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r,0 FoREwoRn

The activities documented in this rcpon werc initiatcd in responsc to two petitions for
rulemaling requesting the development of a shrdard for rollover stability, Thcy were
submiued to the National Highway Traffic Safety Administntion (NI{TSA) over thc past five
years. The first, received by the agency in Septembcr 1986, was submitted by Senator (thcn
Congressman) Timothy E. Wiflh, and t}c second, reccivcd in Junc 1988, was submittcd by
the Consumers Union of United Starcs, Inc. (CU). Although the agcncy denied thc Winh
oetition (Referencc l), which asked the agency to proposc a spccific rollovcr stability
standard, NHTSA in its April 1988 denial (Appendix A) indicated that it intcnded to conduct
additional tcsting and andysis to investigatc tlrc problem of rollovcr of light duty vchiclcs
and that thosc efforts might lead to rulemaling, The CU petition @eferencc 2), which asked
that NHTSA investigate thc rollover problcm and Ocn proposc appropriatc nrlemaking, was
grantcd in a Scptember I, 1988 lettcr (Appcndix B), barcd upon the commitment made in thc
Wirth denial to investigate the rollover issue,

I.1 INTRODUCTION-GENERAL

Rollovcr accidents occur for many reasons. As with any accident, dl threc components of
the drivcr/vehicldenvironment system play a part in thc dwelopment of thc situation lhat
results in a crash. However, therc are extremes whercin a factor or factors related to one of
the parts of the system is predominant in the causation of thc accident. In the case of the
driver, take the 'extreme" examplc of a driver falling ulecp at the wheel; for the
environment, consider an unexpectcd patch of icc on an othcrwisc clear roadway resulting in
a skid; and for the vehicle, a vehicle which has a such a low level of rollover stability that a
simple, but severe, sleering input by the driver as part of an accident avoidance mareuver
results in the vehicle's rolling over.

The vast majority of crashes are caused by the intenction of factors from all three parts of
'.1:, 'Jriver/vehicldenvironment system. This rulemaking program attempts to accurately
define a:rd measure a vehiclc performance factor(s) that is influential in the causation of
rollover accidents - to the degree that a regulation based on that factor can signifi*ntly
reduce the number utd/or consequences of rollover crashes.

The goal of this nrlemaking program is to detcrminc the fcasibility of developing a viable
and appropriatc standard or standards rclated to vehicle rollovcr stability that would reduce
the iikeiihood of rollovers and./or to reducc thc casualties associatcd with vehicle roilover
crashes. In order to achievc thal goal, a number of rcscarch and ana-lysis tasks were planned
ard conducted. The purposc of these research and analysis tasks was to develop a measure
of a vehicle's rollover stability that car be used to predict the vehiclc's likelihood of rolling
over given involvement in a cnsh. This document summarizcs thosc effons and resulls
(which only comprise one asp€ct of the potential vehicle rulemaking) and discusses thc
adequacy of the results to accurately predict the rollover acciden! involvement rate of
vehicles. The various allemadves for vehicle stability rulemaking action, and the

l

t:



l-2_ i

implicatioris of the research and analysis results m those alternativcs, are then discusscd.
Also addresscd are additional testirrg, analysis and cvaluation actrvitics bcing undcrtaken by
the agency to improve its undersanding of rollover accident causation.

L.2 THE ROLLOVER ACCIDEI{T PROBLEM

This project addresses the crash avoidarce aspccrs of rollovcr accidens that involvc light
duty vehicles, which includes passenger cars, and light trucks and vans (LTV's). This lauer
;::up includcs compact and full-size pickup tructs, mini and full-size piuscnger ud ca4o
vans, and sport utility vchicles (SUV's). SUV's are parsenger vehicles with spccial fcatures
(usually four-whecl-drive) that allow for off-road o,peration. It should bc noted that in the
agency's Consumcr Information Regulation (49 CFR 575.105) 'Utiliry Vchiclcs', utiliry
vehiclcs are defined as 'multipurporc passenger vehicles (other than thosc which arc
passenger car derivatives) which have a wheclbasc of 110 inchcs or lcss and spccial featurcs
for occasional off-road operation.' Of thc StIV's on the market today thrcc, tlc Toyota
l:nd-Cruiser with a wheelbase of 112.2 inches, the l-arnborghini LM002 with a wheelbasc
of 122.4 inches and the Chevrolet/GMC Suburban with a wheclbasc of 129.5 inches. do not
fall in both categories.

Rollover crashes are of particular interest since rollover accidents arc the most dangerous
collision typc for all classes of light vehicles, mcasured by either faulities or incapaciaring
injuries per involved occupan!. In terms of fatalities per registered vehicle, rollovers are
second only to frontal crashes in their level of scveriry. Thesc resulls are reportcd in a 1986
repon documenting analyses conducted by NIITSA's National Center for Statistics and
Analysis Seference 3). These high injury/fatality rates are even more alarming given the
fact that rollovers are by far the least frequent crash mode, as measured by accident
involvements per registered vehicle. The National Accident Sampling System (l.lASS)
datafile for l9E9 esrimates 137,600 rollover accidens involving passenger cars. Of thcsc,
124,800 are single-vehicle rollovers, ard tlre vast najoriry of tlesc, 114,800, occur off thc
:'radway. For LTV's, there are 75,600 rollovers, 65,8@ single-vehicle rollovers, of which,
57,200 occur off road. Based on NASS data, nearly 90 percent of rollovers occur in
single-vehicle accidents. Various accident data sodies have indicated that the vehicle is out
of control (skidding sideways or spinning) prior o overnrrning in from 50 percent to 80
percent of all rollovers.

The rollover problem is generally more scrious for thc Lfly', and in particular, the SIIV
"portion' of the light vehiclc group. Statc accident data (Norti Carolina for 1984 and l9E5)
indicate rhar although the involvement ralc (involvemenu per registered vehicle) for LTV's in
ail t)?es of collisions is only 68 percent that of passenger cars, lheir involvement ratc in
accidents involving rollover is 127 percent that of passenger cars, Rollover accidenB arc
particularly dangerous for the occupans of SUV's, with their incapacitating injury ntc being
28 percent higher than that for all light vehicles combined. This occurs even with similar
seat belt uege, as shown in ur agency regulatory evaluation on 'Rear hp/Shoulder Bcia,'
where seat belt usage rate in accidents of pickups was estimated to be 70 percent of
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passenger cars, but 'on/off road' vehicles were cstimatcd to iave usage rates ,cquivalent. to
passenger cars (actual ratc wag 95. perccnt).

In terms of rollover fatal accidents, 1989 Faral Accident Reponing Sysrem (FARS) datr
indicatc that LTV's have fatalitics pcr registcred vehiclc ntes 104 t94.5 vcrsus 46.3 fatalirics
pcr million RVI percent highcr than passenger cars, wirh small pickup trucks and SUV's
having the highest comparadvc ntes- 259 lbascd on I19.8 faulities per million RVI percent
and 254 [based on 117.5 fatalities per milllon RV] pcrcenr that of passcnger cars
respectively. However, sincc there arc many more passenger cars the LTV's on our nations
i..;hways, approximately two-hirds of all rollovers involvc passcnger cars. Bascd on 1989
FARS data, 5682 fatalities occuned in passcnger car rollovcrs and 3E62 fatalities occuncd in
LTV rollovcrs.

Further discussion of thc nature and magnitude of the rollover problem of light dury vehiclcs
and of the prior analyscs of accident data is found in the 'Technical Evaluation of
Rulemaking Petition' (for Senator Wirth's petition on rollover propensity-Reference 4) and in
a discussion of the petidon in Section 2. L2,

1.3 PREVIOUS ANALYSF OF FACTORS RELATED TO ROLI,OVER CRASE
II\'VOLVEMEI.{T

The following is a basic review of accident data andys.s performed by both the agency aad
others prior to rhe efforts reponed in this documcnt. This summary presents what has been
stuciied to better quantify the reladonship between vehicle, drivcr ard environmental facrors
and rollover accident involvcmcnt.

1,3.1 Analvses Conducted Prior to the Submission of the Wirih Rollover Propensitv
Peti t ion

Sevenl researchers have reportcd correlations between certain vehicle parameters and various
ieasures of rollover accident involvement. Somc of tlese are discussed in Reference 4.

Two vehicle parameters tiat wcrc shown to have significant correlations with the ratc of
rollovers in single vehicle accidents were:

l. rollover stability factor, and

2. cridcal sliding velociry.

Both the rollover stabiliry factor, which is onc-half the vehiclc's rmck width divided by thc
vehicle's center of gnviry height, (t\*), and thc critical sliding velociry, which is a measur,e
calculated from various vehicle dimensions and mass and inertial propcnies, will bc
discussed later in this section and in Section 4.

t , !
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various accident condition variables have bccn shown to exhibit a reladorship with rollover
ntes. Thesc include pre<nsh subility (skidding or spinning), vehicle pre-crash conditron(skid sideways or spin) and skid tlpc (rcar whecl ratcrar or four whccl iatcral).

various driver- ard environmcnt-related accident variables also sccm !o influence thc
likelihood of rollover. Thcse include driver age, alcohol involvement, driver e.ror, nrral vs.
urban roadway, day vs. night,.the roadway s@ limit, the ro[over's occurring on oi off thcroadway, and accidents occurring whcrc the roadway was straight or curvcd.

ur all these factors, the onc which cxhibitcd the greatcst correlation with rollovcr accidcnt
involvement is rollover stability facor. Ttrc rollovcr sability factor's *.r.r.tion ;r.t.,
sense' since it has an obvious physical relationship to thc dynamics of a rollovcr accident
(his is discusrcd in detail in Scction 4),

Othcr factors which are very importart in determining a vehiclc's rollovcr slability (measured
or calculatcd) and its rollover propensiry are thosc relarcd to rhc vehiclc tlpc or ciass. This
is panicularly rue of LTV's. LTV's have functional characteristics that are inhcrcntly
different from passenger cars and that contributc to an inherently lower level of rollover
stability. Sincc these same characteristics of LTV's are, to some extent, vehicle
characteristics basic to thc usc for which tlesc vehicles are designed, potential for
improvement in their fundamenbl rollover stabiliry may bc limited. This view was notcd in
the agency's denial of the rulemaking petition from senator wirth (Appendix A). In
responding to that petition thc agency stated that a regulatory requiremlnt based on the
rollover stability factor a.lone, given tlre then limited understanding of the overall rollover
accident causation issue, was not reasonablc or practicable ana mignt be in conflict with
cenain statutory considerations.

Before proceeding, one featurc of a previous study should be noted. In a 1974 paper
(Reference 5), I.. S. Jones argued that a vehicle which has a relatively low rate of iottover
per iingle vehicle accident might have a relatively high overall rate of rollover accident
involvement, when measured per vehicle mile travelled (vMT), or per regisrered vehicle,
because of a high rate of single vehicle accidents per vtvrr or rcgislred iehicle. Jones
atgued tlat this could be panicularly confounding o an analysis of vehiclc rollover stabiliry
when comparing vehicles with significantly different handiing chanceristics; t1e reasonin!
being that vehiclc handling charactenstics influencc a vehiclCs involvement in single vehicle
accidents and sincc most rollovers occur in single vehicle accidents, the influence-of thosc
handling differcnces could confound an analysis that examines the corrclarion between
rollover involvement and vehiclc rollover stabiliry measures. Bascd on this, Jones reasons
tiat-by using rollovers per single vehicle accideni as the accident ntc me^qure, tic
confounding influence of othcr vehicle facton, unrelatcd to vehicle rollover stabiliry, would
be significantly reduced. This is also reasonable noting that tlre vast majoriry of rououers
occur ir single vehicle accidens and as such, tie occunence of thc si.ngie vehicle accident
can be viewed ar the opponuniry for, and tiereforc, an exposurc measure of, a rollover
accident.
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