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EXECUTIVE SUMMARY

This is the Final Report of the statistical evaluation of Federal Motor

Vehicle Safety Standard (FMVSS) 301: Fuel System Integrity.

FMVSS 301 is a death-and-injury reduction Standard which includes

requirements (effective 1 January 1968 for the initial version) on the limits of

leakage from the fuel tank, filler pipes, and fuel tank connections during and

after 30 mph frontal barrier crashes. With several admendments to the original

Standard, all 1978 model vehicles up to 10,000 lbs. GVWR must also meet

requirements in a static rollover test as well as side and rear impact tests.

To fully evaluate the Standard, the following measures would be required:

# Fuel leakage occurence and rate of leakage in the following:
pre-1968 and post-1968 cars and post-1976 vehicles in the 6000-
10,000 pound GVWR range in frontal crashes; pre-1976 and post-
1975 cars in rollover crashes; pre-1977 and post-1976 cars in
side and rear crashes and post-1976 vehicles in the 6000-10,000
pound GVWR range in rear impacts; and all 1978 vehicles up to
10,000 pounds GVWR in frontal, side, rear and rollover crashes;

# Post-crash fire rates for the above-defined Pre- and Post-
Standard vehicles;

# Occupant death and injury rates for the same Pre- and Post-
Standard vehicles attributable to post-crash fires.

However, data does not currently exist to adequately determine and compare any

of the preceding. The most that could be done was to examine post-crash fire

incidence for pre-1968 vs. 1969-75 model passenger cars.

The data available to examine this relatively infrequent event derived from

two files: (1) the National Crash Severity Study file; (2) North Carolina

police-reported accidents for the period mid-1971-1978. As there were but 109

post-crash fire cases on the NCSS file, the primary effectiveness evaluations

were made using the North Carolina accident data.

From the (limited) NCSS data, comparisons by various measures of accident

severity indicated that post-crash fire rates were generally higher for more

severe accidents. Thus, for example, post-crash fire rates were relatively high

for single vehicle accidents, for rural accidents, for accidents when vehicles

collided with trucks or fixed objects, and for accidents involving a fatality.

Furthermore, driver injury comparisons showed that, as might be expected, the

proportion of serious injuries using either the KABCO scale or overall AIS was

higher for vehicles involved in post-crash fires.
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To obtain the appropriate North Carolina accident data, the narratives for

nearly 917,000 accidents involving passenger cars in North Carolina during the

years mid-1971 through 1978 were read by the computer to select those cases

involving "fire". From the 5778 narratives containing the pre-selected search

words ( i . e . , caught *fire, burn, flame, f i re , explode), those 1635 (reportable)

cases involving cars in pre-crash fires (e.g. , fires started by the driver

dropping a l i t cigarette) and those 3499 cases clearly not fire-involved (e.g.,

car hit a fire hydrant) were deleted from the "post-crash" narrative fi le. This

yielded an eventual file of 644 cars in post-crash fires with information on

accident year, model year, size, speed, impact region, etc. There was some

additional final screening necessary to make valid comparisons between the

1965-67 and the 1969-75 model cars in post-crash fires.

The basic measure of effectiveness of EMVSS 301 in preventing fires is

defined as follows:

A

E
/ Effectiveness

of MVSS 301
y (post-crash fires)

( rate (per 1000 cars) of
post-crash fires in
Post-Standard cars

( rate (per 1000 cars) of
post-crash fires in
Pre-Standard cars

where Pre-Standard represents 1965-67 model year cars and Post-Standard

(original version) includes 1969-75 model year cars.

After creating the file, examining the data, and computing crude

effectiveness estimates and their standard errors, logistic regression models —

appropriate for rare events — were fit to the data using certain control

variables suggested by statistical screening of the data.

More specifically, variable selection was carried out to determine those

variables Important to control for in the logistic regression analysis. Of the

variables considered, speed and impact site were clearly most important to

control for. Thus speed (<50 mph vs. >50 mph or unspecified) and impact site

(front, side, rear, vs. other) were controlled for in the subsequent modelling.

As age of vehicle was considered important a priori, models were fit controlling

for vehicle age as well as accident year.

The primary analysis restricted the data to cars that were in the 4-9 year

age range. Outside this range, the accident years did not allow for cases in

both the Pre- and Post-Standard comparison groups simultaneously. With this

restriction, the study population was as follows:
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POST-CRASH FIRE RATES AND STANDARD
ERRORS FOR PRE- AND POST-STANDARD

CARS - AGES 4-9 YEARS

Model
Years

65-67 (P)

69-75 (S)

Total

Number of
Cars in
Crashes

N

179,677

292,226

471,903

Number of
Post-Crash

Fires
N

99

165

264

Post-Crash
Fire Rate
(perJ000)

r

0.551

0.565

0.559

Standard
Error

s

0.0554

0.0440

0.0344

Logistic regression models that were linear in the parameters were fit to

the data controlling for speed, impact site, and vehicle age within Standard

status categories. The parameter estimates and their standard errors are given

in the following:

PARAMETER ESTIMATES (STANDARD ERRORS) FOR THE LOGISTIC
REGRESSION ON FIRE RATES FOR THE VEHICLE AGE RANGE 4-9

Effect
(Parameter g)

Mean ( 3X)

Standard ( g2)

Front-unspecified
impact ( 63)

Side-unspecified
impact ( B^)

Rear-unspecified
impact ( B5)

Speed (g6)

Vehicle age (87)

Estimate
(8)

-6.396

0.251

-0.389

-0.496

-0.243

-1.548

0.033

Standard Error
(s)

0.266*

0.143t

0.099*

0.124*

0.143t

0.134*

0.045t

*Significant at a = 0.01
tNot significant at a = 0.05



From the estimate of the effect of the Standard ( B = 0.251), i t is seen that

the adjusted effectiveness estimate is -0.28 with a standard error of 0.143 as

compared to a crude effectiveness estimate of -0.025 with a standard error of

0.095 (calculated from the former table). Clearly, the first version of FMVSS

301 was not effective in reducing the likelihood of post-crash fires in

Post-Standard cars.

It is of interest to note that vehicle age did not have significant effect

on r (the predicted post-crash fire rate) for the case with comparable age

ranges but i t was significant for the unrestricted vehicle age range (0-13

years). Thus, it was even more essential to limit the study population to the

4-9 year old cars.

Several caveats should be considered with respect to the analysis of the

North Carolina narrative data. There are potential non-sampling errors arising

from the following sources:

(i) Use of police accident narratives. It is likely that the
magnitude of the problem of post-crash fire is underestimated
either due to the police failing to mention i t in the narrative
or to the researcher failing to utilize all the relevant key
search words. However, i t is not likely that this would dif-
ferentially occur for the Pre- or Post-Standard cars and thus
should not affect the corresponding comparisons.

( i i ) Uncontrolled confounding factors. The post-crash fire sample
size precluded simultaneously controlling for more than a few
confounding factors. The ones utilized were selected by vari-
able screening but i t is conceivable that other factors such
as "cars with catalytic converters" might have been important
to control for.

( i i i ) Definition of variables. With categorical data, the selection
of variable levels can be important such as "speed < 50 mph."
An alternative definition (e.g., "speed _< 55 mph") could possi-
bly have led to different results.

(iv) Exclusion of the oldest cars. The exclusion of pre- 1965 model
cars was done to try to minimize any potential age effects. In
so doing, the excluded cars were at least seven years old and,
on average, much older.

Notwithstanding these caveats, i t is apparent that the first version of

FMVSS 301 did not have the desired effect of decreasing the post-crash fire

rates in Post-Standard cars involved in crashes in North Carolina.
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1.0 INTRODUCTION

1.1 Background

This report is the seventh in a series of final reports on the statistical

evaluation of the effectiveness of seven Federal Motor Vehicle Safety Standards

(FMVSS). This work is being conducted under Contract DOT-HS-8-02014, by The

Center for the Environment and Man, Inc. (CEM) and its subcontractor, the

Highway Safety Research Center (HSRC) of the University of North Carolina. The

seven Standards to be statistically evaluated are:

FMVSS 108: Side Marker Lamps (only)
FMVSS 202: Head Restraints
FMVSS 207: Seat Back Locks (only)
FMVSS 213: Child Seating Systems
FMVSS 214: Side Door Beams
FMVSS 222: School Bus Seating and Crash Protection
FMVSS 301: Fuel System Integrity

The final results from the analysis of the effectiveness of FMVSS 301 (Fuel

System Integrity) are presented in this report.

Since its introduction in 1968, the Fuel System Integrity Standard has been

modified several times, increasing the difficulty of meeting the test criteria

(see Table 1.1). For example, the static rollover test was first proposed in

1973 for the 1976 models; that test criterion was temporarily suspended, while

new test criteria were considered. The 1976 models, had to meet the frontal

crash and static rollover requirements. The 1977 models had to meet front,

side, and rear barrier as well as static rollover crash requirements. Vehicles

in the 6,000 to 10,000 pound Gross Vehicle Weight Range (GVWR) such as vans or

pickups had to meet the passenger car requirements by the 1978 model year.

FMVSS 301 is a death-and-injury reduction Standard which should result from

decreased rupturing of the vehicle's fuel system (including the fuel tank,

filler system, vent line and fuel lines to the carburetor, fuel pump, and fuel

filter) which, in turn, would imply decreased fuel spillage with a corresponding

reduction in vehicle fires (which require fuel, an ignition source, and oxygen).

The current status of the Standard is such that the following requirements

must be met:

• In the barrier tests for fuel spillage, the vehicle must not
lose more than:
- One ounce by weight during the crash;
- Five ounces during the next five minutes after the crash;
- One ounce in any one minute period during the next

twenty-five minutes.
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TABLE 1-1

APPLICABILITY OF THE STANDARD BY MODEL YEAR

Model
Year

Pre-1968

1968

1971

1976

1977

1978

Fuel System Integrity Requirements Set by FMVSS 301*

Q No requirements

0 Front barrier crash (30 mph) and limited leakage from
fuel tank, filler pipes, and fuel tank connections
during impact (one ounce) and after impact (one ounce
per minute). Effective January 1, 1968.

# In response to air pollution control legislation, auto
manufacturers installed evaporative emission-control
systems increasing fuel system elements.

# Passenger cars must meet front barrier impact and static
rollover test.

0 Side and rear barrier impact tests are added to passenger
car requirements.

£ Other vehicles up to 6,000 pounds GVWR must meet 1976
pasenger car conditions plus the rear impact test.

# 6,000 to 10,000 pound GVWR vehicles must meet only the
front barrier test.

# All vehicles up to 10,000 pounds GVWR must meet the 1977
passenger car requirements.

* The 1976 modifications were announced in 1973 and manufacturers had
considerable lead time to introduce improvements in pre-1976 models
in anticipation of the effective date of the Standard. However,
there is no evidence to date that manufacturers took advantage of
that lead time.

In the rollover test, fuel spillage is limited to five ounces
in the first five minutes at any 90 degree increment or more,
and is limited to no more than one ounce during any subsequent
one minute period while the vehicle is at rest.

Currently, passenger cars (1977 model and newer) must undergo
30 mph front barrier and rear moving barrier crashes, a
20 mph lateral moving barrier crash and a static rollover.

The 1977 model year multipurpose vehicles of less than 6,000 lb,
GVWR must undergo only the perpendicular front barrier crash,
the rear moving barrier crash, and the static rollover. The
1978 models must meet the current passenger car criteria.
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0 The 1977 multipurpose vehicles of between 6,000 and 10,000 lb.
GVWR must meet the perpendicular front barrier crash cri teria.
The 1978 models must meet the current passenger car cri teria.

9 School buses, which are 10,000 lb. GVWR or greater, have to
meet a special moving contoured-barrier crash test starting
July 15, 1976. The evaluation of the effectiveness of this
Standard with regard to these school buses is not within the
scope of this project.

The static rollover test occurs after an impact test . The vehicle is

rotated about i t s longitudinal axis in 90 degree increments. Each incremental

rotation should take between one and three minutes and the vehicle should remain

in each position for five minutes.

A variety of integrated approaches for complying with the requirements of

FMVSS 301 have been recommended. The mechanism of compliance involves all of

the following:

# Fuel Tank Location. For a front-engine vehicle the most protec-
tive location would be the area between the rear wheels above
the rear axle and below the rear window. The regions close to
the rear fender or either side of the car are more vulnerable to
rear end or side impacts. (Mercedes and the VW Dasher have pro-
tected or interior fuel tanks, as do many U.S. station wagons.)

# Fuel Tank Material and Shape. Horizontally aligned rectangular
flat tank configurations with smoothed contours and corners
offer the least hazardous design. The strength of tank walls
should take into account fuel capacity and size of car. Alter-
natives to rigid metal construction include plastic fuel tanks
and expandable tanks with corrugated folds which permit alter-
ing the geometric shape of the tank.

# Fuel Tank Anchorage. The straps and anchor points for the tank
must be sufficiently strong to withstand extreme distortion and
inertial forces associated with impact.

9 Filler System. In general, the protrusion of the filler neck
from the tank should be as short as possible, consistent with
the location of the tank. The major change that manufacturers
made to init ial ly satisfy the Standard was to upgrade the fil ler
tank cap. Self-sealing breakaway type fittings have been
suggested for the filler system and the other outlets from the
fuel tank. The vapor vents have float valves to prevent fuel
leakage but these could be defeated in rollover accidents.

# Vent Line and Fuel Line. As mentioned above, i t has been
suggested that all fittings to the fuel tank be of a self-sealing
breakaway type. In addition, the location, length, flexibility
and strength of the vent and fuel lines all affect the possibility
of rupture and fuel leakage.

# Carburetor/Fuel Pump/Fuel Filter Locations. The location of these
components in the front end relative to other systems will influ-
ence successful compliance with front or lateral moving side
barrier tests.
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1.2 Objective and Purpose

The initial objectives of this analysis were to: (1) study the nature and

magnitude of the fuel spillage problem resulting from the rupturing of some

portion(s) of the fuel system; and (2) examine characteristics of post-crash

fires to contrast the relative frequency and severity of Pre-Standard (model

year 1967 and earlier) vehicle fires with those of Pre-Standard (1969 and later

years) vehicles. As significant strengthening of the Standard applied to 1976

and later model vehicles, some limited attention is devoted to this cohort of

vehicles.

The primary data source available for analysis is the North Carolina mass

accident data for calendar years mid-1971 through 1978 (especially as the study

pertains to police narratives indicating post-crash fires). Supplementing this

set of police-level data is the recently-collected National Crash Severity Study

(NCSS) data, which is intermediate in quality and detail between police-level

data and that collected by in-depth accident investigation teams.

The original overall purpose of the evaluation was to contrast the

magnitude of fuel spillage and/or vehicle fires in Pre- and Post-Standard

vehicles. The analyses carried out in this study focus on difference in post-

crash fire rate for Pre- vs. Post-Standard Vehicles.

1.3 Scope

Using the available 10,851 cases on the NCSS file, the analysis of MVSS

301 was limited to a detailed descriptive analysis of the 109 cars involved with

post-crash fires. Due to problems involved with obtaining data on fuel leakage,

the indicated 189 cars with fuel leakage could not be assumed representative of

the population of cars in crashes with fuel leakage and thus were not considered

appropriate for analysis.

Although lacking in injury detail, mass accident data from North Carolina

for calendar years mid-1971 through 1978 were examined using a narrative search

capability to derive estimates of post-crash fires rates for the following

variablesj

overall, Pre- and Post-Standard model year groups, age of vehicle,
size of vehicle, impact site, accident configuration (including
rollovers), accident speed, driver injury

as well as certain rates controlling for age of vehicles at time of accident.

Investigation of the fuel spillage aspect of FMVSS 301 was not feasible

using the North Carolina mass accident data.
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This Final Report on FMVSS 301 concentrates on investigating differences

between post-crash fire rates in the Pre- and Post-Standard vehicles using

primarily North Carolina mass accident data where the former includes 1965-67

model year cars while the latter includes 1969-75 models. Differences across

each of the previously mentioned variables (e.g. , vehicle size, vehicle age,

crash configuration) for the Pre- and Post-Standard cars are presented. The

extent to which FMVSS 301 can be evaluated using the NCSS file is discussed.

1.4 Approach

1.4.1 Data Sources

In general, fire and/or fuel spillage are relatively rare events in motor

vehicle collisions (Cooley, 1974). As such, even the occurrence of a vehicle

fire is rarely captured in police-level data other than most likely in the

officer's narrative description. Fuel spillage would not be reported in

police-level data unless i t was spectacular and was reported in the officer's

narrative description. In addition, the detail of injury information provided

by police makes this potential data source less-than-ideal for evaluating the

effectiveness of most of the components of FMVSS 301.

Of all the candidate data sources for evaluating the effectiveness of this

Standard, the recently-collected NCSS data appeared to offer the most promise.

The NCSS was a multi-year effort which began in October 1976, and continued

through March 1979. The goal was to collect Level 2-type (or intermediate-

level) accident investigation data on over 10,000 towaway accidents. This

accident data was collected by seven NHTSA-sponsored organizations in eight

locations: Western New York (CALSPAN), Michigan (HSRI), Miami (University of

Miami), San Antonio, Texas (SwRI), thirteen other counties in Texas (SwRI),

Kentucky (University of Kentucky), Indiana (University of Indiana), and Los

Angeles, California (Dynamic Sciences).

The composite of these areas has an urbanization distribution closely

representing that of the entire United States with the areas widely distributed

across the nation. However, as the sample is purposive rather than random,

extrapolations to national totals or rates must be viewed with caution.

The data base represents a stratified probability sample of police-

reported towaway accidents ( i . e . , at least one automobile was not drivable and

hence was towed from the scene) where, for each area, the sampling frame

represents approximately 10,000 accidents annually. The sampling criteria

results In the following three strata:
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(i) 100 percent of those accidents involving the transport
to a treatment facility jind overnight hospitalization
or death of at least one towaway-involved automobile
occupant;

(ii) A 25 percent systematic random sample of accidents which
involved transport of at least one towaway-involved auto-
mobile occupant to a treatment facility but not overnight
hospitalization; and

(iii) A 10 percent systematic random sample of all other police-
reported towaway accidents (where at least one car was not
drivable).

To the extent obtainable, each case contains information on all vehicles

and occupants involved in the accident. For the "applicable" or case car(s)

which is any towed (i.e., non-drivable) automobile involved in an accident

meeting one of the sampling criteria, there is maximum information which

includes the following reports (when appropriate):

Police Seat Performance
Environmental Fire (see Figure 1-1)
Off-Road Object Struck Rollover
Vehicle Interview
Side Structure Medical and Surgical Procedures
Passenger Compartment Overall Summary Report

Intrusion

Variables from the summary report and from the subsequently computerized fire

supplement constitute the master file of 10,851 NCSS cases that were available

for this analysis.

The North Carolina mass accident data contains information on over 130,000

police-reported highway crashes annually. The reporting threshold in North

Carolina is a minimum of $200 property damage and/or personal injury. The

information is reported on a standard form used statewide (see Figure 1-2).

What made this data source appealing as an additional data source is the fact

that nearly all police narratives have been computerized since mid-1971.

Although it is expected that the officer may not observe fuel spillage much

less describe it in the narrative it is felt that he will report the

occurrence of motor vehicle fires (both pre- and post-crash) in his narrative

describing what happened in the accident. It is this premise on which

examination of North Carolina mass accident data was carried out. The fact that

the overall post-crash fire rates for the North Carolina data resemble those

reported by Cooley (1974) tends to lend support to that premise.
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(Complete form only

FUEL LEAKAGE

DID FUEL LEAKAGE OCCUR?

if

Yes
No (Skip to F i r e Sect ion)
Unknown

WHICH VEHICLES LEAKED FUEL? Veh.
Yes
No
Not Appl icable
Unknown

TYPE OF FUEL LEAKAGE
Gasoline
Diese l
Other (Speci fy )
Combinations (Speci fy

)
Not Appl icable
Unknown

LOCATION OF LEAK
Engine Compartment

Unknown Locat ion
Carburator
Fue1 Pump
Fuel Lines
Other (Specify )

Passenger Compartment
Fuel Lines
Other (Specify )

Fuel Tank Area
Tank
Fillerneck
Fuel Lines
Other (Specify )

Leaks in fore than One Area
(Specify )

Not Applicable
Unknown

FIRE HAZARD

DID A VEHICLE FIRE OCCUR?
Yes
No (Form Completed)
Unknown

WHICH VEHICLES WERE INVOLVED?
Yes
No
Not Appl icable
Unknown

FIRE SOURCE
Fuel Leakage
Electrical Short
Other Vehicle

1
2

9

1
2
3

4
8
9

01
02
03
04
07

11
17

21
22
23
27
31

98
99

1
2
8
9

1
2
3

fuel leakage or vehicle f i re occurred.)

1
2
9

1 Veh. 2
1
2
8
9

1
2
3

4
8
9

01
02
03
04
07

11
17

21
22
23
27
31

98
99

1
2
9

1
2
8
9

1
2
3

FIRE SOURCE (Con' t . ) Veh. 1

Other (Specify )
Not Applicable
Unknown

FIRE ORIGIN
Engine Compartment
Unknown Location
Carburetor
Fuel Pump
Fuel Lines
Battery
Wiring
Other (Specify )

Passenger Compartment
Fuel Lines
Instrument Panel
Other Wiring
Other (Specify )

Fuel Tank Area
Tank
Fillerneck
Fuel Lines
Wiring
Other (Specify )

Not Applicable
Unknown

EXTENT OF VEHICLE INVOLVEMENT
Engine Compartment Only
Passenger Compartment Only
Fuel Tank Area Only
Engine + Pass . Area
P a s s . + Fuel Tank Area
Engine + Fuel Tank Area
En t i r e Car
Not Appl icable
Unknown

MAS FIRE FED BY VEHICLE FUEL

SYSTEM?
Yes
No
Not A p p l i c a b l e
Unknown

WAS FIRE EXTINGUISHED?
Yes
No
Not A p p l i c a b l e
Unknown

DID VEH. OCCUPANT SUSTAIN BURN
INJURIES?

Yes
No
Not A p p l i c a b l e
Unknown

4

9

01
02
03
04
05
06
07

11
12
13
17

21
22
23
24
27

99

1
2
3
4
5
6
7

9

1
2

9

1
2

9

1
2

9

Veh. 2

4

VO
 

00

01
02
03
04
05
06
07

11
12
13
17

21
22
23
24
27
98
99

1
2
3
4
5
6
7
8
9

1
2
8
9

1
2
8
9

r-i

2
8
9

Figure 1-1
FUEL LEAKAGE/FIRE HAZARD SUPPLEMENT FOR NCSS CASES

PRIOR TO APRIL 1, 1978. (THE REVISED FORM USED AFTER
THIS DATE IS SO LENGTHY THAT IT IS NOT INCLUDED HEREIN.)
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In filling out rhote itami on the bock ma thu (ollowing exornpUn:

1. t h « t pUr«oun
4. Opin <r.un..y

9.1PCED LIMIT
3. ROAD FEATURE

1. ttft.g* Of undarpttt
1. 0,1..*-y
1. Allay tnt.ruclion
4. Intariaction ol twa

madlan eroiiov*f
A, End c b«g.fining of

dMdiri highway
7. Otti.i

4. ROAD SURFACE
1. CWm>.
7. Smooth aiphalt
3. C H W «*ph«lt
4. Crgval
9. Dlfl « land
t . Olhtr

S. ROAD DEFECTS

3, H.U., daoptvn
}, L«» thwldart
4, Salt •houldari
5, Oth*r d*l*[ i i
t . RMd undo

6. ROAD CONDITION
I. Dry
I , Wti
1. O.It
4. Muddy
5. Snowy
6. Uy

7. LIGHT CONDITION
1.D.rll|ht
3. Du.k
3. Dawn
4. Darin.." (ilr*«t light*-!)
5. Da'kno. (!»*«) noi

>. WEATHER
1. Claw
l.CI.*,y
3. Raining
4. Sns-r.ng
5. Fo,
o. SL.f of hall

9. TRAFFIC CONTHOL

2. Y..IJ tt«n
J. Stop <nd go lignal
4. F loaning ilgnal

with »top lion
5. Fl.ihlng dgnai

without itop *lgn
6. R. R gal* and Haiti
7. ft. R. llaihar
t. Offk.r
a. Olh*r davlca

10. No control pf.i.nt
10. OBJECT STRUCK (tlf

3. UiilHy tola
J.Fanca w U ^ . r = -

A. Cuardiall
In Mdl

3. Gu*fJ*»ll
•n ihtv

4. Brldg*
7. Und*rp4i*

9. Sign W *<a
10- Animal

1. Pilch bank

IS. Non*
SOBRIETY
1. Had no' b«

3. Oflnklng-u

4. Unknewn
PHYSICAL C
1. Ill
3. Fallgvad

Cendllfen not known

EDCSTRIAN ACTION
• •Ing «l Int.n.t l lo

Mahlnf tlghl «n>n
Making Wrl lion
Making U t»rn
Backing
Slowing ar >ra«eln«

Pork Ing
L*ovln| pa'kad (kotlti
Olh*r

tying In raa<
Olhvr
Not In road

a haadllghl.
* taor lighlt
. .I.Ming

,, Olhar difaeti
', Nol known if 4*f«cl

DMV-349 (R«v. 11/15/76)

Dat« of
Accident
Acci d«n t
Occur rod

Oul. ido Cily ° ' To

On

. County d N o a f Town o ( _

• Mil., a n c n <>
N E S W

O M I I .

(0 Ft. if inl»rs«

Hwy. No. ( I . , U.5., N.C., R.P., R.U.) II No., or within cor pern I* l imi t . , identify by noi

_ Toword_

A) not wnte In this space

Patmt Area

S W Hwy. No., or Adjacent County Lu Hwy. No., City, or Adiactnt Courtly L i n *

1. Right 2. Left 3. Straight Ahead o. Pedeitrian 7. Policed Vehicle 6. T 9. Bicycle 10. Ai I I .F ixed I 2. Ort».r
Ob|. 0b|.

icn of M.V. in Road With Another M. V.

13, Rear Cnd 14. Rear End 15. Led Turn 16. Left Turn 17. Right Turn 18. Right Turn 19. HeodOn 20. Sideiwipe 21. Angle 22. Backing
Slow c-r Stop Turn j Some Roadway Crosi Traffic Same Roadway Crots Traffic

VEHICLE NO. 1
No. ol
Vehicle. D , l v 6 t .
Involved First

| | Addn

Cltyi
Zip

Code .

If above addr«s* »om» at on Driver'* Lic.nie? £^\ •

Roce/Sa«: Dflver' i Lie: Stole;

of Birth:
Month Day Year

Member of Yes No. Veh. Veh.
Arm.d Forces C ] • Year: Mok. i -

Lie. Plot. No. _ _ _ _ _ _ _ Stole: -

— Type:-

_ Year:.

VIN

Owner:

ODOM..

City:
Parts
Damaged (TAD)

Z,p
Slate: _.- . Coda:

Amount
of Damage $

Vehicle Drivable:

Remov»d to:

Address;_

By: ,

• No •

VEHICLE NO. 2

Address:-

City: _,
Z ip

. Code

Is abave addren tome • • on Dnver ' i Ltcen*e? {^J

Race/Sex: Driver's Lie. ,

Data of B i r t t i : _ _ _ Spaeify R«itrie
Month Day Year

Member of Yes No. Veh.
Armed Forcet Q Q Year:

Lie. P.alo No

Make: .

. State -

Veh.
. T y p . : .

_ V.ar:

VIN „ _ . _ . ODOftA. .

Owner:

Addresc . —___

City: „ _
Port*
Damaged (TAD) of DomogeJ

Vehicle Drivable: Yes [^] No Q J

Address: . :

Properly Oamagad _

Amt. o l Dom. Owner and
$ Addrm*

INJURY SECTION INSTRUCTIONS

Giv. injury clou, reilrsint uied, rsce, tes and sg» of i l l occupanls in the ipacs correipcnd.ng to the sect occupied. Namet and addreisei are necetsary for parsons \
were injured. For type of Restraint IRei.l uied. U - None, I - U P Bell, IS - Up >nd Shoulder. S - Shoulder Belt only, YH - Child Restraint Sytiem.

= K i l l . d I A- Incopoci toting I B^Noninqopoci toting - Injury otfiar than K or A evident at the scene C--No visible sign of injury but complaint J0 = No

INJURED NAMES ANO ADDRESSES INJURED NAMES AND ADDRESSES

FintNome ' Lost

Left DRIVER I OR PEDESTRIAN

Right
Front

Cents
Rear

Right

Cenle
Reor

Totol No.Oca,pjnti

Injured tol< on to:

W|T- H a m * -
NESSES Norn. ,
Arr.sts: Name

Name
Si on H.re

Total No. Octi.ponts

Address _
Address -
Chorg. ls l .
Chorgels).

Phone No. -
. Phon.No. .

(Cit. N a . l _
(Cil. N o . l -

> Rcnk and Nome Departnenf Dot. cf Reoort

Figure 1-2. NORTH CAROLINA ACCIDENT REPORT FORM (FRONT SIDE).



In fill in it«m> on th*. back ui« th« following •xompl«»!

OCALITY

. Ft..,d.«.r.

i. End ar hvglnnlng of

'. Dirt of I > M I
Oth.r

Rood undo
cnnil'tKtlon

No d.l.cn
QAD CONOillON

Wat

Oily

Mudd/

Snowy

I c y

.GHT CONDITION
Daylight
Dmk
Down
Darknai* ( !"• • • llehlad)
Darknat* (*tra«t nol

llghlod)

9 ,

1

10.

. Yield llgn
, Stop l id fo ilgnaf

with Hop ilgn
. FlolMng ilgnol

without trap >lt
. fi. ». gala and fla
. R. ft. llo.h.r
. Offk.f

, No control ><«ianl

3BJECT STRUCK (f
. Traa ft
. Utility pola
, Fonc* *r lane* »

Ttallk liland, curb,

with
4. MWm«l
7. dwufltlxi xol kn»«r.

13. CHEMICAL TfilT
U . PCDESTRIAN ACTION

2. Crstalni not at tntanaclli
3. Cvflilng Uom b«r>lnd

4. Walking «!lh trod I c

A. Catling an •* oft v . h k l i
7. Standing <i

it bean drinking I Working In road

13. PHYSICAL CONDITION
1. lit
2. Fatlguad

10. lY<r»8<ntM*
1 ! . Oth*
12 Not In road

IS. VEHICLE MANEUVER
I. Stoppad In * • * • ! Ion
3. P»k». out ol traroi

0. Backlrtf

. Startlna li

I. P«rkad in Havat Urtai
Calng (tfaighl akoad
ChangUf I t M l M Margin

Dofaciloa bfaka*
Daloctlva haadl.

N«t known It dafaefl**

VEHICLE 1 POINT OF INITIAL CONTACT

p2
ChKkhmif rollovtr0 26

VEHICLE 2 POINT OF INITIAL CONTACT

1. Locality

2. Speed Limit

ng C1 Not

DRIVER 2or PED.

10 Obiect 16. Veh. 0«(acl

4. Road Surfac* 11. Sobnoly

5. Rood Defect* 12. Pkysicol Cond.

6. Rood Condili 11 Chem. Test

7. Light Condifi
YES NO YES

LJ
NO 19. Dt*t<

Aftei
rov«Ud
t (ft.)

14. P«d. Aciioi

INDICATE
NORTH

I i • I '

I i i ! "

• : \ i ; ' i

!; 1 1 1 : i ;
In
l

i l l : , : : :
! 1 1 : - : ; : ! :
: . . , , j . l
j ; ; . [ i ; i !

. • : i

• i - i

4 M

. * i i
< i i ;

i
• • " • ; • ; ' l ! I i

: I : I • I I ! 1 I I

IM! ' t i - r ^ M

! ! H . i ! i H ; ! : ! - : !
ikl. 1 . . , Trov.lî j CJ [~! Q Cl

N E S W
V^icU I w « Trav.linB C ] n CH O «"»

N E S W

1-

I -•>

11
.; : ! -H i - i ! !H1 iH i ! : ! l

DESCRIBE WHAT HAPPENED:

V.hicl.
I 2

• Cl I.
C3 a J.
a • 3.
• a *
n o s-
o • «•
• en 7.
tn • «•
• a '•
a •«>•
CD D H
C.3 • 1 i

VIOLATION INDICATED

No. Violation Indicalffd

EKC.iiive Epoed

Yl«ld Violation

Lc f lo l C.ni . .

Potiing Violation

Slop S. o, Yield S. Vio.

T«l(ic Signol Vio. '

Saf* Mov.mcnt Vio.

Too Close

Improper Tom

Irriprop.r or No Sionol

Improp.r Pairing Location

Oih.r Imprcp.f Driving

EMERGENCY ASSISTANCE
INFORMATION

INVESTIGATOR

NOTIFIED

BY
- • P

INVESTIGATOR

ARRIVED _
CW.™

- ra P.™

AMBULANCfc

ARRIVED .

OTHER COWMENTS:.

RESERVED r-Oft STATE USf:

22. Chorge

4. M i s c . A c t i f

2 1 . D i ,

23. Chorg«

75. Misc. Act,

RESERVED FOR Cl TY OR OTHER USF:

Figure 1-2. NORTH CAROLINA ACCIDENT REPORT FORM (REVERSE SIDE)



1.4.2 Statistical Analyses

1.4.2.1 NCSS data. After the NCSS file of 10,851 towaway crashes was

converted into an SPSS-processable file including the ability to weigh the

sample according to the inverse of the sampling proportions, a code book of the

major variables of interest (e.g., presence of spillage/fire supplement, Pre and

Post-Standard cars, crash configuration, impact site, AV, vehicle age) was

generated.

From this initial code book, problems with missing data, consistency across

teams, and incidence of fuel spillage and/or fire in passenger cars were

examined. It was from these initial runs that it became obvious that no ade-

quate statistical analysis of the NCSS data could be carried out to appropriate-

ly evaluate any of the components of FMVSS 301. The most that could reasonably

be done was to estimate an overall post-crash fire rate and its standard error

for the weighed sample of towaway crshes from the eight geographic areas

represented by the sampling frame. Additionally, various detailed descriptive

comparisons could be made between those 109 cars with post-crash fires and the

remaining 16,501 cars that did not catch on fire after the crash.

The question of the incidence of fuel spillage (189 vehicles), let alone

the rate of spillage after the crash (e.g., ounces per minute), could not begin

to be addressed because of obvious underreporting along with reporting biases

and lack of detail in the reports. The available literature suggests that for

every post-crash fire case there are about 10 cases with fuel spillage. The

observed underreporting of fuel spillage was probably due mainly to notification

and subsequent investigation time delays. At that point, the evidence generally

had disappeared.

With respect to post-crash fires, the small sample size (N = 109) precluded

subdividing the data according to combinations of variables that would be

necessary for analysis (e.g., by model year, AV (or an appropriate proxy

measure), and crash configuration and/or impact site, with age of vehicle being

an important variable to control for).

Secondly, there was a problem with missing data. For example, for the 109

post-crash fire cases there were damage and trajectory AV's calculated for only

11 cars. The information required for calculating AV from the CRASH program was

just not available. Similar problems exist for the entire file but not as

seriously. Another critical variable which is missing in approximately 43

percent of the post-crash fire cases is the detailed medical information.
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Therefore, even if there had been many more post-crash fire cases, estimating

injury and death reduction based on a file lacking the necessary detailed injury

information would be tenuous at best.

Finally, the initial codebook suggests various biases in the data. For

example, Table A-2 in Appendix A provides the distribution of fire supplement

submission by investigation team. For those teams with essentially urban

sampling frames (namely, Miami and Dynamic Sciences), it would be expected that

the rates of post-crash fires would be fairly comparable. However, using the

weighted file to provide a picture of all towaway crashes in these areas, the

respective rates are 0.12 percent and 0.67 percent. Likewise comparing, for

example, the rural areas covered by the University of Indiana and the University

of Kentucky, the respective rates are 0.75 percent and 0.43 percent. Whatever

the reasons for the differences, they do suggest caution in using the pooled

NCSS data for FMVSS 301 evaluation even if there were sufficiently many cases to

analyze.

The upshot of these findings is that the NCSS data was able to provide

crude (weighted and unweighted) estimates of post-crash fire rates for Pre- and

Post-Standard cars along with a detailed descriptive investigation of the 109

individual cars involved with post-crash fires.

1.4.2.2 Mass accident data from North Carolina. At the outset, it was

expected that very little information could be obtained from Level 1 or

police-reported accident data with respect to either fuel leakage or post-crash

fires and subsequent injuries and deaths. However, because of a narrative

search procedure developed to scan police accident narratives, the North

Carolina mass accident data became the most useful of any data available to

investigate differences in Pre- and Post-Standard vehicle fire rates overall and

within certain accident subsets such as rear-end crashes, frontals, rollovers,

crash speed categories, etc.

As the Standard is an injury reduction rather than an accident prevention

standard, rates based on all cars involved in similar crashes are the most

meaningful criterion measures. Thus, the denominators of the rates consist of

all cars meeting the crash circumstances encountered by the numerator cases

which are those cars involved in post-crash fires.

As indicated elsewhere, Level 1 injury data is generally deficient in

detail. For example, in North Carolina it cannot be determined from the crash

report that an occupant that was killed in a burning vehicle received even minor

burns. It is entirely possible that he died from striking an interior object in
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the vehicle and the fire had nothing to do with his death. Thus, the injury

and death reduction attributable to FMVSS 301 cannot be determined from the

mass accident data from North Carolina. The best that can be done is to

compare driver injury for the vehicles with post-crash fires with those that

escape without a fire. However, this can do no more than suggest differences

in injury and death rates in the fire vs. the non-fire cases without being able

to determine the actual causes.

Briefly, the narratives for nearly 917,000 accidents involving passenger

cars occurring in North Carolina during the years mid-1971 through 1978 were

read by the computer to select those cases involving "fire". From the 5778

narratives containing the pre-selected search words ( i . e . , caught*fire, burn,

flame, fire, explode), those 1635 (reportable) cases involving cars in

pre-crash fires (e.g., fires started by the driver dropping a l i t cigarette)

and those 3499 cases clearly not fire-involved (e.g., car hit a fire hydrant)

were deleted from the "post-crash fire" narrative fi le. This yielded an

eventual file of 644 cars in post-crash fires with information on accident

year, model year, size, speed, impact region, etc. Section 4 details additional

screening necessary to make valid comparisons between the 1965-67 and the

1969-75 model cars in post-crash fires.

With this screening completed, the various post-crash fire rates for

Pre- and Post-Standard vehicles were calculated, crude effectiveness rates

of FMVSS 301 in reducing post-crash fires derived, and corresponding confidence

limits presented. As significance was attained, control variables were selected

and then effectiveness estimates and their standard errors obtained using

weighted least squares procedures for categorical data.

1.5 Limitations of the Study

Based on previous work with two NHTSA-sponsored Level 2 accident investi-

gation programs (namely, the Restraint Systems Evaluation Program (RSEP) and

the National Crash Severity Study (NCSS)) and due to the rarity of the phenomena

under study (fuel spillage and/or vehicle fires), the current investigation of

NCSS data was not necessarily expected to provide a statistically sound

evaluation of the death and injury reduction effectiveness of FMVSS 301. Of the

10,851 cases on the available f i le, there were fuel leakage/fire hazard

supplements submitted for 239 cars. Of these there were fuel spillage

supplements for some 189 cars, while for 109 cars post-crash fires were

indicated. Obviously the majority of supplements indicated both fuel leakage
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and fire, but there were a minority of cases where there was fuel leakage but no

fire £r vice versa.

The literature suggests that fuel leakage is approximately ten-fold as

prevalent as post-crash fires. Clearly this is not the case with this file.

Due to the notification delay of a towaway crash occurring and the

additional dealy of locating the vehicle which has generally been removed from

the scene, it would be expected that evidence of fuel spillage (e.g., odor,

obvious reservoirs of gasoline) would be lacking. It is clear that there is an

underreporting of fuel spillage with reporting biases highly suspect. Thus, it

certainly is not reasonable to investigate even the prevalence of fuel spillage

in the NCSS data (and obviously not in the mass accident data from North

Carolina) let alone the question of the rate of spillage (e.g., one ounce per

minute after impact).

With respect to the post-crash fire reduction expected from the Standard

and its modifications, the most that could be done with 109 NCSS cases is a

detailed descriptive analysis. Clearly no evaluation of the injury-reducing

effectiveness of FMVSS 301 could be carried out as there were but 26 cars out of

the 109 involved with post-crash fires in which the occupants sustained burn

injuries.

The North Carolina mass accident data is primarily deficient in the level

of injury detail provided by the investigating officer. From his report (see

Figure 1-2) it is not possible to determine whether an occupant died of burn

injuries caused by the post-crash fire or even if he sustained any burn

injuries. Thus, this somewhat more plentiful data does not allow for estimation

of occupant injury and death reduction attributable to FMVSS 301. It does

provide perhaps the best estimates available of post-crash fire rate differences

by model year and/or age of car along with a variety of other rates of

interest.

1.6 Outline of the Report

The next portion of this report (Section 2) summarizes the results of the

analyses that were carried out on FMVSS 301. It includes a description of the

measure(s) of effectiveness; an overall measure of effectiveness in reducing

post-crash fires along with approximate confidence intervals; an evaluation of

these analyses with respect to the extent to which they constitute a complete

analysis of the effectiveness of the Standard; recommended additional work in

the evaluation of FVMSS 301; and results, conclusions, and recommendations. In

short, it summarizes in detail the results of this investigation.
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Section 3 presents results based on the 109 post-crash fire cases In the

NCSS data file. The primary result is a detailed comparison of these fire cases

(weighted and unweighted) with the non-fire cases on the same fi le.

Section 4 provides a description of the methodology utilized to examine

post-crash fire incidence using mass accident data. Limitations imposed by the

data are discussed. Comparisons of overall post-crash fire rates along with

Standard effectiveness and corresponding confidence intervals are presented. As

significance was found, control variables were selected and then effectiveness

estimates and their standard errors obtained using logistic regression

procedures.

Appendix A provides additional tables of NCSS (weighted and unweighted)

post-crash fire comparisons while Appendix B provides model year by accident

year data from the post-crash file for North Carolina accidents. Appendix C

provides the most applicable data by study subpopulations (or strata).

1.7 References for Section 1

1. Cooley, P. Fire in Motor Vehicle Aooidents3 HSRI Special Report,
Highway Safety Research Ins t i tu te , Ann Arbor, Michigan, April 1974.
(UM-HSRI-SA-74-3)

2. Northrop, G.M. Evaluation Methodologies for Four Federal Motor
Vehiale Safety Standards: FMVSS 2l4} 2U} 301, 208. Hartford
Connecticut, The Center for the Environment and Man, Inc . , May
1977. (DOT-HS-6-01518, CEM 4207-568).

3. Northrop, G.M. et a l . Final Design and Implementation Plan for
Evaluating the Effectiveness of FMVSS 301: Fuel System Integrity.
Hartford, Connecticut, The Center for the Environment and Man,
Inc. , May 1977. (DOT-HS-6-01518; CEM 4207-566).

4. Reinfurt, D.W. CEM Report 4254-638: Work Plan for the Statistical
Evaluation of the Effectiveness of FMVSS 301: Fuel System
Integrity3 Highway Safety Reserach Center, Chapel Hi l l , North
Carolina and The Center for the Environment and Man, Inc. ,
Hartford, Connecticut, December 1978. (Contract DOT-HS-8-02014)

1-14



2.0 SUMMARY OF ANALYSES PERFORMED ON FMVSS 301

2.1 Measure(s) of Effect iveness

As indicated in Section 1.0, FMVSS 301 i s a death and injury reduction

standard which would be accomplished by a reduction in post-crash f i res which, in

tu rn , would r e s u l t from reduced leakage in the fuel system ( i . e . , fuel tank,

f i l l e r p ipes , and fuel tank connections) during genera l ly ra ther severe

automobile crashes such as ro l lover acc iden t s . The following measures would be

required to ful ly evaluate the Standard:

9 Fuel leakage occurrence and ra te of leakage in the following:
pre-1968, and post-1968 cars and post-1976 veh ic les in the
6-10 thousand pound GVWR range in f ron ta l c rashes ; pre-1976,
and post-1975 cars in ro l love r c rashes ; pre-1977 and p o s t -
1976 cars in side and rea r crashes and post-1976 vehic les in
the 6-10 thousand pound GVWR range in rear impacts; and a l l
1978 vehic les up to 10 thousand pound GVWR in f r o n t a l , s i d e ,
rear and ro l love r c rashes ;

• Post-crash f i r e r a t e s for the above-defined Pre- and Post-
Standard veh i c l e s ;

• Occupant in jury and death r a t e s for the same Pre- and Post-
Standard vehicles attributable to post-crash f i res .

Clearly, as stated in Section 1.0, no data sources exist with sufficient

quantity and quality of data in these three areas. Hence, the analysis is

limited to the following measure of effectiveness1 for FMVSS 301:

• Post-crash fire rates (per 1000 cars) for Pre-Standard (P) vs
Post-Standard (S) cars where the model years included in these
periods are:

P : pre-1968 model years ( i . e . , 1965-67 for N.C.)
S : post-1968 model years ( i . e . , 1969-75 for N.C.)

For descriptive comparisons, the data is further examined for the
following model-year cohorts:

P : pre-1968 model years
Sx : 1969 through 1975 model years

post-1975 model years
However, data limitations with respect to S-J-J- require restricting
any data analysis to Sj.

The measure of effectiveness of FMVSS 301 in preventing post-crash
fires is taken to be the difference in the post-crash fire rates for
the Pre-Standard cars vs the Post-Standard cars relative to the
post-crash fire rates for the Pre-Standard Cars. That i s , the
effectiveness of FMVSS 301 in reducing post-crash fires is estimated
by

i\ A

- rp " r s
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where
rp = rate (per 1000 cars) of post-crash

A fires in Pre-Standard cars
rg = rate (per 1000 cars) of post-crash

fires in Post-Standard cars

# Crude and adjusted effectiveness estimates are obtained along with
95 percent confidence intervals.

2.2 Estimated Effectiveness of FMVSS 301

2.2.1 Methods

There were, from the outset, two distinct data sets upon which to carry out

the effectiveness analysis of FMVSS 301. The NCSS file consisted of detailed

information (Level II) on 10,851 towaway crashes resulting in some 109 cars with

post-crash fires and 189 cars with fuel-spillage.

The second data set consisted of police-reported (Level I) accident data for

nearly 917,000 accidents occurring in North Carolina between mid-1971 and the end

of 1978. From this file, although it was not possible to determine fuel leakage,

there were 644 cars involved in post-crash fires where certain additional

information was available, namely, model year, car size, speed, impact site,

rollover vs non-rollover, and vehicle age (derived from mdoel year and accident

year). The final file was somewhat smaller due to vehicle age comparability

requirements.

From the (limited) NCSS data, overall crude post-crash fire rates are

calculated for the unweighted and the weighted sample along with various rates

within certain subsets of the data. From the more useful North Carolina accident

data, crude and adjusted (for speed, impact site and vehicle age) effectiveness

estimates are calculated along with the appropriate standard errors and

associated confidence intervals.

Hence, Section 3.0 presents basically a descriptive analysis based on the

NCSS data whereas Section 4.0 provides effectiveness estimates which have been

adjusted for speed, impact site and vehicle age using, first, variable selection

procedures to determine the relative importance of a number of control variables

and secondly, logistic regression procedures which are not only particularly

relevant for rare events like post-crash fires but also allow for a combination

of categorical and continuous variables as is the case in this study.

2.2.2 Results

2.2.2.1 NCSS Data Excluding unknown model year (Np = 4; Nj? -

number with no fire = 108) and also the 1968 (or Interim) model year (Np = 5;
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NF 910), the corresponding (crude) unweighted and weighted f i re ra tes per

1000 are given by

Unweighted Weighted

A

rp
A

rs
A
rS
A Ir c

- 6.

- 6.

- 6.

- 6.

22

49

29

90

rP,W

rS W

= 2.67

= 2.63

- 1.74

= 2.81
II

Without further invest igat ion, there i s c lear ly no indication of effectiveness

of FMVSS 301 from this rather limited data se t .

Of perhaps more in te res t are the post-crash f i re ra tes within a number of

vehicle and/or accident variables on the NCSS f i l e . These ra tes are given in

Table 2-1 for vehicle variables and in Table 2-2 for accident var iab les . To

the extent the rates ( r ") based on the weighted sample represent post-crash
W

fi re ra tes in the population of towed vehic les , these ra tes are also
presented.

Table 2-1

POST-CRASH FIRE RATES (PER 1000 CARS)
BY CAR WEIGHT, AREA OF IMPACT, OBJECT,

STRUCK, AND DRIVER OVERALL AIS

VARIABLE

Car Weight

2000-
2000-2699
2700-3299
3300-3899

3900+

Area of Impact

Front
Side
Rear
Other

A

r

7.66
6.01
6.60
6.98
7.48

6.98
5.88

17.80
15.36

A

rw

2.42
2.88
3.13
2.07
1.91

2.33
1.26
5.49

15.83

Overall

VARIABLE

Object Struck

Other Car
Truck
Other Vehicle
Fixed Object
Other Object

Driver Overall AIS

No In ju ry
Minor, Moderate
Severe, Serious
C r i t i c a l , Maximum

6.56 2.20

A

r

3.86
12.55
0.00

13.28
11.29

1.59
8.13
9.57

51.78

A

rw

1.16
3.82
0.00
4.65
8.56

1.05
4.96
8.20

51.28
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Table 2-2
POST-CRASH FIRE RATES (PER 1OOO ACCIDENTS)

BY NUMBER OF VEHICLES INVOLVED, TYPE OF IMPACT,
RURAL VS URBAN, AND ACCIDENT SEVERITY

Variable

Number of Vehicles
Involved

Single Vehicle
Two Vehicles
More Than Two

Vehicles

Type of Impact

Car/Vehicle:
Head-on
Side/Angle

Side
Rear

Car/Fixed Object:
Front
Side

Rollover (principal)
Other

A

r

12.80
9.49

5.51

20.11

4.75
12.74

11.02
23.89
13.93
4.91

Overal1

A

rw

5.96
2.56

2.41

6.12

1.31
3.68

4.47
6.26

12.39
2.74

10.33

Variable

Rural vs Urban

Rural
Urban

Accident Severity

Fatal
Injury-

Hospitalized
Injury-

Transported to
a Treatment
Faci l i ty

No transport

3.61

A

r

19.75
6.17

61.80

14.96

4.33
1.29

A

8.16
2.30

61.80

14.96

4.33
1.23

2.2.2.2 North Carolina Accident Data After examining the post-crash

fire rates, standard errors, effectiveness estimates and corresponding standard

errrors (see Table 2-3), it became clear that a more rigorous analysis of the

N.C. data was appropriate.

Table 2-3
POST-CRASH FIRE RATES (STANDARD ERRORS)

AND EFFECTIVENESS ESTIMATE (STANDARD ERROR)

Model

65-67
69-75

Total

Year

(P)
(S)

A

EP,S

Population
N

234,035
686,947

920,982

= 0.053

Fires
n

136
378

514

s = 0.095

Fire
Rate

A

r

0.581
0.550

0.558

Standard
Error

s

0.0498
0.0283

0.0246
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Variable selection was carried out prior to fitting models using logistic

regression procedures. Of the variables considered (namely, age of car,

impact site, speed, and car size), speed and impact site were clearly most

important to control for. Thus, speed (<50 mph vs. >50 mph or unspecified) and

impact site (front, side, rear vs other) were controlled for in the subsequent

modelling. As age of vehicle was considered important a priori, models were

also fit controlling for vehicle age as well as calendar year.

The primary analysis restricted the data to cars that were in the 4-9

year age range. Outside this range, the accident years did not allow for

cases in both the Pre- and Post-Standard comparison groups. That is, there

were no 0-3 year old Pre-Standard vehicles nor any 10-13 year old

Post-Standard cars. With this restriction, there were 471,903 cars in the

study population with 264 cars experiencing post-crash fires.

Logistic regression models that were linear in the parameters were fit to

the data controlling for speed, impact site and vehicle age within Standard

status categories. The final adjusted effectiveness estimate was -0.28 with a

standard error of 0.143 as compared to a crude effectiveness estimate of -0.025

with a standard error of 0.095. Clearly, the first version of FMVSS 301 was not

effective in reducing the likelihood of post-crash fires in Post-Standard cars.

It is of interest to note that vehicle age did not have a significant

effect on r (the predicted post-crash fire rate) for the case with comparable

age ranges but it was significant for the unrestricted vehicle age range (0-13

years). Thus, it was even more essential to limit the study population to the

4-9 year old cars.

The bottom line of the analysis presented here is that, based on mass

accident data from North Carolina, the first version of FMVSS 301 did not have a

significant effect on post-crash fire rates in Post-Standard cars.

2.3 Evaluation of the Effectiveness Analysis

To have reasonably fully evaluated the effectiveness of FMVSS 301 as

outlined in the plans proposed by Northrop et. al. (1977) or Braun et al.

(1977) in earlier NHTSA contracts would have required data files which are not

in existence—namely, NCSS (Level II) data files in the quantity found in

multi-year mass accident data (Level I) files. Even then the fuel spillage

reduction aspect would not be addressable.

The NCSS data file was primarily useful to confirm and expand upon some

of the findings presented by Cooley (1974) regarding differences in post-crash

fire rates by rural vs urban, area of impact, single vs multi-vehicle
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accident, object struck, etc. From the NCSS data, post-crash fires are more

likely in single vehicle, rear impact crashes at high speeds in rural areas.

Similarly, they are much more likely to occur in crashes where the driver

receives either fatal or class A injuries.

The North Carolina mass accident data was reasonably useful for examining

the effectiveness of the first version (January 1968) of FMVSS 301 in reducing

the frequency of post-crash fires. By using multiple years of accident data,

it was possible to control for speed and impact site which were the most

important to control for among such vehicle variables as age of vehicle and

size of car. The resulting logistic regression analysis indicated that, after

controlling for speed, impact site, and vehicle age, there was no evidence to

suggest that FMVSS 301 had any effect on post-crash fire rates—if anything,

they were slightly higher after the Standard became effective.

The main prospect for further research in this area lies in analyzing

multi-year, multi-site NASS accident data or additional years of North

Carolina narratives for examining the second version of the Standard. The

prospect for investigating the fuel spillage reduction component of the

Standard does not appear overly promising.

2.4 References for Section 2

1. Braun, R.L. et al. Evaluation Methodology fov Federal Motor Vehicle
Safety Standards. Volume II: Technical Findings. Stanford,
California, The Transportation Center of the Stanford Research
Institute, May 1977. (DOT-HS-6-01519)

2. Cooley, P. Fire in Motor Vehicle Accidents. HSRI Special Report,

Highway Safety Research Institute, Ann Arbor, Michigan, April 1974.
(UM-HSRI-74-3)

3. Northrop, et al. Final Design and Implementation Plan for Evaluating
the Effectiveness of FMVSS 301: Fuel System Integrity. Hartford,
Connecticut, The Center for the Environment and Man, Inc., May 1977.
(DOT-HS-6-01518, CEM 4207-566)
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3.0 ANALYSIS OF THE NCSS DATA

3.1 Introduction; Limitations

The proposed analysis of FMVSS 301 (Fuel System Integrity) presented in the

Work Plan was based on the detailed accident reports available through the NCSS

program and mass accident data from North Carolina starting with calendar year

mid-1971. Figure 3-1 is a flow diagram indicating the suggested steps in this

combined analysis. The subtask numbering system for the Work Plan (Figure 3-1)

is explained as follows:

Task Number
(1 through 3)

Standard
Number

(1 through 7)

Subtask
Number

This numbering sequence was chosen for the following reasons:

• Task Number. All seven Standards involve four (4) Tasks:

Task 1: Review Methodology and Develop Work Plans

Task 2: Analysis of Data

Task 3: Final Analysis and Final Report on the Standard

9 Standard Number. For convenience throughout the entire study,
the following "Standard Numbers" are used:

1 = FMVSS 108: Side Marker Lamps

2 = FMVSS 202: Head Restraints

3 = FMVSS 207: Seat Back Locks

4 = FMVSS 213: Child Seating Systems

5 = FMVSS 214: Side Door Beams

6 = FMVSS 222: School Bus Seats and Crash Protection

7 = FMVSS 301: Fuel System Integrity

(All CEM report numbers will have last digits in the sequence
noted above.)

• Subtask Number. Sequential numbers, beginning with "1".

It should be noted at the outset that a successful investigation of the

effectiveness of Standard 301 would provide national estimates of fire-related

fatalities and injuries (by AIS level) assuming that the Standard had not been
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TASK 1
Task 1.7.1

TASK 2
Task 2.7.1.1

Obtain Interim NCSS
Data (N=5557)

Prepare f i l e for statistical
analysis packages {including

weighting of data)

Task
1.7.2

Task
2.7.2.1

Prepare NCA Narrative
FiTi

Select search words
for "narrative searcft"
of 1971 - present N.C.

accidents

Task
2.7.1.2

Tabulate Data: Codebook of
al l candidate variables:

Spillage/fire supplement \iar.
Pre- and Post-Standard veh.
(^1976 model special)
Crash configuration
Impact site
Age of vehicle, etc.

±

LSelect relevant
narratives (i .e . , those
deal ing with post-crash

fires)

Task
2.7.2.2

Examine Data
t Missing data
• Consistency across teams
• (Representativeness)

Possible
"Adjustment'

of Data

Select Variables of Interest
t Relevant to Standard
• Based on other studies
• Acceptable missing data

Cross-tabulate by
model year and accident
severity controlling for
accident type, speed,

etc.

±
Determine post-crash f i re
rates for Pre- and Post
Standard vehicles based
on accidents, vehicle

registration

Task
2.7.1.3

Analysis (within certain subsets
of the data). In i t ia l l y Chi-square
test for differences in proportions

(e.g., age vs. spillage, age vs. f ire)

Refined analysis i f data
permits; supplement

with other data

Develop
methodology
for accounting
for sampl ing
scheme in

constructing
confidence
intervals

Clear
ndication of Effectiveness

of FMVSS 301

Estimates of effectiveness
with corresponding
confidence intervals

Task 2.7.3
Prepare Task ?. Preliminary Analysis Report

e Effectiveness estimates
o Needs for IIHTSA re. NASS, field

tests
• Additional analyses

TASK 3
Task 3.7.1

Conduct Final Analysis j

Task 3 7 2 [ Prepare"~FMVSS 301 Final Report~|

_i
Task 3.7 3 Prepare Final Report on Entire Study j

Task 3.7.4 Present Final Briefing I

Figure 3-1. FLOW DIAGRAM FOR EVALUATION OF FMVSS 301: FUEL SYSTEM INTEGRITY
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promulgated and contrasting that with the estimated (actual) number based on the

NCSS data. As will be seen in this section using the NCSS data, there is no

suggestion of effectiveness of either the original 301 Standard in 1968 or the

supposedly considerable strenghtening of the Standard in 1976 in reducing

post-crash fires regardless of impact type. Not only are the effectiveness

estimates based on the actual investigations (unweighted) not significant but

they are slightly negative. Thus extrapolation using the NCSS data would be

meaningless.

Obviously, these analyses are subject to either of two errors; namely, a

Type I error which concludes that the Standard has the desired effect when

indeed it has no effect or a Type II error which fails to detect an effect which

is indeed real. Even though the NCSS data set is of limited size (N=109),

it would seem from the reasonableness of the various tables in this section with

respect to post-crash fire rates by impact site, accident configuration, speed

(as inferred from the speed limit), driver injury severity, time of day, etc.,

that there are no serious problems with the NCSS data other than sample size.

Largely due to sample size limitations, there remains the possibility of having

made a Type II error in this analysis of the NCSS data, however.

The remainder of this section presents the results of the data analyses.

Here, emphasis is placed on the unweighted fire rates as these represent cases

actually investigated rather than an attempt to extrapolate to all towaway

crashes. To obtain the weighted rates, it is necessary to multiply by the

inverse of the sampling fractions (e.g., by 10 for "Non-transport to a medical

facility") which tends to distort certain relatively rare cells. However, both

rates are presented in the tables for comparison purposes.

The limited plans for the evaluation of FMVSS 301 using NCSS data as

outlined in Section 1.4.2.1 (see also Figure 3-1) exceeded that which could be

appropriately carried out with 109 post-crash fire cases (cars). Even when

weighting the sample by the inverse of the samplng fractions, there were but 181

cars involved in post-crash fires and 372 cars with fuel leakage detected.

The latter is certainly subject to detection biases that, even if there

were enough cases, would render any fuel leakage analyses suspect at best. The

former dealing with post-crash fires is evidently representative (see Appendix

A) but seriously lacking in quantity (e.g., only 24 unweighted (or 48 weighted)

3-3



post-crash fires for Post-Standard II cars where FMVSS is most likely to

have a demonstrable effect and where the age of vehicle at time of crash is far

less of a problem than in the oldest cars) .

In lieu of being able to adequately evaluate any of the components of

FMVSS 301 using NCSS data, a detailed comparison of the 109 cars involved with

actual post-crash fires with the non-fire cases is carried out in Section 3.2.

3.2 Procedure and Results

The NCSS file had a total of 10,851 accident records in i t , involving a

total of 16,610 cars which were case vehicles ( i . e . , non-drivable and hence

towed away from the crash). In the entire NCSS vehicle-oriented f i le , there

were 109 cars involved in post-crash fires. Since the number of fire cases was

too few to carry out an appropriate analysis of the effectiveness of FMVSS 301

in preventing post-crash fires, primarily detailed descriptive statistics were

determined for the fire vs. non-fire cases and are presented in this section.

(The problems with the 189 fuel leakage cases have been described in Section

1.0.)

Table 3-1 shows the percentage distribution and post-crash fire rates r per

1000 cars by model year (grouped by periods relevant to FMVSS 301). Thus, for

example, the pre-1968 fire rate was determined as follows:

15
rp = Fire rate (pre-1968) = 2413~ X 1 0 0° = 6 - 2 2

The table shows virtually no change in fire rates for Post-Standard I

cars ( i . e . , prior to the static rollover requirement) but a subsequent increase

for Post-Standard II cars. The increase in fire rates for Post-Standard II cars

is surprising but might be attributable to increasingly many small cars in the

population (Datsuns, Hondas, Toyotas) with the general down-sizing of U.S. cars

with the continuing fuel crunch. (This is further examined in Table 3-2.)

Also presented in Table 3-1 are the percentage distribution and post-crash

fire rates (rw) when the observations are weighted by the inverse of the

sampling fractions. Under the weighting scheme, Post-Standard I cars appear to

have a lower fire rate than Pre-Standard cars. However, Post-Standard II cars

continue to have fire rates approximately as great as the Pre-Standard cars.
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Table 3-1

PERCENTAGE DISTRIBUTION AND POST-CRASH FIRE RATES (PER 1OOO ACCS.) BY
MODEL YEAR -- UNWEIGHTED, WEIGHTED BY THE INVERSES OF THE SAMPLING FRACTIONS

Model Year

Pre-1968
(Pre-Standard)

1968
Interim

1969-1975
(Post-Standard I)

Post-1975
(Post-Standard II)

Unknown

Total

Fire

15
[14.3]*

[4.8]

61
[58.1]

24
[22.8]

4

109

Unweighted

No
Fire

2,397
[14.6]

910
[5.6]

9,631
[58.8]

3,455
[21.1]

108

16,501

Fire Rate
A

r
6.22

5.46

6.29

6.90

6.56

Fire

30
[16.9]

14
[7.9]

85
[48.0]

48
[27.1]

4

181

Weighted

No
Fire

11,199
[13.7]

4,615
[5.6]

48,829
[59.8]

17,063
[20.9]

578

82,284

Fire Rate
A
rw

2.67

3.02

1.74

2.81

2.20

*Column percent excluding "Unknown" (e.g., 14.3 =-
15
105

100)

The elevated Sj., rates could be merely a reflection of the down-sizing

trend in the U.S. assuming that the occurrence of a post-crash fire is inversely

related to vehicle size. This assumption is clearly not borne-out in the NCSS

"fire file". As seen in Table 3-2, the lightest (under 2000 lbs.) cars and the

heaviest cars (at least 3900 lbs.) have similar post-crash fire rates which are

fairly comparable to those of the intermediate-weight cars. It would seem that

car weight differences alone do not account for fire-rate differences.

Table 3-3 shows the fire rates by area of impact. As might be expected

rear-end crashes have the highest fire rate followed by frontal crashes. The

"Other" category comprises mainly rollover crashes where there is a general area

of impact. That post-crash fire rates are elevated for this category is well

documented in the literature. It should be noted here though, that in a towaway

sample, rear-end crashes are underrepresented since they are less severe and less

likely to immobilize the vehicle. As a result, the number of vehicles in rear-

end crashes where no post-crash fire occurred has been underestimated in Table

3-3 with respect to all motor vehicle crashes.
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Table 3-2
PERCENTAGE DISTRIBUTION AND POST-CRASH FIRE RATES (PER 1OOO ACCS.) BY

CAR WEIGHT - UNWEIGHTED, WEIGHTED BY THE INVERSES OF THE SAMPLING FRACTIONS

Car Weight

< 2000

2000-2699

2700-3299

3300-3899

> 3900

Unknown

Total

Fire

6
[ 5 . 5 ] *

13
[H .9 ]

20
[18.3]

33
[30.3]

37
[33.9]

0

109

Unweighted
No

Fire

111
[5.0]

2,151
[13.8]

3,010
[19.4]

4,696
[30.2]

4,910
[31.6]

957

16,501

Fire Rate
A

r
7.66

6.01

6.60

6.98

7.48

6.56

Fire

9
[5.0]

31
[17.1]

47
[26.0]

48
[26.5]

46
[25.4]

0

181

Weighted
No

Fire

3,710
[4.8]

10,722
[14.0]

14,951
[19.5]

23,187
[30.2]

24,098
[31.4]

5,616

82,284

Fire Rate
A

2.42

2.88

3.13

2.07

1.91

2.20

*Column percent (excluding "Unknown")

Table 3-3
PERCENTAGE DISTRIBUTION AND POST-CRASH FIRE RATES (PER
1000 ACCS.) BY AREA OF IMPACT - UNWEIGHTED, WEIGHTED

Area of Impact

Front

Side

Rear

Other

Unknown

Total

Fire

52
[50.0]*

21
[20.2]

21
[20.2]

10
[9 .6 ]

5

109

Unweighted

No
Fire

7,399
[58.0]

3,553
[27.9]

1,159
[9.1]

641
[5.0]

3,749

16,501

Fire Rate
A

r
6.98

5.88

17.80

15.36

6.56

Fire

79
[44.9]

21
[11.9]

39
[22.2]

37
[21.0]

5

181

Weighted
No

Fire

33,894
[56.6]

16,596
[27.7]

7,065
[H.8 ]

2,301
[3.8]

22,428

82,284

Fire Rate
A

2.33

1.26

5.49

15.83

2.20

*Column percent (excluding "Unknown")

3-6



As FMVSS 301 changed over the years to apply to differing impact modes

(see Table 1-1), it is of interest to examine the fire-rates by model year and

impact site (see Table 3-4). Realizing the sample size restrictions and thus

the likelihood of random fluctuations, it is still of interest to note the

following:

(i) The front impact fire rates are highest for the periods (Sj
and S-Q) following the requirements for fuel system inte-
grity in front barrier crashes.

(ii) The side impact fire rates are highest for the period (S-Q)
following the requirements in side barrier crashes.

(iii) The rear impact fire rates are lowest for the period (SJ-J)

following the requirements in rear barrier crashes.

Fire rates by number of cars involved in the accident are presented in

Table 3-5. Single vehicle crashes appear to have a higher fire rate than two

vehicle crashes (which include trucks as the other vehicle). This can probably

be attributed to the fact that single vehicle accidents are, in general, more

severe than multi-vehicle crashes.

Table 3-5

PERCENTAGE DISTRIBUTION OF ACCIDENTS AND POST-CRASH FIRE RATES
(PER 1000 ACCSj BY NUMBER OF VEHICLES INVOLVED -- UNWEIGHTED, WEIGHTED

No. of Vehicles
Involved

Single Vehicle

Two Vehicles

More Than Two
Vehicles

Total Accidents

Fire

45
[45.5]*

49
[49.5]

5
[5.0]

99

Unweighted

No
Fire

3,471
[36.6]

5,112
[53.9]

903
[9.5]

9,486

Fire Rate
A

r

12.80

9.49

5.51

10.33

Fire

87
[51.8]

70
[41.7]

11
[6.5]

168

Weighted

No
Fire

14,502
[31.3]

27,295
[58.9]

4,545
[9.8]

46,342

Fire Rate
A

r
w5.96

2.56

2.41

3.61

*Column percent

3-7



u>

Table 3-4

UNWEIGHTED (WEIGHTED) POST-CRASH FIRE RATES (PER
1000 ACCS.) BY MODEL YEAR AND IMPACT SITE

^ v . Impact
^ \ Site
Model\^
Year \ ^ ^

Pre-1968
(Pre-Standard)

1968
(Interim)

1969-1975
(Post-Standard I )

Post-1975
(Post-Standard I I )

Unknown

Total

Front*

NF

3

2

31

13

3

52

(b
2.6

(1.2)

4.6
(0.9)

7.3
(1.7)

- 8.7
(5.0)

7.0
(2.3)

N

4

2

8

7

0

21

Side

F ( rw )

8.7
(2.0)

11.2
(2.4)

3.8
(0.8)

8.9
(4.1)

5.9
(1.3)

N

4

0

14

2

1

21

Rear

F ( rw )

24.7
(10.2)

0.0
(0.0)

19.6
(5.9)

9.8
(1.7)

18.1
(5.5)

N

4

1

4

1

0

10

Other

F / A \

41.2
(38.2)

31.3
(102.0)

10.7 ]

(9.0)

7.5
(8.2)

15.6
(16.1)

Unknown

NF

0

0

4

1

0

5

Total

NF

15

5

61

24

4

109

( r w )

6.3
(2.7)

5.5
(3.0)

6.3
(1.7)

6.9
(2.8)

6.6

*For "Front" impacts, cell provides

Np = number of post-crash fires in NCSS sample

r = unweighted post-crash fire rate

r = weighted post-crash fire rate



"Type of impact" approximates what is generally termed "accident type". As

can be observed from Table 3-6, the likelihood of a post-crash fire is elevated

for single vehicle accidents (particularly rollovers) and for two-vehicle

head-on and rear-end crashes.

Table 3-7 presents fire rates by object struck. Fire rates for impacts

with fixed or "other" objects are relatively high compared to impacts with

Table 3-7

PERCENTAGE DISTRIBUTION AND POST-CRASH FIRE RATES (PER
1000 ACCS.) BY OBJECT STRUCK - UNWEIGHTED, WEIGHTED

Object Struck

Other Car

Truck

Other Vehicle
(e.g., motorcycle)

Fixed Object

Other Object

Unknown

Total

Fire

40
[37.0]*

20
[18.5]

0
[0.0]

37
[34.3]

11
[10.2]

1

109

Unweighted

No
Fire

10,329
[63.1]

1,574
[9.6]

757
[4.6]

2,749
[16.8]

963
[5.9]

129

16,501

Fire^Rate
f

3.86

12.55

0.00

13.28

11.29

6.56

Fire

64
[35.6]

26
[14.4]

0

[o.o]
52

[28.9]

38
[21.1]

1

181

Weighted

No
Fire

55,081
[67.4]

6,778
[8.3]

4,390
[5.4]

11,130
[13.6]

4,403
[5.4]

502

82,284

Fire Rate
rw

1.16

3.82

0.00

4.65

8.56

2.20

*Column percent (excluding "Unknown")

another vehicle (excluding trucks). This is consistent with Table 3-5 where

single vehicle accidents had the highest fire rates.

In Table 3-8, the rural-urban fire rates are presented. The fire rate for

rural accidents is considerably higher than the rate for urban accidents. This

was expected since in general rural accidents are much more severe than urban

accidents.

3-9



Table 3-6

PERCENTAGE DISTRIBUTION AND POST-CRASH FIRE RATES (PER
1OOO ACCS.) BY TYPE OF IMPACT -- UNWEIGHTED, WEIGHTED

Type of Impact

Car/Vehicle:

Head-On

Side/Angle
Side

Rear

Car/Fixed Object:

Front

Side

Rollover (principal)

Other

Unknown

Total

Fire

18
[18.4]*

13
[13.3]

14
[14.3]

23
[23.5]

14
[14.3]

9
[9.2]

7
[7.1]

1

99

Unweighted

No Fi
Fire

877
[9.4]

2,722
[29.0]

1,085
[H.6]

2,065
[22.0]

572
[6.1]

637
[6.8]

1,420
[15.1]

108

9,486

re Rate
A

r

20.11

4.75

12.74

11.02

23.89

13.93

4.91

10.33

Fire

21
[12.6]

19
[11.4]

26
[15.6]

38
[22.8]

14
[8.4]

27
[16.2]

22
[13.2]

1

168

Weighted

No
Fire

3,408
[7.5]

14,469
[31.6]

7,031
[15.4]

8,464
[18.5]

2,222
[4.9]

2,153
[4.7]

7,996
[17.5]

599

46,342

Fire Rate
A

rw

6.12

1.31

3.68

4.47

6.26

12.39

2.74

.3.61

*Column percent (excluding "Unknown")
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Table 3-8

PERCENTAGE DISTRIBUTION OF ACCIDENTS AND POST-CRASH FIRE
RATES (PER 1OOO ACCIDENTS) BY AREA — UNWEIGHTED, WEIGHTED

Area

Rural

Urban

Unknown

Total Accidents

Fire

58
[58.6]*

41
[41.4]

0

99

Unweighted

No
Fire

2,879
[30.4]

6,604
[69.6]

3

9,486

Fire
A

r
19.

6.

10.

Rate

75

17

33

Fire

85
[50.6]

83
[49.4]

0

168

Weighted

No
Fire

10,326
[22.3]

36,010
[77.7]

6

46,342

Fire

8

2

3

ARate

.16

.30

.61

*Column percent (excluding "Unknown")

Another measure of the seriousness of an accident is accident severity as

measured by the worst injury sustained by an occupant in a towed (or case)

vehicle. Table 3-9 shows the fire rates for different levels of accident

Table 3-9

PERCENTAGE DISTRIBUTION OF ACCIDENTS AND POST-CRASH FIRE RATES
(PER 1000 ACCS) BY ACCIDENT SEVERITY - UNWEIGHTED, WEIGHTED

Accident
Severity

Fatal

Injury-
Hospitalized

Injury-Transported
to a Treatment

Facility

No Transport

Total Accidents

Fire

33
[33.3]*

51
[51.1]

11
[11.1]

4
[4.0]

99

Unweighted

No Fire Rate
F i re r

501
[5.3]

3,357
[35.4]

2,531
[26.7]

3,097
[32.6]

9,486

61.80

14.96

4.33

1.29

10.33

Fire

33
[19.6]

51
[30.4]

44
[26.2]

40
[23.8]

168

Weighted

No
F i re

501
[1.1]

3,357
[7.2]

10,124
[21.8]

32,360
[69.8]

46,342

Fire Rate
fw

61.80

14.96

4.33

1.23

3.61

*Column percent 3-11



severity. The rates in this table clearly again indicate elevated post-crash

fire rates for the more serious accidents.

Table 3-10 presents the driver injury severity distribution and correspond-

ing post-crash fire rates for each of the driver injury severity strata.

Table 3-10

PERCENTAGE DISTRIBUTION AND POST-CRASH FIRE RATES (PER 1000
ACCS.) BY DRIVER INJURY SEVERITY — UNWEIGHTED, WEIGHTED

Driver Injury
Severity

No Injury

C

B

A

Killed

Unknown

Total

Fire

7
[6.7]*

5
[4.8]

16
[15.4]

46
[44.2]

30
[28.8]

5

109

Unweighted

No
Fire

6,050
[40.2]

2,511
[16.7]

3,386
[22.5]

2,642
[17.5]

469
[3.1]

1443

16,501

Fire Rate
A

r

1.16

1.99

4.70

17.11

50.12

6.56

Fire

46
[26.1]

14
[8.0]

28
[15.9]

58
[33.0]

30
[17.0]

5

181

Weighted

No
Fire

45,765
[62.1]

11,861
[16.1]

11,314
[15.4]

4,232
[5.7]

472
[0.6]

8,640

82,284

Fire

1

1

2

13

59

2

Rate
A

rw
00

.18

.47

.52

.76

.20

*Column percent (excluding "Unknown")

Given that a post-crash fire occurred, it was about four times as likely that

the driver died in the crash as opposed to receiving severe injuries and perhaps

fifty times as likely as escaping uninjured. Although not shown in Table 3-10,

only 26 drivers (out of 109) were indicated as receiving burn injuries. Broken

down by standard eras (and limited by sample sizes), the burn injury rates (per

1000 cars) were 0.01, 0.02 and 0.02 for P, Sj, and S-Q, respectively.

Overall AIS reflects the total injury severity for an individual as

measured by the Abbreviated Injury Scale. Although it is more precise than the
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KABCO scale, it generally suffers from having a greater proportion of "unknown"

injury severity than the usual police injury scale (KABCO). Table 3-11 presents

post-crash fire rates by driver overall AIS categories. The results are not

comparable with those found in Table 3-10.

Table 3-11

PERCENTAGE DISTRIBUTION AND POST-CRASH FIRE RATES (PER 1000
A£CS.)BY DRIVER OVERALL AIS - UNWEIGHTED, WEIGHTED

Driver
Overall AIS

No Injury
(OAIS=O)

Minor, Moderate
(OAIS=1,2)

Severe, Serious
(0AIS=3,4)

Critical, Maximum
(0AIS=5,6)

Unknown

Total

Fire

10
[14.1]*

35
[49.3]

10
[14.1]

16
[22.5]

38

109

Unweighted

No
Fire

6,299
[52.9]

4,271
[35.9]

1,035
[8.7]

293
[2.5]

4,603

16,501

Fire Rate
r

1.59

8.13

9.57

51.78

6.56

Fire

49
[37.4]

56
[42.7]

10
[7.6]

16
[12.2]

50

181

Weighted

No
Fire

46,565
[78.5]

11,226
[18.9]

1,209
[2.0]

296
[0.5]

22,988

82,284

Fire Rate
rw

1.05

4.96

8.20

51.28

2.20

*Column percent (excluding "Unknown")

3.3 Summary and Conclusions

Of the 16,610 cars in the NCSS file, 109 were involved in post-crash fires.

This ruled out a detailed statistical analysis for evaluating the effectiveness

of FMVSS 301. For example, there were but 24 post-crash fire vehicles (Table

3-1) in the Post-Standard II category (48 when weighted by the inverse of the

sampling fraction), and thus no meaningful comparisons could be made between

post-crash fire rates for these cars and Pre-Standard or Post-Standard I cars

under, for example, different crash configurations, impact sites, etc. Hence

this section was devoted primarily to presenting descriptive statistics for fire

rates for various accident and vehicle characteristics.
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In general, comparisons by various measures of accident severity indicated

that post-crash fire rates were higher for more severe accidents. Thus, for

example, post-crash fire rates were relatively high for single vehicle

accidents, for rural accidents, for accidents when vehicles collided with trucks

or fixed objects and for accidents involving a fatality. Furthermore, driver

injury comparisons showed that, as might be expected, the proportion of serious

injuries using either the KABCO scale or overall AIS was higher for vehicles

involved in post-crash fires.

In summary, even considering the sample size limitations of the NCSS data

file, the post-crash fire rates are elevated for those crash types, impact

sites, environmental conditions, and accident severity (as measured by driver

injury) where expected. Nevertheless, there is no evidence of any effectiveness

of FMVSS 301 in reducing the incidence of post-crash fires in Post-Standard

cars based on the 109 post-crash fire NCSS cases.
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4.0 ANALYSIS OF NORTH CAROLINA POLICE ACCIDENT DATA

4.1 Background and Data Limitations

At the outset, the primary effectiveness evaluations were to be based on

the NCSS data. However, using all of the NCSS cases available for analysis

(N = 10,851 accidents), the data was found limited with respect to quantity and

quality of fuel spillage (N = 189 cars) and of post-crash fire (N = 109 cars)

case information. The fuel spillage cases clearly suffered from considerable

underreporting judging from the number of post-crash fire cases. That this is

the case might be anticipated due to time delays in locating and inspecting the

case vehicles allowing any evidence of fuel spillage to disappear.

Both fuel spillage and post-crash fire cases suffered from missing data

problems (e.g., AV, detailed injury information sufficient to identify burn

injuries) and from evident team-wise reporting differences (see Section 3.2 and

Appendix A).

As a result, an alternative accident data set became more and more

important to strengthen somewhat the evaluation efforts of FMVSS 301. North

Carolina police accident data constitutes this secondary data base. The

accident report forms for most states do not include a check box to indicate

that a fire has occurred, since they fortunately occur in very few cases. North

Carolina is one state that does not have such a check box; and even if it did,

additional detective work would be required to separate the passenger car

post-crash fires from all other fire cases.

Since no standard accident report form can include blanks or check boxes

for all data items that might someday be of interest, some years ago a narrative

search program was developed which can scan hundreds of thousands of computer-

ized police narratives to locate that subset which contains one or more key

search words related to a topic of interest. Thus, to use the capability in

North Carolina, the researcher scans a thesaurus referred to as The Computer

Dictionary for candidate key search words or phrases. Having identified the

words or phrases that the officer is most likely to use in describing the

phenomenon of interest, these key words provide the input data for the narrative

search program. The search program then reads all of the narratives in the

subset of interest and prints out the complete narratives and accident case

numbers of all cases that contain one or more of the search words or phrases.

Using this much smaller subset of narratives, the researcher then

disregards all irrelevant narratives (in this case, those involving pre-crash

fires and those involving, say, fire hydrants or fire stations). The remaining
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subset then constitutes the data base of interest. The full accident record for

these cases is obtained by matching accident case numbers of the narrative

subset with the case numbers on the entire accident file.

It is clear that, to be able to appropriately utilize the capability, the

phenomenon of interest must first be one that the policeman is highly likely to

describe in his narrative. Secondly, the more obvious the key or associated

words, the more likely that the vast majority of such incidents will be

identified.

For the application herein, both criteria should readily be met. If there

is a vehicle fire, it would seem very likely that the officer would mention it

in his narrative. There is evidence that such is the case from a series of

statewide accident reporting workshops that have been conducted for municipal

police officers in North Carolina. With respect to the search words related to

vehicle fires, "caught*fire", "fire", "burn", "flame" and "explode" would appear

to be obvious candidates. Thus, it would seem that the narratives selected

should quite adequately describe the nature and degree of the post-crash fire

problem for North Carolina.

There are clearly some limitations with the mass accident data of North

Carolina. With respect to extrapolating to the United States, the estimates

would be expected to be liberal, since North Carolina is much more rural than

the nation as a whole and post-crash fires are much more likely to occur on open

rural roads with relatively high speeds involved.

Secondly, the level of injury detail in the North Carolina police data is

clearly inadequate to identify and quantify burn injuries. Thus, the question

of the effectiveness of FMVSS 301 in reducing injuries and fatalities due to

post-crash fires is not able to be investigated using this data.

Finally, there is no opportunity to investigate the question of fuel

leakage, let alone the rate of such leakage. There is often a delay in the

officer's arriving at the scene of the accident, allowing potential leakage to

discontinue. Secondly, among his many responsibilities at the scene is to aid

the injured, assist in traffic flow, conduct interviews (drivers, witnesses),

and obtain environmental, vehicular, and driver and occupant information for the

required report form. Thus, he may not have much of an opportunity to

investigate rather than report on the accident. With these considerable

demands, he is almost certainly likely to fail to note fuel leakage in his

narrative description. Hence, the spillage reduction effectiveness of the
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Standard is beyond the grasp of mass accident data analyses — even using the

narrative search capability.

4.2 Procedure

North Carolina began computerizing report narratives in mid-1971. Since

that point, virtually every word (including misspellings) that officers have

used in their narratives has been computerized along with the accident report

case number for linkage purposes.

After a number of years worth of narratives had been computerized, a

Computer Dictionary was created which serves as a thesaurus for the researcher.

Basically, it is a compilation of every word used in the equivalent of a year's

worth of accidents (N = 130,000) along with the frequency of narratives in which

each word appears. In actuality, it represents a sample of the narratives from

mid-1971 through the end of 1978. Going through this listing generally provides

the researcher with the key search words and/or phrases that he should use in

his narrative search. In this case, the obvious search words were

"caught*fire", "fire", "burn", "flame" and "explode".

The accident years represented by the analysis are mid-1971 through 1978.

The entire period was selected in order to have as large a sample of post-crash

fires as possible. It should be noted that, since every other narrative was

keypunched in 1978 due to a lack of data processing personnel, denominator data

(i.e., all cars involved in accidents during the study period) consists of every

other reported crash in 1978.

Thus, the narratives for nearly 917,000 crashes involving passenger cars in

North Carolina during the period mid-1971 through 1978 were scanned by the

computer to select those cases involving "fire". This resulted in a listing of

5778 narratives containing one or more of the search words. These narratives

were, in turn, read to extract irrelevant cases such as those 1635 cases

involving pre-crash fires (e.g., fires started by dropped cigarettes) or those

3499 cases clearly not even involving fires (e.g., car hit a fire hydrant or

accident occurred in front of the fire station) or which lacked information

critical to the analysis such as car model year.

The resulting "post-crash fire" narrative file was then matched with the

accident file through the accident case number to obtain the complete record for

each vehicle involved. An additional screening of cases in both the post-crash

fire file and the population-at-risk file excluded those cases which lacked
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certain information deemed essential to the investigation. The critical

variable screened on was model year of the car (for assignment as a Pre- or Post

Standard car). Note that, when the VIN was not decodable, the police model year

designation was utilized.

It should be noted that Pre-Standard cars include model years up through

at least 1967. As the first level of the Standard was to apply to cars

manufactured after January 1, 1968, it was not possible to ascertain whether the

1968 models for a particular manufacturer were half Pre- and half Post-Standard

cars or whether they were all Post-Standard cars (i.e., whether the changes

necessitated by FMVSS 301 were made at the beginning of the model year or at

mid-year). As such was the case, the 1968 models are deleted from any Pre- vs.

Pos t-comparisons.

Secondly, since the accidents occurred during the period from mid-1971

through the end of 1978, model year cars from the early sixties (say up through

model year 1964) were, at a minimum, seven years old (if model year 1964 and

accident year 1971) and, at a maximum, 18 years old (if model year 1960 and

accident year 1978). As the Post-Standard cars were generally much younger at

the time of the crash and since the likelihood of post-crash fire might well be

related to vehicle age and since there were relatively few of these vehicles in

either the accident population or the post-crash fire population, the pre-1965

model cars were deleted from the study group.

Thirdly, the Post-Standard cars represent two separate cohorts of vehi-

cles — those including model years 1969 through 1975 and those including model

years 1976 and later (see Table 1-1). Notationally, the two cohorts will be

indicated by S and S', respectively. As there are but 25 post-crash fires

involving S1 cars, it is obvious that they must either be combined with the

1969-75 model cars in any meaningful analysis or deleted from the study group.

There is ample evidence that the vehicle modifications imposed by the static

rollover test were much more stringent than those imposed by the initial 30 mph

frontal barrier crash (January 1, 1968). In addition, the S' cars in the

accident file are at most three years old. Again, to the extent that vehicle

age is a factor in pre-crash fire occurrence, the inclusion of these generally

newer cars would bias any comparison with the generally older Pre-Standard cars.

Thus, with respect to fuel systems, it would appear that S and S' cars are not

reasonably comparable and thus the 25 S1 cars have been deleted from the

subsequent analysis. As more years of accident data are available, it is

anticipated that a study of the effect of the upgrading of FMVSS 301 with the
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1976 model cars will be carried out. However, such an investigation is not

possible with the existing data.

With these deletions at both ends of the model year range (pre-1965 and

post-1975), the remaining portion not only contains the bulk of the data but

allows for an optimal comparison between Pre-Standard (P) and Post-Standard (S)

vehicles. This final screening results in a post-crash fire file with 514 cars

and a population-at-risk file of 920,982 cars with the same detailed information

in both files.

Having created these working files, cross-tabulations were generated for a

number of variables in order to obtain the post-crash fire rates of interest.

As these are post-crash phenomena, the appropriate denominators of the various

rates are cars involved in similar types of crashes or of similar age or of the

same size, etc., rather than mileage exposure or exposure based on vehicle

registration. Thus, for example, the post-crash fire rate estimates for the

Pre-Standard (1965-67 model) cars are given by the ratio of Pre-Standard cars in

post-crash fires to the totality of Pre-Standard cars involved in crashes during

the exposure period (mid-1971 through 1978).

To examine the effectiveness of FMVSS 301 in reducing post-crash fires, the

following effectiveness measure is used:

A rp " rs

E = JL—i (4.1)
rp

where

r = rate (per 1000) of post-crash fires in Pre-Standard cars

r^ = rate (per 1000) of post-crash fires in Post-Standard cars

Corresponding approximate standard errors of these estimates are derived

using a Taylor series expansion of (4.1). The details will appear in the

following section containing results.

4.3 Overall Comparison of Post-Crash Fire Rates

Overall estimates of the rate of post-crash fires in automobile accidents

vary from study to study and vary according to the reporting threshold used in

the study. For the towaway crashes of the NCSS, the overall weighted rate was

2.2 per 1000 cars. Cooley (1974) cites a National Safety Council estimate of

1 fire per 1000 crashes which, since the. "average" crash involves approximately
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1.6 vehicles, would be roughly equivalent to 0.6 fires per 1000 vehicles in

crashes. Cooley also cites a 1969 study by Moore and Negri at the New York

State Department of Motor Vehicles which estimates post-crash fires in 0.7 of

1000 crashes or, as before, in 0.44 per 1000 vehicles. Further, Cooley cites a

1970 study by Siegel and Nahum in Southern California which estimates post-crash

fires in "less than 5" crashes in 1000 or, as before, in less than 3 vehicles

per 1000 crash-involved vehicles.

From the North Carolina mass accident data, the estimate of statewide

post-crash fires rates is

514
x 1000

920,982

= 0.558

per 1000 cars (model years 1965-67 and 1969-75) in crashes. Assuming a random

sample (over time) of automobile crashes, r has a corresponding standard error

of

s = 0.0246 = \ | var r

= 1 0 0 0

which is unusually small due to the very large sample size.
A

Table 4-1 shows the sample sizes, post-crash fire rates (r) and estimated

standard errors for the P vs. S comparison without restricting to subsamples

with comparable age ranges (see Figure 4-7). The corresponding (crude)

Table 4-1

POST-CRASH FIRE RATES AND STANDARD ERRORS FOR PRE-
AND POST-STANDARD CARS - ALL AGES

Model Year

65-67 (P)

69-75 (S)

Total

Number of
Cars in
Crashes

N

234,035

686,947

920,982

Number of
Post-Crash

Fires
n

136

378

514

Post-Crash
Fire Rate
(perJOOO)

r

0.581

0.550

0.558

Standard
Error

s

.0498

.0283

.0246
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effectiveness estimate using (4.1) is given by the following:

of

ET
r p " 0.581 - 0.550

0.581 0.053

To obtain an estimate of the standard error of E, a Taylor series expansion

is utilized as described in Reinfurt, Silva and Seila (1976) to obtain

V.
(4.2)

P,S <v
Thus

= (0.550)

(V2

(0.0498)2 +
P'S (0.581)^ (0.581)2

= 0.008956

(0.0283)2

with corresponding standard error sp g
 = 0.0946. From a confidence

interval consideration ( a = 0.05), this (crude) effectiveness estimate is not

significantly different from zero.

As will be seen in Section 4.5, the most appropriate Pre (P) vs Post (S)

comparisons are made for the vehicle age range of 4-9 years since, outside this

range, there are cars in only one of the study groups. In other words, for the

0-3 age range there are n£ Pre-Standard cars while for the 10-13 age range there

are jio Post-Standard cars (see Figure 4-7).

For this subset of the data which will be the focus of the analysis in

Section 4.5, the corresponding sample sizes, post-crash fire rates (r) and

estimated standard error (s) are given in Table 4-2. As previously, the crude

Table 4-2
POST-CRASH FIRE RATES AND STANDARD ERRORS FOR PRE- AND
POST-STANDARD CARS - AGES 4-9 YEARS (I.E., COMPARABLE

PRE AND POST)

Model

65-67

69-75

Total

Year

(P)

(S)

Number of
Cars in
Crashes

N

179,677

292,226

471,903

Number of
Post-Crash

Fires
n

99

165

264

Post-Crash
Fire Rate
(perJ000)

r

0.551

0.565

0.559

Standard
Error

s

.0554

.0440

.0344
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effectiveness estimate is given by

E = 0.025

with estimated variance (from 4.2) given by

V P j S = 0.010629

yielding a standard error of sp g = 0.167. Clearly, from a confidence

interval consideration (a = 0.05), this (crude) effectiveness estimate is not

significantly different from zero.

It is important to note that restricting the study groups to comparable

ages (namely, 4-9 years), the effectiveness estimate changes from 0.052 to

-0.025. It will further be seen in Section 4.5 that, by controlling progres-

sively for impact site, speed, and age and various combinations of these

variables, the effectiveness estimates become progressively more negative as the

corresponding strata become more homogeneous within strata with respect to post-

crash fire rates while becoming more heterogeneous among strata.

At the outset, the effect of Standard, impact site, speed and vehicle age

as well as calendar year and vehicle size will be examined in the following

section.

4.4 Selection of Control Variables for the Regression Model

The statistical procedure utilized for examining the effectiveness of

FMVSS 301: Fuel System Integrity (Jan. 1968) in reducing post-crash fires was a

logistic regression (see Section 4.5) which readily admits a variety of

categorical and continuous variables in the model (see Section 4.5). The first

step in the process is to identify for inclusion in the regression model those

candidate control variables which have the strongest association with the

outcome variable, fire occurrence. Also of interest is the relationship between

these variables and Standard status (P vs. S).

As a starting point, the relationships between the variables and Standard

status on the corresponding fire rates were examined using Figures 4-1 through

4-6 relating to car age, car size, impact site, speed, whether or not rollover

was involved, and also calendar year of accident. From the figures, in terms of

consistent relationships, it would appear that speed (< 50 mph vs. > 50 mph or

unspecified) and impact site (front, side, rear vs. unspecified) would be the

leading candidates as variables which are important to control for.
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Secondly, based on Figures 4-1 through 4-6 and the frequency distribution

of post-crash fires within potential control variables, marginal associations

between each variables shown in Table 4-3 and the Standard as well as each

Table 4-3

CANDIDATE CONTROL VARIABLES

1.

2.

3.

4.

5.

6.

7.

Vari

Age of

Age of

Impact

Impact

Speed

Size of

able

vehic le

vehicle

site

site

car

(I

(I

(S

Accident year

(A2)

})

2>

])

(C)

Levels

<6 years, >6 years

<3 years, 3-5 years, 6-8 years,
>8 years

(Front & side & rear), unspecified

Front, side, rear, unspecified

(<50 mph), (>50 mph or unspecified)

(Luxury & Medium & Standard)
(Intermediate & Compact & Subcompact)
(Other)

Mid-1971-73, .1974-78

variable and the occurrence of post-crash fires were investigated through a

series of two-way contingency tables (see Higgins and Koch, 1977). The results

of these analyses are shown in Table 4-3. The x2 's involving Standard status

can be misleading due to the structural imbalance of the data, particularly for

age and calendar year, i.e., relatively few "new" Pre-Standard (P) cars due to

the difinition of Pre-Standard (i.e., Pre-1968) cars and the accident period

(_> 1971 calendar year) and relatively few "old" Post-Standard (S) cars.

Nevertheless, age will be included in the logistic regression as a continuous

variable from a priori considerations.

To check for the consistency of the indicated relationship with fire

occurrence within Standard levels, a variety of additional Chi-square statistics

were calculated (namely, x2 (var x fire|P), X2 (var x fire|S), x2 (var x fire|P)

+ x2 (var x fire|s), and the Mantel-Haenszel x2 )•
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Table 4-4
ASSOCIATION OF CONTROL VARIABLES WITH OCCURRENCE OF

POST-CRASH FIRE AND WITH "STANDARD"

1.

2.

3.

4.

5.

6.

7.

X 2 / d . f .
Variable

Age of vehicle (A-j)

Age of vehicle (A2)

Impact s i te (I-j)

Impact s i te (I~)

Speed

Size of car (S-j)

Accident year (C)

Post-Crash Fire
(yes, no)

1.1

0.6

425

143

551

15

0.4

Standard
(65-67, 69-75)

359,525

144,338

1,445

800

269

6,597

30,831

From this investigation, it was clear that "Speed" should definitely be

included in the model — both from the results shown in Table 4-4 and from the

consistency of the relationship with fire occurrence within levels of the

Standard.

Having selected "Speed" as a control variable, the next step in the

selection procedure involved an investigation of the relationship between the

remaining variables (cross-classified with speed) and fire occurrence and also

Standard status. The results of this analysis are shown in Table 4-5.

Table 4-5

ASSOCIATION OF VAR x SPEED WITH OCCURRENCE OF
POST-CRASH FIRE AND WITH "STANDARD"

Speed

Speed

Speed

Speed

xVd.f.
Variable

x Age (A1 )

x Impact Site (I-|)

x Size (S-| )

x Calendar Year (C)

Post-Crash Fire
(yes, no)

184

1277

121

186

Standard
(65-67, 69-75)

120,018

514

2,726

10,302
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As is clear from Table 4-5, "Impact Site (I.)" is the next variable which

should be controlled for. That "Speed" and "Impact Site (I..)" are expected to

be about equally important to control for can be seen by examining Tables 4-4 and

4-6. Thus, the modelling in Section 4.5 will control for Standard status, speed

and impact site (I-,) as well as age and calendar year from a priori

considerations.

Table 4-6
ASSOCIATION OF VAR x IMPACT SITE ( h ) WITH

OCCURRENCE OF POST-CRASH FIRE AND WITH "STANDARD"

h
h
h

x 2 / d . f .
Variable

x Age (A-|)

x Size (S-.)

x Calendar Year (C)

Post-Crash Fire
(yes, no)

145

93

147

Standard
(65-67, 69-75)

120,487

3,007

10,455

4.5 Estimation of the Effectiveness of FMVSS 301 in Reducing Post-Crash Fires

Two types of models, a categorical model (Grizzle, Startner, and Koch, 1969)

and a logistic regression model (Klimko and Friedman, 1978) were considered for

this analysis. For the application to post-crash fire involvement, the logistic

regression model was selected for a variety of reasons. First, i t can handle a

combination of continuous covariables such as age of vehicle and categorical

covariables such as impact s i te . The categorical model would require

categorizing age which discards potentially useful information.

Secondly, with the categorical model, the number of strata represented by

cross-classifications of the levels of the variables in the model is severely

restricted in this application as there are but 514 cases of post-crash fire in

the combined (P+S) sample (all ages). With an expected cell count of at least

five, this would limit the number of factor level combinations to approximately

100. From Section 4.4, i t would appear that the model should contain a response

variable, fire, (2 levels), Standard status (2 levels), speed (2 levels), impact

site (4 levels), and calendar year (2 levels) for a total of 64 factor level

combinations. This leaves but two levels for age which is clearly inadequate.
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Finally, the logistic regression model gives rise to the odds ratio ( oi ) as

a measure of association. Now if

Pr (Fire|Pre-Standard) Pr (F |P)

% = = ~
Pr (No Fire|Pre-Standard) Pr (F |P)

represents the relative risk of fire in crashes of Pre-Standard cars ( i . e . , SI

represents the odds that a fire will result in a crash involving a Pre-Standard

car) and Q similarly for Post-Standard cars, then the odds ratio is given by

the ratio of the relative risks, i . e .

S
0) =

Pr (F | S) / P r (F|P)

Pr (F|S) / Pr (F|P)

Pr (F|S) 1 - Pr (F|P)

Pr (F|P) 1 - Pr (F|S)

In the present context, l e t x^ represent Standard status where

( 1 if Post-Standard (S)

(4.3)

x l = \
{ 0 if Pre-Standard (P)

and let x̂  x, x , . . . , x be the set of control variables (namely, x~ x_. x. for

impact si te; x̂  for speed; x̂  for age; and Xy for calendar year). Then

one possible representation for post-crash fire rates is given by
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where x = 1o7 °

1=0

1 + exp f - ( 3 + 3 x + g x + . . . + B x )]
L o 1 1 2 2 7 7 J

(4.4)

so that

= — (4.5)
1 + e x p f - ( B + B x + B x + . . . + B x ) ]

L o 22 33 7 7 J

r g = (4.6)
1 + e x p [ - ( B Q + Bl

The assumption of common parameters 3 3 3 3 3 3 3 for Pre- and Post-
°» 2, 3» 4» 5J 6» 7

Standard cars is equivalent to the assumption of no synergistic effect of Standard
status and the factors x x x x x x on fire rates (Fleiss, 1973). The

2> 3» k> 5» 6> 7
parameter 3 then measures the e f f e c t of the Standard.

1
Under the assumption expressed by ( 4 . 4 ) , the odds t h a t a Pre-Standard car

involved in a crash w i l l experience a pos t - c ra sh f i r e i s given by

Pr (F|P) r

P 1 - Pr (F|P) 1 - r p

= exp (3 + 3 x + 3 x + . . . + B x ) (4 .7)
o 2 2 3 3 7 7

from ( 4 . 5 ) . S i m i l a r l y ,

a = exp (3 +Pi + 32x2 + . . . + 37x7) (4 .8)
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Thus, the odds ratio becomes

(B

log(u) = B (4.10)

which are independent of the x ^ ' s .

For rare events such as post-crash f i r e s , (4 .3) becomes approximately

Pr (F|S) r
w = = — (4.11)

Pr (F|P) rp

But the effectiveness estimate in (4.1) is given by

"P

A

= 1 - 0 )

= 1 - exp ( S ) (4.12)

A

so that, under this framework, the effectiveness estimate E is a function of the

odds ratio and is independent of the x^'s.

Thus, for the rare event under study, namely, post-crash fires, the

logistic regression model is selected for i t s ability to accommodate

combinations of continuous and categorical covariables, i ts superiority over the

categorical model with respect to limited sample sizes, and i ts relationship to
A

the desired effectiveness estimate E for rare events.
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Having shown the appropriateness of logistic regression in the present

situation, the procedure is now applied to the North Carolina accident data. As

mentioned previously, the factors considered in this analysis are Standard

status (2 levels), impact site (4 levels), vehicle speed (2 levels), vehicle age,

and accident year (2 levels). A simple main effects logistic regression model

is fitted as follows:

For each stratum k (k = 1,2,...,M) defined by the cross-classification

x ^2 x Xj x x^ x Xj x X6 x Xy) where

!

1 if case vehicle is Post-Standard

0 if case vehicle is Pre-Standard

{ 1 if frontal impact
-1 if unspecified (or general) impact
0 if otherwise

f l if side impact
-1 if unspecified impact
0 otherwise

{ 1 if rear impact
-1 if unspecified impact
0 otherwise

( 1 if speed < 50 mph
x 5 - ^

\ 0 if speed > 50 mph or unspecified

xg = age of car

( 1 if accident year is mid-1971-1973
x7 = ;

( 0 if accident year is 1974-1978

let n^ - number of fire cases in stratum k

N^ = total number of vehicles in stratum (or subpopulatioa) k
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The logistic regression model specifies that the post-crash fire rate,

the k-th subpopulation satisfies the equation

for

r, = (4.13)

1 + exp (-1 Bi x±k)
x=o

where the 3.'s are parameters in the model reflecting the effects of Standard

status impact site, speed, vehicle age, and accident year on the probability of

post-crash fires and xQ̂ . =1. The paramters g. can be estimated via the

maximum likelihood method by maximizing the logarithm of the likelihood

function, L, where

M r ni

k=l L k

Ni - n! '. k k

M

= n
k=l

7
1 + exp (-T 8 x )v . Pi ik;

x=o

exP
i=o

1 + exp (-1 3. x )
i=o

i ik'

N,-n
k-

(4.14)

Initial values for the parameters 3^ are needed to start the iteration

process. The better the initial values, the quicker the convergence of the

iteration process. For this application, initial estimates are obtained using

the CATMAX procedure (Stokes, 1980). CATMAX is a SAS module which performs

maximum likelihood logistic regression where the logits are formed from the fire

rates (e.g., logit = log r ) .
1-r

The procedure is especially applicable to the situation where the frequency

counts tend to be small and the normality assumptions required for such

procedures as weighted least squares are not likely to be satisfied.

CATMAX involves basically two steps. In the first step, a set of initial

values for the 3. is obtained using the method of weighted least squares

(Grizzle, Starmer and Koch, 1969). These initial estimates are then used in the

second step as starting values for a Newton-Raphson iterative solution for the

maximum likelihood estimation of the 3^ s .
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However, CATMAX is severely limited by its inapplicability to relatively

large contingency tables such as is the case here. Thus, the basic contingency

table is partitioned into 8 modules with CATMAX estimates of g. being obtained

within each module. The initial values of $ for the BMDP program are then

obtained as an approximate weighted average of these 8 sets of CATMAX estimates.

More specifically the initial estimates of the 3,'s are given by

\ ~

01

02

03

04

05

06

07

=

-5.0

0.0

-0.6

-0.5

-0.6

-1.0

0.05

0.0

(4.15)

Given these initial values for the g.'s, the maximum likelihood estimates

of the 3.'s in the logistic regression model (4.13) are obtained by using the

BMDP non-linear regression procedure, BMDP3R.

Now, as can be seen from Figure 4-7, the combined constraints of the

Standard status definition (namely, P = 1965-67 model years, S = 1969-75 model

years) and the available accident years (namely, mid-1971 through 1978) result

in non-comparability between Standard periods at both ends of the vehicle age

range (i.e., 0-3 years of age and 10-13 years of age). In other words, there

are no "new" (0-3 year old) Pre-Standard cars nor "old" (10-13 year old)

Post-Standard cars in the accident data. To the extent that age has an effect

on the likelihood of post-crash fire, the most appropriate analysis restricts

vehicle age to the 4-9 year age range. This naturally reduces the sample size

(see Figure 4-7).

On the other hand, ̂if the Standard has no effect, then using the entire age

range (0-13 years of age) provides some indication of the effect of vehicle age

on the probability of post-crash fire. Thus, the analyses that follow are

carried out at two levels: the first restricts vehicle age to comparable ages

(4-9 years old); the latter allows age to assume the values of 0 to 13.
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Figure 4-7
VEHICLE AGE BY ACCIDENT YEAR DISTRIBUTION

Vehicle
Age

(years)

0 -

1 -

Standard Status

Accident Year
71-73 74-78

Accident Year
71-73 74-78

No. of
Post-Crash

Fires
P S

0 213

• 99 165

Y7/////A ^9e groups with vehicles in both Standard
Y//////A periods (P,S) ~~~~

Age groups consisting of Pre-Standard (P) vehicles only

Age groups consisting of Post-Standard (S) vehicles only

Total 136 378 514
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The variable selection of Section 4.4 along with Figure 4-7 suggests that

calendar year period is not an important variable with respect to post-crash

fire occurrence. The logistic regression with calendar year included in the

model shows that the effect of calendar year is not significant (see Table 4-7)

Table 4-7

LOGISTIC REGRESSION ESTIMATE OF CALENDAR YEAR
EFFECT (3 ) AND ITS STANDARD ERROR (s )

c c

Vehicle
Age

4-9 (Restricted)

0-13 (Unrestr icted)

Calendar Year Standard
Effect Error

A,

ec

-0.121 0.156

-0.114 0.106

Thus, the model is simplified by deleting the calendar year effect ( i . e . , the

subpopulations are collapsed over accident or calendar year).

The logistic regression model which is then fit to the data is given by

(4.13) and includes effects for the overall mean (3Q), Standard (6^), impact

site ($2> $3> 64). speed (S5), and age (35). Using the corresponding

CATMAX estimates as ini t ia l values for the 3^'s, the logistic regression

program (BMDP) yields a model with parameter estimates and their standard errors

as shown in Table 4-8.

Clearly, for comparable age groupings (4-9), impact site effects ( 32 3g )

and speed (3^) significantly affect the probability of post-crash fire given a

crash whereas there is no differential effect for rear vs. unspecified impact

site O3). This latter result is at first surprising considering Figure 4-3.

However, the data in Table 4-8 excludes 213 new (0-3 year old) vehicles and 37

old (10-13 year old) vehicles that are included in Figure 4-3. Neither age (4-9

year range) nor Standard has a significant effect on the post-crash fire rates.

And from the sign of the coefficient estimate (3^) if anything the post-crash

fire rates appear higher for the Post-Standard cars!

The fit of the logistic regression model is satisfactory from either of two

considerations. From the ordinary measure of fit provided by the residual mean
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Table 4-8

PARAMETER ESTIMATES (STANDARD ERRORS) FOR THE LOGISTIC
REGRESSION ON FIRE RATES FOR THE VEHICLE AGE RANGE 4-9

E f fec t
(Parameter g)

Mean (g )

Standard (g )
1

Front-unspecified
impact (3 )

2
Side-unspecified

impact (g )
3

Rear-unspecified
impact (g )

Speed (g )
5

Vehicle age (g )
6

Estimate
(g)

-6.396

0.251

-0.389

-0.496

-0.243

-1.548

0.033

Standard Error
(s)

0.266*

0.143t

0.099*

0.124*

0.143t

0.134*

0.045t

*Significant at a = 0.01
tNot significant at a = 0.05

square, the goodness-of-fit s t a t i s t i c has a p-value of nearly 0.2 where

M ( 0 , - e ) 2

Residual Mean Square = RMS = £ — / d.f. = 1.159

k=l

with

Ou - observed number of post-crash fires in subpopulation k

e^ = number in subpopulation k predicted by the model

M = number of subpopulations

= 96

d.f. = degress of freedom

= M - (no. of parameters in the model)
= 89
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To obtain the corresponding p-value, i t should be noted that ( d . f . ) RMS i s the

Pearson Chi-square s t a t i s t i c so that

( d . f . ) 2

Because the proposed model is relatively simple (namely, linear in the

parameters) and since the ê  are small in most subpopulations, the indicated

fit is considered most adequate.

Alternatively, the fit can be judged from the scatter plot of the

subpopulation odds ratios. From Fleiss (1973), "if the odds ratio or i ts

logarithm is stable across many different kinds of populations, then one may

reasonably infer that the (corresponding) logistic model is a fair

representation of the phenomenon under study (post-crash fire rates)." Figure

4-8 provides the scatter plot for this data. With but a few exceptions, the
A A

plot t ing points do cluster around the l ine Q - Q-p with, if anything, a

tendency to fa l l just above the l i n e . The clustering is consistent with an

adequate f i t while tending to fa l l just above the l ine is consistent with, _1JJ

anything, a s l ight ly higher r isk of fire in Post-Standard cars .

The corresponding estimate of the effectiveness of the f i r s t stage (January,

1968) of FMVSS 301: Fuel System Integri ty i s given by

E = 1 - exp (g ) = 1 -exp (0.251) = -0.28

using expression (4-12) along with the parameter estimate of the effect of the

Standard from Table 4-8. Although i t might be argued that the significance test

for the effectiveness of the Standard might be two-sided ( i . e . , HQ: £L = 0

vs H^:g d 0) , i t would seem most reasonable to test the hypothesis that the

Standard had a positive effect ( i . e . , HQ:g £ 0 vs Ey 3, > 0 ) . Under such a

framework, approximate 95% confidence bounds for the effectiveness of the

Standard are given by

(-0.63, -0.01) = (1 -exp [g + 1.662 s ^ , 1 -exp [3 - 1.662 s j ] )

where

3 = 0.251

s = s . e . (g ) = 0.143 (from Table 4-8)
1 1
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fie
3

,004-

.003 -

.002

.001 -

Figure 4-8

SCATTERPLOT OF ESTIMATES OF RELATIVE RISK
OF FIRE (P) VS. RELATIVE RISK OF FIRE (S)

y

r ~ i i V^TS I
.001 .002 .003 .004 .007 Qp

* Pr(FJS) i £ Pr(F|P) - -
Pr(Fls) s ' Pr(FlP) F
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and

t0.05,89 = 1 " 6 6 2

As is evident, from this data, the first stage of EMVSS 301 did not have the

desired effect of reducing post-crash fire rates in Post-Standard (1969-1975

model) cars (p-value < 0.5).

Finally, for comparison purposes and to further examine the effect of

vehicle age, a logistic regression was carried out over the unrestricted age

range (0-13 years). The resulting estimates are given in Table 4-9. Here,

Table 4-9
PARAMETER ESTIMATES (STANDARD ERRORS) FOR THE LOGISTIC REGRESSION
ON FIRE RATES FOR THE UNRESTRICTED VEHICLE AGE RANGE 0-13 YEARS,

Effect
(Parameter 3 )

Mean (g )
o

Standard (3 )

Front-unspecified
impact (3 )

Side-unspecified
impact (33)

Rear-unspecified
impact (3 )

Speed (3 )

Vehicle age ( 3 J

Estimate
(£)

-6.570

0.267

-0.313

-0.501

-0.338

-1.552

0.063

Standard Error
(s)

0.106*

0.146t

0.078*

0.100*

0.118*

0.106*

0.022*

*Significant at a = 0.01
tNot significant at a = 0.05

impact site (3o 3o and 3A) and speed (3c) are significant while

Standard status (3i) is not significant (ata= 0.05). Here, however, age

(3g) is significant indicating that fire rates are not constant over the

entire age range (0-13 years) with the rates increasing with vehicle age.

4-29



As with the case for the res t r ic ted vehicle age range (4-9) , the

effectiveness estimate i s given by

E = 1 -exp (0.267) = -0.31

with corresponding approximate 95% confidence bounds given by

(-0.66, -0.03) = (1 -exp [B]_ + 1.645 s j ] , 1 -exp [0]_ - 1.645

where

B » 0.267
1

s = 0.146 (from Table 4-9)
l

and

t . __ = 1.645
O.O5,00

Again, the Standard did not reduce the likelihood of post-crash fires as

anticipated even for this less appropriate comparison (p-value < 0.5).

Finally, as mentioned previously, the logistic regression modeling had a

considerable effect on the ini t ial crude effectiveness estimate (-0.025). This

might be expected on at least two counts. First, the variable screening inten-

tionally subdivided the data into strata that were homogeneous with respect to

post-crash fire rates. To see this effect, various progressively more complex

logistic regression models were fit to the data. As additional variables were

added to the model, the effectiveness estimates became systematically and

consistently more negative until the final model provided an effectiveness

estimate of -0.28.

More specifically, the fitted models (for the 4-9 year age range) along

with the derived effectiveness estimates are presented in Table 4-10. Clearly,

the effectiveness estimates increase (in absolute value) as variables are added

to the model. As is clear from Table 4-10, age clearly has a dampening effect

on the effectiveness estimate changes.

Secondly, as the models contain additional variables, the data in the

corresponding subpopulations become increasingly sparse (see Appendix C). This

could well account for the apparent instability of the effectiveness estimates.
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Table 4-10
FITTED LOGISTIC REGRESSION MODELS AND CORRESPONDING

EFFECTIVENESS (4-9 YEAR OLD CARS)

Variables in
the Model

Speed x Standard

Impact Si te x Standard

Age x Standard

Speed x Impact Site
x Standard

Speed x Age
x Standard

Impact Site x Age
x Standard

Speed x Impact Site
x Age x Standard

Effect of
Standard

A

0.109

0.170

-0.005

0.250

0.090

0.190

0.251

Effectiveness
Estimate

1 -exp (3 )

-0.11

-0.18

0.005

-0.28

-0.10

-0.21

-0.28

Several caveats should be considered with respect to the analysis of the

North Carolina narrative data. There are potential non-sampling errors arising

from the following sources:

(i) Use of police accident narratives. It is likely that the
magnitude of the problem of post-crash fire is underestimated
either due to the police failing to mention it in the narrative
or to the researcher failing to utilize all the relevant key
search words. However, it is not likely that this would dif-
ferentially occur for the Pre- or Post-Standard cars and thus
should not affect the corresponding comparisons.

(ii) Uncontrolled confounding factors. The post-crash fire sample
size precluded simultaneously controlling for more than a few
confounding factors. The ones utilized were selected by vari-
able screening but it is conceivable that other factors such
as "cars with catalytic converters" might have been important
to control for.

(iii) Definition of variables. With categorical data, the selection
of variable levels can be important such as "speed < 50 mph."
An alternative definition (e.g., "speed _< 55 mph") could possi-
bly have led to different results.
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(iv) Exclusion of the oldest cars. The exclusion of pre- 1965 model
cars was done to try to minimize any potential age effects. In
so doing, the excluded cars were at least seven years old and,
on average, much older.

Notwithstanding these caveats, it is apparent that the first version of

FMVSS 301 did not have the desired effect of decreasing the post-crash fire

rates in Post-Standard cars involved in crashes in North Carolina.
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The tables in Appendix A represent an examination of the NCSS Master File

according to whether a fire (or fuel leakage) occurred according to accident

severity, investigating team, year/month, time of day, number of vehicles

involved, CRASH completed, speed limit, and model year groups. They show the

differential effects of weighting the observations according to the sampling

plan.

In summary (as expected) post-crash fires are more likely to occur in the

more serious accidents (ACC. SEVERITY = fatal or injury with hospitalization),

at higher speeds (SPEED LIMIT = 50+ mph), in the more rural areas (e.g., TEAM =

Indiana vs. Miami), in single vehicle accidents (NO. VEHICLES = single vehicle),

during the nighttime hours (TIME OF DAY = 6:00 p.m. - 6:59 a.m.). In brief, the

NCSS fire file seems totally consistent with a priori hypotheses.

TABLE A-l

DISTRIBUTION OF NCSS CAR ACCIDENTS (UNWEIGHTED, WEIGHTED)
WITH VS. WITHOUT POST-CRASH FIRES BY ACCIDENT SEVERITY

Accident
Severity

Fatal

Injury-
Hospital

Injury-
Transported

No Transport

Total

Accidents

Unweighted File

Fire

33
(6.2)*

[33.3]**

51
(1.5)
[51.5]

11
(0.4)

[11.1]

4
(0.1)
[4.0]

99
(1.0)*

No Fire

501
(93.8)
[5.3]

3357
(98.5)
[35.4]

2531
(99.6)
[26.7]

3097
(99.9)
[32.6]

9486
(99.0)

Weighted File

Fire

33
(6.2)
[19.6]

51
(1.5)

[30.4]

44
(0.4)

[26.2]

40
(0.1)
[23.8]

168
(0.4)

No Fire

501
(93.8)
[1.1]

3357
(98.5)
[7.2]

10124
(.99.6)
[21.8]

32360
(99.9)
[69.8]

46342
(99.6)

* Row % **Column %
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Table A-2

DISTRIBUTION OF NCSS CAR ACCIDENTS (UNWEIGHTED, WEIGHTED)
WITH VS. WITHOUT POST-CRASH FIRES BY INVESTIGATING TEAM

Team

Calspan

HSR I

Indiana

Kentucky

Miami

SwRI

D Si-

Total

Accidents

Unweighted File

Fire

6
(0.4)*
[6.1]**

14
(1.4)

[14.1]

23
(1.8)

[23.2]

12
(1.0)

[12.1]

9
(0.5)
[9.1]

27
(1.3)

[27.3]

8
(0.9)
[8.1]

99
(1.0)

No Fire

1366
(99.6)
[14.4]

981
(98.6)
[10.3]

1276
(98.2)
[13.5]

1222
(99.0)
[12.9]

1747
(99.5)
[18.4]

2047
(98.7)
[21.6]

847
(99.1)
[8.9]

9486
(99.0)

Weighted File

Fire

18
(0.3)

[10.7]

14
(0.3)
[8.3]

35
(0.7)

[20.8]

. 24
(0.4)

[14.3]

12
(0.1)
[7.1]

33
(0.3)

[19.6]

32
(0.7)

[19.0]

168
(0.4)

No Fire

6337
(99.7)
[13.7]

4566
(99.7)
[9.9]

4642
(99.3)
[10.0]

5578
(99.6)
[12.0]

9661
(99.9)
[20.8]

10817
(99.7)
[23.3]

4741
(99.3)
[10.2]

46342
(99.6)

*Row % **Column %
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Table A-3

DISTRIBUTION OF NCSS CAR ACCIDENTS (UNWEIGHTED, WEIGHTED)
WITH VS. WITHOUT POST-CRASH FIRES BY YEAR/MONTH

Year/Month

1977
January

February

March

April

May

June

July

August

September

October

November

December

1978
January

February

March

Unweighted

Fire

2
[2.0]*

0
[0.0]

2
[2.0]

5
[5.1]

7
[7.1]

6
[6.1]

6
[6.1]

3
[3.0]

7
[7.1]

7
[7.1]

[7.1]

4
[4.0]

0
[0.0]

1
[1.0]

[1.0]

Accidents

File

No Fire

380
[4.0]

378
[4.0]

429
[4.5]

402
[4.2]

447
[4.7]

387
[4.1]

421
[4.4]

414
[4.4]

422
[4.4]

467
[4.9]

437
[4.6]

438
[4.6]

341
[3.6]

347
[3.7]

397
[4.2]

Weighted

Fire

2
[1.2]

0
[0.0]

2
[1.2]

8
[4.8]

13
[7.7]

21
[12.5]

15
[8.9]

6
[3.6]

10
[6.0]

13
[7.7]

19
[11.3]

4
[2.4]

0
[0.0]

1
[0.6]

1
[0.6]

File

Mo Fire

2081
[4.5]

2001
[4.3]

2064
[4.5]

1956
[4.2]

2124
[4.6]

1959
[4.2]

1852
[4.0]

2118
[4.6]

1838
[4.0]

2054
[4.4]

2078
[4.5]

2064
[4.5]

1826
[3.9]

1958
[4.2]

1894
[4.1]

* Col im n %
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Table A-3 (Con't)

Year/Month

1978
April**

May

June

July

August

September

October

November

December

1979
January

February

March

Total

Accidents

Unweighted File

Fire

10
[10.1]*

5
[5.1]

2
[2.0]

2
[2.0]

4
[4.0]

3
[3.0]

5
[5.1]

1
[1.0]

6
[6.1]

[1.0]

0
[0.0]

[2.0]

99
(1.0)***

No Fire

282
[3.0]

325
[3.4]

304
[3.2]

304
[3.2]

363
[3.8]

315
[3.3]

344
[3.6]

324
[3.4]

357
[3.8]

195
[2.1]

120
[1.3]

146
[1.5]

9486
(99.0)

Weighted File

Fire

10
[6.0]

5
[3.0]

2
[1.2]

2
[1.2]

16
[9.5]

[1.8]

5
[3.0]

1
[0.6]

6
[3.6]

1
[0.6]

0
[0.0]

2
[1.2]

168
(0.4)

No Fire

1236
[2.7]

1705
[3.7]

1363
[2.9]

1354
[2.9]

1777
[3.8]

1533
[3.3]

1708
[3.7]

1636
[3.5]

1819
[3.9]

936
[2.0]

702
[1.5]

706
[1.5]

46342
(99.6)

*Col umn % **Star t with new f i r e supplement ***Row %
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TABLE A-4

DISTRIBUTION OF NCSS CAR ACCIDENTS (UNWEIGHTED, WEIGHTED)
WITH VS. WITHOUT POST-CRASH FIRES BY TIME OF DAY

Time of Day

Midnight -
6:59 a.m.

7:00 a.m. -
8:59 a.m.

9:00 a.m. -
2:59 p.m.

3:00 p.m. -
5:59 p.m.

6:00 p.m. -
8:59 p.m.

9:00 p.m. -
11:59 p.m.

Total

Accidents

Unweighted Fi le

Fire

43

[43 .4 ] * *

4
(0.5)
[4.0]

13
(0.6)

[13.1]

10
(0.6)

[10.1]

14
(1.0)

[14.1]

15
(1.1)

[15.2]

99
(1.0)

No Fire

2202
(98.1)
[23.3]

730
(99.5)
[7.7]

2116
(99.4)
[22.4]

1710
(99.4)
[18.1]

1361
(99.0)
[14.4]

1333
(98.9)
[14.1]

9452***
(99.0)

Weighted File

Fire

73
(0.8)

[43.5]

(0.2)
[4.2]

22
(0.2)

[13.1]

13
(0.1)
[7.7]

35
(0.5)

[20.8]

18
(0.3)

[10.7]

168
(0.4)

No Fire

9103
(99.2)
[19.7]

4204
(99.8)
[9.1]

11089
(99.8)
[24.0]

9165
(99.9)
[19.8]

6635
(99.5)
[14.4]

5989
(99.7)
[13.0]

46185
(99.6)

*Row % **Colimn % ***Unknown time for 34 non-fire cases
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TABLE A-5
DISTRIBUTION OF NCSS CAR ACCIDENTS (UNWEIGHTED, WEIGHTED) WITH
VS. WITHOUT POST-CRASH FIRES BY NUMBER OF VEHICLES INVOLVED

# Vehicles
Involved

1

2

3

H

Total

Accidents

Unweighted File

Fire

45
(1.3)*

[45.5]**

49
(0.9)

[49.5]

2
(0.3)
[2.0]

3
(1.9)
[3.0]

99
(i.o)

No Fire

3471
(98.7)
[36.6]

5112
(99.1)
[53.9]

745

Td]
158

(98.1)
[1.7]

9486
(99.0)

Weighted File

Fire

87
(0.6)

[51.8]

70
(0.3)

[41.7]

5
(0.1)
[3.0]

6
(0.8)
[3.6]

168
(0.4)

No Fire

14502
(99.4)
[31.3]

27295
(99.7)
[58.9]

3793
(99.9)
[8.2]

752
(99.2)
[1.6]

46342
(99.6)

*Row % **Column %

TABLE A-6
DISTRIBUTION OF NCSS CAR ACCIDENTS (UNWEIGHTED, WEIGHTED) WITH
VS. WITHOUT POST-CRASH FIRES BY CRASH RECONSTRUCTION COMPLETED

Crash
Reconstruction

Completed:
Dam. & Traj.

Damage Only

Other (including
not completed)

Total

Accidents

Unweighted File

Fire

11
(l.D*

[11.1]**

49
(1-4)
[49.5]

39
(0.8)

[39.4]

99
(1.0)

No Fire

1024
(98.9)
[10.8]

3538
(98.6)
[37.3]

4924
(99.2)
[51.9]

9486
(99.0)

Weighted File

Fire

20
(0.5)

[11.9]

82
(0.5)

[48.8]

66
(0.3)

[39.3]

168
(0.4)

No Fire

3843
(99.5)
[8.3]

16343
(99.5)
[35.3]

26156
(99.7)
[56.7]

46342
(99.6)

*Row % **Column %
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TABLE A-7

DISTRIBUTION OF NCSS CAR ACCIDENTS (UNWEIGHTED, WEIGHTED) WITH
VS. WITHOUT POST-CRASH FIRES BY SPEED LIMIT (VEHICLE #1)

Speed
L im i t

(Veh ic le #1)

None

j< 20 mph

25 mph

30 mph

35 mph

40 mph

45 mph

50 mph

55 mph

Unknown

Total

Unweighted

F i re

0
( 0 . 0 ) *
[0.0]**

0
(0.0)
[0.0]

6
(0.3)
[6.1]

9
(0.5)
[9.1]

5
(0.5)
[5.1]

(0.9)
[7.1]

3
(1.0)
[3.0]

66
(2.2)

[66.7]

2
(1.7)
[2.0]

99
(1.0)*

Accidents

File

No Fire

43
(100.0)

[0.5]

81
(100.0)

[0.9]

363
(99.7)
[3.8]

1961
(99.7)
[20.7]

1959
(99.5)
[20.7]

944
(99.5)
[10.0]

770
(99.1)
[8.1]

310
(99.0)
[3.3]

2937
(97.8)
[31.0]

118
(98.3)
[1.2]

9486
(99.0)

Weighted

Fire

0
(0.0)
[0.0]

0
(0.0)
[0.0]

A
12

(0.1)
[7.1]

21
(0.2)

[12.5]

5
(0.1)
[3.0]

(0.2)
[4.2]

3
(0.2)
[1.8]

117
(1-0)

[69.6]

2
(0.3)
[1.2]

168
(0.4)

File

No Fire

238
(100.0)

[0.5]

395
(100.0)

[0.9]

2052
(100.0)

[4.4]

11066
(99.9)
[23.9]

10573
(99.8)
[22.8]

4869
(99.9)
[10.5]

3469
(99.8)
[7.5]

1376
(99.8)
[3.0]

11579
(99.0)
[25.0]

725
(99.7)
[1.6]

46342
(99.6)

*Row % **Col win I
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TABLE A-8
PERCENTAGE DISTRIBUTION AND FUEL LEAKAGE RATES (PER
1,000 VEHICLES) BY MODEL YEAR - UNWEIGHTED, WEIGHTED

Pre-1968
(Pre-Standard)

1968
(Interim)

1969-1975
(Post-Standard I)

Post-1975
(Post-Standard II)

Unknown

Total

Unweighted

No
Leakage Leakage

26
[13.8]*

7
[3.7]

117
[62.2]

38
[20.2]

1

189
(1.1)

2386
[14.6]

908
[5.6]

9575
[58.7]

3441
[21.1]

111

16421
(98.9)

A

£

10.80

7.65

12.07

10.92

Weighted

No
Leakage Leakage

65
[17.5]

16
[4.3]

222
[59.8]

68
[18.3]

1

372
(0.5)

11164
[13.7]

4613
[5.7]

48692
[59.7]

17043
[20.9]

581

82093
(99.5)

A

*W

5.79

3.46

4.54

3.97

*Column % (excluding "Unknown")
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TABLE B-l
NORTH CAROLINA FIRE RATES (PER 1OOO

VEHICLES) BY MODEL YEAR

Model
Year

1964

1965

1966

1967

1959

1970

1971

1972

1973

1974

1975

1976

1977

1978

TOTAL

No. of Crash-
Involved Vehicles

137,606

68,133

82,191

83,711

118,050

111,412

113,852

127,158

108,190

71,991

36,294

38,033

21,257

6,007

1,123,885

No. of
Fires

105

44

41

52

67

58

53

86

54

36

23

13

11

1

644

Post-Crash
Fire Rate
(per^lOOO)

r

0.76

0.65

0.50

0.62

0.57

0.52

0.47

0.68

0.50

0.50

0.63

0.34

0.52

0.17

0.57

B-2



TABLE B-2
NORTH CAROLINA FIRE RATES (PER 1OOO

VEHICLES) BY ACCIDENT YEAR

Accident
Year

1971

1972

1973

1974

1975

1976

1977

1978

TOTAL

No. of Crash-
Involved Vehicles

78,091*

165,009

155,558

146,949

152,037

171,125

179,389

75,727*

1,123,885

No. of
Fires

44*

125

85

56

82

95

123

34*

644

Post-Crash
Fire Rate
(per 1000)

A

r
0.56

0.76

0.55

0.38

0.54

0.56

0.69

0.45

0.57

*Partial accident year
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TABLE B-3
NORTH CAROLINA PASSENGER CAR CRASH INVOLVEMENT

(POST-CRASH FIRES)
BY MODEL YEAR AND ACCIDENT YEAR

Model
Year

64

65

66

67

69

70

71

72

73

74

75

76

77

78

1971

22,685
(16)

8,292
(5)

8,770
(3)

8,183
(5)

10,079
(7)

9,494
(3)

9,405
(5)

1,183
(0)

—

__

--

__

--

—

1972

37,112
(40)

15,836
(13)

17,203
(10)

16,464
(10)

20,205
(13)

18,784
(ID

19,526
(10)

18,854
(18)

1,025
(0)

--

--

--

--

--

1973

24,200
(16)

12,013
(3)

14,188
(7)

13,804
(8)

18,384
(11)

16,458
(10)

16,774
(9)

22,029
(14)

16,992
(6)

716
(1)

—

__

--

--

Accident

1974

16,648
(8)

9,298
(6)

11,663
(4)

11,879
(7)

16,476
(7)

14,978
(7)

14,754
(6)

18,800
(3)

20,214
(6)

11,906
(2)

334
(0)

—

—

--

Year

1975

13,588
(10)

7,991
(8)

10,533
(4)

11,063
(10)

16,135
(8)

14,992
(3)

15,178
(5),

18,671
(12)

19,472
(12)

16,705
(8)

7,143
(2)

566
(0)

—

--

1976

11,749
(5)

7,160
(7)

9,537
(3)

10,488
(4)

16,650
(13)

15,705
(12)

16,173
(5)

20,092
(13)

20,882
(9)

17,788
(11)

11,905
(6)

12,408
(7)

588
(0)

--

1977

8,863
(9)

5,723
(0)

7,709
(10)

8,871
(5)

14,719
(8)

15,374
(9)

15,888
(10)

19,761
(21)

21,204
(16)

17,712
(13)

11,975
(10)

17,895
(4)

13,079
(8)

616
(0)

1978

2,761
(1)

1,820
(2)

2,588
(0)

2,959
(3)

5,402
(0)

5,627
(3)

6,152
(3)

7,768
(5)

8,401
(5)

7,165
0)

4,937
(5)

7,164
(2)

7,590
(3)

5,391
(1)
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APPENDIX C

NORTH CAROLINA POST-CRASH FIRE AND POPULATION FREQUENCIES BY
IMPACT SITE, SPEED, VEHICLE AGE (4-9 Years), AND STANDARD
STATUS COMBINATIONS
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TABLE C

OBSERVED NORTH CAROLINA POST-CRASH FIRE AND POPULATION FREQUENCIES BY
IMPACT SITE, SPEED, VEHICLE AGE (4-9 Years), AND STANDARD

STATUS COMBINATIONS

Impact
Site Speed

Low

Front

High

Vehicle
Age

4

5

6

7

8

9

4

5

6

7

8

9

Standard
Status

P

S

P

S

P

S

P

s
p

s
p

s
p

s

p

s
p

s

p

s

p

s
p

s

No. of
Post-Crash

Fires

0

8

0

7

1

6

5

3

2

1

1

0

0

16

1

12

4

18

3

10

4

3

4

0

Population
(No. of Cars
in Accidents)

3380

37769

10244

29575

15659

21861

16768

14936

13932

7955

12237

2114

796

10767

2552

8197

4454

5802

4912

4035

4470

2096

3651

537
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TABLE C (Con't)

Impact
Site Speed

Low

Side

High

Vehicle
Age

4

5

6

7

8

9

4

5

6

7

8

9

Standard
Status

P

S

P

S

P

S

P

s
p

s
p

s
p

s
p

s
p

s
p

s
p

s
p

s

No. of
Post-Crash

Fires

0

2

0

2

1

1

1

2

0

2

0

0

0

9

0

6

1

4

5

6

5

3

1

0

Population
(No. of Cars
in Accidents)

678

21308

2076

16825

4853

12231

6643

8495

7193

4518

6465

1252

175

6509

641

4994

1728

3651

2482

2493

2480

1290

2050

351
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Impact
Site Speed

Low

Rear

High

Vehicle
Age

4

5

6

7

8

9

4

5

6

7

8

9

TABLE C (Con1

Standard
Status

P

S

P

S

P

S

P

s
p

s
p

s
p

s
p

s
p

s
p

s
p

s
p

s

t)

No. of
Post-Crash

Fires

0

6

3

2

6

1

3

0

2

1

4

0

0

1

0

3

0

1

0

2

0

0

1

0

Population
(No. of Cars
in Accidents)

1739

14608

5108

11512

6961

8544

6496

5679

4529

3136

4114

795

250

2132

694

1485

1171

1037

1200

699

928

342

620

98
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TABLE C (Con't)

Impact
Site Speed

Low

Unspecified

High

Vehicle
Age

4

5

6

7

8

9

4

5

6

7

8

9

Total

Standard
Status

P

S

P

S

P

s

p

s

p

s
p

s
p

s
p

s
p

s

p

s
p

s
p

s

No. of
Post-Crash

Fires

1

5

2

4

2

1

2

1

0

1

1

0

4

6

7

5

CO
 

00

8

1

4

0

2

0

264

Population
(No. of Cars
in Accidents)

470

2332

1505

1963

1777

1476

1427

1147

665

625

714

146

695

1576

2414

1252

2696

894

1975

694

542

384

468

109

471,903
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