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Introduction

The objective of this study was to analyze fire occurrence in fatal and less serious crashes, as
a function of crash, vehicle and driver characteristics levels that influence the likelihood of
postcollision vehicle fires. This analysis provides information to address potential changes to
Federal Motor Vehicle Safety Standard 301, Fuel System Integrity, to increase the
effectiveness of that standard in preventing postcollision vehicle fires.

The current Standard 301 became effective in 1978 and applied to passenger cars, light
trucks and vans. To prevent vehicles not meeting this standard from corrupting the data, all
vehicles analyzed in this report have a model year of 1978 or later. As a result of this
restriction, the data does not include all crashes, in which a fire occurred. This study
consists of four sections, which complement each other. The first two sections use data from
the Fatal Accident Reporting System (FARS). FARS consists of a census of all fatal crashes
and is therefore not a representative sample and contains crashes that are of the highest
severity. The first section contains raw Cross tabulations of data for 1978 and later model
year vehicles. This section of univariate and bivariate analysis, examines the effects of the
data variables one or two at a time. The second section of the study also uses the FARS data
to construct multivariate statistical models which simultaneously adjust for the effects of the
included variables. Section three examines raw cross tabulations of data from the State of
Michigan. The Michigan police accident report (PAR) collects data on fuel leaks, which are
used to estimate the relationship between fires and fuet leaks. The Michigan data from 1982
to 1991 were used in this study. Section four is based on the National Accident Sampling
System Crashworthiness Data System (NASS CDS) for burn injuries from 1988 to 1993.

In 1979, FARS added a new field, the Most Harmful Event. The FARS data analysis,
including the Most Harmful Event field, from 1979 through 1992 are included in this report.
The vehicles covered by Standard 301, passenger cars, light trucks, and vans, are analyzed
separately in sections 1, 2 and 3. The NASS analysis of section 4 partitions the vehicle types
into two categories: cars and light trucks and vans.

Definition of FARS Fire Occurrence and Most Harmful Event Fire

The Fatal Accident Reporting System has two levels of fire occurrence, recorded at the
vehicle level, which were considered in the first two sections of this analysis: the occurrence
of a fire, and the determination that the fire was the most harmful event (MHE). The
occurrence of a fire is an objective measure based on information provided in the police
accident report; i.e., a fire either occurred and was noted or it did/was not. The
determination that a fire was the most harmful event requires the personal judgment of the
FARS data analysts in each state. This determination sometimes is based on the availability
of a death certificate that includes N-codes (nature of injury) describing the injuries
contributing to the person’s death. However, most of the time this is not the case, and the
determination is based on information provided in the narrative of the police accident report.
The most harmful event field is of special importance when the first harmful event is minor,
for a particular vehicle, compared to some subsequent event. When coding the most harmful
event, fatalities take precedence over injuries, which take precedence over property damage.
If a vehicle is involved in more than one event that causes a fatality to its own occupants or
to nonmotorists, the event which causes the greatest number of fatalities to occupants of the
vehicle is chosen. If the number of fatalities for two or more events arc equal, then the
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Area of damage: The principal impact point of damage to the vehicle under analysis. The
data were partitioned into five categories.

Rollover: The vehicle rolled at least one quarter of a full tum.

Front: The vehicle does not rollover and has principal damage to the front of the
vehicle, i.e., clock positions 11, 12, or 1.

Rear: The vehicle does not rollover and has principal damage to the rear of the
vehicle, i.e., clock positions 5, 6 or 7.

Side: The vehicle does not rollover and has principal damage to the side of the
vehicle, i.e., clock positions 2, 3, 4, 8, 9, or 10.

Other: The vehicle does not rollover and has principal damage to an area other than
the front, rear, or side, for example, the undercarriage or roof.

Rollover: The vehicle rolled at least one quarter of a full turn. The difference between this
variable and the preceding variable is that the front, rear, side and other were collapsed into
the single response of nonrollover.

Weight: This variable applies only to cars. The curb weight of the vehicle measured in
pounds.

Salt effect: This variable partitions the states into the "salt belt" states that use salt and other
corrosive material on roadways which affect vehicle corrosion, the "sun belt" states and other
states. The states of Connecticut, Ilinois, Indiana, Maine, Massachusetts, Michigan,
Minnesota, New Hampshire, New Jersey, New York, Ohio, Pennsylvania, Rhode Island,
Vermont, West Virginia, and Wisconsin are considered the "salt belt" states. The "sun belt”
states are defined to be Alabama, Arizona, Florida, Georgia, Hawaii, Louisiana, Mississippi,
New Mexico, South Carolina, and Texas. All other states and the District of Columbia are
considered other states.

Speed limit: The posted speed limit in mph.

Object struck: The kinematics of a crash are dependent on the type of object struck by the
vehicle under analysis. The objects were partitioned into five mutually exclusive sets using
the FARS definitions of first harmful event. Note that object struck is the first object struck
or an overturn, if that occurred first.

Vehicle: If the vehicle struck a motor vehicle of any kind.

Narrow: A narrow stationary. Narrow objects include: highway/traffic sign posts,
overhead sign supports, luminary/light supports, utility poles, fire hydrants and trees.

Fixed: Large blunt objects. Fixed objects include: boulders, buildings, impact
attenuators/crash cushions, bridge piers or abutments, bridge parapet ends, guardrails,
concrete traffic barriers, longitudinal barriers, culverts, curbs, ditches, embankments,
fences, and walls.



Year of the Crash

The first variable to be reported is the year of the crash. The number of vehicles involved in
fatal crashes, the number of fire occurrences, the number of MHE fires, the raw percentage
rate of occurrence of fire and MHE fire for cars, partitioned by year of the crash appears in
Exhibits 1 and 2. Neither fire nor MHE fire exhibits an increasing trend or a decreasing
trend over time for cars, light trucks, or vans. Since the vehicles in this study are restricted
to 1978 and newer vehicles there are relatively few vehicles in the data base for early years
of the study. The results are:

Exhibit 1
YEAR OF CRASH - 1978 MODEL YEAR AND LATER CARS
Year B Cars Number Percent Number Percent
of in Fatal Fire Fire MHEF MHEF

Crash Crashes Cars Cars Cars Cars
1979 7165 168 2.34 54 0.75
1980 10061 246 2.45 88 0.87
1981 12889 303 2.35 109 0.85
1982 13248 284 2.14 91 0.69 H
1983 14902 351 2.36 17 0.79
1984 17638 397 2.25 112 0.63
1985 20121 403 2.00 106 0.53
1986 22859 552 2.41 167 0.73
1987 25575 626 2.46 193 0.75
1988 28031 716 2.55 192 0.68
1989 28583 666 2.33 178 0.62 |1
1990 28655 726 2.53 194 0.68
1991 27325 746 2.73 197 0.72
1992 26546 667 2.51 157 0.59




There are relatively few 1978 and newer model year light trucks involved in fatal crashes
(especially those with fire/MHE fire) in the early 1980°s that one should not automatically
conclude that there has been a significant decrease in the occurrence of fire or MHE fire.

The results are in Exhibits 3 and 4.

Exhibit 3

YEAR OF CRASH - 1978 MODEL YEAR AND LATER LIGHT TRUCKS

Year Trucks Number Percent Number Percent
of in Fatal Fire Fire MHEF MHEF
Crash il Crashes Trucks Trucks Trucks Trucks
1979 2648 87 3.29 32 1.21
1980 3540 97 2.74 47 1.33
1981 4028 111 2.76 42 1.04
1982 3819 90 2.36 41 1.07
1983 4110 20 2.19 33 0.80
1
1984 4774 114 2.39 42 0.88
1985# 5448 126 2.31 40 0.73
|
1986 6211 156 2.51 44 0.71
1987 69890 179 2.56 63 0.90
1988 8002 219 2.74 76 0.95
1989 8113 233 2.79 75 0.90
1990 8427 231 2.67 76 0.88
1991 9789 284 2.82 93 0.92
1992 [ 9969 263 2.57 71 0.69




There was no appreciable relationship between the year of the crash on the rate of occurrence
of either fire or MHE fire for vans. Note that the sample size for vans is smaller than the
sample size for light trucks. The results are in Exhibits 5 and 6.

Exhibit 5
YEAR OF CRASH - 1978 MODEL YEAR AND LATER VANS
Year Vans Number Percent Number Percent
of in Fatal Fire Fire MHEF MHEF
Crash Crashes Vans Vans Vans Vans
1979 JL 504 9 1.79 2 0.40
1980 633 10 1.58 3 0.47
1981 693 21 3.03 9 1.30
1982 637 12 1.88 4 0.63
1983 682 5 0.73 2 0.29
1984 890 19 2.13 8 0.90
1985 1063 18 1.68 5 0.47
1986 1173 31 2.64 9 0.77
1987 1511 29 1.92 9 0.60
1988 1729 42 2.43 15 0.87
1989 1991 39 1.97 4 0.20
1990 2072 35 1.69 12 0.58
1991 2059 40 1.94 10 0.49
1992 2292 46 2.01 14 0.61




Model Year of the Vehicle

The number of vehicles involved in fatal crashes, the number of fire occurrences, the number
of MHE fires, the raw percentage rate of occurrence of fire and MHE fire for cars, light
trucks and vans, by model year of the vehicle under analysis, appears below. The rate of
firc by model year does not seem to exhibit a trend for cars. The rate of MHE fire shows an
increase for older model years, increasing from a rate of 0.50 percent for model year 1990 to
0.88 percent for model year 1978, 1992 model year cars have the highest rate of MHE fire
with a rate of 1.23 percent. However, only 1495 of the 1992 model year cars were involved
in a fatal crash. The car statistical model for MHE fires shows that there is a small increase
in the rate of MHE fire as the model year decreases. During the time frame of this study,
front wheel drive and fuel injection have become popular options and fuel tanks have been
placed in different locations of the vehicle. Tt is possible that better designs of the later
model vehicles may contribute to a reduction of the fire rate, if so, it may be detected when
model year is examined. The results for cars are in Exhibits 7 and 8.

Exhibit 7
MODEL YEAR - CARS
Model Cars Number Percent Number Percent
Year in Fatal Fire Fire MHEF MHEF
Crashes Cars Cars Cars Cars
1978 36180 947 2.62 319 0.88
1979 37310 1028 2.76 324 0.87
1980 29834 701 2.35 177 0.59
1981 25174 549 2.18 172 0.68
1982 20968 498 2.38 137 0.65
1983 19335 465 2.40 125 0.65
1984 23855 595 2.49 150 .63
1985 21233 524 2.47 119 0.56
1986 19167 469 2.45 130 0.68
1987 16057 370 2.30 118 0.70
1988 13431 265 1.97 68 0.51
1989 9689 187 1.93 51 0.53
1990 5972 132 2.24 30 0.50
1991 3665 76 2.03 21 0.56
1992 1495 48 3.1 ¢ 19 1.23
A_C. Malliaris, in hts August 1990 paper, "Impaci-Induced Car Fires-A Comprehensive

Investigation”, [Accident Analysis and Prevention, Vol. 23, Issue #4, pp 257-273] suggests
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that model year may be confounded with vehicle age. To examine this issue the analysis in
Exhibit 7 was performed with vehicle age limited to four years as done by Malliaris and was
then repeated limiting the age of the vehicles to two years. There was no appreciable change
between limiting the age to four years and limiting the age to two years. The results of
limiting age to four years appears in Exhibit 9. The Malliaris result which showed that the
fire rate increases with older model years was not noted here. The differences in results
between this effort and that of Malliaris seem to be due to differences in model years
examined, using the entire nation as opposed to the single state of Michigan and using all
crashes in Michigan rather than the fatal crashes of this effort.

Exhibit ¢
MODEL YEAR, AGE LIMITED TO FOUR YEARS - CARS
Model Cars Number Percent Number Percent
Year in Fatal Fire Fire MHEF MHEF
| Crashes Cars Cars Cars Cars
1978T 13911 308 2.21 111 0.80
1979 16594 426 2.57 148 0.89
1980 13849 294 2.12 76 0.55
1981 11992 238 1.98 84 0.70
1982 10617 216 2.03 57 0.54
1983 10509 233 2.22 65 0.62
1984 14234 334 2.35 71 0.54
1985 14076 309 2.20 74 0.53
1986 14409 341 2.37 96 0.67
1987 13833 315 2.28 103 0.74
1988 13431 265 1.97 68 0.51
1989 9682 187 1.93 51 0.53
1990 5972 132 2.21 30 0.50
1991 3741 76 2.03 21 0.56
1992 1543 48 3.11 19 1.23
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There is no apparent increase or decrease of fires/MHE fires for light trucks with increasing
age. The results appear in Exhibits 17 and 18.

VEHICLE AGE in YEARS - 1978 ME(;(II;EE ;’;AR AND LATER LIGHT TRUCKS
Truck Trucks Number Percent Number Percent
Age in Fatal Fire Fire MHEF MHEF
Years Crashes Trucks Trucks Trucks Trucks

0 10993 294 2.67 104 0.95

1 14873 378 2.54 127 0.85

2 12504 322 2.58 129 1.03

3 10310 267 2.59 96 0.93

4 8215 207 2.52 70 0.85

5 7013 183 2.6} 47 0.67

6 5688 157 2,76 45 0.7

7 4612 129 2.80 42 0.91

8 3574 92 2.57 32 0.90

9 2802 81 2.89 30 1.07

10 2015 46 2.23 13 0.63

Il 1574 45 2,78 11 0.68

12 i112 29 2.54 13 1.14

13 820 26 3.07 6 0.71

14 345 11 3.09 4 1.12
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There is no appreciable increase or decrease of fires/MHE fires for vans with increasing age.
Due to the small sample sizes, the rates are quite variable. The results are in Exhibits 19

and 20.
Exhibit 19
VEHICLE AGE in YEARS - 1978 MODEL YEAR AND LATER VANS
Van Vans Number Percent Number Percent
Age in Fatal Fire Fire MHEF MHEF
.L Years Crashes Vans Vans Vans Vans
0 2316 45 1.94 8 0.35
1 | 3154 57 1.81 14 0.44
2 2676 52 1.94 22 0.82
3 2112 38 1.80 11 0.52
4 1739 36 2.07 7 0.40
5 1367 24 1.76 5 0.37
6 1159 25 2.16 12 1.04
7 924 17 1.84 6 0.65
8 663 15 2.26 6 0.90
9 559 18 3.22 7 1.25
10 385 i3 3.39 4 1.04
11 324 5 1.54 1 0.31
12 256 3 1.17 1 0.39
13 188 7 3.72 2 1.06
14 | 98 1 1.02 0 0.00
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Number of Vehicles Involved

The occurrence of fires/MHE fires for car single-vehicle fatal crashes is approximately
30/100 percent higher than for multiple-vehicle car fatal crashes. A total of 3114 crashes
involving a single car and no other vehicle had fire. There were 3740 cars involving a car
and at least one other vehicle, which need not be a car. A total of 1087 cars in single-
vehicle car crashes were identified as having a fire as the MHE. A total of 867 cars in
multiple-vehicle crashes were identified as having a fire as the MHE. In single vehicle
crashes usually at least one occupant of the vehicle dies. In multiple vehicle crashes, many
vehicles do not have an occupant that dies. By adding the columns of Exhibit 21 one finds
that 283598 vehicles were involved in car crashes and 6854 cars experienced a fire. This
produces a fire rate of 2.42 percent. The results are in Exhibit 21.

Exhibit 21
SINGLE-VEHICLE vs. MULTIPLE-VEHICLE CRASHES - CARS
Crash Vehicles Number Percent Number Percent
Complexity in Fatal Fire Fire MHEF MHEF
Crashes Cars Cars Cars Cars
Single 110435 3114 2.82 1087 .98
Multiple 173163 3740 2.16 R67 0.50

The 95 percent upper and lower confidence limits' for categorical data were calculated for
both fire and MHE fire. As a rough approximation, if the percentage for one level is within
the 95 percent confidence level of another level then one can conclude that there is no
measurable difference in the percentages (although to be certain, the complete statistical test,
incorporating the standard errors of both estimates should be computed). The results are
presented in Exhibit 22.

Exhibit 22
95 PERCENT CONFIDENCE LIMITS FOR
SINGLE-VEHICLE vs. MULTIPLE-VEHICLE CRASHES - CARS

Crash Lower Percent Upper Lower Percent | Upper
Complexity || Limit Fire Limit Limit MHEF Limit
Single 2.72 2.82 2.92 0.92 0.98 1.04
Multiple 2.09 2.16 2.23 0.47 0.50 0.53

! Freund, John E., Mathematical Statistics, Englewood Cliffs, N.J. Prentice-Hall, Inc,
1962, Chapter 10, pp 232-233.
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The occurrence of fires/MHE fires for single-vehicle van crashes is approximately 5/100
percent higher than for vans in multiple-vehicle crashes. A total of 130 crashes involving a
single van and no other vehicle had fire. There were 226 crashes involving a van and at
least one other vehicle, which need not be a van. A total of 55 crashes involving a single
van and no other vehicle were identified as having a fire as the MHE. A total of 51 crashes,
involving a van and at least one other vehicle, which need not be a van, were identified as
having a fire as the MHE, see Exhibits 25 and 26.

Exhibits 25
SINGLE-VEHICLE vs. MULTIPLE-VEHICLE CRASHES - VANS
Crash Vehicles Number Present Number Percent
Complexity in Fatal Fire Fire MHEF MHEF
Crashes Vans Vvans Vans Van
Single 6284 130 2.07 55 0.88
Multiple 11635 226 1.94 51 0.44

SINGLE-VEHICLE vs. MULTIPLE-VEHICLE CRASHES - VANS

Exhibits 26

95 PERCENT CONFIDENCE LIMITS FOR

Crash Lower | Percent Upper Lower | Percent Upper
Complexity Limit Fire Limit Limit MHEF Limit
]
Single 1.72 2.07 2.42 0.64 0.88 1.1}
Multiple 1.69 1.94 2.19 0.32 0.44 0.56

Weight of Cars

The Fatal Accident Reporting System (FARS) collects information on the weight of cars
involved in fatal crashes. Vehicle weight is not generally available for light trucks or vans.
The variable car weight has been partitioned into six classes based on previous applications
(e.g., "Passenger Car Weight and Injury Severity in Single-vehicle Nonrollover Crashes",
Partyka and Boehly, 1989, ESV Report 86-2b-0-005 and "Development of Databases in
Support of an Analysis of Fire Incidence Using the Fatal Accident Reporting System”, Walz
and Klein, Sep. 14, 1993). This partition is used for this analysis and is defined in Exhibit
27 as:
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Exhibit 29

95 PERCENT CONFIDENCE LIMITS FOR WEIGHT CLASS - CARS

Weight Lower Percent Upper Lower Percent Upper

Class Limit Fire Limit Limit MHEF Limit
Class 1 1.66 1.84 2.03 0.49 0.60 0.71
Class 2 2.05 2.16 2.27 0.55 0.61 0.67
Class 3 2.26 2.38 2.50 0.55 0.61 0.67
Class 4 2.70 2.82 2.95 0.73 0.79 0.86
Class 5 2.36 2.54 2.7t 0.68 0.78 0.88
Class 6 2.30 2.47 2.65 0.69 0.79 0.89

Area of Damage

The area where the damage to the vehicle occurred was partitioned into five mutually
exclusive ranges: rollover, front, rear, side, and other. If the vehicle experienced a
rotlover, despite what other damage occurred, the vehicle was coded as a rollover.

Over half the cars involved in fatal crashes received damage to the front of the vehicle and
there were more fire/MHE fires reported for cars with damage in the front than any other
area. However, the rate of fire occurrence, i.e., the percentage fire/MHE fire, for cars with
damage to the front, is the second lowest for both fire and MHE fire. Relatively few cars in
fatal crashes have damage to the rear of the vehicle. But when the rear of a car is involved,
one experiences the highest rate of occurrence of both fire/MHE fire. It is important to
compare this exhibit with the corresponding exhibits for light trucks and vans. Note that cars
are more likely to have a fire/MHE fire if the rear is involved compared to light trucks or
vans, i.e., cars are more susceptible to fire when the rear is involved than are light trucks
and vans. This may be due to the location of the fuel tank, especially vs. pickup trucks,
wherein the fuel tanks are generally located below the cab and the bed, often between the
frame rails. The rates of occurrence of fire/MHE fire for cars experiencing damage to the
rear are 5.38 percent/2.27 percent, respectively. These are the highest rates for any area of
damage. Most cars experience damage to the front of the vehicle, and these frontally
damaged vehicles experience the greatest number of fires (3275)/MHE fires (839), with rates
of occurrence of 2.13 percent/0.55 percent, respectively, see Exhibits 30 and 31.
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Exhibit 32
OCCURRENCE OF FIRE - CARS
AREA OF DAMAGE PARTITIONED BY WEIGHT CLASS

Weight Rollover Front Rear Side Other
Class
Class 1 84 164 43 53 17
Class 2 312 785 130 261 77
Class 3 331 704 163 287 70
Class 4 407 904 169 327 69
Class § 146 378 67 116 45
Class 6 156 340 68 123 58
Total 1436 3275 640 1167 336
Exhibit 33

PERCENT OF FIRE - CARS
AREA OF DAMAGE PARTITIONED BY WEIGHT CLASS

Weight Rollover Front Rear Side Other
Class
Class 1 2.19 1.65 4.97 1.26 2.38
Class 2 2.38 2.12 4.53 1.53 3.28
Class 3 2.99 2.10 5.85 1.76 3.30
Class 4 4.61 2.38 6.16 2.24 2.95
Class 5 5.33 2.03 5.24 1.95 4.20
Class 6 3.75 2.06 5.05 2.08 2.63
Total 3.28 2.13 5.38 1.82 3.11
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Exhibit 36
AREA OF DAMAGE - LIGHT TRUCKS

Damaged Trucks Number Percent Number Percent
Area in Fatal Fire Fire MHEF MHEF
Crashes Trucks Trucks Trucks Trucks
Rollover 23450 603 2.57 208 0.89
Front 47101 1270 2.70 419 0.89
Rear 2788 52 1.87 17 0.61
Side 10120 271 2.68 98 0.97
Other 3419 24 2.46 33 0.97
Exhibit 37
65 PERCENT CONFIDENCE LIMITS FOR AREA OF DAMAGE - LIGHT TRUCKS
Damaged Lower Percent Upper Lower | Percent Upper
Area Limit Fire Limit Limit MHEF Limit
Rollover ‘L 2.35 2.57 2.79 0.76 0.89 1.02
—
Front 2.54 2.70 2.85 0.80 0.89 0.98
Rear 1.35 1.87 2.43 0.30 0.61 0.93
Side 2.35 2.68 3.01 0.77 0.97 1.17
Other 1.92 2.46 2.98 0.63 0.97 1.31

There are approximately twelve times as many fires/ MHE fires involving vans with damage
to the front as vans involving rear damage. However, the rates of occurrence of fire/MHE
fire are somewhat higher for vehicles with rear damage vs. front damage, namely, 2.73
percent/0.76 percent Vs. 1.81 percent/0.54 percent, see Exhibits 38 and 39.
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percent, more than three times the rate for striking another vehicle, 0.51 percent. The
results appear in Exhibits 40 and 41.

Exhibit 40
OBJECT STRUCK - CARS
Object Cars Number Percent Number Percent
Struck in Fatal Fire Fire MHEF MHEF
Crashes Cars Cars Cars Cars
Vehicle 166511 3655 2.20 850 0.51
Narrow 28165 1303 4.63 456 1.62
Fixed 33257 1435 4.31 517 1.55
Other 40638 223 0.55 63 0.16
Overturn 14985 237 1.58 68 0.45
Exhibit 41
05 PERCENT CONFIDENCE LIMITS FOR OBJECT STRUCK - CARS
Object Lower Percent Upper Lower Percent | Upper
Struck Limit Fire Limit Limit MHEF Limit
Vehicle 2.14 2.20 2.27 0.48 0.51 0.55
Narrow 4.39 4.63 4.89 1.47 1.62 1.76
Fixed 4.10 4.31 4.53 1.42 1.55 1.68
Other 0.48 0.55 0.62 0.12 0.16 0.20
QOvertum 1.39 1.58 1.76 0.35 0.45 0.55

Considering objects struck by light trucks, narrow objects have the highest rate of fire/MHE
fire, namely 5.96 percent/2.84 percent, respectively. There are about three times as many
fires (1224) when a truck struck another vehicle compared to when it struck a narrow object
(414). However, the rate of occurrence of a fire when striking a narrow object, 5.96
percent, is more that twice as high as when a truck struck another vehicle, 2.61 percent.
There were 60 percent more occurrences of a truck striking another vehicle where a fire was
judged as the MHE (319) as there were light trucks striking a narrow object (197).

However, the rate of occurrence of a MHE fire for light trucks striking a narrow object,
2.84 percent, is more than four times the rate for striking another vehicle, 0.68 percent. The
results are in Exhibit 42 and 43:
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Exhibit 44
OBJECT STRUCK - VANS

l{)bjea(:titr Vans Number Percent Number Percent
Struck in Fatal Fire Fire MHEF MHEF
Crashes Vans Vans
Vehicle 11113 219 1.97 48 0.43
Narrow 793 49 6.18 25 315
Fixed 1354 57 4.21 23 1.70
Other 3580 19 0.53 7 0.20
Overturn 1077 12 1.11 3 0.28
Exhibit 45
95 PERCENT CONFIDENCE LIMITS FOR OBJECT STRUCK - VANS
Object Lower Percent Upper Lower | Percent Upper
Struck Limit Fire Limit Limit MHEF Limit
Vehicle 1.71 1.97 2.24 0.30 0.43 0.55
Narrow 4.50 6.18 7.87 1.91 3.15 4.38
Fixed 3.13 4.21 5.29 1.03 1.73 2.43
Other 0.29 0.53 0.78 0.05 0.20 0.35
Overturn 0.47 1.11 1.74 0.00 0.28 0.60

The preceding data can be partitioned by both Object Struck and Area of Damage. By
definition the object struck is the first object struck or an overturn. Thus, virtually all coded
overturns are also coded as rollovers, but all rollovers that occur after a vehicle has struck an
object are not necessarily coded as overturns. Note that the greatest number of occurrences
of fires are vehicle-to-vehicle crashes with damage to the front, rear and side. However, in
the case of a rollover, a vehicle is most likely to strike a fixed object. In this case the
number of occurrences by damaged area is highly dependent on the object struck. That is,
there is a statistical interaction between object struck and area of damage. The results of this

partition appear in Exhibits 46 through 51.
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Exhibit 48

OCCURRENCE OF FIRE - LIGHT TRUCKS
OBJECT STRUCK Partitioned by AREA OF DAMAGE

Damaged Vehicle Narrow Fixed Other Overturn
Area
I— ]
Rollovi!L 215 78 198 11 101
Front 760 249 202 48 2
Rear 45 2 2 3 0
Side 156 67 31 17 0
Other 39 18 13 11 3
Total 1224 414 446 90 106
Exhibit 49

OCCURRENCE OF MOST HARMFUL EVENT FIRE - LIGHT TRUCKS
OBRJECT STRUCK Partitioned by AREA OF DAMAGE

Damaged Vehicle . Narrow Fixed Other Overturn

Area |

Rollover I 56 30 85 4 33

Front 189 124 04 10 2

Rear 14 1 1 i 0

Side 50 35 il 2 0

Other 10 7 6 8 2

L Total 319 197 197 25 37
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Exhibit 52

ROLLOVER - CARS

Rollover Cars Number Percent Number Percent
Status in Fatal Fire Fire MHEF MHEF
Crashes Cars Cars Cars Cars
Rollover ” 43718 1436 3.28 446 1.02
No Rollover " 239880 5418 2.26 1509 0.63
Exhibit 53

95 PERCENT CONFIDENCE LIMITS FOR ROLLOVER - CARS

Rollover Lower Percent Upper Lower Percent Upper
Status Limit Fire Limit Limit MHEF Limit
Rollover 3.12 3.28 3.45 0.93 1.02 111 I

No Rollover 2.20 2.26 2.32 0.60 0.63 0.66 “

In the case of cars that rollover the principal impact point, i.e. the point that produced the
most property damage or personal injury is of interest. The principal impact point has been
partitioned into the following areas: front, rear, side, non-collision, top, undercarriage,
underride, override and other. The results of the partition of rollover appear in Exhibit 54.
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Exhibit 56

95 PERCENT CONFIDENCE LIMITS FOR ROLLOVER - LIGHT TRUCKS

Rollover Lower | Percent Upper Lower Percent Upper
Status Limit Fire Lintit Limit MHEF Limit

Rollover 2.35 2.57 2.79 0.76 0.89 1.02

No Rollover 2.51 2.64 2.77 0.82 0.89 0.97

Vans that experienced a rollover have a higher rate of occurrence of firesyMHE fires by
approximately 50 percent. A total of 85 vans experienced a rotlover and had a fire. There
were 271 vans that had a fire but did not experience a rollover. There were 25 vans that
experienced rollovers that were also identificd as having a fire as the MHE. A total of 81
vans did not experience a rollover and were identified as having a fire as the MHE. Exhibits

57 and 38 contain the results.

Exhibit 57
ROLLOVER - VANS
Rollover Vans Number Percent Number Percent
Status in Fatal Fire Fire MHEF MHEF
Crashes Vans Vans Vans Vans

Rollover 3021 85 2.81 25 0.83
No Rollover 14898 271 1.82 81 0.64

Exhibit 58

95 PERCENT CONFIDENCE LIMITS FOR ROLLOVER - VANS

Rollover Lower Percent Upper Lower Percent Upper
Status Limit Fire Limit Limit MHEF Limit
Rollover 2.22 2.81 3.41 0.51 0.83 1.15
No Rollover 1.60 1.82 2.04 0.42 .54 0.66
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Exhibit 60

SPEED LIMIT - CARS
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Exhibit 62
SPEED LIMIT - LIGHT TRUCKS
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Exhibit 64
SPEED LIMIT - VANS
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Exhibit 66
95 PERCENT CONFIDENCE LIMITS FOR SALT EFFECT - CARS

Salt Lower Percent Upper Lower | Percent Upper

Status Limit Fire Limit Limit MHEF Limit
Sait Belt 2.48 2.57 2.67 0.42 0.46 0.50
Sun Belt 1.92 2.02 2.12 0.72 0.78 0.84
Other 2.40 2.50 2.59 0.77 0.83 0.89

Light trucks registered in a salt belt state have approximately a 10 percent higher rate of
occurrence of fires than do light trucks in the sun belt states. However, light trucks
registered in the salt belt states are approximately 50 percent less likely to have a fire
identified as the MHE than a truck registered in a sun belt state. A total of 558 light trucks
from the salt belt states experienced a fire. There were 746 crashes involving a truck from
the sun belt states that had a fire. There were 111 light trucks from the salt belt states,
which were identified as having a fire as the MHE. A total of 330 light trucks from sun belt
states were identified as having a fire as the MHE. The details are in Exhibits 67 and 68.

Exhibit 67
SALT EFFECT - LIGHT TRUCKS
Salt Trucks Number Percent Number Percent
Status in Fatal Fire Fire MHEF MHEF
Crashes Trucks Trucks Trucks Trucks
Salt Belt 19945 558 2.80 111 0.56
Sun Belt 30300 746 2.46 330 1.09
Other 34793 914 2.63 308 (.89
Exhibit 68
95 PERCENT CONFIDENCE LIMITS FOR SALT EFFECT - LIGHT TRUCKS
Salt Lower Percent Upper Lower Percent Upper
Status Limit Fire Limit Limit MHEF Limit
Salt Belt 2.57 2.80 3.03 0.45 0.56 0.66
Sun Belt 2.29 2.46 2.64 0.97 1.09 1.21
Other 2.46 2.63 2.80 0.79 (.89 0.98
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fatality, could have been due to fire. The sum of these additional fatalities are then added to
the minimum number of fatalities to obtain the maximum number of fatalities. The fifth
column is the total number of fatalities in 1978 or newer cars, trucks, or vans. The last row
of the exhibit contains the mean of the last three years 1990 - 1992, The mean of the last

Exhibit 71
FATALITY ESTIMATES DUE TO FIRE BY YEAR OF CRASH

Year Minimum MHE Maximum | Total Car
of Number of Number of | Number of | Truck Van
Crash Fatalities Fatalities Fatalities Fatalities
1979 84 117 156 7049
1980 135 186 222 9985
1981 151 200 264 12004
1982 129 179 228 12072
1983 148 199 264 13447
1984 157 197 277 15793
1985 146 178 275 17866
1986 203 272 392 20230
1987 249 317 437 23086
1988 260 355 494 25532
1989 255 336 494 26514
1990 266 348 488 26553
1991 286 376 523 26894
1992 231 297 459 26264
Total 2700 3557 4973 263289
Mean 90-92 261 340 490 26570

three years is less susceptible to any distortion that may be due to the restriction of all
vehicle being 1978 and newer models. The results, by the year of the crash, are presented in
Exhibit 71.

Exhibit 72 displays columns 2, 3, and 4 divided by column 5 of Exhibit 71 i.e. the estimates
of minimum, MHE, and maximum number of fatalities due to fire in each year are presented
as a percent of all deaths that year, which occurred in 1978 or later model year cars, trucks
or vans. These percentages are not sensitive to the limited number of 1978 or later model
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extrication may be more prevalent in severe crashes. In addition extrication is performed at
the person level not the vehicle level. Note that the fire rate and MHE Fire rate
approximately doubles if extrication is involved. The results are found in Exhibit 73.

Exhibit 73
EXTRICATION
Extrication Fire No Percent MHE MHE | Percent
Status in Fire Fire Fire Not MHE
Vehicle Fire Fire

Extricated 2161 43633 4,72 582 | 45212 1.27

Not extricated 13550 607665 2.18 4107 | 617109 0.66
Unknown 467 10017 4.4