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EXECUTIVE SUMMARY

Antilock Brake Systems (ABS) are a prawising development for reducing
motor vehicle crashes. Since 1985, they have been voluntarily installed by
marufacturers on millions of cars and light trucks. They have been welcamed by
consurers and are well on their way to becaming standard equipment in most new
cars ard light trucks. The Highway Safety Act of 1991 instructs the Natiomal
Highway Traffic Safety Administration (NHISA) to consider extending this
protection to all passenger vehicles, including trucks lighter than 10,000
pounds. This preliminary evaluation of the effectiveness of rear-wheel ABS for
light trucks (including picmp trucks, sport-utility vehicles and vans), based
an statistical analyses of the accident experience of production vehi;:les

equipped with ABS, is performed in support of NHISA’S regulatory program.

The fundamental safety problem addressed by ABS is that few drivers
are able to optimize the pressure they apply an the brake pedal, given a sudden
anergency situation or unexpectedly slippery surface. When excessive pedal
presmrelodmtlnvteels,ﬂavduidecan’yéwamoftmdriver’scmtml(mar-
wheel lockup), or go straight ahead, impossible to steer (front-wheel lockup),
_or take longer to stop than a vehicle with the wheels still rolling. The
cbjective of ABS-is to take over the cptimization task from the driver. There
are two types of ABS: four-wheel systems, which are almost the only type
- installed on passenger cars and are becaming increasingly mumerous on light
trucks, and rear-wheel antilock (RWAL) system, which were the principal type
installed on light trucks through model year 1991. A four-wheel system is
intended to keep all the wheels rolling during panic braking, to prevent yawing,
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allow the driver to steer the vehicle throughout the emergency and, an many
surfaces, to shorten the stopping distance. The carbination of efficient
stopping and steering is intended to help the driver avoid mobile and fixed
cbstacles. RWAL, on the other hand, is not designed to prevent lockup of the
front wheels, preserve steering control, or significantly reduce stopping
distances. RWAL was primarily intended to prevent rear-wheel lockup and severe
yawing during braking; it was an inportant first step for light trucks, which
have more problems than cars with directiomal control (run-off-rcad crashes).
Separate analyses need to be done for RWAL an light trucks, four-wheel ABS on
passenger cars and four-wheel ABS an light trucks; anly the first of these is

carried aut here.

During 1988-91, NHTSA performed two extensive series of stopping téts
involving vehicles with four-wheel ABS or RWAL, on various rocad surfaces. The
tests canfirmed that four-wheel ABS was highly effective in preventing yawing and
allowing the driver to steer the car during panic braking. Stopping distances
decreased.subatantially with four-wheel ABS an wet surfaces, but decreased anly
slightly on dry pavement and increased on gravel. RWAL greatly reduced the yaw
of pickup trucks during straight-line panic stops, but it did not shorten
stopping distances; in fact, they became slightly longer.

Wcalamlysisofmeeffectivenssofmtorligmtmda
is based on 1990-91 accident data from Michigan and Flarida, 1989-91 data fram
Permsylvania and 1989-mid 92 data fram the Fatal Accident Reparting System
(FARS). RWAL was installed as standard equipment cn most damestic Chevrolet,
@1, Ford and Dodge pickup trucks, sport utility vehicles, and vans during 1987-
90. The statistical amalysis campares trucks of the first 2 model years with
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RWAL to trucks of the same make-model, of the last 2 model years without RWAL.

The sifuation is not as simple with passenger cars, precluding a
detailed effectiveness analysis at this time. As late as model year 1991,
| installation of ABS as standard equipment was generally limited to lwary and
sporty make-models and the top-of-the-line subseries of medium-priced make-
models. Cars of that type may attract a special clientele, and their crash
experience may not be directly camparable to basic versions of the same make-
model, let alone the average car an the road. When high-volume cars with
standard ABS, such as the 1991 Chevrolet Caprice and the 1992 Cavalier, Corsica
ard Grand Am have accumulated sufficient on-the-rocad experience (in 1995, or
possibly 1994), it will be possible to analyze the effectiveness of fcur-udqeel

ABRS in passenger cars.

The principal findings and conclusions fram the analyses of accident
data on light trucks are the following:

o RWAL is quite effective in reducing the risk of nonfatal run-off-road
crashes, for almost every type of light truck, under any type of rcad
condition. Nonfatal rollovers were reduced by about 30-40 percent (up to
SO percent for Ford Ranger), side impacts with fixed objects by 15-30

i frontal impacts with fixed dbjects by 5-20 percent. Many rnun-

off-rpfi cxashes of light trucks appear to involve a loes of directicnal

control doring braking, and RWAL significantly reduces such loss-of-
cantrol crashes. ’



o The accident reductions mostly did not caxry over to fatal rum-off-road
crashes of light trucks. Only the Ford Ranger experienced a significant,
29 percent reductin of fatal rollovers and side impacts with fixed
adbjects. The explanation may be that in most fatal run-off-rcad crashes,
drivers do not brake at all, or lose directiomal control for reasons
unrelated to braking, or apply the brakes under conditions that are too
severe for RWAL to prevent a loss of directional control.

o RWAL had little or no effect on the nonfatal miltivehicle crashes of light
trucks. Since RWAL is primarily designed to prevent catastrophic loss of
control during braking, rather than reducing stopping distances or
allowing the driver to steer while braking, it is not surprising that RWAL
should be effective against run-off-road crashes, rather than multivehicle
collisions.

o} The current accident data produced conflicting estimates about the effect
of WAL in fatal miltivehicle craghes. Same of the analyses showed little
or no effect, while others showed significant increases with RWAL.

o The risk of collisions with pedestrians, animals, bicyclists, trains, or
on-road cbjects was significantly reduced in light trucks with rear-wheel
ABS. The reduction appears to be about 10-20 percent in nonfatal
collisions (mostly with animals) and S-15 percent in fatal collisions
(mostly crashes in which a truck contacts and fatally injures a pedestrian
or bicyclist).

*quindmxyreaxltsmedtobeviawedwithmtimfwseveral
reasons. &~'mguplesinthisrepmtmsmetinestoosrallfor
unambiguous or statistically meaningful results; all estimates of fatality
reduction might change as more data becare available, allom.ngrrm:'edeta.ded
analysis methods. The data cover the initial experience of the first groups of
trucks equipped with RWAL; results could change as these trucks get older, or for



later trucks with different RWAL systems. The results of this report apply caly
to light trucks equipped with RWAL and should definitely not be extended to
passenger cars or Jlight trucks equipped with four-wheel ABS.



CHAPTER 1
INTRCDUCTION, BACKGROUND AND DATA SOURCES

Antilock Brake Systems (ABS) are a pranising development for reducing
motor vehicle crashes. Since 1985, they have been voluntarily installed by
marufacturers on millions of cars and light trucks. They have been welcamed by
consumers and are well an their way to becaming standard equipment in most new
cars and light trucks. The Higimay Safety Act of 1991, Section 2507 instructs
the Natianal Highway Traffic Safety Administration (NHISA) to consider extending
this protection to all passenger vehicles (cars, pickup trucks, sport utility
vehicles and vans lighter than 10,000 pounds). It cbliges NHTSA to publish, by
December 31, 1993, an Advance Notice of Proposed Rulemaking concerning potential
improvements in its braking standards, such as a requirement for ABS inpasseﬁger
vehicles. Because ABS has already been installed on millians of vehicles, NHISA
has the opportunity to evaluate the benefits of ABS, based on the actual
experience of production vehicles, at an early stage in the rulemaking process.
As of late 1993, there are encugh accident data for a statistical amalysis of
light trucks equipped with rear-wheel ABS, but not for passenger cars or light
trucks equipped with four-wheel ABS.

1.1 Qrlectives of aptilock brake systems

e fundamental safety problem addressed by ABS is that few drivers
a.reableto‘v‘mlﬂat:epresan'emtlabrakepe:hlcptinally, given a sudden
emergency situation or unexpectedly slippery surface. Excessive pedal pressure
locks the wheels, while timid braking or inexpert pedal pumping to avoid lockp
may lengthen stopping distances. When the wheels lock up, the vehicle can yaw
aut of the driver’s control (rear-wheel lockup), or go straight ahead, regardless
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of steering imput (front-wheel lockup). On most road surfaces, a skidding
vehicle needs a langer distance to stop than a vehicle with the brakes applied
and wheels still rolling. The cbjective of ABS is to take over the pedal
modulation task from the driver, and keep brake pressure at a level as close as
possible to lockup, but with the wheels still rolling.

There are two types of ABS: four-wheel antilock systems, which are
almost the only type installed on passenger cars, and rear-wheel antilock (RWAL)
systems, which were the principal type installed an light trucks through model
year 1991. A four-wheel system is intended to keep all wheels rolling during
panic braking, to prevent yawing, to allow the driver to stéer the vehicle
throughout the emergency and to shorten the stopping distance on many surfaces.
The carbination of efficient stopping and steering is intended to help the dnver
avoid mabile and fixed acbstacles (other vehicles, pedestrians, etc.) or, at

least, to make collisions with such dbjects less severe.

A rear-wheel system will not prevent lockup of the front wheels. Once
the front wheels begin to skid, the driver loses steering control, and a
reduction of stopping distances carmot be expected. However, as long as the rear
meelskeepmlling,swereyasd.ng@nbeprevm:ed RWAL was an important first
step for lighi trucks, which had more problems with braking and directional
ametheybe;ntoya;uzyammpmuxetomllwerﬂancam,mcemeym
gone cut of contral amd left the roadway; and their variety of loaded/unloaded
caditions intensifies diftiazitie of maintaining braking balance between front
and rear wheels.



Separate analyses need to be performed for four-wheel ABS and RWAL.
Four-wheel ABS has potential to affect any crash situation that could be
mitigated by shorter stopping distance, evasive steering maneuvers and/or general
directiconal stability, including multivehicle collisions, mun-off-road crashes,
and an-rcad collisions with nomotorists, animals, etc. RWAL appears primarily
targeted at preventing crashes that involve catastrophic loss of control, such
as a rollover or skidding sideways into a fixed abject.

1.2 Results of stopping tests with ABS

NHTSA carried out two extensive series of stopping tests imvolving 14
vehicles with four-wheel ABS (12 cars ard 2 light trucks) and 3 pidap trucks
with RWAL [1], [2]. The tests, conducted at East Liberty, Ohio during 1988-91,
included a variety of road surfaces, straight-line stops at various speeds,Aan:l
maneuvers requiring steering plus braking. Each vehicle was tested with the ABS
enabled and disabled and with the vehicle empty and fully loaded. The road
surfaces included dry concrete, three types of wet asphalt or concrete (different
levels of arootiness), two salippery surfaces - wet Jemmite and epoxy, and gravel.
Wet Jemmite (roadway sealant) has a much lower sliding than rolling coefficient
of friction; wet epaxy has coefficients of friction similar to ice, although it
is not intended as a surrogate for ice. 'meobjectivesofthetestswereto
smdytheetﬁnctothﬁmgmenldﬁectimal stability, vem.clerespcnseto
steering ing-: and stopping distances.

Tables 1-1 and 1-2 review the performance of ABS on a gubget of the
tests carried cut at East Liberty: straight-line gpike stope (panic braking with
meodmum pedal pressure and no effort to modulate pedal pressure) on hgmogeneous
road surfaces. The upper half of Table 1-1 shows that four-wheel ABS was highly



TARLE 1-1

EFFECT OF ABS ON VEHICLE YAWING IN STRAIGHT-LINE SPIKE STOPS
BY TYPE OF ROAD SURFACE

Nunber of Tests, by Angle of Yaw

Road ABS
Surface Enabled? No Yaw < 10° 10-45%° > 45°

TEST VEHICLES WITH 4-WHEEL ABS

Dry concrete ENABLED 46

DISABLED 40 6
Wet asphalt/concrete — ENABLED 276

DISABLED 170 99 7
Wet Jermite ENABLED 88

DISABLED 16 37 24 11
Wet epoocy ENABLED 42

DISABLED 10 22 L) 5
Gravel BABLED 42

DISABLED 17 21 3

Dry concrete RABLED iz
DISABLED 12
Wet asphalt/concrete  RUABLED 57 15
DISABLED 39 26 2 5
Wet Jermitess BORLED 1 17 6
% DISABLED 0 n 10 3
Wet epaxy ERAELED 1 5
' DISABLED 0 6
Gravel ENABLED 5 7
DISABLED 6 6
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TABLE 1-2

EFF'ECPOFABSQISIDPPDGDISMWSIRAIGHPLDIBSPIKESIOPS
BY TYPE OF ROAD SURFACE

Median % Reduction of Stopping Distance,
ABS Epabled vs. ARS Disabled

Road Surface 4-Wheel ABS BAL
Dry cancrete 5 -6
Wet asphalt/concrete 14 - 6
Wet Ja’mite 43 7
Wet epaxy 10 -12
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effective in keeping vehicles going straight during panic braking an hamogeneous
road surfaces. In this subset of 494 tests, on different road surfaces, with the
ABS enabled there was not a single case of yawing. With the ABS disabled, same
of thevdxicles&awedmeve:ysurfaoe. There was more yawing on the slippery
surfaces. On dry concrete, anly 6 of 46 tests with the ABS disabled involved
yawing, and always less than 10 degrees. On wet Jermite, 72 of 88 tests resulted
in yawing, 11 of them more than 45 degrees.

The lower half of Table 1-1 shows that RWAL substantially, but not
campletely reduced the yaw of pickup trucks. Even with the rear wheels rolling,
frant-wheel lockup can lead to moderate amounts of yaw. With the RWAL enabled,
the amount of yaw was always less than 10 degrees on wet asphalt/cmcreteﬂand
less than 45 degrees an wet Jemmite, while there was yawing in excess of 45
degrees an both surfaces with the RWAL disabled. On dry concrete and gravel,
however, the tests did not show an advantage for RWAL.

| In addition to these tests on hamogeneous surfaces, NHISA tried stops
on surfaces that were more slippery under ane side of the vehicle than the other
(so-called "split-mu"* surfaces). They resenble a roadway with slippery patches.
RWAL and (with cne exception) four-wheel ABS were highly effective in preventing
ou:ndn:im:lzigguinpanicstq:s. whereas the yaw was often 180 degrees or more

For a test of cambined braking or steering, the vehicles with four-
mmmmwmmmmamam-mm
an wet asphalt or Jemnite. In all cases, the vehicles successfully negotiated
the maneuvers during panic braking with the ABS enabled. Vehicles with RWAL
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experienced front-wheel lockup during panic braking and could not be steered
arourd the curve or to ancther lane.

The effect of ABS on stopping distance, in straight-line spike stops,
is not uniformly beneficial for four-wheel ABS and, in fact, is samewhat negative
for RWAL. Table 1-2 shows the median percentage reduction of stopping distance,
by road surface type, for a test with the ABS enabled relative to the
corresparding test with the ABS disabled. Four-wheel ABS reduced stopping
distanwsbjgmlySpemtmdzycmete, but had a substantially larger
effect on wet asphalt or concrete (14 percent an the average). Because wet
Jermmite has a much higher rolling resistance than sliding resistance, the
reduction in stopping distance for ABS is 43 percent. Jemmite is not extensively
used to pave real highways, mtthereareceztaincaﬂitimsvtmac@
pavements can approach the chaxacteristiqs of Jemite (wet, highly worn, dirty
and/or oily) . The much amller reduction on wet epaxy (10 percent) suggests that
the excellent result on Jamite is due to the characteristics of that specific
material, and is not true far all slippery materials (e.g., ice). Fimally, four-
wheel ABS lengthens stopping distances on gravel by 28 percent: a car with the
wheels locked plows into the gravel, reducing the stopping distance (although not
necessarily without yawing). It is unknown if other loose materials, such as
snow, would beve a similar effect.

ﬁalq:hast@i:gdistancesmallmrﬁacesemtwetJemite;
the increase is 6 percent an dry or wet concrete/asphalt. In gemeral, a truck
with 4 wheels sliding stops a little socmer than a truck with the front wheels
sliding and the rear wheels rolling (although the larter condition, at least,
reduces yawing) . '
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In summary, NHISA’S tests- show that four-wheel ABS is successful in
improving overall vehicle stability during braking, preserving steerability, and
reducing stopping gistances. They suggest potential benefits in almost any type
of crash situation that could be avoided by enhanced braking or, especially, a
carbination of braking and steering - i.e., almost any type of crash, except
where the vehicle was standing still or moving slowly, or the driver had already
lost control of the vehicle before even trying to brake. The benefits should be
substantially larger on wet roads than dry roads, since, on a dry road, even a
vehicle without ABS should skid to a stop in close to minimum distance on a

fairly straight line.

NHTSA’S tests confirm that RWAL is not beneficial in reducing stopping
distances or preserving steerability during braking. They suggest little henéfit
for RIAL in situations that require evading or stopping short of an dbstacle an
the road (multivehicle crashes, pedestrian accidents). The tests show a modest
improvement for RWAL in maintaining overall directional stability and suggest
potential benefits in eliminating crashes where a vehicle ran off the rcad as a
result of brake-induced yawing.

1.3 Light trucks eqguipped with RWAL, 1087-91
qu-uel,elec:xmicmfirstbmstanda:deqaimmtheism
model year, .&uds?-seriespidmptmd:andtwooftheirutilityvehicles
Bronco and Bronco 2. By model year 1990, RWAL was standard on most damestic
Chevrolet, G, Ford and Dodge pickup trucks, sport utility vehicles, and vans
(the Caravan/Voyager is the most notable exception). Table 1-3 shows the model
year in which RWAL was introduced in damestic truck lines. As of model year
1991, four-wheel ABS was still rare on these vehicles. RWAL was introduced as
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TABLE 1-3

RWAL INTRCDUCTION YEAR FCR SELECTED LIGHT TRUCKS -
(as standard equipment on the entire line)

Make/Model " RWAL Introduction Year

Chevrolet S/T pickup (campact) 1989
Chevrolet C/K pickup (big) 1988
Chevrolet R/V pickup (big) A

Chevrolet S Blazer utility (campact) 1989
Chevrolet V Blazer utility (big) 1990
Chevrolet Suburban truck-based station wagon 1990
Chevrolet Lumina APV wagon and cargo van (mini) B

Chevrolet Astro wagon and cargo van (small) 1989°
Chevrolet Chevy Van ard Sportvan (big van) 1990
GIC Sanama pickup (campact) 1989
G C/K pickup (big) 1988
&I R/V pickup (big) A

G S Jimmy utility (campact) 1989
QI V Jimmy utility (big) 1990
A Suburban truck-based station wagon 1990
QI Safari wagon and cargo van (small) 1989°€
@G Rally ard Vandura (big vab) 1990
Ford Ranger pickup (campact) 1989
Ford F pickup (big) 1987
Ford Bronco 2 utility (campact) 1987
Ford Bronco utility (big) . 1987
Ford Explorer utility (campact) . 1991P
Ford Aercstar van (amall) . 1990
Ford Econoline and Club Wagan van (big) 1990
Dodge Dakota piclap (carmpact) 1989
Dodge D/W piciap (big) 1989
Dodge Ramcharger utility (big) 1990
Plymouth Voyager minivan B

Dodge Caravan (mini) B

Dodge Ram Vam and Wagon (big) ‘ 1990

A Not standard as of model year 1991; not included in the analysis, except for
MY 1987, which is included as a non-RWAL counterpart for C/K pickups

Not standard as of model year 1991; not included in the analysis

Samne 1990 models have 4-wheel 2ABS; these wehicles and their MY 87
camterparts are excluded fram the analysis

D Always had ABS; not included in the analysis
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standard equipment on every subseries of a particular make-model, at the
begiming of the model year. That mekes the selection of trucks for the
evaluation rather easy. Trucks with RWAL are campared to trucks of the same (or
quite similar) make-model without RWAL - i.e., fram the model years before RWAL
was introduced. In most of the analyses, the sample is limited to trucks of the
first 2 model years with RWAL vs. trucks of the last 2 model years without RWAL.
The purpose of limiting the model years is to avoid camparing "new" trucks with
substantially "older" trucks. When the RWAL and non-RWAL trucks are of similar
age (and the same make-model), any differences in the accident profiles are more
likely due to RWAL than differences in the drivers or the exposure of the trucks.
The identification of trucks in the accident files is based on the Vehicle
Identification Number (VIN). '

The situation is not as simple with passenger cars, precluding a
detailed effectiveness analysis at this time. Four-wheel, electronic ABS was
introduced during the 1985 model year an the most luwarious models of Lincoln,
Mercedes and BMW. In 1986, four-wheel ABS was extended to Chevrolet Corvette,
all BVW’'s and most Mercedes. As late as 1991 (the most recent model year for
which State accident data are available as of June 1993), installation of ABS as
 standard equipment was generally limited to luary and sporty make-models and the
tcp-of-the-limaheriesofuedi\m-pu:iced make-models. Cars of that type may
attractamcliamele,amitheircmaha&pa:iewenaynotbeduectly
cmpanblet:om:lcvemiasofthemnahemdel let alone the average car
an the road. The 1991 Chevrolet Caprice and the 1992 General Motars J, L and N
body cars (e.g., Cavalier, Corsica and Grand Am) are the first high-volume
passenger cars with ABRS standard on all subseries. The effectiveness of ABS for
passenger cars will be evaluated when these models, among others, have -
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accunulated sufficient on-the-rcad experience. At this time, however, the
accident amalysis is limited to RWAL for light trucks.
1.4 Accident fileg for evaluating RWAL

Since trucks with RWAL are still relatively uncammn, it is necessary
to have very large accident files to have a large enough sample to detect the
effect of RWAL in specific crash modes. For the time being, specialized data
sets such as the National Accident Sampling System would not furnish adequate
sanples; it is necessary to rely on large files such as those of the larger
States, and the Fatal Accident Reporting System (FARS). Since the presence of
RWAL has to be inferred fran the VIN, the files must have VIN informatian.
Relatively camplete VIN information on post-1980 trucks is present on FARS and
three of the largest State files available at NHISA: Michigan, Florida and
Pemmsylvania. These four files also contain the data elements essential for
classifying single- and miltivehicle crashes into groups that are more likely or
less likely to be affected by RWAL: the pre-crash action of the vehicle (e.g.,
going straight, tumming, stopped), the first harmful event (rollover, fixed
dbject, collision with vehicle), the mamner of collision (angle, rear-end, etc.)
ard the impact location (frontal, side, rear).

The Florida file has the unique advantage that pre-crash travelling
speeds have been estimated and reported for almost all vehicles. That mekes it
possible to identify a subset of 2-vehicle crashes in which one vehicle was
stopped or going quite slow (RWAL not a factor) while the other wvehicle was
travelling at a speed where braking could make a difference. Ancther advantage
of the Florida file is that collisians between a moving wvehicle and an
unoccupied, legally parked vehicle are encoded as 2-vehicle crashes, with a -
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carplete vehicle-level record an the parked vehicle. These parked trucks enlarge
the "control group” of truck involvements where ABS is irrelevant. The Michigan
file is especially useful because it contains a high proportiom of crashes
involving light trucks, adverse road conditions, and/or off-road excursions. The
FARS file is, of course, needed to study the effect of RWAL in fatal crashes.

The analyses are based on Florida and Michigan data for 1990-91,
Permsylvania data for 1989-91, and FARS data for 1989-mid 92. In general, the
procedure for data reduction is to identify and select the vehicle-level records
for light trucks of the first two model years with RWAL, and the last two model
years before the transition to RWAL, based an the VIN. Relevant data elements
fram the accident-level record, the persan-level record and, in sare cases, the
vehicle-level record on the "other®" vehicle in a 2-vehicle collision are t:hm
added to the basic vehicle data.
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CHAPTER 2
ANALYSIS OF SINGLE-VEHICLE, RUN-OFF-ROAD CRASHES

When a light truck runs off the rcad and subsequently rolls over or
hits a fixed dbject, it is evident that the truck did not go where it was
supposed to go. Either the driver steered in the wrang direction or lost
steering and/or directional control of the vehicle (sametimes all of the above).
Certainly, fixed dojects do not jump anto roads and strike vehicles that are
travelling in the right direction. CQurrent light trucks are unlikely to roll
werbytharselvesvhiletkeyammdaeroadmﬁmchrcmﬁml;deyneedtoyaw
oaut of control and/or leave the road and encounter an off-road tripping
mechanism, Thus, most nn-off-road crashes share two characteristics: the
vehicle was the anly moving entity in the crash, and it moved in the wrong
direction. That distinguishes them fram other types of single-vehicle crashes
(collisions with animals, bicycles, pedestrians, trains), where a second party
may have entered the correct, intended path of the wvehicle.

There are several situations where four-wheel ABS or rear-wheel ABS
(RAAL) could make the difference between a nm-off-road crash and a safe joumey:

o] Run-off-road induced by brakes that lock the wheels: a driver, who has the
vehicles under ocotrol and going in the right direction, applies
canventional brakes under normmal operating conditions, but locks the rear
wheels (@.g., due to careless pedal application, slippery rcadway, or an
unbalafoed 1cad in the vehicle), losing directicnal control and yawing off
the road. With RWAL or 4-wheel ABS, rear-wheel lock might have been

and directional control not lost. Altematively, the driver
locks the front wheels while negotiating a curve, and proceeds straight off
the road; with 4-wheel ABS, steering control would have been maintained.

o Run-off-rocad prevented by enhanced braking capability: due to faulty aor
inattentive steering, the vehicle is headed off the rcadway, although still
under control with no locked wheels. The driver brakes hard and, possibly,
tries to steer. The vehicle begins to yaw (locked rear wheels), or carmot
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be steered (lodced front wheels), or just does not slow down in time. With
ABS, yaw:.ng might be prevented (RWAL or 4-wheel), stopping distances

m pnnanly4vdee_1),and/orsteermgcmtrolnamtamed (4-wheel
Y

Of course, RWAL can hardly be expected to prevent all nm-off-road crashes. If
the driver never touches the brakes before or during the off-rcad excursiom
(e.g., thedziveristooinpaimdtomticeorreacttotheerergency),ms
camoet help. If excessive steering input and/or adverse rcad caditions put the
truck in a skid before the driver touches the brakes, it may keep on skidding
regardless of RWAL. Front-wheel lockup, which can occur with RWAL, could result
in a loss of steering control. Even in those situations where RWAL helps the
truck fram yawing, there may not be enough room for the driver to stop short of
roadside hazards. The driver might react to the situation by steering in the
right direction, or may have lost all steering control due to front-wheel lockup.

Run-off-rcad crashes can be further subdivided into three crash modes,
partially indicating relative levels of loses.of control:

o Rollover cragheg are often a result of severe yawing while the vehicle is
still on the roadway, mimnaksthevddclevulmbletotnmmg
mechaniams as soon as it leaves the roadway.

o mmmmmmﬂnta@idemNtofmml
andintoayawbetoreccntactwiththeobject,altrnghnotneceseanly
before leaving the rcadway. Another possibility is that the driver
at mstmaayfmthed:ject,wmmfulorlosc

omtrol during the maneuver.
k-
o Wim_qbimgaemllyimolvelessmm&e
two preceding groups, or no yawing at all. Nevertheless, the wvehicle
definitely didn’t go where it was supposed to; the driver may have lost
steering or directional control, or may have been unsuccessful in attempts -
- to stop the vehicle.

Itiseddm;ﬂan%bcwldbeofsmevalueinr@cingm
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types of crashes, although with presumably greater effect for the first two
types, which usually involve a greater loes of control. Unlme certain other
crash avoidance messures, it is inappropriate to gauge the effect of RWAL cnly
by the reduction in the rate of rollgvers per 100 gingle vehicle accidents
(RO/SVA), since RWAL could be reducing other types of single-vehicle accidents,
not just rollovers. It is better to campare all three types of x"un-off-road
crash involvements with a control aroup of crash involvements unaffected by ABS:
crashes where a truck is standing still or moving very slowly (5 mph or less,
where ABS and canventianal brakes work about the same), and is struck by another
vehicle.

Thus, the analysis techmique is to tabuiate the crash involvements,
for trucks with RWAL and their comterparts without RWAL, in four crash modes:
"orimary" rollovers (i.e., single-vehicle, run-off-road crashes where a rollover
was the only harmful event - excluding rollovers that occurred subsequent to an
impact with a vehicle or dbject); side impacts with fixed dbjects (including a
gmll mmber of rear impacts with fixed abjects, but excluding front-comer
impacts); frantal impacts with fixed dbjects (including front-corner impacts);

" and control-group, miltivehicle crash involvements, where the case vehicle was
standing still, moving 5 mph or less, parked, parking, or leaving a parking
‘space. On-road single-vehicle crashes, such as collisions with animals and
pedestrians, are excluded fram these analyses, but are considered in Chapter 4.

Throughout the analyses, ligtmtxjud:sareaxbdividedincotmeegmlps
- pidcups, sport utility vehicles (SUV) and vans - which have different design
characteristics, drivezsaniecpoaxre M:s'cligmtnxdcsarempzmetorqll
| over than passenger cars, partly because of their relatively higher center of
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gravity. However, piclap trucks and, especially, SUVs (but not vans) are
especially prone to run-off-rocad accidents because they have many young male
drivers, extensive use in rural areas, and lower directicnal stability than
passenger cars. Even though, strictly speaking, most current pickup trucks do
not have a rear-brake bias when unlcaded, they are still quite vulnerable to
rear-wheel lockup. They need strong rear brakes when they are fully loaded and
are carrying a large proportion of their weight on their rear wheels, but the
strcmgrea;bzakescanlodcupthemarmeelsu&mthetmdcsammt loaded.
In short, light trucks are a vehicle type where ABS has exceptional potential to
reduce single-wvehicle crashes, even if the ABS is only a rear-wheel antilock
(RWAL) system.

As explained in Section 1.3, the data are limited to model year 1985-
91 products of Chevrolet, GMC, Ford and Dodge, which were equipped with RWAL
during those years. Jeep, Plymouth and other nameplates did not have encugh
vehicles with RWAL as of 1991 to contribute substantially to the data base; 4-
wheel ABS was uncammm cn trucks. Most of the analyses campare "Trucks of the
first 2 model years with RWAL" to "Trucks of the last 2 model years [and the same
make-model] without RWAL." The 1987 Chevrolet and GC R/V pickup trucks are
similar to C/K trucks, and are counted as being of the "last model year without
RWAL. " o
2.1 Ridap trucks

Michigan offers the largest sample of light trucks in rum-off-road
crashes' among the other three States considered in this report (Florida and
Permsylvania are the other two). Table 2-1 analyzes the crashes of pickup trucks
in Michigan during 1990-91. It is evident that rollover risk is substantially
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TABLE 2-1

MICHIGAN, 1990-91: PICKDP TRICKS
EFFECT OF RWAL ON SINGLE-VEHICLE CRASHES

Last 2 MY
Without RBOAL

Type of Crash Involvement N %

ALL PICKUP TRUCKS

Primary rollover 1095 14.5
Side impact with fixed cbject 759 10.1
Frontal impact with fixed cbject 2044 27.1
Control group (multivehicle) 3634 -48.3
7532 100
FORD RANGER
Primary rollover 528 22.9
Side impact with fixed cbject 223 9.7
Frontal impact with fixed dbject 580 25.2
Control group (multivehicle) 2974 42.2
2305 100

ALL OTHERS

Primary rollgwex- 567 10.8

Side impact with fixed cbject 536 10.3

Frontal impact with fixed cbject 1464  28.0

Control group (miltivehicle) 2660 _50.9
| 5227 100
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First 2 MY
With RWAL
N %
737 9.6
633 8.2
2095 27.3
4215 _54.9
7680 100
224 13.1
164 9.6
452 26.3
874 5.0
1714 100
513 8.6
469 7.9
1643 27.5
3341 _56.0
5966 100



lower with RWAL. The first part of Table 2-1 (All Pickup Trucks) shows 1095
rollovers among the trucks of the last 2 model years without RMAL, and 737 in the
first 2 model years with RWAL. The mumber of "Control Group" crashes went in the
" opposite direction: from 3634 to 4215. That is a reduction of

| 1 - ((737/1095) / (4215/3634)] = 42 percent
for rollovers relative to the control group. Impacts with fixed dbjects were
also reduced, although to a smller extent than rollovers. Side impacts with
fixed dbjects decreased by 28 percent relative to the control group. Frontal
impacts with fixed dbjects decreased by 12 percent.

Table 2-1 also shows the percentage distribution of the crash modes
for RWAL trucks vs. nan-RWAL trucks. A qualitative anmalysis of effectiveness,
without producing specific estimates, is accamplished by glancing at the
percentages. If the percentage of crashes which are rollovers, side impacts, or
frontal impacts with fixed cbjects goes down (or at least does not go up) with
RWAL, while the control group percentage increases, that’s a good result for
RWAL. Indeed, in Table 2-1, rollovers decreased fram 14.5 to 9.6, side impacts
decreased fram 10.1 to 8.2, frontal inpacts stayed about the same, while the
control graup increased from 48.3 to 54.9 percent of the crashes in the table.

?@mblereazltsinmetmportimof‘rablez-l, however, are
slightly&ﬁinfawrofm. "All Pickup Trucks" are not a hamogenecus
group in texme of accident risk. Ford Rangers (campact pickup) have relatively
much higher rollover rates than the other groups cansidered here (Ford full-
sized, GM campact and full-sized, Dodge campact and full-sized, all of which have
about the same, lower, rollover rate). The increased rollover risk for Ranger

may be due to a cambination of circumstances, such as the suspension system,
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static stability factor, and prepanderance of young drivers. At the same time,
the Ranger is slightly underrepresented in the "with RWAL" group, poesibly
because sales were heavier in 1987-88 (witlnﬁ: RWAL) than in 1989-90 (with RWAL).
It is apprq:n’gte to tabulate separate results for Ford Ranger and for all other
pickup trucks, to avoid the bias and also to find cut if RWAL has differerit

levels of effectiveness for Ranger than for other trucks.

The two lower parts of Table 2-1 show positive results for ABS, even
with separate tébulaticns. Rumn-off-road accidents of all three types decreased,
or at least did not increase relative to the control group, for Ranger and for
all others. The Ford Ranger showed a more dramatic reduction in the rollover
rate than the other pickup trucks. Ford Rangers experienced a reduction of

1 - [(224/528) / (874/974)] = 53 percent

for rollovers relative to the control group. The reduction is statistically
significant (Chi-square for the 2 x 2 table is 67.15, p < .01). The relative
percentage reduction of rollovers in all cther pickup trucks is just over half
as large, 28 percent, but it is still statistically significant (Chi-square =
24.60, p < .01). The reduction of side impacts with fixed cbjects is 18 percent
in Ford Ranger (nonsignificant, Chi-square = 3.11) and 33 percent for All Others
(significant, Chi-square = 28.15, p < .01). The reduction of frontal impacts
with fixed dbjects is 13 percent for Ranger (nonsignificant, Chi-square = 3.25)
and 11 percant for All Others (significant, Chi-square = 6.45, p < .05).

The high rollover reduction for WAL in pickup trucks, especial]_.y Ford
Ranger, suggests that (1) it may be quite easy to lock the rear wheels of a
pickup truck, especially when it is not heavily lcaded, by a slight excess of
brake pedal pressure (without RWAL); (2) a substantial proportion of the loss-of-
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control incidents (before RWAL) imvolved brake-induced rear-wheel lockup; ard,
- perhaps, (3) when pickup trucks (especially Ranger) begin to yaw, it is often
difficult to bring them back under control before they leave the road and get
tripped. RWAL evidently is quite effective in preventing many of the rear-wheel
lockups.

As a check an the preceding results, Table 2-2 repeats the analyses
with the sample limited to pickup trucks of the last model year without RWAL and
the first model year with RWAL, minimizing the vehicle age difference between the
two groups. The accident reductions are about the same as in Table 2-1:

Percent Accident Reduction

1st MY RWAL 1st 2 MY RWAL
vs. lLast MY w/o ve. last 2 MY w/o
Rollovers - Ranger 52 53
Rollovers - all others 25 28
Side/fixed cdbject - Ranger 24 18
Side/fixed dbject - all others 30 ’ a3

Since the accident reductions for RWAL persist even when the RWAL-equipped and
non-RWAL trucks are just a year apart in age, it is clear that the cbserved
reductions are not an artifact of vehicle age differences (e.g., that the older,
nm-mmmmveaprmofmllwer-mm@edrivers).

Table 2-3 separates the pidiap truck crashes in Michigan by road
condition: dry vs. wet vs. snowy/icy. Since the coefficient of friction is
reduced under adverse corditians, itisreambletoa:pectmmllcve.rs
and/or side impacts with fixed dbjects, which typically involve skidding and
yawing. Indeed, wet pavement increased the risk of side impacts with fixed
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TABLE 2-2

MICHIGAN, 1990-91: PICKOP TRUCKS
EFFECT OF RWAL ON SINGLE-VEHICLE CRASHES
(data limited to 1 MY before/after RWAL installaticn)

Last MY First ®Y
Without RB@L With RBWAL
Type of Crash Involvemsnt N % N %

ALL PICKUP TRUCKS

Primary rollover 605 15.4 433 10.1
Side impact with fixed abject 403 10.3 358 8.3
Frontal impact with fixed cbject 1049 26.8 1162 27.1
Control group (multivehicle) 186l 47.5 2335 54.5
3918 100 4288 100

FORD RANGER

Primary rollover 319 23.9 124 14.0
Side inpact with fixed cbject 126 9.4 77 8.7
Frantal impact with fixed cbject 336 . 25.2 237 26.8
Control group (multivehicle) —S553 4l.5 446 S0.5

1334 100 884 100

‘ ALL OTHERS
Primary rollovex 286 1.1 309 9.1

Side impact with fixed abject 277 10.7 281 8.3

Frontal impact with fixed adbject 713 27.6 925 27.2

Control group (multivehicle) 1308 -20.6 1889 25.4
2584 100 3404 100
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MICHIGAN, 1990-91: PICKUP TRIXXS
EFFECT OF RWAL ON SINGLE-VEHICLE CRASHES - BY ROAD CONDITION

- Type of Crash Involvement

DRY ROADS

Primary rollover

Side impact with fixed dbject
Frontal impact with fixed dbject
Control group (multivehicle)

WET ROADS

Primary rollover

Side impact with fixed dbject
Frontal impact with f£ixed dbject
Control group (multivehicle)

SmOowWY OR ICY
prirary e
Frontal impact with fixed doject
Control graup (multivehicle)

TARLE 2-3

last 2 MY
without AL

N

430
237
980

2358
4005

183
133

381

54
1511

(ALL PICKOP TRUCKS)

10.7
5.9
24.5

—=8.2
100

(ALL PICKUP TRUCKS)

10.1
8.8
25.2

23,9
100

ROADS (ALL PICKOP TRUCKS)

512
389
683

2016

28

25.4
19.3
33.9

—<1.4
100

341
317
727

=202
1887

First 2 MY
With RAL
N %
288 7.0
236 5.7
997 24.1
2622 6.3
4143 100
108 6.5
80 4.8
n 22.5
1091 £6.1
1650 100

18.1
16.8

38.5

100



dbjects, while snowy or icy pavement greatly increased the risk of all kinds of
run-off-road collisions. Close to half of the rollovers and side impacts with
fixed dbjects in Michigan occurred an snowy or icy roads. Table 2-3 shows that
RﬁAL was quite effective in reducing rollovers and side impacts with fixed
dbjects under all rcad conditions. Relative to the control group, rollovers
decreased by nearly identical 40 percent an dry roads, 45 percent on wet roads
and 43 percent on snowy/icy roads. Side impacts with fixed dbjects decreased by
10 percent an dry roads, 53 percent cn wet roads and 30 percent an snow and ice.

Table 2-4 analyzes the crashes of pickup trucks in Florida during
1990-91. Florida has about the same mmber of traffic accidents as Michigan each
year, but fewer of them involve light trucks (which have lower sales relative At.o
passenger cars). Run-off-rcad crashes, especially with fixed objects,a:eies
camon because snow and ice are infrequent and, possibly because there are fewer
cbjects by the roadside (e.g., trees). Control graup crashes are more cammon,
in part because the Florida file includes records of parked, unoccupied vehicles,
if they were struck by another vehicle, while Michigan does not. Rollover risk
is substantially lower with RWAL. The middle part of Table 2-4 shows that Ford
Rangers experienced a reduction of

1 - ((92/177) / (12/711)] = 49 percent

for m relative to the control group. The reduction is statistically

signifi’ -square = 23.38, p < .01). The lower part of Table 2-4 showe
that all > pictarp trucks had a 31 percent reduction of rollovers with RWAL
(significant, Chi-square = 10.51, p < .01). These reductions are quite similar
to those in Michigan (S3perdmtfornangerani23percamforotherpidmps).
The reductions of side impacts with fixmed dbjects were 49 percent for Ranger and
23 percent for other pickups. Frontal impacts with fixed cbjects decreased by
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TABLE 2-4

FLORIDA, 1990-91: PICKUP TROCKS
EFFECT OF RWAL ON SINGLE-VEHICLE CRASHES

last 2 MY
Without AL

Type of Crash Involvement N %

ALL PICKUP TRUCKS

Primary rollover 368 8.4
Side impact with fixed cbject 146 3.3
Frontal impact with fixed cbject 644 14.8
Control grawp (miltivehicle) 3209 135
4367 100

FORD RANGER

Primary rollover 177 16.0
Side impact with fixed abject 35 - 3.2
- Frontal impact with fixed cbject 185 '16.7
Control group (multivehicle) 1l 4.2
| 11080 100

Primary rollover’

ALL OTHERS

191 5.9

Side impact with fixed abject m 3.4

Frontal impact with fixed cbject 459 14.1

Control group (miltivehicle) . 2498 _16.7
‘ 3259 100

30

First 2 MY
With RWAL:

N %
230 5.3
108 2.5
661 15.2

2346 7.9
4345 100

91 9.5

18 1.9
140 14.6
n2 4.2
961 100
139 4.1
90 2.7
521 15.4

2634 17.8
3384 100



24 percent in Rangers but increased by 8 percent in other pickups (not
statistically significant). '

Table 2-5 repeats the Florida analyses with the sample limited to
pickup trucks of the last model year without RWAL and the first model year with
RWAL, minimizing the vehicle age difference between the two groups. The rollover
reductions with RWAL are 53 percent for Ranger and 20 percent for other pickup
trucks, which is similar to the full Florida sanple as well as the Michigan
results.

Table 2-6 analyzes pickup truck crashes in Florida by road condition:
dry roads vs. wet roads. Wet pavement substantially increased the risk of
rollover (without RWAL) and more than doubled the risk of a side impact with a
fixed abject, relative to the control group. RWAL was effective in reducing
rollovers an both dry rcads (43 percent) and wet roads (30 percent). As in
Michigan, the road condition does not greatly influence the effect of RWAL for
pickup trucks. This finding is not entirely consistent with NHISA'’s stopping
tests (Section 1.2), which showed no yawing with gr without RWAL in 35 nph
stopping tests an dry concrete. However, the sanple of the stopping tests was
aall (2 trucks, 6 stops each), and they involved ideal rcad and vehicle

_ caﬂitia.ﬁ&anp@mtrqmeeemativeofacmaltmdcsmmehigmay.

% -

2-7 dsscribes the accidents of pickup trucks in Pemsylvenia
Airing 1989-91. Pemnsylvania has fewer reported crashes and relatively fewer
light trucks than Michigan or Florida; data for 1989 were included to augment the
sample. 'mep:evala:ceoturbanareés‘andheavilyforestedmxalamastamm
increase collisions with fixed dbjects and decrease rollovers. Table 2-7 showe
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TABLE 2-5

FLORIDA, 1990-91: PICKUP TROCKS
EFFECT OF RWAL ON SINGLE-VEHICLE CRASHES

(data limited to 1 MY before/after RWAL installation)

lLast MY
Without RMAL

Type of Crash Involvemsnt N %

Primary rollover

ALL PICKUP TRUCKS

236 9.8
Side impact with fixed dbject 86 3.6
Frontal inpact with fixed dbject 337 14.0
Control group (multivehicle) 1754 2.7

2413 100

FPORD RANGER

Primary rollover 128 18.6
Side impact with fixed dbject 22 3.2
Frontal impact with fixed dbject 108 15.7
Control group (multivehicle) 430 —£2.5

ﬁ_ B

N

688 100

ALL OTEHERS

108 6.3
Side impact with fixed cbject 64 3.7
Frontal impact with fixed cbject 229 13.3
Control growp (multivehicle) 1324 _76.7
1725 100
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First My
With BGAL
N %
143 6.1
67 2.8
369 15.7
1778 -13.4
2357 100
50 10.3
10 2.0
72 14.8
355 2.9
487 100
93 5.0
57 3.0
297 15.9
1423 _76.1
1870 100



TABLE 2-6

FLORIDA, 1990-91: PICKUP TRUCKS

EFFECT OF RWAL ON SINGLE-VEHICLE CRASHES - BY ROAD CONDITION

Type of Crash Imvolvemsnt

DRY ROADS
Primary rollover
ﬁ&immﬁﬁmfuﬁ@w&t
Frontal impact with fixed doject
Control group (multivehicle)

"WET ROADS
Primry rollover

Side impact with fixed dbject
Frontal impact with fixed dcbject
Control group (multivehicle)

3

last 2 MY First 2 MY
Without BOAL with RAAL
N % N %
(ALL PICKIP TROCKS)
277 7.7 164 4.5
96 2.7 . 72 2.0
538 14.8 548 15.2
A2 VA 4.9 2831 78,3
3623 100 3615 100
(ALL PTICKUP TROCKS)
91 12.2 66 9.0
50 6.7 36 4.9
106 14.3 113 15.5
497 -£6.8 311 ~20.6
744 100 730 100



TABLE 2-7

PENNSYLVANIA, 1989-91: PICKUP TRUCKS
EFFECT OF RWAL (N SINGLE-VEHICLE CRASHES

Last 2 MY
Without RMAL
Type of Crash Involvement N %
ALL PICKUP TRUCKS
Primary rollover 292 7.5
Side impact with fixed acbject 443 11.5
 Frontal impact with fixed dbject 1523 39.4
Control group (multivehicle) 1610 4l.6
3868 100

FORD RANGER

Primary rollover ‘ 129
Side impact with fixed cbject 126
Frontal impact with fixed dbject 386
Control group (multivehicle) 243

984

13.1
12.8

39.2

100

ALL OTHERS

Primary rolloves ; 163
Side impact with fixed dbject 317
Frontal impact with fixed dbject 1137
Control group (maltivehicle) 1207

2884

34

5.7
11.0
39.4

439
100

Pirst 2 MY
With AL
N %
166 4.8
333 9.7
1416 41.2
1519 2 443
3434 100
a4 8.4
56 10.7
231 44.3
81 368
522 100
122 4.2
277 9.5
1185 1 40.7
1328  _4%.6
100

2912



that rollover risk is cansiderably lower when pickup trucks have RWAL. Rollover
risk decreased by 39 percent for Ford Ranger, and 29 percent for all other
pickupe. Side impacts with fixed objects were reduced by 20 percent on Ranger
and 17 percent an other pickups. On the other hand, frontal impacts with fixed
cbjects increased by 7 percent on Ranger (not statistically significant) and
decreased by just 1 percent an other pickups.

A more detailed classification of the pickup trucks in Michigan ard
Florida differentiates between those that have 2-wheel drive and those with 4-
wheel drive. The rollover rate (relative to the control group) is 50-100 percent
higher for 4WD Ford Rangers than 2WD Rangers; for all other pickups, the rollover
rate is likewise 50 percent higher with 4-wheel drive than 2-wheel drive. Those
differences may reflect the driver characteristics and exposure profile of the
4WD vehicles (young males, rural driving). However, the effectiveness of RWAL
is about the same for both types of drive train. In Michigan, RWAL reduceqd
rollovers by 48 percent in 2WD Rangers, by 51 percent in 4WD Rangers, by 29
percent i.nZVDpickupsothertrmRanger, and by 19 percent in 4WD pickups other
than Ranger.

2.2 Spoxt utdlity vehicles

| Due to lower sales and exposure, spart utility vehicles (SOV) have
substantially smaller accident samples than pickup trucks. SUVs, as defined
here, are buiit up on a shortened pidamp-truck chassis and are often purchased
for rural, recreaticnal travel. They are particularly popular with young male
drivers. The vast majority have 4-wheel drive. They include the Chevrolet
Blazer, @T Jimmy, Ford Branco/Bronco 2/Explorer and Dodge Ramcharger; the Blazer
and Jimmy care in two distinct sizes (compact or full-sized, depending on the
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pickup chassis they are built on), the Branco and Ramcharger are full-sized,
while the Bronco 2 and its 1991 successor, theExplorer,ar.ecmpact. The
Chevrolet and GUC Suburban, although based on a pickup chassis, are included with
vans rather than SUVs because they are typically used like passenger vans
(cammuter and school carpools, family travel).

Table 2-8 analyzes the crashes of SUVs in Michigan during 1990-91.
By the metric used in this evaluation, the Ford Bronco 2, which is built an a
Ford Ranger chassis, has a much higher rollover rate in Michigan (36.5 percent
without RWAL) than other SUVs (12.8 percent); the rate for Bronco 2 is high, even
relative to Ford Ranger (22.9 percent, see Table 2-1). SUVs other than Bronco
2 and Explorer had a slightly higher rollover rate (12.8 percent) than pickp
trucks other than Ranger (10.8 percent, see Table 2-1). Table 2-8 shows that all
types of run-off-rcad crashes decreased with RWAL, although not quite as
impressively as for pickup trucks. Rollovers of Bronco 2 decreased by 44 percent
with RWAL, relative to the control group; the reduction is statistically
significant (Chi-square = 14.78, p < .01). Bronco 2 side impacts with fixed
dbjects declined by 34 percent and fromtal impacts with fixed objects by 22
percent. For SUVs other than Bronco 2, mlloverscbcreasedbylSperceﬁtwim
'm, relative to the control group; side impacts with fixed dbjects decreased
by 20 percesty frontal impacts with fixed dbjects, by 21 percent (statistically
significut%f#—iqﬁre-d..os. p < .05); the carbined net reduction in all three
t:ypesotriﬁ-ott-zmdc:ashes, relative to the omtrol group, is also
statistically significant (Chi-square = 5.78, p < .05).

Flcmichandpmyivaniahavesubstantiallymallersanples of SUV
crashes than Michigan. Both States, nevertheless, show a reduction of rollovers
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TABRLE 2-8

MICHIGAN, 1990-91: SPORT UTILITY VEHICLES
EFFECT OF RWAL (N SINGLE-VEHICLE CRASHES

lLast 2 MY
Without RBMAL

Type of Crash Involvement N

ALL SPORT UTILITY VEHICLES

Primary rollover 318
Side impact with fixed cbject 138
Frontal impact with fixed abject 363
Control group (multivehicle) _730

1549

20.5
8.9
23.4

471
100

PORD BRONCO 2

Primary rollover 185
Side impact with fixed dbject a5
Frontal impact with fixed abject 121
Control group (multivehicle) 156
507

ALL OT

Primary rollover ° 133
Side impact with fixed doject 93
Frontal impact with fixed doject 242
Control grop (multivehicle) 574
| 1042

37

36.5
8.9
23.9

30,7
100

EERS
12.8
8.9
23.2

—=3.1
100

First 2 my
With RMAL
N %
255 17.7
113 7.8
316 21.9
157 22.2
1441 100
157 27.1
45 7.8
142 24.5
235 40.6
579 100
98 11.4
68 7.9
174 20.2
222 £0.5
862 100



and fixed-doject impacts for Bronco 2 with RWAL. Table 2-9 shows that, in
Florida, rollovers of Bronco 2 decreased by 34 percent, relative to the control
group; the reduction is statistically significant (Chi-square = 4.03, p < .05).
Table 2-10 shows that, in Pemmsylvania, rollovers of Bronco 2 decreased by a
gimilar, although nonsignificant 25 percent (Chi-square = 2.24). In both States,
lateral and frontal fixed-dbject impacts decreased with RWAL for Braonco 2.

2.3 Vans |

The tables on "vans® include the Chevrolet Astro, Sportvan and Chevy
Van; ttleQCSaféri, Rally and Vandura, Chevrolet-GQMC Suburban, Ford Aercstar,
Club Wagon and Econoline, and Dodge Ram Wagon and Van. Voyager/Caravan, and
Lumina APV are excluded because they did not have standard RWAL during 1985-91.
Vans are extensively used on urban roads for family or business travel ard have
generally low accident involvement rates; in particular, they have less than half
the rollover risk (relative to the contral graup) of pickup trucks and just over
half the risk of collisions with fixed dbjects. Here, too, the Ford carpact
vehicle (Aercetar) has higher rollover risk than other models.

Table 2-11 analyzes van crashes in Michigan. With RWAL, the rollover
rate in Aercstar decreased by a statistically significant 39 percent (Chi-square

= 5.87, p < .fl5. The rollover rate in other vans decreased by 13 percent. Side

and frantal s with fixed cbjects decreased, relative to the control group,

mhochqrpe-&m Since the accident involvement profiles for Aerostar vs.
otiertypesotﬁhsdomtdifferasgmatlyas, say, Ford Ranger vs. other
pickups, i:iaappmpnace:bcmbinemcypesofvansamlodc‘atuenec
reductions for RWAL (top section of Table 2-11). The rollover risk of all types
of vans, carbined, declined by a statistically significant 25 percent (Chi-square
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TARLE 2-9

FLORTDA, 1990-91: SPORT UTILITY VEHICLES
EFFECT OF RWAL ON SINGLE-VEHICLE CRASHES

Type of Crash Involvemsnt

Last 2 MY
Without RMAL

N

ALL SPORT UTILITY VEHICLES

Primary rollover

Side impact with fixed dbject
Frontal impact v}ith fixed cbject
Control group (multivehicle)

FORD
Primary rollover
Side impact with fixed dbject
Frontal impact with fixed dbject
Cantrol group (multivehicle)

ALL
Primary rollover .
Side impact with fixed dbject
Frontal impact with fixed dbject
Cantrol group (multivehicle)

113
29
143

838
1123

10.1
2.6
12.7
24.8
100

BRONCO 2

49 19.8
12 4.9
37 15.0
142 £0.3
247 100

OTHERS

64 7.3
17 1.9
106 12.1
89 -78.7
876 100

39

First 2 WY
With BQL
N %
112 10.0
34 3.1
142 12.7
827 4.2
1115 100
76 15.0
12 2.4
67 13.3
320 £3.3
505 100
36 5.9
22 3.6
75 12.3
477 18.2
610 100



TABLE 2-10

PEMMSYLVANIA, 1989-91: SPORT UTILITY VEHICLES
EFFECT OF RWAL ON SINGLE-VEHICLE CRASHES

last 2 MY
Without BQL

Type of Crash Involvement N

ALL SPORT VUTILITY VEHICLES

Prirary rollover 124
Side impact with fixed dbject 142
Frontal impact with fixed cbject 404
Control group (multivehicle) _516

1186

10.5
12.0
34.1

43.4
100

FORD BRONCO 2

Primary rollover 73
Side impact with fixed dbject 61
Frontal impact with fixed dbject 165
Control group (multivehicle) 148

447

Primary >3 51

Side impact with fixed cbject 81
Frontal impact with fixed dbject 239
Control group (multivehicle) 368

739

40

16.3

13.6

37.0
-3d.1
100

ALL OTHERS

6.9
11.0
32.3

_49.8
100

Pirst 2 MY
With ROL
N "
136 10.7
148 11.6
453 35.6
237 42.1
1274 100
88 14.0
86 13.7
218 34.6
237 37,7
629 100
48 7.4
62 9.6
235 36.4
300 46.5
645 100



TABLE 2-11

MICHIGAN, 1990-91: VANS

EFFECT OF RWAL ON SINGLE-VEHICLE CRASHES

Last 2 MY
Without RWAL

Type of Crash Involvemsnt N

ALL VANS

Primary rollover 197
Side impact with fixed cbject 245
Frontal impact with fixed dbject 534
Control group (multivehicle) 2000

2976

6.6
8.2

17.9

100

FORD AEROSTAR

Primary rollover 85
Side impact with fixed dbject 55
Frontal impact with fixed dbject 158
Control group (multivehicle) 213

811

10.5
6.8
19.5
£3.2
100

ALL OTHERS

Primary rollover ' 112
Side impact with fixed doject 190
Frontal impact with fixed dbject 376
Cantrol group (multivehicle) 1487

2165

41

5.2
8.8

17.4

68,7
100

Pirst 2 MY
With RHOL
N %
117 5.4
140 6.4
138 15.5
1281 72.7

2176 100
38 7.2
1 5.9
83 15.7

3 1.2

529 200
79 4.8

109 6.6

255 15.5
1204 23.1
1647 100



= 5.57, p < .05). Side impacts with fixed cbjects decreased by a statistically
significant 28 percent with RWAL (Chi-square = 8.58, p < .01); frontal impacts
with fixed dojects, by a statistically significant 20 percent (Chi-square = 8.30,
p < .01). |

In Florida and Permsylvania, the accident samples for vans are barely
sufficient for analysis (Tables 2-12 and 2-13). The Flaorida data do not show any
substantial differences in the accident distributions of vans without RWAL and
vans with RWAL. Rolloverrisk,fcrallvanscmbined,decreasedbya
nonsignificant 11 percent, relative to the control group. The Pemmsylvania
results are more favorable for RWAL. All types of run-off-road crashes
decreased, relative to the control group; the reduction for rollovers was.- 28
percent. The net carbined reduction of nm-off-road cxrashes, relative to the
control group, was al statistically significant 22 percent (Chi-square = 4.69, p
< .05).

2.4 Fatal cxashes of licht trucks

Crash-avoidance devices that require a degree of human intervention
to "work" (e.g., ABS cnly works if the driver steps an the brakes) may be less
effective in preventing fatalities than in nonfatal crashes. In many fatal
crashes, drMjiie are impaired or inattentive to the point where they do not use
the crash- system at all; in many others, their risk-taking behaviar

isnotpoaerﬁﬂ.én:ghtomitigate. For example, NHTSA’s evaluations of side
marker lamps (4] and Center High Mounted Stop Lamps (3] did not show fatality
reductions, despite significant reductions of nonfatal accidenmts and injuries.
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TABLE 2-12

FLORIDA,
EFFECT OF RWAL (N

Type of Crash Involvement

ALL
Primary rollvcver
Side impact with fixed dbject
Frontal impact with fixed dbject
Cantrol group (multivehicle)

1990-91: VANS
SINGLE-VEHICLE CRASHES

Last 2 MY
Without RMAL
N %
VANS

65 3.1
23 1.1
116 5.5
17 20.4
2121 100

43

First 2 MY

With RWAL

N %

37 2.7

17 1.3

76 5.6
1220 20.4
1350 100



TARLE 2-13

‘ PERANSYLVANIA, 1989-91: VANS
EFFECT OF RWAL ON SINGLE-VEHICLE CRASHES

"I.ypo of Crash Imvolvemsnt

ALL
Primary rollover
Side impact with fixed dbject
'Frontal impact with fixed dbject
Control group (multivehicle)

Last 2 MY
without BGL
N %
VANS
39 5.2
63 8.3

245 32.5
408 24.9
755 100

44

First 2 WY
With RGL
N %
22 4.1
47 8.8
144 27.0
321 £0.1
534

100



Table 2-14 analyzes the nmn-off-road crashes of pickup trucks in 1989-
mid 92 FARS data. It campares trucks of the first 2 model years with RWAL to
those of the last 2 model years without RWAL, analogous to Table 2-1 (Michigan
crashes). However the "control group” used in the analyses of State data
(involvements as a stopped, slow or parked vehicle in a multivehicle crash) is
too gsmll on FARS, since such involvements are rarely fatal. Instead, the
control group is extended to all multivehicle crash involvements of pickup
trucks, under the assumption that the risk of mvolvarem: in multivehicle crashes
is unaffected by RWAL (which will be supported by the data in Sectiam 3.2).

Table 2-14 repeats the pattern of Tables 2-1, 2-4 and 2-7: divergent
results for Ford Ranger vs. other pickup trucks. The difference is that all
accident reductions are smaller. Ford Ranger has a much higher fatal rollover
risk, relative to the control group, than other picikp trucks. With RWAL, the
rollover risk in Ford Ranger decreased by 26 percent, relative to the control
group, an effect which falls short of statistical significance (Chi-square =
3.53). The risk of a fatal side impact with a fixed dboject decreased by 42
percent, and a frontal impact with a fixed dbject, by 7 percent. The net
carbined reduction of rollovers and side impacts with fixed dojects is a
statistically significant 29 percent (Chi-square = 5.60, p < .05). The rollover
reduction in the fatal crashes, 26 percent, is substantially lower than in the
three State files (53, 49, and 39 percent).

Fatal rallover risk of pickup trucks other than Ford Ranger was not
reduced with BRAL; in fact, it increased by a nonsignificant 17 percent, relative
to the control group. Side impacts with fixed dbjects increased by a
nonsignificant 10 percent, and fromtal impacts with fixed cbjects, by a
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TABLE 2-14

. FARS, 1989-mid 92: PICKUOP TRUCKS
EFFECT OF RWAL ON FATAL SINGLE-VEHICLE CRASHES

last 2 MY
Without RBAL

Type of Crash Imvolvemsnt N

ALL PICKUP TRUCKS

Primary rollover 362
Side impact with fixed dbject 148
Frontal impact with fixed cbject 623
Any'nultivehicie cxash 273

3406

10.6
4.3
18.3

£6.8
100

FPORD RANGER

Primary rollover 146
Side impact with fixed dbject 40
Frantal impact with fixed dbject 149
Any multivehicle crash 450

785

Primary e 216

Side impact with fixed dbject 108
Frontal impact with fixed cbject 474
Any multivehicle crash 1823

26

46

18.6
5‘1
19.0

27.3
100

ALL OTHERS

8.2
4.1
18.1

£2.6
100

First 2 MY
With BAL
N %
370 10.1
154 4.2
712 19.4
2435 _66.3
3671 100
75 15.0
16 3.2
96 19.2
312 _62.6
499 100
295 9.3
138 4.4
616 19.4
2123 _€6.9
3172 100,



nansignificant 12 percent.

Table 2-15 analyzes the fatal run-off-road crashes of sport utility
vehicles. Ford Bronco 2, like Ranger, had a much higher rollover risk than other
vehicles of its class (25.7 percent of the sample, without RWAL), but, unlike
Ranger, the rollover risk is not reduced with RWAL (in fact, it increased by a
nonsignificant 17 percent, relative to the control group). Impacts with fixed
dbjects also were about the same with and without RWAL. For SUVs other than
Bronco 2, there is likewise little difference in the fatal accident distributions
before and after RWAL. Table 2-16 suggests that RWAL had little effect, positive
or negative, on the fatal run-off-rocad crashes of vans. In short, the Ford
Rarnger was the only group for which RWAL was associated with a substantial
reduction of fatal run-off-rovad crashes.
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TARLE 2-15

FARS, 1989-mid 92: SPORT UTILITY VEHICLES
EFFECT OF RWAL ON FATAL SINGLE-VEHICLE CRASHES

last 2 MY
Without BAL

Type of Crash Involvemsnt N

Pirst_z MY
With AL

ALL SPORT UTILITY VEHICLES

Primary rollover 121
Side impact with fixed cbject 22
Frontal impact with fixed abject 109
Any multivehicle crash 422

674

17.9
3.3
16.2

£2.6
100

FPORD BRONCO 2

25.7
2.3
15.8

=6.2
100

14.2
3.8
16.4

—£9.6

Primary rollover 57
Side impact with fixed dbject S
Frontal impact with fixed cbject 35
Any multivehicle crash 125

222

= ALL OTEHERS

Side impact Uiﬁh gixad abject 17
Frontal impact with fixed cbject 74
Any multivehicle crash 297

452

48

100

152
26
100

703

105

51

364

47

14

339

21.6
3.7

14.2

100

28.8

3.3

14.0

100

13.9

4.1

14.5

100



TABLE 2-16

FARS, 1989-mid 92: VANS

EFFECT OF RWAL ON FATAL SINGLE-VEHICLE CRASHES

Type of Crash Involvemsnt

- ALL
Primary mll.cver
Side impact with fixed cbject
Frontal impact w:.t:h fixed dbject
Any multivehicle crash

last 2 MY
Without RWAL
N %
VANS

40 6.1
16 2.4
72 10.9
230  _80.6
658 100

49

Pirst 2 MY
With RAL
N %
45 8.8
9 1.8
68 13.4
287  _76.0
509 100



CHAPTER 3
ANALYSIS OF MIULTIVEHICLE CRASHES

When two or more vehicles are cn a collision course, improved braking
for any of the vehicles might help prevent the collisim. It is not always clear
which vehicle would benefit; in sare cases more than ane. The anly vehicles that
have no potential benefit fram improved braking capabilities are those that are
standing still prior to the crash (brakes are irrelevant), or moving very slowly
before the crash (ABS and canventional brakes work equally well), or those where
the driver never applies the hrakes. Traditiomal categorizaticns of vehicles in
collisions, such as "culpable” vs8. "not culpable® or "striking® vs. "struck" are
not always useful for identifying potential benefits fram improved braking. For
ecample, if Vehicle 1 enters the intersection on red and Vehicle 2 an green,
Vehicle 1 is "culpable, " but either vehicle might have been able to avoid the
crash by improved braking. Similarly, if Vehicle 1 and Vehicle 2 both enter an
intersection and Vehicle 1 hits Vehicle 2 in the side, Vehicle 1 is the
"striking” vehicle and Vehicle 2 is "struck," but either wvehicle might have
avoided the crash by improved braking.

It is not intuitively clear that rear-wheel ABS (RWAL) would be
crashes. Four-wheel ABS might be expected to reduce

;,hzi:g:lmvehiclestoastcpbefotemeirpatrscmes,and
preserve driw !t.tau::ixgccntmlmnrgbza}d.:g,allowingevasivem.
RWAL, however, has limited, if any, effect on stopping distances and steering
cantrol during panic braking. Perhaps, RWAL might help by preventing a truck
fram yawing out of control and hitting a vehicle in another lane. It might
'aacauage'tredriverwslmmun'malesmdarthaﬁazgagingmtinﬁdbmaldm,
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that would have further prolonged stopping distances.

3.1

In many multivehicle collisions, as stated above, it is unclear which

vehicle(s) could have benefited fram ABS (possibly all of them). However, there
is a subset of collisions in which it is rather clear that at most cne vehicle
cauld have benefited fram ABS: two-wvehicle crashes in which ane of the vehicles
was moving quickly enough that ABS could enhance braking capability, while the
other vehicle was standing still or was moving too slowly for ABS to act
differently fram conventional brakes. The 1990-91 Florida accident files, which
report the pre-crash (travelling) speeds of most crash-involved vehicles, allow
identification of this subset of collisions. By limiting the data to these
specific two-vehicle crashes, it is possible to reduce the amalysis of crash
involvements to a simple 2 x 2 table: ABS vs. nn-ABS vehicles, ABS-relevant
(fast-moving) vs. ABS-irrelevant (stopped or slow-moving) crash involvements.
Moreover, the dichotamous form of the dependent variable (ABS-relevant vs. ABS-
irrelevant crash involvement) allows the use of logistic regression tecihmiques
to distinguish the effect of ABS fram the effects of other factors such as driver
age and sex. The analysis method will prcv:.de estimates of accident reduction
for light trucks with RWAL in this subset of multivehicle crashes, and can be
extended to cars and trucks with 4-wheel ABS, when sufficient data becare
available. |

The 1990-91 Florida accident files were transformed into a "two-
vehicie crash" file, with ane record per two-vehicle crash. Each record contains
accident-level variables, plus information on wvehicle/driver no. 1 ard
" vehicle/driver mo. 2. The file was restricted to crashes between model year
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1981-91 cars or damestic light trucks with decodable VINs. (The trucks were
limited to the Chevralet, QT, Ford and Dodge models listed in Table 1-3.)

The key step in constructing the analysis file was the identification
of crashes involving cne fast-moving and ane stopped/slow-moving vehicle. The
travelling speed variable on the Florida file uses the code ‘0’ to dencte a
stopped vehicle or non-reported speed. If the vehicle movement was "straight
ahead, " "changing lanes" or “passing," a ‘0’ for travelling speed was interpreted
as non-reported speed; otherwise, the ‘0’ was accepted as denoting a stopped
vehicle. Crashes in which either vehicle had non-reported speed were not used
in the analysis; however, travelling speed is reported for both vehicle in about
95 percent of Florida cases. mwspee@atmimmmmmm
potential for improving braking performance were defined to be 20 mph on dry
roads, 15 mph on wet roads and 10 mph an snowy/icy roads (not too many of those
in Florida). These speeds were suggested by the results of NHISA’'s stopping
tests (Section 1.2); below threshold speed, it is assumed that a vehicle without
ABS will stop in a straight line and in cptimm distance, even if the wheels lock.
part of the time.

Reported travelling speeds in Florida are almost always rounded to the
ms*ﬁmm if two vehicles have different speeds, they will

almstal*ﬁﬂlrbySn;harm If vehicle 1 was above the threshold
speed and vehicle 2 was a3t or below threshald, or if wvehicle 1 was at the
tlmestnldaxﬂvdxj:cleZnthrmeemld, then vehicle 1 was defined to be the
fast-moving (ABS-relevant) traffic unit and vehicle 2 was the stopped/slow-moving
(ABS-irrelevant) traffic unit. For example, on a wet road, a collisian of
| vehicles going 20 mph and 15 mph, or 15 mph and 10 mph, or, needless to say, 20
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mph and 10 mph would be included in the file. But a collisian of vehicles going
25 mph and 20 mph would be excluded, since both are above threshold speed; a
collision of 10 mph and 5 mph would be excluded since both are below threshold.
The correspanding definition was used if wvehicle 2 was travelling faster than
vehicle 1. As an additional filter, cases were discarded if the speeds were
inconsistent with the reported vehicle movements - e.g., a fast-moving "stopped, "
"parked" or "parking" vehicle with a slow-moving vehicle that was "going straight
ahead, " "changing lanes" or "passing" (fewer than 1 percent were discarded).

The 1990-91 Florida files include 44,467 two-vehicle crashes meeting
the criteria, cawprising 88,934 records of cars and light trucks. There were
14,361 light trucks, of which 4,847 were equipped with RWAL.

3.1.1 contingency table apalyses
Cansistent with intuition about the potential effect of RWAL in

multivehicle crashes, the Florida contingenty table analyses did not show any
statistically significant accident reductions for light trucks. Table 3-1.
carpares the fast-moving and stopped/slow-moving crash involvements of pid:up
trucks of the first 2 model years with RWAL to those of the last 2 model years

without RWAL. (Only ane of the two vehicles in a 2-vehicle crash needs to be a
pickup truck in the applicable model-year range; the other vehicle in the crash,

however, is not included in the tabulation.) The top section of Table 3-1 shows

that there were 996 involvements of non-RWAL trucks as the fast-moving vehicle
in a collision, and 1075 fast-moving involvements of RWAL-equipped trucks. There
were 908 non-RWAL and 979 RWAL-equipped truck involvements as a stopped or slow-

moving vehicle. 'ihat is a re.‘lb.tive change of

1 - [(1075/996) / (979/908)] = zero
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TARLE 3-1

FLORIDA, 1990-91: PICKOP TRICKS
EFFECT OF RWAL ON CRASHES OF A FAST-MOVING VEHICLE
AND A STOPPED OR SLOW-MOVING VEHICLE

Last 2 MY First 2 WY
Without AL With RMAL
Type of Crash Involvement N % N %

ALL PICKUP TRUCKS, ALL ROADS

As the fast-moving vehicle 996 52.3 1075
_ Asg the stopped/slow-moving vehicle _908 47.7 979
1904 100 2054

No relative reduction of fast-moving involvements for RWAL
Chi-square = 0.00

ALL PICKUP TRUCKS, WET ROADS

As the fast-moving vehicle 161 52.6 166
As the stopped/slow-moving vehicle 145 47.4 189
| 306 100 355

21 percent relative reduction of fast-moving involvements for RWAL

Chi-square = 2.25

54

52.3

47,7
100

46.8

100



- i.e., RWAL had no cbeerved effect an the fast-moving involvements of pickup
trucks. The lower section of Table 3-1 is limited to crashes on wet rocads.
Pickup trucks with RWAL had a 21 percent lower risk of involvement as a fast-
-moving vehicle than the non-RWAL trucks, but the reduction is not statistically

gsignificant (Chi-square = 2.25).

Table 3-2 shows that sport utility vehicles with RWAL experienced
little or no reduction (2 percent) in fast-moving crash involvements on all types
of roads. The small sanmple size precludes dbtaining a statistically meaningful
result for crashes an wet roads. The results for vans, as shown in Table 3-3,
are sarewhat more positive, (15 percent reduction on all rvads, 33 percent an wet
roads), but fall short of statistical significance.

3.1.2 Logistic regresgicon apalyses

ABS is just ane of several factors that could affect the odds of being
the fast-moving vehicle in a collisiom of a fast with a stopped/slow vehicle.
Coviocusly, driver age is bound to be a factor: the young drive faster and take
more risks, while the oldest drivers are especially prone to careless turns and
other maneuvers that can result in getting hit while moving slowly. Males drive
faster and take more risks than famales, a:d,needlesstosay,drimkdxiverstake
mmnslatlmscberdrivers The age of the vehicle (to the extent that older
vehicles have different types of drivers than new anes) ard the type of wvehicle
(car, pickup, van, utility) could be factors. Certain makes or models could
attract eq:ecialiy aggressive (or passive)'drivers, even beyond what would be
expected, given the age and sex of the drivers.

Before the variables were entered in a multivariate logistic model,
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TABLE 3-2

FLORIDA, 1990-91: SPORT UTILITY VEHICLES
EFFECT OF RWAL ON CRASHES OF A FAST-MOVING VEHICLE
AND A STOPPED OR SLOW-MOVING VEHICLE

Last 2 MY First 2 MY
Without RMAL With RMAL
Type of Crash Involvement N % N %

ALL SPORT UTILITY VEHICLES, ALL ROADS
As the fast-moving vehicle 284 54.2 280 53.7
As the stopped/slow-moving vehicle 240 -45.8 241 —46.3
524 100 521 100

2 percent relative reduction of fast-moving involvements for RWAL
Chi-square = 0.02

ALL SFORT UTILITY VENICLES, WET ROADS

As the fast-moving vehicle a4 4.9 55 54.4

As the stopped/slow-moving vehicle 54  _55.1 46 45.6
98 100 101 100

-47 psrcent relative reduction of fast-moving involvements for RWAL
Chi-square = 1.82
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TABLE 3-3

FLORIDA, 1990-91: VANS
EFFECT OF RWAL ON CRASHES OF A FAST-MOVING VEHICLE
AND A STOPPED OR SLOW-MOVING VEHICLE

Last 2 MY First 2 MY
Without AL With RWAL
Type of Crash Involvemesnt N % N %

ALL VANS, ALL ROADS

As the fast-moving vehicle 450 48.6 270 44.5
As the stopped/slow-moving vehicle 476 _51.4 337 _55.5
926 100 607 100

15 pexrcent relative reduction of fast-moving involvements for RWAL
Chi-square = 2.49

ALL VANS, WET ROADS

As the fast-moving vehicle 75 49.7 45 39.8
As the stopped/slow-moving vehicle  _76 $0.3 _£8 -£0.2
151 100 113 100

33 percent relative reduction of fast-moving involvements for RWAL
Chi-square = 2.61
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they were inspected an an individual basis. When driver age is subdivided into
5-year increments, the probability that the driver’s car or truck will be the
fast-moving vehicle in the collision decreases strongly as age increases past 20:

Driver Age to the Percent of Involvements as
Nearest 5 Years the Faster-Moving Vehicle

15 55

20 58

25 57

30 . 56

35 53

40 ' 50

45 47

50 : 46

55 44

60 42

65 39

70 37

75 36

80 32

The prabability of involvement as the faster-moving vehicle is higher for males

than femles:
Percent of Involverents as
Driver’s Sex the Faster-Moving Vehicle
Male . s2
Famale 48

Qumislazglyunfa:alaccidm:file, anly about 4 percent of drivers were
reported ’ﬂbinﬂtmceofalcdnlordmgs 'Ihatgrwpuasfarunrelﬂcely‘
tobefastnﬁlgtmnsd:erdrivexs

‘ Percent of Involvements as
Alcaohol /Drugs the Faster-Moving Vehicle

Yes 68

No 49
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In camparison to the preceding factors, vehicle age had little effect, showing
a possible tendency for middle-age vehicles (5 to 7 years) to be the slowest:

Percent of Involvements as
Vehicle Age (Yrs) the Faster-Moving Vehicle

49
51
51
51
51
49
48
50
51°
51

VoJonndbwhpHO

The vehicle type also had relatively little effect:

Percent of Involvements as

Vehicle Type the Faster-Moving Vehicle
Car _ 50
Pickup 52
Van 49
Utility » 53

To the extent that pickups and utilities are often driven by young men, these
obsetvedeffectsnaybed;ennretothedriyerageaﬁsacmanthevem.des
themselves.

Driver age is dbvicusly the most important variable. Figure 3-1 shows
that the log odds of being the fast-moving vehicle are higher for a 20-year-ald
driver than a teenage driver. But for all driver ages over 20, the log odds
decreaseasageipc:reases, at a nearly linear rate. The ‘l’s in Figure 3-1 are
the points for caxé; the '2’s for pickup trucks - they practically coincide (cars
and pickupe have about the same likelihood of being the faster wvehicle, after
cantrol for driver age) . Figure 3-1 suggests that driver age be entered into the
logistic regression model as two variables: a linear term equal to the difference
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pickups)

LOG (ODS OF BEING THE FAST-MOVING VEHICLE IN A COLLISION
BETWEEN A FAST-MWING AND A STOPPED/SLOW VEHICLE - BY DRIVER AGE AND VEHICLE TYPE (l=cars, 2
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in the ages of the two drivers in the crash (which expresses the linear effect
above age 20), and a "young driver" variable which equals 1 if the driver of
vehicle 1 is 17 or less, -1 if the driver of wehicle 2 is 17 or less, ard zero
if neither (or both) are under 18 (which expresses the departure fram the linear
decreasing effect in that age group). Similar trichotamus (1,-1,0) variables
are defined for: famale driver, drunk/drugged driver, pickup, van, sport utility
vehicle (SUV). Vehicle age is entered as a linear temm equal to the difference
in the age of the two vehicles.

There were 37,636 two-vehicle crashes in which pejther vehicle was
equipped with 4-wheel ABS or RWAL. Each of these crashes contributes two data
points to the regression: cnce with vehicle 1 as the "case" vehicle and vehicle
2 as the "other" wvehicle, and once with these designmations reversed (75,272
regression data points). The dependent variable is 1 if the "case" vehicle was
fast-moving and the "other" vehicle stopped/slow-moving; the dependent variable
is 0 if the "case" vehicle was stopped/slow-moving and the "other" vehicle fast-
moving. The intercept temm for the logistic regression is exactly zero since
each crash contributes two diametrically opposed data points. The regression
‘coefficients (betas) for the other variables, and their associated Chi-squares,

are:

Variable Beta Chi Square
Driver age -0.0194 13512.34
Yaurng driver -0.170 39.05
Famale driver : -0.235 4 436.28
Drunk/drugged driver - +0.780 704.02
Vehicle age -0.005 5.83
Pickup -0.037 2.24
Van -0.10é . 19.32

suv +0.072 | 2.48
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As evidenced by the Chi-squares, driver age, sex and scbriety far ocutweigh
vehicle factors such as vehicle age or type. (Pidap trucks, after controlling
for the drivers’ agé, sex and scbriety, had almost the same likelihood of
involvement as the fast-moving vehicle as passenger cais; vans, samrewhat less;
SUVs, samewhat more.)

The regression equation yields the expected probability, given a two-
vehicle collision, that the "case" vehicle was the faster-moving cne, based an
the age and sex of both drivers, etc. This "expected" probabilitj can be
carmpared to what actually happened in the crash, and the camparative results can
be accumulated, over a large mmber of crashes, to dbtain an jindex of perfommence
for a particular type of vehicle. Table 3-4 shows the performance indices and
other statistics for various types of light trucks, with and without RWAL. For
exanple, thefixstiineofdataintheu;perhalfof'l‘ableB%shmsthatpidmp
trucks with RWAL were involved in 3233 crashes an the 1990-91 Flarida 2-wvehicle
crash file. The trucks with RWAL were the faster-moving vehicle in 1714 of the
collisions, but were stopped or moving slowly in 1519. The "expected®
probabilities, based on the regression equation, are calculated for each of the
3233 collisions and summed, yielding an expected total of 1715.3 fast-moving and
1517.7 stopped/slow-moving involvements for the RWAL-equipped pickp trucks
(which are }eme-likely to have older drivers or female drivers than other
veluclesmﬁund, such as cars or vans, and thus have substantially greater
than 50 percent expectation of being the slow/stopped vehicle). The 2 x 2 table
ofacMande:cpéctedimolvatmts is:
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TABLE 3-4
: FLORIDA, 1990-91: LIGHT TRUCKS
EFFECT OF RWAL ON CRASHES OF A FAST-MOVING VEHICLE
AND A STOPPED CR SLOW-MOVING VEHICLE

LOGISTIC REGRESSICN ANALYSIS: ALL VEHICLES, ALL ROADS

Fast-Moving
Involvemants

Slow/Stopped
Involvements

Vehicle Type/

Crash

Braking System Involvemsnts

Pickups with RWAL 3233
Pickups without RWAL 4155
SUVs with RWAL 966
SUVs without RWAL 1138
Vans with RWAL 648
Vans without RWAL 4179
Vehicle Type/ Performance
Braking System Index

Pickups with RWAL 99.8
Pickups without RWAL 101.2

SUVs with RWAL 91.5
SUVs without RWAL 99.5
Vans with RWAL 82.1

Vans without AL 101.9

Actual Expected Actual Expected

1517.7

1714 1715.3 1519
2206 2193.3 1949 1961.7
510 531.3 | 456 434.7
621 622.5 517 515.5
288 319.9 360 3281
2006 1986.2 2173 2192.8
Reduction for Average T-Test for
RAL (%) "Relexp® BEqual Relexp
1.4 -.001 0.30
.006 :
8.0 -.044 0.98
-.003
19 o‘ “ e 098 2 . 6‘
.009
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o . Vehicles Colliding
RWAL-Equipped Pickups with RWAL Pickups

Actual fast-moving involvements 1714 1519
Expected fast-moving involvements 1715.3 1517.7

If the actual and expected rumbers of fast-moving involvements had been equal,
RWAL-equipped pickup trucks would have been assigned an index of 100. In fact,
RWAL-equipped trucks performed just slightly better than expected. There were
1.3 fewer fast-moving involvements than expected among the RWAL-equipped trucks
and 1.3 more than expected among the vehicles that collided with these trucks.
_The performance index for RWAL-equipped pickups, as shown in the first line of
data 1n the lower half of Table 3-4, is
[ (1714/1715.3) / (1519/1517.7) ] x 100 = 99.8

A performance index lower than 100 indicates vehicles are less often involved’as
the fast-moving vehicle in a fast-slow/stopped collision than average, after
controlling for driver age, sex, etc. The second line of data in Table 3-4
indicates that the 4,155 pickup trucks without FRWAL likewise have very similar
actual and expected crash involvements. Their perfommance index is 101.2, again
nearly "average.” In other words, RWAL reduced the risk of being a fast-moving
vehicle in a two-vehicle collision by 1 - (99.8/101.2) = 1.4 percent, after
controlling for driver age, sex, etc., as shown in the lower half of Table 3-4.
Mmltiqwﬁthtfecmtirxgmcytableamlysesmtresamdata
(zero i wee Table 3-1).

Lm0 L, &

The statistical significance of this reduction can be tested by
carmputing statistics for the variable "RELEXP" (actual performance relative to
expectations), which is camputed for each "case® vehicle on the analysis file.
If thecasevehiclevas fast-moving (and the other vehicle slow or stopped),
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RELEXP = 1 + expected p(other fast) - expected p(case fast)
If the case vd’xiclé was slow or stopped (and the other vehicle fast-mrwving),
RELEXP = -1 + expected p(other fast) - expected p(case fast)
This variable can range between -2 ard 2; if it is negative, the case vehicle did
"better than expected" - e.g., it was the slow/stopped vehicle when it was
expected to have been the fast-moving one. Over the entire file, and for most
of the subsets considered here, RELEXP has a standard deviation very close to
.967. The average value of RELEXP is camputed for the sanple of éido.:ps with
RWAL (-.001, as shown in the lower half of Table 3-4) and the sample of pickups
without RWAL (.006). The t-statistic for the difference of these two averages,
t = [.001 + .006] / [.967 (3233°! + 4155°") %]
is 0.30, indicating that the reduction in fast-moving involvements for pickup

trucks with RWAL is not statistically significant.

The sanmple sizes for sport utility vehicles and vans are smller than
for pickup trucks. Table 3-4 shows that the performance index for SUVs 1s 91.5
with RWAL and 99.5 without, but that 8 percent improvement is not statistically
significant (t = 0.98). Vans with RWAL had a performance index of 82.1 ard a
statistically significant 19.4 percent reduction of fast-moving involvements,
relative to vans witho.n: AL (t = 2.64, p < .01). The reduction is consistent

with the results of the contingency table analyses (15 percent, see Table 3-3).

The effectiveness of RWAL on wet roads can be estimated by limiting
the data to crashes on wet roads and calculating perfommance indices. The first
stepinthecalmlatimistonmasepaxatelogisticregressimﬁodel for the
6,190 2-vehicle crashes an wet roads (12,380 data points) in which neithexr
vehicle was equipped with 4-wheel ABS or BMAL. The rationale for a separate
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regression is that same of the effects (e.g.‘, driver age, gerder or vehicle type)
could be different dlwet roads than in good weather conditions. The regression
coefficients (betas) for the other variables, and their associated Chi-squares,

are:

Variable Beta Chi Square
Driver age -0.0204 568.57
Young driver +0.106 2.71
Famle driver - -0.249 79.79°
Drunk/drugged driver +0.951 149.30
Vehicle age -0.004 .67
Pickup -0.074 1.50
Van -0.219 ‘ 13.28
suv -0.070 .45

The regression coefficients are quite close to those calibrated fram the entire
data set. The most noteworthy change is that the "young driver" effect (age 16-
17) was negative an the main regression, positive on wet roads - i.e., these
novice drivers, under norml conditions, are less aggressive than 18-20 year-
olds, but they do not yet have encugh driving experience to make adequate
adjustments for wet pavements. Also,notsupﬁ.éingly,thetexﬂa:cyofdnmkor
drugged drivers to be the in the faster-moving vehicle is especially strong on
wet roads (inattentiveness to rvad conditions).

Table 3-5 does not show any statistically significant accident
reductions EQMmem. The performance index of pickup trucks without
WAL is close to average (102.0), while pickup trucks with RWAL have an index of
88.6: an cbeerved reduction of 13 percent. The carrespanding cbeerved effects
forSUVandvansam-upa:ca;tandZOpemant, respectively. The results are
similar to the cnes found in the contingency table analyses, but not as extreme,
as the adjusurents for driver age, etc., "amoothed ocut" same of the
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TABLE 3-5

FLORIDA, 1990-91: LIGHT
EFFECT OF RWAL ON CRASHES OF A FAST-MOVING VEHICLE
AND A STOPPED OR SLOW-MOVING VEHICLE

LOGISTIC REGRESSION ANALYSIS: ALL VEHICLES, WET ROADS

Vehicle Type/
Braking System

Pickups with RWAL

Pickups without RWAL

SUVs with KWL
SUVs without RWAL

Vans with FWAL
vans without RWAL

Vehicle Type/
Braking System

Pickups with RWAL

Crash
Involvements

574
706
181
215

691

Performance
Index

88.6

Pickups without RWAL 102.0

SUVs with RWAL
SUVs without RWAL

Vans with RWRL
Vans without FAL

109.2
98.6

82.6
103.1

Fast-Moving
Involvemsnts

Slow/Stopped
Involvements

Actual Expected Actual Expected

279 296.3 295 277.7
371 367.5 335 338.5
96 92.0 85 89.0
108 108.7 107 106.3
50 55.7 72 66.3
313 307.8 378 383.2
Reduction for Average T-Test for
BOL (%) *Relexp® BEqual Relexp
13.1 -.060 1.29
.010
-10.8 .044 0.52
-.007
19.9 -.094 1.15
.015
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irregularities in the relatively small sanples analyzed here.

3.2 " ing® " " g

The preceding analyses are based an a samewhat limited subset of
crashes in a single State. The results should be corraborated with other data
(other multivehicle crashes, ancther State), and the effect of RWAL in fatal
crashes should be analyzed. For these analyses itisnecessaxytofgllbackm
more "traditional® classifications of v&licles involved in crashes - by area of
damage (front, side, rear) and by vehicle role ("striking" or "struck") - because
most accident files, such as Michigan or FARS, do not provide travelling speed
information at all, or are missing the information in a large percentage of
cases. The dbjective of the analyses is to see if RWAL is associated with a
shift in the distribution of crash involvements, a reduction in the prevalence
of varicus "striking" modes and a conpensatory increase in the proportion of
various types of "struck" involvements.

Sare "striking® crash modes which four-wheel ABS could be intuitively
expected to mitigate, and where RWAL might perhape have a limited effect,
include:

o striidng a vehicle which is twming The striking vehicle is typically

nwixgﬁla:daxﬂitsdrivermanqporumtytobzake while the struck

tnﬂ.czllysta:dingstillou:nud.ngslowlyarﬂitsdnvernaybe

with the turmm and distracted fram braking. Thus, ABS has an

opportunity to reduce the incidence of being the striking vehicle in this
t:ypeofcollisicn

o Smmiwﬁ:mmamest@mgdimmthe
following vehicle, and the longer the distances on the lead vehicle, the
less likely a oollision will occur. Thus, four-wheel ABS has an
opportunity to reduce the incidence of being the following vehicle in a
rear-erd collision. RWAL, which does not reduce spike stopping distances,
would probably have little benefit here.
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o  Stxiking vehicle in an "angle" colligion When the two vehicles in an
intersection collision were moving at unequal speeds before a crash, the
odds are that the "striking" (i.e., frontally dameged) vehicle was the
faster vehicle and the "struck" (side-damaged) vehicle was the slower ae
(although that is not always true). Thus, ABS may be samewhat more useful
for the "striking® than the "“struck" vehicle in an angle collision.

o  Other gtriking igvolvements as the (frontally dameged) vehicle

Canversely, "struck" crash modes should grow in proportion to other crashes, if
vehicles becare equipped with four-wheel ABS or, to a more limited extent, with
RWAL:

o "Control Grogp" crash involvements unaffected by ABS or RWAL: where the
case vehicle is standing still or moving very slowly (5 mph or less, where
ABS/RWAL and comventional brakes work about the same), and is struck by
ancther vehicle. If travelling speed is not reported in the data, it will
anly be possible to identify the vehicles that were standing still (based
an pre-crash vehicle maneuver), not the cnes that were moving slowly.

o Beipg gtrzuck in the rear, while movipng If four-wheel ABS substantially
reduces stopping distances, it could potentially increase the risk of being
struck in the rear by anocther vehicle which anly has coventional stopping
capabilities. This is ane category where accidents could increase in
absolute terms, not just in proportion to other modes. RWAL would not be
expected to increase these crashes.

© Beipg struck in the side, while moving Both vehicles were moving before
the crash, but the "struck" wehicle usually moved slower than the
"striking® e, as explained above. Thus, ABS is likely, but not
necessarily of lesser benefit for the "struck" vehicle in an angle
collision.

The amalysis teclnique is to tabulate the multivehicle crash
involvements, for trucks with RWAL and their counterparts without RWAL, in the
preceding crash modes, to the extent that they can be identified from the
variables present on the data files (mammer of collision, pre-crash maneuver,
impact location). If BWAL is effective, the tables should show a relative
increase in "control group® crashes, with RWAL, and relative decreases in other
categories of crashes, especially the "striking® categaries.
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3.2.1 State accident files

Michigan has by far the largest samples of light trucks. Although the
Michigan file does not report travelling speed and the "mamner of collision"
variable is often coded "other," the impact-location, driver-intent and mammer-
of-collision variables can be used to define three "striking" crash modes (rear-
end-striking, angle-striking and other-striking) and three "struck” crash modes:
control group (struck while stopped), struck in rear while moving, apdstmdc in
gide while moving.

Table 3-6 analyzes the crashes of pickuyp trucks in Michigan during
1990-91, by road condition. Pickp trucks of the first 2 model years with RWAL
are carpared to trucks of the last 2 model years before the installation of RWAL.
Table 3-6 indicates the actual murbers of crashes and the percentage distribution
of the crash modes. A qualitative analysis of effectiveness, without producing
 specific estimates, macomplmmnyglammgatuepm:ages. If the
proportions of crash involvements in the "striking® modes decrease (or at least
 gtay the same) with RWAL, while the proporticns in the control group and other
"struck" modes increase, that’s a good result for RWAL. The top section of Table
3-6 shows mixed results: “control group® involvements increased slightly with
RWAL, fmZO.S&Zl.Spercmtrelativetoo&xerczashes(tlatisachanggin
. However, the other two types of "struck” involvements

1y in relarive terms. Two cut of three types of "striking®
involvements increased slightly with RWAL.

&étina.tesotMLeffectiven‘esa for specific crash modes can be
dbtained by measuring the change relative to the control graup. For example, in
the top section of Table 3-6, there were 3634 control group crash involvements
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TRBLE 3-6

MICHIGAN, 1990-91: PICKUP TRIXCKS
EFFECT OF RWAL QN MULTIVEHICIE CRASHES

BY ROADWAY CONDITION

last 2
Without
N

giﬁ
”*

Type of Crash Involvement

ALL ROADS
Rear-end: striking 1156

6.5
Arngle: striking 1273 7.2
Other multiveh frontals 5967 33.8
Struck in side while moving 2335 13.2
Struck in rear while moving 3291 18.6
Control group: struck while stopped _3634 _20.6
17656 100
WET ROADS
Rear-erd: striking : 293 6.9
Angle: striking 280 6.6
Other multiveh frontals 1519 35.6
Struck in side while moving 523 12.3
Struck in rear while moving 790 18.6
Control group: struck while stopped _844 2.9
4249 100

SNOWY OR ICY ROADS

Rear-end: striking 226 9.1

Angle: striking - 174 7.0

Other multiveh frontals 806 32.4

Struck in side while moving 348 14.0

Struck in rear while moving 505 20.3 .

~ Control group: struck while stopped _432 22,3
. 2491 100

First 2 M¥
With RAL
N %
1361 7.0
1362 7.0
6834 34.9
2367 12.1
3440 17.6
4215 -24.5
19579 100
343 7.0
328 6.6
1875 38.2
480 9.8
795 16.2
1091 22.2
4909 100
267 10.1
167 6.3
887 33.4
3185 11.9
514 19.4
202 -28.2
2652 100



in the piclkap trucks without RWAL and 4215 in the RWAL-equipped trucks. "Rear-
end striking" involvements increased from 1156 without RWAL to 1361 with RWAL.
That is a reduction of

1 - [(1361/1156) / (4215/3634)] = -2 percent
relative to the control group (i.e., an increase). However, the other four non-
control group crash modes decreaged relative to the control group: "angle
striking" impacts by 8 percent, "other striking" by 1 percent, "struck in side
while moving" by 13 percent and "struck in rear while moving” by 10 percent. On
the whole, the net reduction in the five types of non-control group crashes,
relative to control graup involvements, is

1 - [(15364/14022) / (4215/3634)] = 6 percent
a small but statistically significant effect in the "right" direction (Chi-square
= 4,99, p < .05).

Ancther estimate of RWAL effectiveness is abtained by camparing the
net change in "striking” involvements relative to "struck" involvements. The 4
categories of "striking" involvements add up to 8396 cases without RWAL and 9567
with RMAL. The 3 categories of "struck® involvements add up to 9260 without RWAL
and 10,022 with RAAL. That is a relative reduction of

1 - [(9567/8396) / (10022/9260)] = -5 percent

a amll but seatistically significant effect in the "wrang® direction (Chi-square
= 5.90, p <" ¥y. Thus, no clear effect for WAL emerges fram these analyses.

'Ihenﬂ.&ilesectimoft‘able}Sisliud.tedtomsheecnuncM.

Here, too, the control group proporticrately increased with RWAL, but the other
two types of "struck® involvements decreased. The net increase in "striking”
.relativetojstmdc'inpactsis'llpercmt, but there is a 13 percent net
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reduction in "striking" or "struck while moving" i.nvolvamts. relative to the
cantrol group. ‘Ibe last part of Table 3-6 is limited to crashes on snowy or icy
roads. The data have the same pattern. There is a 6 percent net increase of
"striking" relative to "struck" involvements, but a 10 percent net reduction of

non-caontrol group relative to control-group involvements.

Table 3-7 campares the performance of RWAL an Ford Ranger to its
performance an other pickup trucks. Unlike the situation with ‘run-off-road
crashes (Section 2.1), there is little difference between Ranger and other
pickups in the distribution of multivehicle crash modes. With RWAL, Ford Ranger
experienced a 5 percent reduction in ‘"striking® relative to "struck"
involvements, and an 8 percent reductiom in "sf.n'king" or "struck while moving"
involvements relative to the control group. Other pickups experienced a 7
percent increase in "striking® relative to "struck" involvements, but a 6 percent
reduction of "striking" or "struck while moving" involvements relative to the
control group.

Table 3-8 examines the performance of RWAL an sport utility vehicles
and vans in Michigan. The distributions of multivehicle crashes axe quite
similar to those of pickup trucks. SUVS had a net 6 percent increase in
"striking® relative to "struck" involvements, but a 5 percent reduction of
"striking® (? *struck while moving" inmpacts relative to "struck while stopped.®
Vanshadagpercmt increase of "striking" re;ativeto "struck" impacts, but a
statistically significant 7 percent reduction of non-control-group relative to
control-grogp involvements (Chi-square = 4.06, p < .05). In other words, t:he
Michigan data do not replicate the fairly large accident m@s for vans with
RWALseeain‘the Florida analyses of crashes between a fast-moving and a slow or

73



TRABLE 3-7

MICHIGAN, 1990-91: PICKOUP TRUCKS
EFFECT OF RWAL ON MULTIVEHICLE CRASHES

BY TYPE OF PICKUP TRIXK

Last 2 MY First 2 MY
Without RWAL With RAL
Type of Crash Involvement N % N %

ALL PICKUP TRUCKS

Rear-erd: striking 1156 6.5 1361 7.0
Arngle: striking 1273 7.2 1362 7.0
Other multiveh frontals 5967 33.8 6834 34.9
Struck in side while moving 2335 13.2 2367 12.1
- Struck in rear while moving 3291 18.6 3440 17.6
Control group: struck while stopped _3634 20.6 4215 213
17656 100 19579 100
FORD RANGER
Rear-end: striking 278 6.4 264 7.3
Angle: striking 296 6.9 220 6.1
Other multiveh frontals 1438 33.3 1160 31.9
Struck in side while moving 538 12.5 409 11.3
Struck in rear while moving 792 18.4 708 19.5
Control group: struck while stopped _974 22.6 874 —24.0
4316 100 3635 100
& ALL OTHERS
Rear-end: striking | 878 6.6 1097 6.9
Argle: striking 977 7.3 1142 7.2
Other multiveh frontals 4529 34.0 S674 35.6
Struck in side while moving 1797 13.5 1958 12.3
Struck in rear while moving 2499 18.7 2732 17.1
Control graup: struck while stopped _2660 19.9 3341 21.0

13340 100 15944 100
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TABLE 3-8

MICHIGAN, 1590-91: SPORT UTILITY VEBICLES AND VANS

EFFECT -OF RWAL ON MULTIVEHICLE CRASHES

last 2 MY
Without RAL

Type of Crash Involvement N

ALL SPORT UTILITY VEHICLES

Rear-end: striking 218
Angle: striking 223
Other multiveh frontals 1250
Struck in side while moving 407
Struck in rear while moving 619

Cantrol group: struck while stopped _730

3447

P W
o o\ O\
o® WwWuw

100

ALL VANS

Rear-end: striking 602
Angle: striking 584
Other multiveh frontals 2684
Struck in side while moving 1296
Struck in rear while moving 1596

Control group: struck while stopped 2000

8762
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—22.8
100

First 2 M¥
With RWAL
N %
236 6.9
221 6.5
1272 37.2
379 11.1
558 16.3
757 22.1
3423 100
493 7.6
395 6.0
2094 32.1
823 12.6
1141 17.5
1581 24.2
6527 100



stopped vehicle (Tables 3-3 ard 3-4).

Table 3-9 analyzes the crashes of pickup trucks in Florida during
1990-91, by road condition. Florida data permit the identification of four
"gtriking” crash modes and three "struck" modes, cne of which is the control
group of stopped or slow-moving wvehicles. In Florida, unlike Michigan,
unoccupied parked vehicles are counted as "crash-involved" if they are struck by
arother vehicle. That makes the control group relatively much larger in Florida
than in Michigan (35 percent vs. 20 percent of multivehicle involvements).
PidcuptmdcsofthefirsthdelyearswithMLarecmﬁazedtotmdcsofthe
last 2 model years before the installation of RWAL. In all, 9389 pickp trucks
of the first 2 model years with RWAL were involved in same type of multivehicle
crash; that is 4-5 times as large a sanple as was available in Table 3-1, which
was limited to collisions between a fast-moving and a slow/stopped vehicle. The
results for all roads, canbined, are not favorable for RWAL. Each of the three
types of "struck" impacts, including the control group, decreased slightly in
relative tenms, while there was a moderate increase in "rear-end striking" cases
and a small increase in "strikes a turning vehicle.* There was a statistically
significant 10 percent net increase i.n "striking® involvements relative to
"struck" invalvements (Chi-square = 3.59, p < .01) and a nonsignificant 2 percent
» ip non-control group relative to cmx:rol-gzuip involvements.

'a‘aruetmads(loaerhalfof'rable3-9),therevasa5perca::increase
in "striking® relative to "struck® involvements; cn the other hand, there was a
5 percent reduction in non-control group relative to control-group crash
involvements. Either way, the full set of Florida multivehicle crashes does not
corraborate the analysis of collisions between a fast-moving and a slow-stopped
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TRARLZ 3-9

FLORIDA, 1990-9i: PICKUP TRUCKS
EFFECT OF RWAL C7 MULTIVEHICLE CRASHES

lagt 2 MY Pirst 2 MY
Without R@AL With RWAL
Type of Crash Involvement N % N %

ALL ROADS

1167

Strikes a turning vehicle 1062 12.0
Rear-end: striking 1210 13.6 1538
Angle, both going straight: striking 794 8.9 806
Other multiveh frontals 590 6.6 569
Struck in side while moving 1359 15.3 1326
Struck in rear while moving 652 7.3 637
Control group: struck while stopped 3209 _36.2 3346
8876 100 9389
WET ROADS
Strikes a turmning vehicle 175 11.2 173
Rear-end: striking 250 ° 15.9 322
Angle, both going straight: striking 161 10.3 114
Other multiveh frontals 128 8.2 122
Struck in side while moving 228 14.5 185
Struck in rear while moving 129 8.2 135
Cantrol group: struck while stopped 497 31.7 515
1568 100 1566
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vehicle, which showed a positive (but not statistically signifigant) benefit for
RWAL in picap trucks on wet roads (Tables 3-1 and 3-5).

Table 3-10 presents the data on SUVs and vans in Florida during 1990-
91. The results are almost identical to the Michigan findings. SUVs with RWAL
had a net 7 percent increase in "striking" relative to "struck" involvements, but
a 6 percent reduction of nm-cmtznl-gm.lp impacts relative to "struck while
stopped." Vans with RWAL had a net 7 percent increase in "str:.k:.ng" relative to
"struck" involvements, but a 3 percent reduction of non-control-group impacts
relative to "struck while stopped."” Like Michigan, the full Florida data base
suggests t:hat: RWAL had little effect on the multivehicle crashes of vans.

3.2.2  Fatal miltivehicle crashes

The effects of crash-avoidance measures can be quite different in
fatal and nonfatal crashes. Specifically, RWAL was already shown to have
different effects on fatal and nonfatal éingle-vetxicle run-off-road crashes
(Chapter 2). The sample sizes for RWAL-equipped trucks involved in fatal
multivehicle crashes is barely sufficient for preliminary effectiveness analyses.
The classification of fatal crash involvements into "striking® and "struck"
graps is more camplex than for nonfatal crashes. Whereas most nonfatal
collisions i.mnlve a relatively "active" vehicle (moving before the crash and
impacting @y) and a relatively "passive* vehicle (struck in the side or
rearand/oz'»sraniirgstillbeforet:hecrash), a large percentage of fatal
collisions involve two "active" vehicles: e.g., head-an collisions between two
moving vehicles. As shown in Table 3-11, crash involvements in 1989-mid 92 FARS
dacaaxeclassifiedin:otmeélazgergm:ps, each of which contains 2 ar more
subgroups. The classification is based on the “mamer of collision,® the impact
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TABLE 3-10

FLORIDA, 1990-91: SPCRT UTILITY VEHICLES AND VANS

EFFECT OF RWAL (N MJLTIVEHTCLE CRASHES

last 2 MY
Witbout FWAL

Type of Crash Involvement N %

ALL SPORT UTILITY VEHICLES

Strikes a turning vehicle 302 12.6
Rear-end: striking 334 14.0
Angle, both going straight: striking 199 8.3
Other multiveh frontals 152 6.4
Struck in side while moving 386 16.1
Struck in rear while moving 181 7.6
- Control group: struck while stopped _838 _35.0

2392 100

ALL VANS

Strikes a turning vehicle 471 10.0
Rear-end: striking 557 11.8
Angle, both going straight: striking 411 8.7
Other multiveh frontals 263 5.6
Struck in side while moving 732 15.5
Struck in rear while moving 380 8.0
Control group: struck while stopped 1917 40.5

4731 100
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Pirst 2 MY
With RAAL
N %
314 13.9
325 14.4
200 8.8
132 5.8
315 13.9
149 6.6
827 36.6
2262 100
288 9.8
416 14.1
245 8.3
159 5.4
413 14.0
212 7.2
1220 41.3
2983 100



TARLE 3-11

FARS, 1989-mid 92: PICKUP TRIXKS
EFFECT OF RWAL QN FATAL MILTIVEHICLE CRASHES

Last 2 MY First 2 Wy
Without RMAL With PQGL
Type of Crash Involvement N % N %
Strikes a stopped/slow vehicle 224 9.9 257 10.6
Strikes a turning wvehicle 139 6.1 184 7.6
Rear-end: striking 66 2.9 87 3.6
Angle, both going- straight: striking 352 15.5 447 18.4
Head-on 657 28.9 655 26.9
Other multiveh frontals 310 13.6 321 13.2
Struck in side while moving 183 8.1 168 6.9
Struck in rear while moving 60 2.6 46 1.9
Struck while turning 81 3.6 75 3.1
Struck while stopped/slow 201 8.8 135 —8.0
2273 100 2435 100
Last WY First ¥
Without BQL With RMAL
Type of Crash Imvolvemant N 5 N %
Strikes a stopped/slow vehicle 148 11.4 129 9.9
Strikes a turning vehicle 71 5.5 88 6.8
Rear-end: striking 38 2.9 48 3.7
Angle, both going straight: striking 214 16.5 211 16.2
Head-an . 359 27.6 366 28.2
Other trultiv& f:mtals 181 13.9 174 13.4
Struck in si:h vhile moving 105 8.1 94 7.2
Struck in rear while moving 36 2.8 28 2.2
Struck while tuming 43 3.3 40 3.1
Struck while stopped/slow 105 8.1 122 9.4
1300 100 1300 100
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location ard pxé-czash maneuver of the case vehicle and the impact location and
pre-crash maneuver of the “other" vehicle in the collision (vehicle no. 2, if the
case vehicle is no. 1; vehicle no. 1, if the case vehicle is no. 2, 3, etc.).
The three large groupings can be described as "case vehicle active, other vehicle
relatively passive," "both vehicles active' and "case vehicle passive, other
vehicle active." The last group includes, as a subset, the "control group" of
trucks that were struck while they were standing still or mavmg slowly, but that
control group accounts less than 10 percent of fatal irvolvements (és opposed to
20 percent of Michigan and 35 percent of Florida involvements). The cbjective
of the analysis is to see if RWAL is associated with a reduction in the "case
vehicle active" and, perhapa, the "both wvehicles active" collisians, and a
proportiomate increase in the "case wehicle relatively passive" involvement

types.

Fatal collisions of pickup trucks are ackdressed by Table 3-11, which
is based on 1989-mid 92 FARS data. The upper half of Table 3-11 campares pickup
trucks of the first 2 model years with RWAL to trucks of the last 2 model years
before the installation of RWAL. It shows an ummistakable trend in the "wrong”
direction. Each of the four types of "case vehicle active-other vehicle passive"
involvements increased with RWAL, while each of the four types of "case vehicle
passive-other wvehicle active" involvements decreased in both relative and
absolute terms. The net increase in "case wvehicle active" relative to "case
vehicle passive" involvements is a statistically significant 35 percent (Chi-
square = 16.66, p < .01). The net increase in "case or both vehicles active®
relative to "case vehicle passive" involvements is a statistically gsignificant

23 percent (Chi-square = 9.28, p < .01).
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On the other hamd, the lower half of Table 3-11 which is limited to
pickup trucks of the first model year with RWAL vs. the last model year without
RWAL, shows nearly the same distribution of crash modes, with and without RWAL.
The net increase in "case vehicle active" relative to "case vehicle passive"
imvolvements is merely a nonsignificant 3 percent, cansistent with the results
in Michigan and Florida multivehicle crashegs. The net increase in "case or both
vehicles active" relative to "case wvehicle passive" involvements is a
nonsignificant 2 percent. It is unknown why the + 2 MY and the + 1 MY results
are so divergent. The difference is unlikely to be due to sampling error, given
the sanple sizes in Table 3-11. "Vehicle age" effects (e.g., a tendency of older
trucks to be driven more aggressively) also seem implausible, since no camparable
effect was found in agy of the other analyses of pickup trucks. There was little
or no difference between the + 2 MY result amd the + 1 MY result in the Michigan
and Florida multivehicle crashes and in the Michigan, Florida, Permsylvania and
FARS single-vehicle crashes. To the extent that the + 1 MY result most closely
focuses an the period of transition to RWAL (little or no vehicle age effect,
etc.), while still having an adequate sample size, it should be cansidered the
.more accurate estimate, and it is certainly the more intuitively reasapable
result. On the other hand, it could be argued that the + 2 MY result perhaps
better reflects the lang-temm effects of RWAL.

&3um1ymumoouumam With sraller sample
smzes,thermltsaresind.lart.o:heprecedingtable In the + 2 MY camparison
(upper half), all four types of "case vehicle active" involvements increased with
RWAL, while three of the four types of "case vehicle passivef invalverents
decreased in both relative and absolute terms. The net increase in "case vehicle

active" relative to "case vehicle passive" involvements is a ncnsignificant 21
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TABLE 3-12

FARS, 1989-mid 92: SPORT UTILITY VEJIICLES
EFFECT OF RWAL ON. FATAL MULTIVEHICLE CRASHES

last 2 WY Pirst 2 MY
Withcut BAL With RWAL
Type of Crash Involvement N % N %
Strikes a stopped/slow vehicle 40 9.5 43 10.1
Strikes a turning vehicle 1 7.3 33 7.8
Rear-end: striking 16 3.8 17 4.0
Angle, both going straight: striking 60 14.2 74 17.4
Head-on 123 29.1 116 27.3
Other multiveh frontals - 66 15.6 61 14.4
Struck in side while moving 33 7.8 29 6.8
Struck in rear while moving 10 2.4 21 4.9
Struck while turming 14 3.3 7 1.6
Struck while stopped/slow 29 —6.9 24 —2.6
422 100 425 100
last MY First MY
Without RGAL With BAL
Type of Crash Involvement N % N %
Strikes a stopped/slow vehicle 23 9.5 22 8.6
Strikes a turning vehicle 19 7.9 26 10.1
Rear-end: striking 8 3.3 10 3.9
Angle, both going straight: striking 41 17.0 39 15.2
Head-an 75 31.1 75 29.2
Other multiveh frontals 29 12.0 35 13.6
Struck in side while moving 19 7.9 17 6.6
Struck in rear while moving 5 2.1 14 5.4
Struck while turning 7 2.9 5 1.9
Struck while stopped/slow _15 6.2 14 —2.4
241 100 257 100
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percent (Chi-square = 0.96). On the other hand, the + 1 MY carparison (lower
half of Table 3-12) does not show any conzistent trends. "Cose vehicle activer
decreased by 2 percent relative to "case vehicle passive" involvements.

Table 3-13 does not show a significant effect for RWAL an the fatal
multivehicle crashes of vans. In the + 2 MY carmparison (upper half), there was
a nansignificant 15 percent increase in "case vehicle active” relative to "case
vehicle passive" involvements and a nonsignificant 9 percent mcrease in *case
or both vehicles active" relative to "case vehicle passive." In the + 1 MY
camparisan (lower half), these increases were 26 percent and 1S percent,
respectively, and were also nonsignificant.
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EFFECT OF RWAL ON FATAL MULTIVERICLE CRASHES

TABLE 3-13

FARS, 1989-mid 92: VANS

Last 2 MY
Without RMAL
Type of Crash Involvemsnt N %
Strikes a stopped/slow vehicle 58 10.9
Strikes a turning vehicle 39 7.4
Rear-end: striking 9 1.7
Arngle, both going straight: striking 93 17.6
Head-on 122 23.0
Other multiveh frontals 89 16.8
Struck in side while moving 42 7.9
Struck in rear while moving 19 3.6
Struck while turning 14 2.6
Struck while stopped/slow 45 8.5
530 100
Last MY
Without RMAL
Type of Crash Involvemsnt N %
Strikes a stopped/slow vehicle 42 10.8
Strikes a turming vehicle 30 7.7
Rear-erd: striking 6 1.5
Angle, both going straight: striking 66 17.0
Head-on 95 24.4
Other multiveh frontals 64 16.5
Struck in side while moving 30 7.7
Struck in rear while moving . 13 3.3
Struck while tuming 9 2.3
Struck while stopped/slow _34 8,7
389 100
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First 2 MY
With AL
N %
43 11.1
23 5.9
10 2.6
80 20.7
S0 23.3
59 15.3
31 8.0
13 3.4
6 1.6
32 8.3
387 100
First MY
With RMAL
N %
33 11.9
17 6.1
6 2.2
60 21.7
66 23.8
40 14.4
23 8.3
7 2.5
4 1.4
—21 1.6
277 100



CHAPTER 4
QOLLISIONS WITH PEDESTRIANS, ANIMALS AND CHJECTS ON THE ROAD

Single-vehicle crashes which do not necessarily involve rumming off
the road include collisians of a light truck with a pedestrian, bicyclist, animal
or train that may be standing, crossing, or travelling within the roadway. They
also include collisions with abjects, such as rocks and debris, that may be
temporarily blocking a road. Although, tecl'micaliy, these crashes imnvolve a
single motor vehicle, they differ fram run-off-rcad crashes (collisions with
fixed ocbjects and rollovers), because they do not presuppose a loss of
directional control and/or inappropriate steering by the driver of the motor
vehicle. For exanple, a truck could have been going straight ahead and under
control, when an animal suddenly jumped anto the road in fromt of the truck. In
many ways, they are two-party collisions, except the secand party is not a motor
vehicle. On the other hand, these crashes do not fully resemble multivehicle
collisions. Whereas a safe driver constantly monitors the movements of other
vehicles on the road and can often take steps to avoid a potential collision,
that driver may be startledbytheumn;icipatedpresaweofanamnalordebﬁs
o the road, and react with panic maneuvers that could easily lead to loss of
control, not unlike a run-off-rcad situation. In other words, these crashes
memmmumwtmmsMedmueMm

There are several ways that rear-wheel ABS (RWAL) could help prevent
collisions with a pedestrian, bicyclist, animal, train, or dbject an the road.
The knowledge that a truck has RWAL may encourage the driver to slam an the
brakes immediately in a panic situation, rather than engaging in timid braking
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that would prolang stopping distances. RWAL keeps the truck going straight and
not yawing into the path of a pedestrian or animal that is slightly off to one
side.

As in Chapter 2, the analysis technique is to tabulate the crash
involvements, for light trucks with RWAL and their counterparts without RWAL, in
single-vehicle on-road collisions vs. a control ayoup of crash involvements
unaffected by ABS: multivehicle involvements where the case vehicle is standing
still or moving very slowly (5 mph or less, where ABS and conventicnal brakes
work about the same), and is struck by another vehicle. The reduction in single-
vehicle, on-road collisions is measured relative to the control group.

The analyses were limited to 1990-91 Michigan data, which include many
collisians of wvehicles with animals (13 percent of all police-reported
accidents), and the 1989-mid 92 FARS files, which include mamny collisions of
vehicles with pedestrians, in which the latter were killed. Florida and
Permsylvania files did not include enough collisions with animals, pedestrians
-or on-road abjects for a statistically meaningful analysis. The definition of
a "single-vehicle an-road crash" in the Michigan analysis was based an the "'first:
harmful event" variable. It included the codes for collision with an animal,
pedestrian/bicyclist, non-fixed dbject, or train. However, the overwhelming
majority of these crashes were collisions with an animal (80 percent), as opposed
to collisions with pedestrian/bicyclists (12 percent), non-fixed dbjects (7
percent) or traing (less than 1 percent).

In the FARS analysis, the definition was based an the "relatian-to-
roadway" variable (which had to be coded "on the roadway”) and the "first hammful
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event" variable. "Single-vehicle om-road crashes" included <collisions with
pedestrians, bicyclists or other normotorists; trains; and animals. However,
FARS includes few collisions with animals, since they are rarely fatal to hurans.
Collisions with pedestrians, bicyclists or other namotorists accomted for 92
percent of the FARS sample, collisions with trains, 7 percent, and collisions
with animals, 1 percent. Aas in Chapter 2, the "control group” used in the
analyses of Michigan data (involvements as a stopped, slow or parked vehicle in
a miltivehicle crash) is too small cn FARS, since such involvements are rarely
fatal. Instead, the control group is expanded to include all multivehicle crash
involvements of 1light trucks. The analyses of Chapter 3 suggest that
multivehicle involvements are, at most, anly slightly influenced by RWAL and can
be added to the "cc_m:ml graup. "

Separate analyses are performed for pickups trucks, sport utility
vehicles (SUV) and vans - which have different design characteristics, drivers
and exposure. The data are limited to model year 1987-91 products of Chevrulet,
@T, Ford and Dodge which were equipped with RWAL, and trucks of the same make-
models without RWAL. The analyses generally campare "Trucks of the first 2 model
years with RWAL" to "Trucks of the last 2 model years [and the same make-model)
without RRAL.” The 1987 Chevralet and QL R/V pickup trucks are similar, if not
identical, 0°C/K trucks, and are counted as being of the "last model year

Table 4-1 analyzes the crashes of pickup trucks in Michigan during
1990-91, carparing the mmber of collisions with animals, pedestrians etc. with
acmtmlgm:pofimolvmm:sasastcmed/slowvehicleinamﬂuvehide
crash. Itisevida:tm-roadsmlevehicleczashesdeczeased relativetothe
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TABLE 4-1

MICHIGAN, 1990-91: PICKUP TRIXXS
EFFECT OF RWAL ON COLLISIONS WITH ANIMALS, PHDRESTRIANS,
BICYCLISTS, TRAINS, CR ON-ROAD OBJECTS

Last 2 MY First 2 MY
Without RWAL With RWAL
Type of Crash Involvement N % N %

ALL PICKUP TRUCKS

Collision with animal, etc. 4385 54.7 : 4510 51.7
Control group (multivehicle) 3634 “A45.3 4215 -48.3
8018 100 8725 100

11 percent relative reduction of collisions with animals, etc. for RWAL
Chi-square = 15.02

FORD RANGER

Collision with animal, etc. 1087 52.7 654 42.8
Control group (multivehicle) 974 47.3 874 S7.2
2061 100 1528 100

33 percent relative reduction of collisions with animals, etc. for RWAL
Chi-square = 34.71

ALL OTHERS

Collision with animal, etc. 3298 55.4 3856 53.6
Cantrol group (multivehicle) 2660 4.6 3341 -46.4
5958 100 7197 100

7 pexcent relative reduction of collisions with animals, etc. for RAAL
Chi-square = 4.15

89



.

cantrol graup, as trucks became equipped with RWAL. The top half of Table 4-1,
based an all types of pickup trucks, indicates a moderately large reduction of
1 - [(4510/4385) / (4215/3634)] = 11 percent
The reduction is statistically significant (Chi-square for the 2 x 2 table is

15.02, p < .01).

The two lower sections of Table 4-1 suggest that the effect may be
higher in Ford Ranger (33 percent) than in other pickup trucks ‘(7 percent) .
Nevertheless, both of these reductions are statistically significant (Chi-squares
of 34.71 ard 4.15, respectively). The results are more favorable than most of
the findings an pickup trucks in miltivehicle crashes (Tables 3-1, 3-4, 3-6, 3-7
and 3-9), which showed little accident reduction, but not as positive as the
findings in run-off-rcad crashes (Table 2-1), where rollovers were greatly
reduced. Ancther difference fram Chapter 2 is that Ford Rangers without RWAL
have about the same risk of on-road single vehicle crashes as other pickup trucks
(52.7 percent vs. 55.4 percent, according to Table 4-1), whereas Ranger had a
much higher risk of rollover than other pickup trucks. Table 4-2, which is
limited to pickup trucks of the first model year with RWAL vs. the last model
year before RWAL installation, presents virtually the same results, with
statistically signiria;n: reductions for Ranger and All Other pickup trucks.

.

25
%4-3sqnntesthepidmptrud:czasheeinmdﬁganby:md

condition. A road conditions get worse, mxl;ivehicle *fender benders" increase,
ard the ratio of collisions with animals, etc. to multivehicle crashes decreases.
The reducticm in on-road single-vehicle crashes with RWAL is a statistically
significant 7 percent an dry roads (Chi-square = 3.87), a significant 25 percent
on wet roads (Chi-square = 16.30, p < .01) and a nonsignificant S percent on snow

90



TABLE 4-2

MICHIGAN, 1990-91: PICKOP
EFFECT OF RWAL ON COLLISIONS WITH ANIMALS, PEDESTRIANS.

BICYCLISTS, TRAINS, CR CN-ROAD CBJECTS
(data limited to 1 MY before/after RWAL installation)

Last WY First MY
Without RWAL With RWAL
Type of Crash Involvemnent N % N %
ALL PICKUP TRUCKS
Collision with animal, etc. 2222 54.4 2419 50.9
Cantrol group (multiwvehicle) igsel _45.6 2335 49,1
4083 100 4754 100

13 percent relative reduction of collisions with animals, etc. for RWAL
Chi-square = 11.02

FORD RANGER

Collision with animal, etc. 588 51.5 347 43.8
Control group (multiwvehicle) 553 _48.5 446 _56.2
1141 100 793 100

27 percent relative reduction of collisions with animals, etc. for RWAL
Chi-square = 11.33

ALL OTHERS

Collision with animal, etc. 1634 55.5 2072 §2.3
Control group (multivehicle) 1308 44.5 1889 _47.7
2942 100 3961 100

12 pexcent relative reduction of collisions with animals, etc. for RWAL
Chi-square = 7.03 :
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TABLE 4-3

MICHIGAN, 1990-91: PICKUP TRUCKS
EFFECT OF RWAL ON COLLISIONS WITH ANIMALS, PEDESTRIANS,
BICYCLISTS, TRAINS, CR C(N-ROAD OBJECTS - BY ROAD CONDITION

last 2 MY First 2 MY
Without RMAL With BOL
Type of Crash Involvement N % N %

DRY ROADS (ALL PICKUP TRIXKS)

Collision with animal, etc. 3321 58.5 3431 56.7
Control group (multivehicle) 2358 -41.5 2622 43.3
5679 100 6053 100

7 pexrcemt relative reduction of collisions with animals, etc. for RWAL
Chi-square = 3.87

WET ROADS (ALL PICKUP TRICKS)

Collision with animal, etc. 730 47.3 712 39.5
Control group (multivehicle) 844 S2.7 1091 £0.5
1574 100 1803 100

25 percent relative reduction of collisions with animals, etc. for RWAL
Chi-square = 16.30

SL‘OWY OR ICY ROADS (ALL PICKUP TRICKS)

Collisiom wﬁ animl, etc. 334 43.6 367 42.2
Control graup (multivehicle) 432 . 56.4 502 27.8
766 100 869 100

5 percent relative reduction of collisions with animals, etc. for RWAL
Chi-square = (.31
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or ice. The anly other analysis of pickup trucks that showed a possibly enhanced
effect for RWAL an wet roads was the Florida analysis of two-vehicle collisiars.
By contrast, the analyses of run-off-road crashes showed large, identical
reductions of rollovers under all road conditicons.

SUVs have substantially smaller accident samples than pickup trucks.
Table 4-4 analyzes the crashes of SOVs in Michigan during 1990-91. Ford Bronco
2 has a higher rate of collisions with animals, etc. (56.5 percent v‘witrmt RWAL)
than other SUVs (45.5 percent), possibly reflecting extensive use in rural areas.
The top part of Table 4-4 shows that on-road single-wvehicle crashes of SUVs
decreased by a statistically significant 21 percent with RWAL (Chi-square = 9.73,
p < .01). RWAL appears to be about equally effective for Bronco 2 (29 percent)
and other SUVs (22 percent).

Vans, which are extensively used an urban roads for family or business
travel, have relatively fewer collisions with animals, etc. than pickup trucks
and SUVs. Table 4-5 analyzes van crashes in Michigan. With RWAL, on-rcad
single-vehicle collisions decreased in Ford Aercstar campact vans by a
statistically significant 23 percent (Chi-square = 4.82, p < .05). The rate in
other vans decreased by 6 percent, and the average reduction for all vans is 10
percent. It is unknown why RWAL may be especially effective for Aervstar, which
has about the same accident involvement profile as other types of vans; hbwever,
the results paxallel the findings on rollovers and collisions with fixed dojects
(Table 2-11).

Crash-avoidance devices that require a degree of human intervention
to "work" are often less effective in preventing fatalities than in other -
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TARLE 4-4

MICHIGAN, 1990-91: SPORT UTILITY VEHICLES
EFFECT OF RWAL ON COLLISIONS WITH ANIMALS, PEDESTRIANS,
BICYCLISTS, TRAINS, OR ON-RQOAD OBJECTS

Last 2 MY First 2 My
Without RRAL With RWAL
Type of Crash Involvement N % N %

ALL SPORT UTILITY VEHICLES

Collision with animal, etc. 682 48.3 556 42.3
Control group (multivehicle) 730 21.7 757 57.7
1412 100 1313 100

21 percent relative reduction of collisions with animals, etc. for RWAL
Chi-square = 9.73

FORD BRONCO 2

Collision with animal, etc. 203 56.5 218 " 48.1
Control group (multivehicle) 156 43.5 235 -21.9
359 100 453 100

29 percent relative reduction of collisions with animals, etc. for RWAL
Chi-square = 5.69

ALL OTHERS

Collision wigh animal, etc. 479 45.5 338 39.3
Cantrol group (multivehicle) 274 4.5 S22 -£0.7
1053 100 860 100

22 percent relative reduction of collisions with animals, etc. for RWAL
Chi-square = 7.41
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TABLE 4-5

, MICHIGAN, 1990-91: VANS
EFFECT OF RWAL ON COLLISIONS WITH ANIMALS, DEDESTRIANS,
BICYCLISTS, TRAINS, OR ON-ROAD ORJECTS

Last 2 MY First 2 Wy
Without RWAL With RWAL
Type of Crash Involvement N % N %

ALL VANS

Collision with animal, etc. 1237 38.2 882 35.8
Cantrol group (multivehicle) 2000 _61.8 1581 64.2
3237 100 2463 100

10 percent relative reduction of collisians with animals, etc. for RWAL
Chi-square = 3.46

FORD AEROSTAR

Collision with animal, etc. 301 37.0 171 31.2
Cantrol group (multivehicle) 513 _63.0 377 _68.8
814 100 548 100

23 pexcent relative reduction of collisians with animals, etc. for RWAL
Chi-square = 4.82

ALL OTHERS

Collision with animal, etc. 936 38.6 711 37.1
Control group (multivehicle) 1487 £1.4 1204 £2.9
2423 100 1915 100

6 parcent relative reduction of collisions with animals, etc. for RWAL
Chi-square = 1.02
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crashes, and, So far, that has been the pattern with ABS. However, for an-road
single-vehicle crashes of pickup trucks, RWAL may do as well in fatal crashes
(mose of which imvolve pedestrians/bicyclists) as in nonfatal crashes (most of
which involve animals). Table 4-6 analyzes the on-road single-vehicle crashes
of pickup trucks in 1989-mid 92 FARS data. For all types of pickup trucks
carbined, collisions with pedestrians, etc. were reduced by a statistically
significant 16 percent with RWAL, relative to mltivéhicle involvements (Chi-
Square = 4.63, p < .05). In cantrast to the MJ.c:h:.gan results, the effectiveress
may be lower for Ford Ranger (6 percaﬁ.:)'than for other types of pidcialp trucks
(19 percent, Chi-square = 5.92, p < .05). Table 4-7 shows that RWAL may be
slightly more effective, or perhaps equally effective an wet roads (24 percent)
as on dry roads (16 percent), consistent with the Michigan results (25 percent
an wet roads, 7 on dry: Table 4-3).

The samples of fatal collisions of SUOVs and vans with pedestrians,
bicyclists, t;rains, etc. are too smll for statistically meaningful results.
Table 4-8 shows a nonsignificant 28 percent increase in these collisions for SUVs
with RWAL, and a nonsignificant 4 percent reductian in vans.

Due mainly to relatively small sample sizes and relatively gmall
effects, the results for on-road single-vehicle crashes are less consistent than
ot:herfitﬂirgotthisrepozt. Nevertheless, many of the accident reductions are
statistically significant, and the overall thrust of the results is that RWAL

appears to be of at least same value in helping drivers avoid collisions with
pedestrians, animals, etc. |
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TABLE 4-6

FARS, 1989-mid 92: PICKUP TROICKS
EFFECT OF RWAL ON FATAL (OLLISIONS WITH PEDESTRIANS,
BICYCLISTS, TRAINS, OR ANIMALS

Last 2 MY First 2 WY
Without RWAL With RWAL
Type of Crash Involvement N % N %

ALL PICKUP TRUCKS

Collision with pedestrian, etc. 372 14.1 335 2.1
Any nmultivehicle crash 2273 _85.9 . 2435 87.9
2645 100 2770 100

16 percent relative reduction of collisions with pedestrians, etc. for RWAL
Chi-square = 4.63

FORD RANGER

Collision with pedestrian, etc. 55 10.9 36 10.3
Any multivehicle crash 450 = _89.1 2 -89.7
505 iOO 348 100

6 percent relative reduction of collisimns with pedestrians, etc. for RWAL
Chi-square = 0.06 ‘

ALL OTHERS

Collision with pedestrian, etc. 317 14.8 299 12.3
Any multivehicle crash 1823 £5.2 2123 £7.7
2140 100 2422 100

19 percent relative reduction of collisions with pedestrians, etc. for RWAL
Chi-square = 5.92
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TARLE 4-7

FARS, 1989-mid 92: PICKOP TRICKS
EFFECTOFRWALCNFMLCDLIISIQSWIIHPEDEIRIAI\B
BICYCLISTS, TRAINS, OR ANIMALS - BY ROAD CONDITION

Last 2 MY First 2 My
Without RWAL With RRAL

Type of Crash Involvement N % N %

DRY ROADS (ALL PICKUP TRIXKS)

Collision with pedestrian, etc. 319 15.4 286 13.3
Any multivehicle crash 1751 -84.6 1861 -86.7
2070 100 2147 100

16 percent relative reduction of collisions with pedestrians, etc. for RWAL
_ Chi-square = 3.75

WET ROADS (ALL PICKIP TRUCKS)
Collision with pedestrian, etc. 45 - 9.9

37 7.7
Any multivehicle crash 420 _90.1 445 _92.3
455 100 482 100

24 percent relative reduction of collisions with pedestrians, etc. for RWAL
Chi-square = 1.44
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TABLE 4-8

FARS, 1989-mid 32: SPORT UTILITY VEHICLES AND VANS
EFFECT OF RWAL ON FATAL COLLISIONS WITH PEDESTRIANS,
BICYCLISTS, TRAINS, OR ANIMALS

last 2 MY First 2 MY
Without RWAL With RMAL
Type of Crash Involvement N % N %

ALL SPORT UTILITY VEHICLES

Collision with pedestrian, etc. 48 10.2 62  12.7
Any multivehicle crash 422 89.8 425 87.3
470 100 487 100

' -28 percent relative reductiaon of collisions with pedestrians, etc. for RWAL
Chi-square = 1.49

ALL VANS

Collision with pedestrian, etc. 116 18.0 81 17.3
Any multivehicle crash 230 £2.0 387 82,7
646 100 468 100

4 percent relative reduction of collisions with pedestrians, etc. for RWAL
Chi-square = 0.08
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CHAPTIER 5
SUMMARY OF EFFECTIVENESS FINDINGS

Statistical analyses of the effectiveness of rear-wheel ABS for light
trucks (RWAL) were performed with 1990-91 State accident files from Florida,
Michigan and Permsylvania and 1989-mid 92 Fatal Accident Reporting System (FARS)
data, as described in Chapters 2-4. RWAL is primarily designed to prevent yawing
ard loss of directicnal cantrol during braking, unlike 4-wheel ABS systeams, which
have the additiaﬁl benefits of maintaining the driver’s steering control during
panic braking and significantly reducing stopping distances under certain rcad
canditions. Indeed, the statistical analyses suggest that RWAL has helped light
trucks avoid many loss-of -cantrol crashes such as rollovers or side impacts with
fixed dbjects, but have limited, if any, effect on multivehicle crash
involvements. A better impression of the cansistency and strength of the varicus
effects is cbtained by gathering and summarizing the effectiveness estimates.

Tables 5-1 and 5-2 present the effectiveness estimates for RWAL in
preventing run-off-road crashes: rollovers, side impacts with fixed cbjects and
frontal impacts with fixed cbjects. A large murber of consistent, statistically
significant results lead to the conclusion that RWAL is quite effective in
mmngcn%*otmn:am rollovers and side impacts with fixed cbjects, for
almost evewifitype of light truck, under any type of road condition. Reductions
of rallovers are typically in the 30-40 percent range, and reductions of side
impacts with fixed cbjects, in the 15-30 percent range. RWAL also appears to be
generally effective in reducing nonfatal frontal impacts with fixed cbjects, with
reductions in the 5-20 percent range. The effectiveness appears to be highest
for Ford Ranger (35-50 percent rollover reductian), followed by Ford Bronco 2,
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TABLE S-1
REDUCTIONS OF ROLLOVERS FOR LIGHT TROUCKS WITH RMAL

(Statistically significant effects are bold;
positive mmbers are reductions, negative mumbers are increases)

Accident Reductiom (%)

Road

Vehicle Type Condition MI FL PA FARS
Ford Ranger 53 49 39 26"
Other piclkup truck 28 1 29 -17
Any pickup truck Dry 40 43

any pickup truck Wet 45 30

Any pickup truck Snowy or Icy 43

Ford Branco 2 44 34 25 -17
Other SUV 19 19 -15 5
Ford Aercstar 39

Other van 13

Any van 25 11 28 -54

* Carbined reduction of rollovers and side impacts with fixed dbjects is
statistically significant
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TABLE 5-2
REDUCTIONS OF COLLISIONS WITH FIXED GBJECTS FOR LIGHT TROCKS WITH RWAL

. (Statistically significant effects are bold;
positive mmbers are reductions, negative mmbers are increases)

Accident Reduction (%)
Road
Vehicle Type Condition M FL PA FARS

SIDE IMPACTS WITH FIXED OBJECTS

Ford Ranger 18 47 13 42°
Other pickup truck Kk ] 23 17 -10
Any pickup truck Dry 10 28

Any pickup truck Wet 53 31

Any pickup truck Snowy or icy 30

Ford Bronco 2 34 12

Other SUV 20 6

Any SOV -19 -17
Ford Aerocstar 23

Other van 29

Any van 28 -16 5 23

FRONTAL IMPACTS WITH FIXED QBJECTS

Ford Ranger 3 24 -7 7
Other pickup truck 1 -8 1 -12
Any pickup truck Dry 10 2

Any pickup truck Wet 25 -3

Any pidap truck Snowy or icy 8

Ford Bronco 2 2 23 17 7
Other SOV 21 -2 -21 14
Ford Aercstar . 29

Other van 16

Any van ' 20 -3 25 -29 .

* Conbined reduction of rollovers and side impacts with fixed cbjects is
statistically significant
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pickup trucks other than Ranger, vans, and sport utility vehicles (SUV) other
than Bronco 2. In short, a high percentage of run-off-rcad crashes of light
trucks appear to have involved a loss of directional control during braking, and
RWAL is a rather good "fix." The vehicles with the greatest risk of run-off-rocad
crashes had the highest RWAL effectiveness.

Nevertheless, the accident reductions mostly do not carry over to
fatal run-off-road crashes of light trucks. Only the Ford Ranger éxperienced a
clearly positive reduction of rollovers ard side impacts with fixed cbjects, on
the order of 25 percent. Apparently, in most fatal run-off-road crashes, drivers
do not brake at all, or lose directional control for reasans unrelated to
braking, or apply the brakes under conditions that are too severe for RWAL to
prevent a loss of directianal cantrol.

Tables 5-3 ard 5-4 present the effectiveness estimates for RWAL in
miltivehicle crashes. Out of 32 estimates based on State data in the two tables,
17 are positive and 15 are negative. That suggests the net effect of RWAL in
nonfatal multivehicle crashes is prabably close to zero. Since RWAL is primarily
designed to prevent catastrophic loss of control during braking, rather than
reducing stopping distances or allowing the driver to steer while braking, it is
reascnable that RWAL should be effective against run-off-road crashes, rather
than miltivehicle collisions. Three metrics were used to study the effect of
RWAL in multivehicle crashes. Table 5-3 is limited to two-vehicle crashes in
which a fast-moving vehicle hit a stopped or slow-moving vehicle; with RWAL,
there were generally positive, but mostly nonsignificant reduct:.cns in fast-
moving crash involvements. Table 5-4 cansiders all types of multivehicle
czasha'. The @er‘l'alf of Table 5-4 shows small, mostly nonsignificant
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TABLE 5-3

mmsormvmvmsasamr-mvmvmax
HITTING A STOPPED CR SLOW-MOVING VERICLE
FOR LIGHT TRUCKS WITH RWAL

(Statistically significant effects are bold;
positive mmbers are reductions, negative murbers are increases)

Vehicle Type
Pickup truck
Pickup truck

Sport utility vehicle
Sport utility vehicle

Van
Van

Condition

Wet

Wet

Wet
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Accident Reduction (%)
Florida

-11
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TABLE 5-4
REDUCTIONS OF INVOLVEMENTS AS A MOVLNG
Gk "STRIKING® VEHICLE IN A MOLTIVEAICLE CULLISION
FOR LIGHT TRIXKS WITH RWAL

(Statistically significant effects are bold;

positive mumbers are reductions, negative murbers are increases)

REDOCTIONS OF INVOLVEMENTS AS A "STRIKING® VEHICLE

Accident Reduction (%)

Road )

Vehicle Type Condition MI FL FARS
Ford Rarnger 5

Other pickup truck -7

Any pickup truck -5 -10 -2
Any pickup truck Dry -3 -11

Any pickup truck Wet -11 -5

Any pickup truck Snowy or Icy -6

Sport utility wvehicle -6 -7 2
Van , -6 -7 -15

REDUCTIONS OF INVOLVEMENTS AS A MOVING VEHICLE

Accident Reduction (%)

Road
Vehicle Type Cendition MI FL
Ford Ranger 8
Other pickup truck 6
Any piclkp truck 6 -2
Any pickup truck Dry 1 - 4
Any pickup truck . Wet 13 5
Any piclap truck Snowy or Icy 10

Sport utility wvehicle

Van
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increases for RWAL-equipped trucks being inmvolved as "striking" vehicles (moving
and frontally impacting) as opposed to "struck" vehicles (stopped, or damaged in
the rear or side). The lower half of Table 5-4 shows small reductions for RWAL-
equipped trucks being involved as a moving vehicle, as opposed to a stopped
vehicle. Road candition appears to be of little influence on these effects.

The data an fatal multivehicle crashes are inconclusive. The FARS
results in Table 5-4, which show little or no effed: for RWAL, are based on a
camparison of trucks of the first model year with RWAL and the last model year
before they became equipped with RWAL. However, when the data are extended to
two model years before and after the transition to RWAL, the results are
significantly negative (see Section 3.2.2).

Table 5-5 shows reductions of collisions with pedestrians, animals,
bicyclists, trains, or an-road cbjects (n-road single-vehicle crashes). There
are quite a few statistically significant reductions for light trucks with RWAL
in both nonfatal collisions (mostly with animals) and fatal collisions (mostly
with pedestrians and bicyclists). Altl'p:ghthere is same variation between the
estimates, the overall reduction of nonfatal crashes appears to be around 10-20
percent. Nonfatal accident reductions are significant on dry and wet roads. The
estimates a&ﬁ:ality reduction are still "soft" due to 1inﬁ'.ted data, but appear
to be in thé$-15 percent range.

In sunmary, the "best® estimates of AL effectiveness, based cn light
trucks up to model year 1991, are listed in Table 5-6. These preliminary results
need to be viewed with caution for several reasans. Definitions of crash modes
vary fram State to State, and results fram different States may not be directly
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TABLE 5-5
REDOCTIONS OF COLLISIONS WITH PEDESTRIANS, ANIMALS,
BICYCLISTS, TRAINS, OR ON-ROAD CBJECIS
FOR LIGHT TRUCKS WITH RWAL

(Statistically significant effects are bold;
positive mmbers are reductions, negative murbers are increases)

Accident Reduction (%)

Road

Vehicle Type Condition Michigan ‘ FARS
Ford Ranger X 6
Other pickup truck 7 19
Any pickup truck 1 16
Any pickup truck Dry 7 16
Any pickup truck Wet 25 24
Any pickup truck Snowy or Icy 5

Ford Bronco 2 29

Other SUvV 22

Any SUV ) 21 -28
Ford Aercstar 23

Other van . 6

Ay van 10 4

-5
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TABLE 5-6

"EEST" ESTIMATES OF EFFECTIVENESS

REAR-WHEEL ABS FOR LIGHT TRUCKS

(based on vehicles up to model year 1991)

Type of Crash

Rollover (nonfatal)

Side/fixad dbject (nonfatal)

Frontal/fix cbj (nonfatal)
Fatal rollover
Fatal side/fix dbj

Striking a vehicle (nonfatal)
Striking a vehicle (fatal)

Hit animal, etc. (nanfatal)

Hit pedestrian, etc. (fatal)

Type of Vehicle

Ford Ranger
Other pickup
Ford Bronco 2
Other SUV
Van

Light truck

Ranger, Branco 2
Other light truck

Ford Ranger
Cther light truck

Ford Ranger
Other light truck

Light truck
Light truck
Light truck

Light truck
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Reduction (%)
35-50
20-30
30-40
10-20
15-30
15-30

10-20
5-15

20-30 (limited data)
e

20-30 (limited data)
ncne

none
unknown, maybe negative
10-20

5-15 (limited data)



carparable. The FARS samples in this report were sametimes too small for
statistically meaningful results; all estimetes of fatality reduction might
change as more data becare available, allowing more detailed analysis methods.
The data cover the initial experience of the first graups of trucks equipped with
RWAL, operating in an enviramment where most vehicles an the road still did not
have ABS. Results could change as these trucks get older, or for later trucks
with different RWAL systems, or as the rest of the vehicle fleet also gets ABS.
The study isolated run-off-road, multivehicle and pedatnan/axmtal crashes,
analyzing each type independently. In fact, these events need not always occur
independently, e.g., if RWAL-equipped trucks are less prone to yaw off the rcad
than trucks with conventional brakes, that could make them more likely to hit
another vehicle an the road.

The results of this report apply caly to light trucks equipped with
RAAL and shauld definitely not be extended to passenger cars or light trucks
eqﬁippedwith four-wheel ABS. As explained in Section 1.3, the accident sanples
for cars and trucks with four-wheel ABS were insufficient for detailed
statistical analyses. The passenger cars initially equipped with ABS were
largely expensive and/ar high-perfonmance vehicles; neither the cars nor their
drivers are fully representative of the "average" car ard driver. It will be
t:heASeq;i;pedfleetmcludesala:gepercem:ageoffamly
anriecmmy? Four-wheel ARS was just beginning to appear on light trucks
in model years 1990-91.
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