  lower crash-fire  ra tes .  However, the re  is 

s i g n i f i c a n 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-variabil i ty which can be in terpre ted  a s  

a l i n e a r  e f f e c t  increasing with the  age of the  car .  No s i g n i f i c a n t  

d i f ferences  i n  the  d i f f e r e n t  versions of the  standard remained a f t e r  

adjust ing f o r  a l i n e a r  age e f f e c t .  I t  was q u i t e  d i f f i c u l t  t o  iden t i fy  

crash f i r e s  in  the  f i r e  department data.  A crash-surrogate was used, 

which is thought t o  g ive  about the  co r rec t  nunber of f i r e s ,  but f o r  

which nearly ha l f  of t h e  cases found may not be crashes. The surrogate,  

however, i n  the  Michigan data,  appears t o  be b e t t e r  than merely taking a 

s ing le  var iable  a s  indicat ing t h a t  a c a r  f i r e  was a crash--this appears 

t o  r e s u l t  i n  about ten  times a s  many f i r e s  a s  were r ea l ly  caused by 

crashes. 

5.5 Data from t h e  S t a t e  of Missouri ----- 

For the  S t a t e  of Missouri, f i r e s  were iden t i f i ed  from the  f i r e  

department da ta  col lec ted  a s  par t  of the  NFIRS. Data from only the  

f i r s t  three-quarters of 1977 were avai lable  a t  the  time. Cases were 

r e s t r i c t e d  t o  passenger ca r  f i r e s  which were coded "71" on the  cause of 

ignition--collision, overturn, o r  knockdown. Denominator data were 

obtained from the  pol ice  accident da ta  from Missouri a f t e r  the  e n t i r e  

year of 1977. The data  a r e  presented i n  Table 5.5.1, i n  which the  f i r e  

r a t e s  a r e  a s  usual presented by model year of the  vehicle a s  well a s  

averaged fo r  the  model years  corresponding t o  the  d i f f e r e n t  versions of 

the  standard PNSS 301. 

Inspection of the  data from Missouri shows t h a t  the  f i r e  r a t e s  tend 

t o  increase with the  o lder  models of cars .  This  is pa r t i cu la r ly  

noticeable when the  average r a t e s  by version of the  standard a r e  





Table 5.5.1 

F i r e  r a t e s  by model year 
Missouri Data 1977 

( F i r e s  a r e  from 9 month's da ta )  

Model I Rate per Std. 
Year I F i r e s  Crashes 1000 crash Dev . 

Average crash f i r e  r a t e s  by standard ( r a t e s  per 1000 crashes)  

compared. 

The m d e l  which f i t s  four means t o  the  da ta  d id  not f i t  t he  da ta  
2 

adequately ( X  =72.94 with 13 df f o r  lack of f i t )  . Thus, the re  was 

considerable v a r i a b i l i t y  i n  f i r e  r a t e s  by model year among models 

corresponding t o  each version of the  FMVSS 301. However, i t  can be 

concluded from t h i s  model t h a t  the  r a t e  f o r  1977 and 1977 models was not 

s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  f o r  1976 models-or ra ther  t h a t  the  

da ta  a r e  not s u f f i c i e n t  t o  conclude t h a t  the  r a t e s  f o r  these  l a t e r  

models a r e  d i f f e r e n t  from t h a t  f o r  1976. I t  seems c l e a r  from t h e  model 

t h a t  the  o ther  mean r a t e s  a l l  do d i f f e r  s ign i f i can t ly .  
! 



In  order t o  improve the  f i t  and t o  inves t iga te  the  p o s s i b i l i t y  of an 

age e f f e c t ,  the  model with standard e f f e c t s ,  and a l i n e a r  e f f e c t  f o r  age 

was considered. There was some evidence t h a t  t h i s  mode1 did not f i t  
2 adequately (X =20.71, 12 d f ,  P=0.055 f o r  lack of f i t ) ,  however, i t  did 

explain 96% of the  v a r i a b i l i t y  i n  the  rates.  No other  model was found 

t o  f i t  b e t t e r ,  although quadrat ic  terms, d i f f e r e n t  age e f f e c t s  within 

standard,  e t c .  were t r i e d .  With the  model, t h e  age e f f e c t  is c l e a r l y  

s i g n i f i c a n t ,  showing a l i n e a r  increase i n  the  crash f i r e  r a t e  with the  

age of the  car. I n  addi t ion ,  the re  is a s i g n i f i c a n t  reduction 

cor respnd ing  t o  t h e  1977 version of the  standard-above what could be 

a t t r i b u t e d  t o  t h e  smooth age e f fec t .  The estimated e f f e c t s  of the  o ther  

versions of the  standard a r e  a l s o  estimated t o  be reductions, but 

ne i the r  of them reaches s t a t i s t i c a l  s ignif icance.  The model and its 

estimated parameters with standard e r r o r s  is given below: 

P = u t Bl (age) t B2 (301-77) + B3 (301-76) + B4 (301-68) 

Where the  years i n  parenthesis  indica te  the  year the  standard f i r s t  was 

i n  e f fec t .  The parameters were estimated as:  

1 = 0.422 + 0.0584/1000 ( ~ e r  year) - 

A s  mentioned, the  age e f f e c t  is c l e a r 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 a s  is the  parameter B2, which corresponds t o  the  e f f e c t  of the  1977 

and current  version of the  standard. The negative s igns  with the  

parameters B 2' B3, and B4 ind ica te  t h a t  these  e f f e c t s  a r e  reductions i n  

t h e  crash f i r e  ra te .  The pos i t ive  s ign f o r  B, (age) indica tes  t h a t  the  
A 

f i r e  r a t e s  tend t o  increase with the  age of the  vehicle (or  t o  decrease 

<or the  newer model years)  . 
One addi t ional  caution needs t o  be kept i n  mind when considering 

these  resul ts .  The f i r e  data  a r e  f o r  only the  f i r s t  9 months ( th ree  

quar te r s )  of 1977, while the  accident da ta  a r e  f o r  t h e  whole year. This 

means, f o r  instance, t h a t  v i r t u a l l y  no 1978 model c a r s  were a t  r i sk  of 



being involved in  a f i r e ,  while 1,195 were involved i n  crashes. 

Similar ly,  t he  1977 models were a t  a somewhat reduced exposure o r  r i s k  

t o  f i r e  than t o  crash. A s  a consequence, t h e  s igni f icance  of the  e f f e c t  

f o r  t he  1977 and 1978 models should be viewed with caution. I t  may be a 

r e s u l t  of t h i s  a r t i f a c t  i n  t he  data .  The da ta  a r e  p lo t t ed  i n  Figure 

5.5.1. 

Data from the  s t a t e  of Missouri a r e  cons is ten t  with a benef ic ia l  

e f f e c t  of t h e  MISS 301. In  addi t ion,  t he re  is a preliminary ind ica t ion  

t h a t  t he re  may be a demonstrated reduction i n  the  crash f i r e  r a t e  with 

t h e  cur ren t  version of the  standard which is more than would be 

predicted from a l i n e a r  e f f e c t  from the  agincj of the  vehicles .  The 

d i f fe rences  i n  average f i r e  r a t e s  by versions of the standard a r e  

s i g n i f i c a n t ,  with t he  more recent  versions showing reductions i n  t he  

f i r e  r a t e s .  However, s i g n i f i c a n t  d i f fe rences  i n  f i r e  r a t e s  by model 

yea r  remain, much of which can be explained by a l i n e a r  increase with 

t h e  age of t he  vehicle .  There may be a benef i t  of the cu r r en t  version 

which is l a r g e r  than can be explained by a l i n e a r  age e f f ec t .  However, 

t h i s  should be viewed with caut ion because of the  l imited da t a  f o r  1977 

and l a t e r  vehicles .  

5.6 Data from Maryland -- 
Data on c a r  f i r e s  from the  s t a t e  of Maryland come from t h e  NFIRS 

f i r e  department data .  The data  reported were those c a r  f i r e s  which 

occurred and were reported i n  the  f i r s t  9 m n t h s  of 1977 through the  

s t a t e  f i r e  department da t a  reporting system. Only those passenger ca r  

f i r e s  which had t h e  source of i gn i t i on  l i s t e d  a s  "co l l i s ion ,  accident ,  

overturn--code 71" were included a s  crash f i r e s .  

Since data  on the  number of crashes by model year were not 

ava i lab le ,  r e g i s t r a t i o n  da ta  by model year were used a s  denominators. 

The da ta  reported i n  Table 5.6.1 present  only the  f i r e  r a t e s  per 

thousand reg is te red  vehicles.  The ac tua l  number of f i r e s ,  number of 

regis tered vehic les ,  and standard e r r o r s  a r e  not reported t o  preserve 

the  con f iden t i a l i t y  of the  r e g i s t r a t i o n  data .  The authors  apologize fo r  

t h i s  incomplete repor t i rq ,  but see  no a l t e r n a t i v e  with the  cons t r a in t s  

imposed in  order t o  use the  r e g i s t r a t i o n  data .  





Table 5.6.1 

F i r e  r a t e s  by m d e l  year ,  
Maryland Data 

Model 

I F i r e  r a t e  
I ( f i r e s  p r  
I 10,000 veh. ) 

1977 . . . . . .  
1976 . . . . . .  
1975 . . . . . .  
1974 . . . . . .  
1973 . . . . . .  
1972 . . . . . .  
1971 . . . . . .  
1970 . . . . . .  
1969 . . . . . .  . . . . . .  1968 
1 9 6 7 .  . . . . .  
1966 . . . . . .  
1965 . . . . . .  
1964 . . . . . .  
1963 . . . . . .  
1 9 6 2 .  . . . . .  
1961 and e a r l i e r  

By s tandard vers ion  
p r e  1968 0.409 
68 -7 5 0.174 
7 6 0.151 
77 0.083 

The r a t e s  by s tandard show a decreasing progression with t h e  l a t e r  

vers ions  of the standard.  The pre-1968 r a t e  is 4.09 per 10,000 

vehicles1, 1968-1975 models have a r a t e  of 1.74/10,000 and 1976 models 

had a r a t e  of 1.51/10,000. The 1977 r a t e  is 0.83/10,000 vehic les .  

However, while  t he se  f i r e s  occurred during t h e  f i r s t  t h r e e  q u a r t e r s  of 

1977, t h e  r e g i s t r a t i o n  da t a  includes c a r s  of  1977 model r eg i s t e r ed  a t  

any time during t h e  year .  Thus, t h e  1977 models were sub jec t  t o  less 

than a f u l l  years  exposure a s  compared t o  t h e i r  r e g i s t r a t i o n s .  I f  a 

co r r ec t i on  is made f o r  t h i s  exposure, then an ad jus ted  r a t e  f o r  t h e  1977 

These r a t e s  a r e  based on 9 m n t h s l  data .  Rates per year  would be 
approximately 1/3 l a r g e r .  



models is 1.77/10,000. These r a t e s  would s t i l l  ind ica te  a progression 

toward improvement with l a t e r  versions of the standard. 

The m d e l  which f i t s  a d i f f e r e n t  mean r a t e  f o r  each version of the  

standard ( the  r a t e s  presented i n  t h e  previous paragraph) does not f i t  

t h e  da ta  adequately. That is, the re  is more v a r i a b i l i t y  within each 

version of the  standard than random f luc tua t ion  would allow for .  

Inspection of the  ra tes  p lo t ted  by model year (Figure 5.6.1) reveals  a 

general  trend f o r  t h e  r a t e s  t o  decrease with the  newer cars.  A model 

which es t imates  a l i n e a r  age e f f e c t  f i t s  the da ta  adequately (x2 = 15.98 

with 15 degrees of freedom, P=0.383 f o r  lack of f i t ) ,  but does not t e s t  

whether the re  is a standard e f f e c t  i n  addi t ion  t o  a l i n e a r  e f f e c t  (which 

could he ascribed t o  age) .  The s lope  of the  model is 0.223/10,000 and 

t h e  in te rcep t  is 0.691/10,000. The in te rcep t  corresponds t o  the  1977 

models predicted rate.  

A model was f i t  with a l i n e a r  e f f e c t  f o r  age, and with a change i n  

in te rcep t  estimated f o r  the  1968 and 1976 and l a t e r  versions of the  

standard,  a s  well a s  a general  in tercept .  This model a l s o  f i t  well 

(x2=9. 58 with 13 d f ,  P=0 -787 f o r  lack of f i t )  . However, the  only 

coef f i c ien t  which was s i g n i f i c a n t l y  d i f f e r e n t  from zero was the  slope- 

t h e  age e f fec t .  The estimated parameters were: 

u = 1.156/10,000 
Bl (age) = 0.235/10,000 (per year) 
B2 (301-68) = -0.666/10,000 
B3 (301-76) = 0.499/10,000 . 
I t  should be noted t h a t  ne i the r  e f f e c t  of the  standard was 

s i g n i f i c a n t l y  d i f f e r e n t  from zero. I n  addi t ion ,  although the  estimated 

e f f e c t  a t  the time of the  1976 and standard was an increase, t h a t  merely 

means t h a t  there  was a decrease of l e s s  than the amount t h a t  would be 

predicted by a continued l i n e a r  ext rapola t ion of the  trend seen from t h e  

1961 t o  1975 models/rates. 

Thus, the  data from Maryland ind ica te  a s i g n i f i c a n t  trend toward 

reduction of f i r e  r a t e s  f o r  newer models. However, t h i s  reduction is 

b e t t e r  modeled a s  a l i n e a r  trend than d i f f e r e n t  means fo r  the model 

years corresponding t o  d i f f e r e n t  versions of the  standard. The decrease 

i n  f i r e  r a tes  from t h e  pre-1968 models t o  t h e  1968-1975 models is more 



than the  l i n e a r  trend would account f o r ,  but not s i g n i f i c a n t l y  so  

(p=0.23), while the  decrease from t h e  1968-1975 models t o  the  1976 and 

l a t e r  models is l e s s  than the l i n e a r  trend would predic t ,  but again, not  

s i g n i f i c a n t l y  so (p=O. 12) . As a consequence, the  da ta  a r e  cons is tent  

with a benef ic ia l  e f f e c t  of the  standard,  but do not show an e f f e c t  of 

more than what can be explained by aging of the  vehicles. 

5.7 Supplemental Data 

5.7.1 Data from a Special  Study i n  California.  The Cal i fornia  --- - 
Highway Pa t ro l  conducted a spec ia l  study of c a r  f i r e s  from June 8 t o  

December 8, 1976. A l l  c a r  f i r e s  which s t a t e  pa t ro l  o f f i c e r s  were aware 

of w r e  invest igated,  and a spec ia l  da ta  form col lec ted .  Data from t h e  

highway p a t r o l  a s  t o  the  number of crashes i n  the  same time period on 

roads pat ro l led  by t h e  highway pa t ro l  were a l s o  obtained and were 

recorded by m d e l  year of the  vehicle.  These data  do not represent the  

e n t i r e  s t a t e .  Further,  they a r e  predominantly r u r a l  o r  freeway crashes,  

and thus would tend t o  be more severe crashes a t  higher speeds. To da te  

the re  has been no repor t  published on these data.  

The data a r e  presented i n  Table 5.7.1. In the  t ab le ,  only crash 

f i r e s  were presented. The data included a t o t a l  of 393 f i r e s ,  of which 

165 were crash f i r e s .  The r e s t  were cases where t h e  c a r  caught f i r e  and 

a highway pa t ro l  o f f i c e r  stopped t o  a s s i s t ,  but which d id  not involve a 

crash p r io r  t o  the  ign i t ion  of the  f i r e .  The f i r e  r a t e s  show r e l a t i v e l y  

l i t t l e  v a r i a b i l i t y  by model year. The average ra t e s  by versions of the  

standard a r e  7.43 (1977), 1.09 (1976), 1.62 (1968-75) and 1.93 (pre  

1968). A l l  r a t e s  a r e  per thousand crashes. The 1977 r a t e  is based on 2 

f i r e s  out  of 269 reported crashes, and is presumably an a r t i f a c t .  

R model which f i t s  mean e f f e c t s  t o  the  d i f f e r e n t  versions of the  

standard f i t s  these da ta  adequately, however there  a r e  no d i f ferences  

among the  means which a r e  s t a t i s t i c a l l y  s ign i f i can t  a t  the  10% level .  

S imi lar ly ,  a rode1 which includes age and standard e f f e c t s  f i t s  well ,  

but not even the  l i n e a r  age e f f e c t  is s i g n i f i c a n t l y  d i f f e r e n t  from zero. 

In f a c t ,  these data a r e  cons is tent  with a constant crash f i r e  r a t e  f o r  

a l l  model years-no s i g n i f i c a n t  lack of f i t  is found. Thus, although a 

small reduction i n  average r a t e  with each version of the  standard is 

noted ( i f  1976 and l a t e r  a r e  considered a s  one) of 1.93/1000 t o  





Table 5.7.1 

Ca l i fo rn i a  6-Month Spec ia l  Study 

Model Year I F i r e s  Crashes Rates per  1,000 

By standard 
61-67 1.93 
68-75 1.62 
76 1.09 
7  7 7 . 4 3  

1.62/1000 with t h e  1968 ve r s ion  1.32/1000 wi th  t h e  1376 and l a t e r  

vers ions  of FMVSS 301, t h e s e  changes a r e  not s t a t i s t i c a l l y  d i f f e r e n t  

from zero--that is, those  t h r e e  average r a t e s  a r e  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 .  Thus, t h e  d a t a  from Ca l i fo rn i a ,  while  

c o n s i s t e n t  with a small  bene f i c i a l  e f f e c t  of FMVSS 301, a r e  based on too  

l imi t ed  da t a  t o  conclude t h a t  such an e f f e c t  e x i s t s .  

5.7.2 Data from NCSS, Data from t h e  National  Crash Seve r i ty  Study --- 
inc lude  information about c r a sh  f i r e s .  A one page repor t  is co l l ec t ed  

i n  add i t i on  t o  s tandard  NCSS da ta  f o r  c rashes  which involve f i r e .  We 

have not  obtained those  r e p r t s  y e t ,  and they a r e  necessary t o  i d e n t i f y  

t h e  node1 year  of the c a r  which caught fire--the computerized NCSS d a t a  

only ind ica t e  t h a t  one of t he  veh ic l e s  involved i n  a c rash  caught f i r e .  

From the  conputer ized d a t a ,  model year  can only be determined f o r  s i n g l e  



vehic le  accidents .  The r a t e s  presented a r e  f i r e s  i n  s i n g l e  vehic le  

acc idents  divided by a l l  veh ic l e s  i n  crashes.  Eased on the  da t a  from 

t h e  f i r s t  year  of t he  NCSS, t h e  crash f i r e  r a t e s  per  thousand crashes i n  

s i n g l e  vehic le  acc idents  were ca lcu la ted  f o r  each version of t he  

s tandard.  This  r e s u l t s  i n  an estimated 1.63 f i r e s  /lo00 crash i n  t he  

pre-1968 models, 1.31 f ires/1000 crashes  i n  t h e  1968-75 models, 2.02 

fires/1000 crashes  i n  t h e  1975 models and 1.12 fires/1000 crashes f o r  

t h e  1977 and l a t e r  models. These should be regarded a s  preliminary 

r e su l t s .  They a r e  r e s t r i c t e d  t o  s i n g l e  vehic le  crashes and t o  an e a r l y  

po r t ion  of t he  NCSS data .  Further  use of t h e  NCSS is planned, pending 

r e c e i p t  of t h e  da ta .  



6. CONCLUSIONS 

The r a i n  conclusion of t h i s  s tudy is t h a t  e x i s t i n g  da t a  a r e  not  of  

s u f f i c i e n t  q u a l i t y  t o  provide a d e f i n i t i v e  eva lua t ion  of FMVSS 301-Fuel 

System I n t e g r i t y .  Fur ther ,  i t  seems unl ike ly  t h a t  mass d a t a  repor t ing  

systems-statewide ~ o l i c e  acc ident  d a t a  o r  f i r e  department data-will be 

adequate f o r  t h i s  problem i n  t h e  forseeable  fu tu re .  I n  order  t o  ob t a in  

t h e  l e v e l  of d e t a i l  needed, add i t i ona l  i nves t i ga t ion  of t h e  c rash  would 

be required. However, t h e  r a r i t y  of t h e  event  of interest-post-crash 

fire-is such t h a t  d e t a i l e d  acc ident  s t u d i e s  a r e  a l s o  un l ike ly  t o  f i n d  

s u f f i c i e n t  cases .  

The d e f i c i e n c i e s  i n  t h e  d a t a  a r e  summarized t o  provide an 

i nd i ca t i on  of what would be needed i f  they were t o  be useful .  

Po l i ce  acc ident  da t a  o f t e n  do not conta in  t h e  information about 

whether o r  no t  a veh i c l e  i n  a c r a sh  caught f i r e .  I n  some cases ,  t h e  

d a t a  i n d i c a t e  t h e  occurrence of a f i r e  i f  i t  was an obvious one, which 

r e su l t ed  i n  s i g n i f i c a n t  add i t i ona l  damage o r  i n ju ry ,  but f a i l  t o  exclude 

t h e  presence of minor f i r e s .  Thus, t h e  d a t a  underreport  f i r e s ,  but  t h e  

degree of underreporting cannot be  determined. Even i n  ca se s  where 

t h e r e  is a d e f i n i t e  v a r i a b l e  t o  i n d i c a t e  t h e  presence o r  absence of a 

f i r e ,  t h e  v a r i a b l e  is o f t e n  l e f t  blank--for 20 t o  30% of t h e  vehic les .  

With a c rash  f i r e  r a t e  of one o r  two per  thousand, missing da ta  on t!!e 

v a r i a b l e  of 300 per  thousand leads  t o  extreme uncer ta in ty .  Even f o r  

,hose ca se s  where t h e  v a r i a b l e  is checked (presumably c o r r e c t l y ) ,  no 

information is a v a i l a b l e  t o  i nd i ca t e  whether t h e  f i r e  was r e l a t e d  t o  t he  

f u e l  system o r  not. 

F i r e  department d a t a  a t  p resen t  s u f f e r  from d e f i c i e n c i e s  a t  l e a s t  

a s  g r ea t .  F i r s t ,  t h e r e  is a d i f f i c u l t y  i n  determining whether a c a r  

f i r e  resu l ted  from a c rash  o r  from some o the r  cause. Only one o r  two 

percent  of passenger c a r  f i r e s  i n  f i r e  department da t a  seem t o  be 

r e l a t e d  t o  crashes.  With t h e  c u r r e n t  da t a  s t r u c t u r e  of t he  da t a  from 

NFIRS, i t  is inconvenient t o  determine the  model year  o r  o the r  

information a b u t  the car- this  is i n  a d i f f e r e n t  f i l e  which nus t  be 

matched-however, t h i s  can be accommodated. CTnfortunately, when t h e s e  

d a t a  a r e  matched, t h e  information about the model year  of t h e  veh ic l e  is 

o f t e n  missing-typically f o r  30% of t h e  cases .  For those  cases  fo r  



which t h e  model year information is present ,  t h e r e  is sti l l  t h e  lack of 

any i n f o n a t i o n  about the  type of crash,  speed, o r  any o ther  crash 

var iables .  Some information about the  p a r t  of c a r  damaged, whether f u e l  

was involved i n  t h e  f i r e ,  e t c . ,  is available--at l e a s t  the  var iables  a r e  

recorded. I n  working with t h e  ac tua l  da ta ,  a l a rge  proportion of the  

cases have codes such a s  unknown, o r  unspecified, -which ac tua l ly  provide 

no addi t ional  information. This  was found t o  he the  case 30-40% of the  

time . 
Post crash f i r e s  a r e  q u i t e  rare ,  I n  a l l  t h e  da ta  s e t s  

invest igated,  they appear t o  occur no more f r q u e n t l y  than about f i v e  

f i r e s  per thousand crashes. This  appears t o  be about the  r a t e  f o r  o lder  

c a r s  i n  the  I l l i n o i s  da ta  i f  missing data  a r e  excluded; including 

missing data  a s  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. On the  o ther  hand, da ta  from Washington and 

E!ew York show post-crash 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  subjec t  t o  

missing data  problems. Perhaps the  da ta  which a r e  bes t  f o r  estimating 

t h e  crash f i r e  r a t e  a r e  those from t h e  NCSS. The preliminary indica t ion  

is t h a t  there  is about a r a t e  of 3.1 f i r e s  per thousand crashes i n  tow- 

away crashes. I f  a l l  crashes were included t h i s  r a t e  would be less- 

about one f i r e  per  thousand vehicles i n  crashes. 

The r a r i t y  of the  even makes it d i f f i c u l t  t o  de tec t  changes i n  f i r e  

r a t e s .  That is, a g r e a t  amount of da ta  is needed t o  provide information 

on enough f i r e s  so t h a t  a d i f f e rence  i n  crash f i r e  r a t e s  could be noted. 

In  addi t ion ,  the  da ta  must be of cons i s t en t ly  high qual i ty .  I t  is not 

to le rab le  t o  have a 1% e r r o r  r a t e  when inves t iga t ing  a phenomenon which 

occurs only i n  one-tenth of one percent  of the  cases. In  a l l  t he  da ta  

f i l e s ,  the  missing data  rate-on the  key i d e n t i f i c a t i o n  variables--has 

been much higher than the  crash f i r e  r a t e .  

Crash f i r e s  occur l e s s  frequently i n  the  newer models than i n  

previous models. This  f inding was ra the r  cons is tent  throughout the  

data. A summary of t h i s  can be seen i n  Table 3.1. However, i n  

Washington, New York pol ice  accident  da ta ,  and i n  the  spec ia l  study i n  

Cal i fornia ,  these  reductions were not s ign i f i can t ;  those data were 

cons is tent  with a constant f i r e  r a t e  f o r  a l l  m d e l  years. I n  the  r e s t  



of t h e  d a t a , t h e  reduct ion appeared t o  be pr imar i ly  a l i n e a r  t rend ,  which 

could be caused by a gradual  increase  i n  f i r e  r i s k  wi th  increasing age 

of t h e  vehic le .  On t h e  o the r  hand, such an e f f e c t  could r e s u l t  from t h e  

s tandard a l so .  On t h e  one hand,the gradual  increase  i n  c rash  f i r e  r a t e s  

could be a t t r i b u t e d  t o  a slow d e t e r i o r a t i o n  with t h e  aging of t h e  

vehicle .  On t h e  o the r  hand, t h e  gradual ly  d e c r e a s i q  f i r e  r a t e s  could 

be a t t r i b u t e d  t o  year ly  improvements i n  t h e  f u e l  system i n t e g r i t y  

(poss ib ly  d i f f e r e n t  makes i n  d i f f e r e n t  years )  r e s u l t i n g  from t h e  f i r s t  

vers ion  of FMVSS 301 o r  i n  a n t i c i p a t i o n  of t h e  l a t e r  vers ions  of  FWSS 

301. The d a t a  a r e  inadequate t o  d i s t i n g u i s h  between these  

p o s s i b i l i t i e s .  Of course,  t h e  missing da t a  a r e  such t h a t  a l l  of t hese  

reduct ions could be a r t i f a c t s .  

The p a t t e r n  of r e l a t i o n s h i p  of c rash  f i r e  r a t e s  t o  model year  may 

be typ i f i ed  by t h e  da t a  from I l l i n o i s .  Pre-1968 models had a nearly 

cons tan t  r a t e  of about 5 per  thousand. Models from 1958 t o  1975 show a 

gradual ,  near ly  l i n e a r  decrease t o  a r a t e  of about 4 per  thousand, which 

is cons tan t  f o r  model years  1975-1977. The a c t u a l  model years  where the  

form changes is not  c e r t a i n ;  t h e  lower a t e  could extend a s  f a r  back a s  

t o  include t h e  1973 models, while  t h e  higher  r a t e  could include t h e  1969 

and even possibly t h e  1970 models. Although these  da t a  show a reduct ion 

of c rash  f i r e  r a t e s  of about 18% from t h e  pre-1968 s tandard t o  t h e  

cu r r en t ,  i t  should be borne i n  mind t h a t  t h i s  is ra the r  l e s s  than one 

f i r e  per  thousand crashes ,  and t h a t  t h i s  is spread over s eve ra l  model 

years .  

With t h e  r a r i t y  of t h e  event ,  i t  does not  seem t h a t  i t  w i l l  be 

f e a s i b l e  t o  determine whether t he  1976 vers ion  of FWSS 301--which only 

a f f ec t ed  one model year  of production--differed i n  e f f e c t  from t h e  

previous vers ion  of t h e  s tandard o r  from t h e  following version of t h e  

s tandard.  To do so would r equ i r e  near ly  conple te  d a t a  of high accuracy 

about c rashes  involving 1976 models, and might wel l  requi re  addi t inonal  

da t a  about which, i f  any, models had modif icat ions t o  t h e i r  f u e l  systems 

f o r  1976 production. There is no way t h a t  t h i s  could be evaluated with 

ex t an t  d a t a ,  and i t  would probably be p roh ib i t i ve ly  expensive t o  

attempt.  

Data on 1977 and l a t e r  models a r e  s p o t t y  and incomplete. A better 



evaluat ion of the  e f f e c t  of FMVSS 301--current version-could be 

performed when more data  a r e  ava i l ab le  on crashes involving these  

models. However, improvement i n  da ta  q u a l i t y  is a must i f  such an 

evaluat ion is t o  be d e f i n i t i v e .  



7. RECOMMENDATIONS 

A t  present,  f i r e  department da ta  a r e  not well su i t ed  f o r  

identifying vehicle f i r e s  which resulted from a crash. To iden t i fy  

c l e a r l y  whether a c a r  f i r e  resulted from a crash would require a change 

i n  one va r i ab le  on t h e  NFIRS form and a corresponding m d i f i c a t i o n  of 

t h e  instruct ions.  However, i n  order t o  obtain good da ta ,  mre a t t e n t i o n  

t o  careful  completion of the  form by the  loca l  f i r e  departments would be 

required. The c l a r i f i c a t i o n  t o  ident i fy  which c a r  f i r e s  were associated 

with a crash should be suggested t o  the  F i re  Administration. Ins is tence  

on the  data  qua l i ty  and assurance t h a t  the model year of the  vehic le  is 

obtained should a l s o  be suggested. Even with these modi f ica t ions  , f i r e  

department da ta  would not contain any information about the  nature of 

t h e  crash. Such data  a r e  important, s ince  the  sever i ty  of the  crash is 

a very important f ac to r  i n  the  r i sk  of crash f i r e .  Adding such 

information t o  the  f i r e  repor ts  would he too much of a burden on the 

system and would l i k e l y  r e s u l t  i n  very poor data,  and s o  is not 

recommended. I t  might be possible t o  arrange a survei l lance  system 

which would iden t i fy  crash f i r e s  f o r  inves t iga t ion  through f i r e  

departments, and t h i s  might be considered. 

Most pol ice  accident reporting forms do not include information 

about occurrence of a crash f i r e .  Even when such a var iable  is present,  

i t  typ ica l ly  only notes the  presence of f i r e ,  not whether f u e l  was 

involved, the  extent  of the f i r e ,  whether i t  resulted i n  any addi t ional  

i n j u r i e s ,  e tc .  I t  is recommended t h a t  a var iable  t o  iden t i fy  f i r e  i n  

crashes be suggested f o r  addit ion t o  standard accident reporting forms. 

However, co l l ec t ion  of the  de ta i l ed  information should not be attempted 

on general accident reporting forms. The event is too rare.  Such an 

attempt would r e s u l t  i n  wasted e f f o r t .  The best  approach would 5e a 

survei l lance  type of system t o  ident i fy  a l l  t he  crash f i r e s  fo r  fu r the r  

invest igat ion.  Such a system would provide the  information t h a t  no f i r e  

occurred for  non-fire crashes, which could be sampled f o r  more in-depth 

invest igat ions.  

The pol ice  accident reporting system provides p t e n t i a l l y  b e t t e r  

da ta  on crash f i r e s  than t h e  f i r e  d e p a r t ~ e n t  da ta ,  but requires 

improvements t o  reduce the  missing data i n  order t o  consider events 



which occur i n  only one case per thousand. A l inking of the  po l i ce  and 

f i r e  department da ta  would be advantageous--the pol ice  da ta  provide 

information about t h e  crash,  while the  f i r e  department da ta  provide 

information about the  f i r e  (where it or ig inated ,  whether f u e l  o r  

e l e c t r i c a l ,  e t c . )  

The bes t  hope f o r  a r e l a t i v e l y  short-term more d e f i n i t i v e  

evaluat ion would be with a more in-depth accident  inves t iga t ion  e f f o r t  

such a s  t h e  NCSS o r  the  NASS. Fhile the re  would be r e l a t i v e l y  few f i r e s  

found, t h e  da ta  on each crash  and each f i r e  should be of s u f f i c i e n t  

q u a l i t y  and d e t a i l  t o  permit some conclusions t o  be drawn. There would 

probably not be enough f i r e s  t o  permit considerat ion of f i r e  r a t e s  

sepa ra te ly  by each model year. Thus the  inherent  confounding between 

age of vehic le  and version of the  standard could not  be resolved. 

However, the  d e t a i l  present  could a s s i s t  i n  inves t iga t ing  t h e  

r e l a t ionsh ip  between f i r e  and a wide v a r i e t y  of crash events,  and could 

be used t o  some extent  t o  compare models b u i l t  under various versions of 

the  standard. 





APPENDI 'X A 

The Michigan f i r e  d a t a  were obtained from tapes sent from the Michigan 

State Fire Marshall ' s  office.  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 ted  for a  given variable 

qualifies for inclusion. To be included, a case must have one of the l is ted 

codes for each variable 1 isted.  

V4 Situation Found 

1 .  Fi,re, explosion with f i r e ,  crash with f i r e  

3. Rescue, crash 

4.  Hazardous condition - gasoline sp i l l  

V35 Mobile Property Classification 

1 1 .  Car, Automobile 

V41 Area of Origin of Fire 

80. --- 
81. Mobile, Passenger Area 

82. Mobile, Trunk or Load carrying area 

83. Mobile, engine area, wheels, e tc .  

84. Mobile, Fuel t a n k  
85. --- 
86. --- 
87. --- 
88. --- 
89. Mobile, other area 

90. Undetermined 

97. Multiple location 

V46 Equipment involved in ignition 

90. Undetermined 

99 .  Other 

96. Vehicle 

66. Internal Combustion Engine 



V47 Form of Heat Causing Ignit ion 

10. Undetermined head from fuel f i r ed  or powered object  

11. Spark from gas fueled equipment 

12. Heat from gas fueled equipment 

13. Spark from l fquid  fueled equipment 

1 4 .  Heat from liquid fueled equipment 

15. Spark from solid fueled equipment 

16. Heat from sol id  fueled equipment 

1 7 .  Spark from unknown fueled equipment 

18. Heat from unknown fueled equipment 

19. Other - from fuel f i r ed  or powered equipment 

51. Heat or spark from f r i c t i on  ( t i r e  overheated) 

59. Undetermined heat from hot object 

49. Other heat from 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 iquid 

60. Undetermined power t ransfer  equipment or  fuel 

90. Undetermined form of material 

99. Other 

V50 Act or Omission 

41 . Fuel spi 11 ed or released accidental ly  

71 . Accident, overturn, knockdown 






