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EVALUATION OF FMVSS 301 --FUEL SYSTEM INTEGRITY 

TASK I REPORT 

1 , INTRODUCTION 

The FMVSS 301 was originally promulgated t o  be effective on January 1 ,  
1968. I t s  purpose was t o  se t  standards for the construction of the fuel 
system i n  passenger cars so that the fuel system would be less likely t o  
rupture and spi l l  the flammable fuel in a crash, The rationale for this  
was that i f  fuel spillage could be reduced, the potential for post crash 
f i res  would also be reduced. If  the number of crash f i r e s  were reduced, the 
number of f a t a l i t i e s ,  the number and seriousness of injuries,  and the amount 
of property damage should also a l l  be reduced. 

The standard was strengthened effective with the 1976 model year pas- 
senger cars, and again for the 1977 model year passenger cars. I t  i s  a 
timely question, then, to evaluate the performance of the standard t o  deter- 
mine whether i t  has in fact  reduced the occurrence of crash f i r e s ,  and i f  
so, whether different amounts of reduction have been achieved by the dif-  
ferent versions of the standard, 

The occurrence of a crash f i r e  i s  a rare event. Estimates range from 
an occurrance rate of 0.1% t o  0.5% of police reported crashes. The rate i s  

higher in fatal crashes. Fires may be involved in about 2% of the fatal  
crashes. Injuries and f a t a l i t i e s  are even rarer than f i r e s ,  although the 
occurrence of a crash f i r e  i s  associated w i t h  a higher 1 ikelihood of injury 
or death. 

Fuel spil lage i s  presumably more frequent a crash event than i s  f i r e ,  
since I t  would logically precede a f i r e ,  and since even i f  fuel i s  spil led,  
I t  does not always ignite. However, while fuel sp i l l s  are more frequent than 
f i res ,  they are n o t  as well reported i n  any extant data, As a resul t ,  evalu- 
ation of the effectiveness of FMVSS 301 will concentrate on reductions of 
crash f i res .  



The event of a crash f i r e  i s  n o t  well reported in many accident data 
sets .  One source of data which might be exploited to improve the reporting 
of f i r e  i n  crashes i s  data from f i r e  departments. I t  i s  possible that such 
data may n o t  include as high a proportion of small post-crash f i res  as of 
large post-crash f i r e s .  In addition, the f i r e  department data must be coupled 
w i t h  accident data in order t o  determine the rate of occurrence of f i r e  among 
crashes of cars of a given model year, Thus, one approach t o  the evaluation 
i s  to use f i r e  department data to determine the number of crash f i r e s  for 
each model year of car and to use police department data t o  estimate the 
number of crashes of each model year. The rat io  of the two would then be 
analyzed t o  estimate the effectiveness of FMVSS 301. Here, the model year 
of the car i s  used to determine the compliance w i t h  the various forms of the 
standard. 

Another approach t o  the analysis i s  t o  use a single set  of data which 
contains b o t h  the record of crashes and the records of f i res  in those 
crashes--if such sets exis t .  This approach has many at t ract ive advantages 
in terms of consistency of data, abi l i ty  t o  relate the f i r e  crashes to other 
variables, such as crash severity, among others. However, i t s  use i s  
naturally limited by data availabili ty.  

One additional conceptual difficulty i s  that the age of the car i s  
confounded with the compliance to the standard. T h a t  i s ,  new cars meet the 
more stringent standards, while old cars met only the less stringent standards. 
I t  i s  possible that the fuel system integrity degrades w i t h  the age of the 
car. I f  that i s  the case, then it will be d i f f icu l t  to  distinguish the 
effect of age from the difference between the more recent and the older 
standards. This could be alleviated by analyzing the data from the years 
when the cars meeting the ear l ies t  version of the standard were new, b u t  that 
seems infeasible because of lack of appropriate data. The approach which will 
be taken will be t o  estimate an age effect among cars subject t o  a particular 
standard. I f  such an effect i s  found, then this  will be used to adjust the 
rates for ages of the cars, 



2, DATA SETS TO BE USED 

A f t e r  a rev iew o f  the  e x i s t i n g  data, HSRI p lans  t o  o b t a i n  and analyze 

the  data se ts  discussed below. T t  i s  poss ib l e  t h a t  some migh t  n o t  be a v a i l -  

able,  b u t  t h i s  i s  thought  u n l i k e l y  i n  most cases, The o the r  data sources 

reviewed and evaluated (and excluded) a r e  d e t a i l e d  i n  Sec t ion  4. 

The da ts  se ts  planned f o r  u t i l i z a t i o n  a r e  as fo l lows .  

2.1 Acc ident  Data from I l l i n o i s  

These data i n c l  ude a1 1 po l  i c e  repo r ted  acc iden ts  i nvol  v i  ng passenger 

cars  f o r  the  s t a t e  of I l l i n o i s .  The data elements i n c l u d e  post -crash f i r e s ,  

as w e l l  as model yea r  o f  t he  car ,  and some in fo rmat ion  about t he  crash ( type,  

sec t i on  o f  ca r  damaged, e t c . ) .  There a r e  approx imate ly  1200-1500 crash f i r e s  

among about 380,000 passenger ca r  crashes per  year .  Under the  nu1 1 hypothesis 

t h a t  t he  crash f i r e  r a t e  i s  about t he  same f o r  a l l  model years,  t h i s  would 

r e s u l t  i n  about 80-100 c a r  f i r e s  f o r  each model year .  H S R I  has worked w i t h  

t h e  I l l i n o i s  data i n  t he  past ,  and a n t i c i p a t e s  no d i f f i c u l t i e s  w i t h  these 

data.  Arrangements t o  o b t a i n  t he  a d d i t i o n a l  data f o r  t h e  years 1976 and 1977 

have been made, and tapes have been sen t  t o  I l l i n o i s .  

2.2 Data from t h e  S ta te  o f  Michigan 

These data w i l l  be t he  s t a t e  f i r e  department data f o r  t he  years 1975- 

1977 and the  s t a t e  po l  i c e  acc iden t  records f o r  t he  same years,  Since t h e  

acc iden t  records do n o t  r eco rd  t h e  occurrence o f  a f i r e  i n  a crash, t he  

f i r e  department data w i l l  be used t o  es t imate  t he  number of passenger car  

f i r e s  f o r  each model year ,  and t he  acc iden t  da ta  w i l l  be used t o  est imate 

t he  number o f  crashes f o r  each model year .  These r a t i o s  w i l l  then be 

analyzed, I t  should be noted t h a t  t h i s  approach i s  l e s s  p r e c i s e  than one 



us ing  a  s i n g l e  s e t  o f  data.  F i r s t  ~f a l l ,  t h e r e  a r e  l i k e l y  t o  be b i as  

e r r o r s  i nvo l ved  i n  t he  use gf two d i f f e r e n t  data se ts .  Secondly, t h e  use o f  

a r a t i o  es t imate  r e s u l t s  i n  a  h i ghe r  v a r i a b i l i t y  than o f  a  r a t e  es t imate  

f rom a  s i n g l e  data s e t .  

Beginning January 1, 1978, t h e  s t a t e  p o l i c e  acc i den t  form i n  Michigan 

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

Michigan and t h e  occurrence o f  f i r e s  i n  t h e  crashes. A l l  po l  i c e  j u r i s d i c t i o n s  

a re  t o  use t h i s  new form beginn ing January 1, H S R I  w i l l  o b t a i n  t h e  1978 

acc i den t  da ta  on a  q u a r t e r l y  bas is  as w e l l  as t h e  1978 f i r e  department data 

t o  use these c u r r e n t  data i n  t he  evau la t i on .  

2.3 Data f rom the  S t a t e  o f  New York. 

Again two da ta  sources w i l l  Be u t i l i z e d :  s t a t e  f i r e  department records  

and s t a t e  acc iden t  records.  The New York acc i den t  data i nc l udes  a  v a r i a b l e  

f o r  f i r e  as t h e  second adverse event  i n  a  crash. I n  a d d i t i o n ,  t h e  i n j u r y  

data i n c l u d e  spec ia l  ca tegor ies  f o r  burns. The i n j u r y  data can be used t o  

v a l i d a t e  t h e  completeness o f  t he  f i r e  v a r i a b l e  i n  t h e  c rash  data.  Thus, t h e  

New York acc iden t  data can be used as a  s i n g l e  source i n  t he  eva lua t i on .  

New York a l s o  has computerized f i r e  department data.  These w i l l  be 

used t o  o b t a i n  est imates o f  t he  number o f  c rash f i r e s  i n v o l v i n g  passenger 

ca rs  by model yea r .  These est imates w i l l  be used t o  form r a t i o s  o f  c a r  f i r e s  

t o  t h e  c a r  acc iden ts .  Th is  w i l l  p r ov i de  two types o f  data f o r  eva lua t i on  of 

FMVSS 301 and f o r  cross checking t h e  v a l i d i t y  o f  each. One s e t  w i l l  be t h e  

da ta  conta ined i n  t he  acc iden t  f i l e s .  The o t h e r  w i l l  a l s o  use t h e  f i r e  

department data.  Data f rom t h e  1976 and 1977 w i l l  be sought. 

2.4 A d d i t i o n a l  S ta tes  Data 

Three a d d i t i o n a l  s t a t e s  haye da ta  which appear a l s ~  t o  be u s e f u l .  

These a re  t h e  s t a t e s  of Iowa, Maryland, and M issou r i ,  A1 1  t h ree  have bo th  

p o l i c e  acc i den t  data and f i r e  departwent da ta  which can be used toge ther  t o  

es t imate  t h e  r a t i o s  o f  c rash f i r e s  t o  number of crashes f o r  each model yea r  

o f  ca r ,  The acc iden t  data do n o t  i n c l u d e  c rash  f i r e s ,  so o n l y  t h e  r a t i o  



estimates can be used, HSRI will arrange t~ access these data fa r  use in 

the evaulation. Arrangements with l ~ w a  are i n  progress, The other states 
haye had only a preliminary contact, 

2.5 Other Data Sources 

A six month  study of crash f i r e s  was conducted in California from 
June 8,  1976 t o  Dec. 8, 1976. During this  period i n  the study area 575 car 
crash f i res  were identified and data collected on them. HSRI i s  trying to 
obtain those data as we11 as the number of crashes of a l l  cars in the same 
period and area, for use in the eyaulation, This effor t  i s  likely t o  be 
successful . A 1  t h o u g h  these data are somewhat 1 imi ted , they may provide 
additional evidence i n  the evaluation. 

The Fatal Accident Reporting System (FARS) includes f i r e  as a crash 
variable. These data can be used to identify f i res  in crashes which involve 
a t  least  one fa ta l i ty .  Their use directly for evaluating FMVSS 301 i s  some- 

what limited, because the occurrence of a f i r e  i s  associated with a higher 
fa ta l i ty  rate than i s  non-occurrence, Thus, even i f  the occurrence of 
f i res  were reduced substantially by the standard, this  might not be evident 
in fatal  data. The selection of crashes by fa ta l i ty  self-selects a set  
with a higher proportion of f i r e s .  

Crash data from the National Severity Study (NCSS) will be used pri- 
mari ly t o  investigate which crash configurations appear to be associated 
with the occurrence of f i r e s .  This will give insight into which crash 
variables might influence f i r e  or fuel spillage. These variables will then 
be checked to estimate differences in the populations of crashes in the dif- 
ferent model years. If differences are found which are large enough t o  
affect the conclusions of the study, then adjustments for type of crash will 
be attempted. While the NCSS data are expected to supply useful detail 
about a few crash f i r e s  and/or fuel sp i l l s ,  the number of such occurrences 
i s  expected t o  be t o o  small for general use in the evaluation of FMVSS 301. 

Review of the f i r e  department records in a t  least  two of the areas covered 
by the NCSS teams i s  planned to determine whether f i r e  department records 
indicate additional cases of crash f i r e s  which were n o t  included i n  the NCSS 



sample. This reyiew will also Be useful t o  determine actual coding practices 
o f  cases known to involve crash f i r e s .  This has begun in the local NCSS 

area. 
Samples o f  the f i r e  department data i n  Michigan will be reviewed t o  

determine whlch code values most closely correspond with crash f i res .  Similar 
sampling i s  planned with the New York f i r e  department data, i f  feasible. I t  
may be joined to the review of the f i r e  department data i n  the NCSS area in 
New York. 



3 .  PLANNED ANALY S 1 S METHODS 

Many of the data sets  will require that  the numbers of crash f i r e s  be 
estimated from f i r e  department data for each model year (version of FMVSS 

301) and that the number of crashes be estimated separately from accident 
data. The resulting rat io  consists of two random quantities; the number of 
crash f i r e s  and the number of crashes. The variances of this  ra t io  will be 
estimated and used in weighting the data to adjust for the expected unequal 
variances among the different versions of the standard. 

The occurrence of a crash f i r e  or fuel spillage i s  related t o  the 
severity of the crash and the portion of the car which i s  damaged. If for 
some reason the crashes involving one group of cars differ  in severity, pro- 
portion of rear impacts, or some other crash variable from the accidents 
involving another group of cars,  th i s  difference could affect the f i r e  rates.  
Because of the 1 imi ted amount of data available in f i r e  department records 
about the crash, i t  i s  not likely that f i r e  department records can be used to 
relate  f i r e s  t o  crash variables. However, the different groups of cars will 
be compared in the accident f i l e s  t o  determine whether significant dif-  
ferences in crash configurations exis t .  If they do ,  a d i f f icu l t  interpretation 
problem will exist .  Two approaches are suggested. The simplest, which will 
be done, i s  t o  describe the differences observed in the crash populations and 
qualitatively describe the 1 ikely influences on the f i r e  rates and o n  the 
conclusions. The second, which i s  more d i f f i cu l t  and may n o t  be feasible,  
i s  to relate the f i r e  rates t o  crash configurations in data sets  where both 
f i r e  and crash information i s  available (e.g, ,  I l l ino is  and New York data) ,  
and use the resulting relationships t o  adjust for differences i n  the observed 
crash populations in other data se ts ,  

For those data sets  where the crash information and the f i r e  information 
are in the same f i l e ,  a linear models approach t o  categorical data will be 



t o  t ry  t o  separate the  e f f e c t s  o f  ca r  age from 301 standard vers ion.  I n  

add i t i on ,  t o  the  e x t e n t  t h a t  t he  data a l low,  t he  post -crash f i r e  r a t e s  

w i l l  be r e l a t e d  t o  crash va r i ab les ,  such as type o f  crash, area of  impact, 

e t c .  For l a r g e  f i l e s  i t  may be more e f f i c i e n t  t o  determine t he  complete 

s e t  of f i r e  cases, b u t  t o  use a  5% t o  20% of t he  f i l e  i n  es t ima t i ng  the  

denominator data.  I f  t h i s  i s  t he  case, t h  denominator w i l l  have an a d d i t i o n a l  

source o f  va r ia t ion - -due  t o  t he  sampl ing--which t h e  numberator does n o t  have. 

Th is  can be ca l cu la ted  and w i l l  be incorpora ted  i n t o  t he  var iances if sampling 

o f  f i l e s  i s  used, 

F i n a l l y ,  t he  New York data and t h e  e a r l y  1978 data from Michigan w i l l  

be used t o  compare the  f i r e s  i d e n t i f i e d  i n  t he  acc iden t  records w i t h  those 

i d e n t i f i e d  i n  t h e  f i r e  department records. From t h i s  comparison some i n f o r -  

mat ion as t o  the  presumed r e l i a b i l i t y  of t he  o the r  sources which use f i r e  

department and po l  i c e  department data concur ren t l y  w i  11 be obtained. One 

conceivable outcome o f  t h i s  might  be t he  conc lus ion t h a t  o n l y  a  spec i f i ed  

f r a c t i o n  o f  the  crash f i r e s  appear i n  the  f i r e  department data.  I f  t h i s  

were t h e  case, then b e t t e r  est imates o f  t he  s i z e  o f  t h e  f i r e  problems would 

be formed. The est imates o f  t he  e f f ec t i veness  would n o t  be a f f ec ted .  



4,  DATA SOURCES REVIEWED AND EXCLUDED 

A  number o f  data se t s  appeared i n i t i a l l y  promising, b u t  were found 

n o t  t o  con ta i n  c r i t i c a l  da ta  elements upon c l o s e r  examination. Several 

acc iden t  da ta  se ts  were noted as c o n t a i n i n g  t h e  occurrence o f  " f i r e " ,  b u t  

t h i s  tu rned  o u t  t o  be cases where no c rash  was invo lved.  The f i r e s  were 

cases where a  c a r  had a  f i r e  of some s o r t ,  r e q u i r i n g  an emergency c a l l  by 

t he  p o l i c e ,  which r e s u l t e d  i n  an " i n c i d e n t "  r e p o r t .  No crash was invo lved .  

Some o t h e r  data se ts  tu rned  o u t  t o  l a c k  any method o f  i d e n t i f y i n g  t h e  

ca rs  w i t h  a  p a r t i c u l a r  standard. That i s ,  no model year  o r  age i n f o rma t i on  

was a v a i l a b l e .  As a  r e s u l t ,  these data cou ld  n o t  be used t o  es t imate  f i r e  

r a t e s  separa te ly  f o r  t he  ca r s  meet ing t h e  d i f f e r e n t  vers ions o f  t h e  standard.  

A d d i t i o n a l  reasons f o r  exc l us i on  were o n l y  p a r t i a l  coverage o f  a  s t a t e  by 

t h e  f i r e  da ta  and/or p o l i c e  data, u n a v a i l a b i l i t y  o f  data, o r  l a c k  o f  a  usable  

computer ized data management sys tern t o  access t he  data,  

Data c o l  1  ected by t h e  Nat iona l  Assoc ia t i on  o f  Independent I nsu re r s  

were i nves t i ga ted .  They were found t o  l a c k  any da ta  elements which would 

i d e n t i f y  c la ims  as hav ing been r e l a t e d  t o  a  f i r e .  They were a l s o  o n l y  a v a i l -  

ab l e  f o r  c la ims  which were through 1973. Contacts w i t h  a  few i n d i v i d u a l  

insurance companies a re  i n  progress,  b u t  insurance data do n o t  appear t o  be 

o f  s u f f i c i e n t  d e t a i l  f o r  c a r  c rash  f i r e s  t o  be usefu l .  

The f o l l o w i n g  t a b l e  g ives  o t h e r  s t a t e  da ta  f i l e s  i n v e s t i g a t e d  b u t  

r e j e c t e d  toge ther  w i t h  t h e  reason f o r  r e j e c t i o n .  



Table 4-1 

Data Sources Eva1 uated and Rejected 

Data Set 

Cal i f o r n i a  

Oregon 

Nor th  Dakota 

M i s s i s s i p p i  

New Hampshire 

F l o r i d a  

A r i  zona 

West V i r g i n i a  

Ohio 

Connect icut  

Delaware 

Minnesota 

Montana 

Reason f o r  Re jec t i on  

F i r e  department data do n o t  i nc l ude  t he  model year  o f  
t h e  car ,  

Computerized acc iden t  data f i l e  does no t  i nc l ude  c a r  
model year ,  Sampling o f  t h e  f i l e  fo l l owed by hard 
copy rev iew t o  record  model year  was judged t oo  ex- 
pensive f o r  t he  smal l  number o f  f i r e s  which were 
a n t i c i p a t e d .  

Computerized crash data do n o t  i nc l ude  model year .  
Sampling and hard copy rev iew were judged too  expensive 
s ince  the  smallness o f  t h e  data s e t  would r e s u l t  i n  
ve ry  low chance of de tec t i ng  any d i f f e rence .  

(same as Nor th  Dakota) 

Only the  f i r s t  harmful event i s  computerized. Thus 
o n l y  non-crash f i r e s  would be included. No computerized 
f i r e  department data.  

Only non-crash f i r e s  a re  inc luded  i n  acc iden t  data.  
No computerized f i r e  department data. 

Acc ident  data o n l y  inc ludes  non-crash f i r e s .  F i r e  
department data i n c l  udes o n l y  80 r e p o r t i n g  j u r i s d i c t i o n s  
o u t  of 180 i n  t he  s t a t e .  

F i r e  data a re  n o t  a c t u a l l y  computerized y e t ,  

Acc ident  data o n l y  a v a i l a b l e  s ince  7/77, ( E a r l i e r  data 
a re  i n  a non-computerizable data management system, so 
they cou ld  n o t  p rov ide  them t o  us,) 

Acc ident  data do n o t  i n c l u d e  model year .  

F i r e  data n o t  available y e t ,  Accident data " f i r e "  
means f i r s t  a i d  by fireman, n o t  crash f i r e s , '  

Acc ident  data do n o t  i nc1  ude model year,  

No f i r e  department data;  f i r e  data n o t  a v a i l a b l e  i n  
acc iden t  records,  



- - 

Data s e t  

Oklahoma 

Rhode I s l a n d  

South Dakota 

Washi ngton 

West V i r g i n i a  

Utah 

Kansas 

Reason f o r  Re.iection 

No f i r e  depdrtnlent data;  f i r e  n o t  inc luded  i n  acc iden t  
da ta  (except f o r  a s p e c i a l t y  shor t - term study i n  1972). 

Acc ident  da ta  n o t  computerized 

Acc ident  da ta  do n o t  i q c l  ude model year  

F i r e  department da ta  a v a i l a b l e  on ly  f o r  some count ies ;  
acc iden t  data does n o t  i nc l ude  f i r e  

F i r e  department data n o t  computerized y e t  

No f i r e  data;  f i r e s  i n  acc iden t  data were o n l y  inc luded  
i n  a 5 county p r o j e c t  which was d iscont inued 

No f i r e  data; f i r e  n o t  recorded i n  acc ident  data 


