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INTRODUCTION

Thc National Highway Traffic Safety Administndon (NHTSA) is considcring rulemaking to
decreasc tic number and scvcriry of rollovcr crashes. The purposc of this document is to inform
the public of the many issues involved in the prcvcntion of rollovcr fataliries and injuries a:rd
to give a schedule for rcgulatory decisions affecting rollovcr crashes. The ruiemaking programs
discusscd in this documcnt would reducc injurics and fatalitics by dcvcloping feasible and
appropriate stardards in the areas of crashworthiness and crash avoidance and would promotc
programs to inform the public of the hazards rclatcd to rollovcr crashes. The problem of vehicle
rollover is rnultifacetcd. The driver, the environment, and thc vehicie design are involvcd.
Thcrcfore, it will not be possible to mitigatc thc problem with a singlc regulation. The Agcncy
is using this opportuniry to mate it clear that is rollovcr Program may require scveral
rulemakings.

THE ROLI'VER CRASH PROBLEM

Rollover crashes occur for many reasons; most involvc interactions of factors from the
driver/vehiciey'environment system. The relationship of thesc various factors to rollover crashes
can be elicitcd from the analysis of daa from various sourccs available to NHTSA. These data
systems have differing lcvels of detail about vehicle crashes; none alone contains all the
information needed to completeiy assess the rollover crash problem.

Various accident data studies have indicated that the vehicle is out of control bcforc ovcrtuming
in 50 to 80 percent of all rollovers. From data crllcctcd in the National Accident Sampling
'System 

General Estimates System (NASS-GES), it is estimatcd that therc were 213'200 rollover
crashes involving pass€ngcr cars, Iight trucks, vans, and sport utiliry vehicles (SIfVs) in 1989.
Of these, 190,600 or 89 percent werc single vehicle crashcs and 172,000 or 81 percent occurred
off the road.

Using NASS-GES data it js estimated tlrat 52,101 vehicle occupants were injurcd in rollover

crashes in 1990. For the tramc year, the Fatal Accident Reporting Sysem (FARS) contained
9,514 faralities as a rcsult of rollover crashes. There has becn little variation in these numbrs
over the Dast five years.
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The average number of rollover fatalities reported in FARS from 1985 through 1990, by vehicle

class. is shown in Figure l. During these years, small cars had the greatest numbcr of rollover

faralides fotlowcd by srandard-size pickup truck. However, some types of vehicles are more

common than others in the fleet. To compcnsate for this, thc rclative risk of rollover fatalities

by vehicle t)?€ was assessed. The avenge number of fatalities in FARS from 1985 -1990 was

ciassified by vehicle rype involved and the fatality rate p€r million registered vehicles was

calculated. These rates indicate that pick-up trucks and utility vehicles have fadity nltes pcr

million regisrerei vehicles two to three rimes that of passenger slls. Thcsc data ate shown in

Figure 2.
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NHTSA tumed to state accident files to obtain information on driver characteristics such as age,
. restraint usage, alcohol use, and information on road conditions at the accident site. Analysis

of data for siigle vehicle crashes from four states (Michigan, Maryland, Utah, and New Mexico)

for the years 1986-1988 and for i987-1988 in Gcorgia rcvcaled that rollover accidenLs are more

common in rural areas and on slippcry ('bad') road surfaccs, cuwes, and grades than in urban

areas ard on gd road surfaccs, straight roads, and level roads. Younger drivers and drivers

who had Ucen Orinti.ng were more iitely o bc involved in singlc vchicle rollover crashes. Sec

Figures 3 and 4.
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FARS data indicatc that of the 7,813 fatalities in 1990 from singlc vehicle non-rollover crashes,
g3 percent did not use a safety belt and 19 pcrcent were ejected from the vehicle. Among thc
g,0'gg occupant fatalities in single vehicle rollover crashes, 87 Perccnt did not use a safety belt

and 63 percent were ejected from the vehicle. Hencc, the risk of ejection was 3.5 times greater

in a fatal single vehicle rollover crash than in other fatal single vehicle accidens. According
. to NASS esdmates the most common ejection routes are near-side windows and dmrs. Side

door ejections may account for approximatcly l8 to 20 pcrcent of the total fatal ejections.

A study of injury data collectcd by NASS from 1988 to 1990 found head injuries were the most

prevalent rype of injury in rollover crashes. Some resultcd from impact with the roof, which

may have intruaea into the passenger compartmcnt during the cnsh; others resultcd from the

head hirring other intcrior comPonents or thc ground.

HISTORY OF ACTWITY IN TTIIS AREA

In l9?3, NHTS A issued an Advanc.c Notice of Proposed Rulemaking (ANPRM), "Rollover

Resistance, Docket ?3-10; Notice l,' to solicit comments on the development of a tcst

procedure, lest conditions, and pcrformance requkements to evaluatc "vehicle roliover endencics

on smooth, dry pavement.' Aftcr reviewing the comments to that notice and after conductirg
.' i : i i.r several rescarci studies reiated !o vehicie control and stability, the agency decidcd to disconlinue

activity in this area. One srudy titled 'Development of Vehicle Rollover Maneuver,' concluded

that a.lthough a vehicle's rollover resistancc is depcndent on its static stability factor (i.e.' tle
' vehicle's half-tr-ack width divided by irs ccnter of gravity height) "to the first order,' resistance

to rollover'can, however, be degraded by other design and operationd fearures under real life

performance conditions,' The agency decided until the influence of those other factors on real

world accidens was better understood, agency action could not be justified.

In Septembcr 1986, NIITSA was petitioncd !o limit the rollover propcnsiry of lighl duty

vehicles, including passcnger cars, tight trucks, and multipurposc passcnger vehicles, by defining

a minimum staric stabiliry facor (SSF) of 1.2. That pctition, submitted by Congressman

Timothy E. Wirth, also rcquesred a defect investigation of thosc existing Ught dury vehicles

whose SSF did noi meet thi minimum required by the pctitioned standard. The petition also

. asked the agency to publish SSF information for vehicles being manufacnrred for sale in the

United States and to- warn owncrs of vchiclcs that had a high propensiry for rollover' The

..petitioner alleged that the rollover prcpcnsiry of vehicles whose SSF is less than 1.2 is so great'

-O tfr"r the relative numffr of deathi and injuries is so high, that their manufacturc should bc

pr"fri5tr"a. This conciusioi was based on an analysis submittcd with the pctition. The winh

petition was denied on December 29, lg8'1 (52 FR 49033), bccause ".. basing an effort to

+

*

Page 5 Rollover Plan



address the rollover problem on the subility factor donc is [a] too narrow and inappropriate

approach ' '

In June 1988, thc Consumers' Union of United States, Inc. (CU), submincd a pcridon for

^r"."ti"g ro establish, "a minimum subility standard to protect against unrearcnable risk of

r"ii.""..'-fnit pctition, granted in Septcmber 1988, is the basis for current activities on this

;;tj*t. Those activities iiclude the Advance Notice of Proposed Rulemaking, January 2, 1992

iii'ii.'Zozl, issued by NIITSA ro obrain informadon that would assist NTITSA in formulating

a rulemaking decision on scveral rulemaking altcrnatives' The AMRM fulfilled a mandate by

il" i{",i""al� Highway Traffic Safcty Adminisrration Authorization Act of l99t that NHTS A

iii,l"," *r..rr.iig on rollover protection by May 3 l, 1992' Thc pcriod for public comment on

iii. Lxpnr"t cto-sea .rprit 3', lgg2. Forry-vo commcnts wcre receivcd from vehicle

manufac turc rs ,sa fc rygroups , re ta i l c rso fa f te rmarkc tau tomot ivccqu ipmcnt ,au tomouve
consultants and a conccrned'.irir.n. This plan was devcloPed afcr a thorough review of the

ouLiir.o.rn.nrs received in responsc to the ANPRM. The Summary of comments is available

io the public from Docket 9l-68 Nodce I'

APPROACSES TO THE ROLI,OVER PROBLEM

Various approaches might be considered to reduce the risk of rollover crashes and their resultant

injuries anA fatalities. Anempu can be made to lcssen the frequency of such crashes, either by

.Jifyi"g vchicies to lessen the likelihood of rollover in a crash or by atrcmpting to modify

driver bchavior. Attempts .^n a* be madc to lessen 0re risk of injury and death should such

a cash occur.

Crash Avoidance APProaches

Idealty, it would be preferable to prevent the crash. or prevent the rollover should a crash occur'

under these approaches, NIIrSA would requirc changes lo vehicles to lesscn the likelihood of

vehicle rollover. This *uta t*" thc form of a requircment !o mect a vehiclc stability

measurement or a requirement for antilock brafe systems (fnsJt .fnesc tyry. tj ry,T,*:i
could be applied to al:i vehicles in a particular class,.a set of vehicles not mectrng a mrnlmum

rollover ,.rirt tat requirement, or all iight vehicles in all classcs'

NIITSA,s data analysis indica&d vehicle stability measurcmcnts correlatcd to their rollover pcr

single vehicle accidcnt *io eoilvnl' one rutemaking approach.F addrcss the rollover

;;;;, ;t*h"d inju;Er and fatalities woutd bc to establish a minimum rollover resistance

for a vehicle, using a stabiiity mcasurement, such as the tilt table ratio (I-fR) ' once establi shed '

no vehicle couid bc *ro *ti"i'I-ia ""i t"ot,rt. minimum requirement. currcnt makdmodeis

nor meeting the new ,"q;;;;;i would either be improved or discontinued. This would
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eliminate vehiclcs with lower rollover resistance from the fleet. It is believcd that this would

lower the numbc.r of fatal and serious injuries associated with rollover crashes'

Another approach would bc to inslitute rulemaking which would scparate vehicles into classcs

-J "ppf y'i rollover resistancc requirement to each class. In this approach, a much smaller

,.gr"nt Lf vehicles within a class would be improved or removed from the fleet'

Using the available data in logistic rcgression analysis, vcry gmd genenl correlations wcre

f*ni b"t*..n rollover stabiliry mctrics and rollovers per single vehicle accident (ROiSVA)

when driver and environmcnt fictors wcre also inctuded in the modcl. The abiliry of the model

to predict thc rollover ratc of particular vehicles was somewhat lacking. Many manufacturers

contend that the drivcr and cnvironmentai:faclors account for a signifrcant ponion of the

Iikelihood ofa rollovcr crash. Howcvcr, rcmc benefltu do occur when tic agcncy takcs direct

action to climinatc vchiclcs tlat havc rclatively very poor rollovcr rcsistancc (thosc wh.ich havc

low rollovcr stabilily) and that have high rollover fatality ntes as well as high Ro/SvA-

ln some models of light tnrck and vans (LTVs), NIITSA accidcnt data analysis indicatcs the

addition of ABS has lrowcred significantly the proponion of rollovers in singlc vehicle crashes.

In about 7,000 single vehicle crashes of four makdmodels, whcre the same vehicle eristcd with

rear wheel only ABS and without ABS, the weighted difference in RO/SVA was about thrcc

pcrcent lower ior the ABS equipd vehicles. Analysis of ABS effect will be conducted on an

ixtended set of all wheei e,gslnon-ABs equipd pairs and results will be presented in fururc

rulemakin gs conccmin g rollover inj ury mitigation'

i

Crashworthines APproaches

using a crashworthiness approach, NHTSA could rcquirc measurcs to lcssen 66 likelihood bf

injur! or death in a roUovei. This couid take the form of requiring padding to lesscn the chance

oi *u.t. head injury or bctter latches on doors !o reduce the likclihood of cjection from the

vehicle in a crash. This rypc of approach has .gr _ ad_vanqge. -ovcr a rollovcl resisBncc

requirement, rhat might addds ofiIy rirc pordon of tire hccr which'Experiences a relatively high

risi of rollover, in that it could be a'esignlt to affect morc vehiclcs. For instaacc, requirements

which mitigae the effects of rolloverlnshes could be applied to ali light vehicles, thus the

preventiue 
-mcasurc 

is acting on all vehicles which roll over. Most commentors statcd tllat dl

vehicles can and do roU ovJr, suggcsting that a crashworthiness rollovcr rulemaking applied to

all vehicles would have tot" U.t "fitt than a stabiliry rulemaking that only affectcd a subset or

class of vehiclcs.

From 1985 to 1990 the nuj',*. of roilover fatalities per million registered vehiclx has fallen

stcadily from 168 in 1985 to 116 in 1990. Many factors other than vehicle design could

conuibue to tlris reduction. One such factor could be seat b€lt use' The 1990 FARS data

,i
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include 6,443 fatalities in SVA rollovers among drivers of light passenger vehicles (cars, light

trucks, and mulripurposc vehicles). Thineen p€rcent, or 851 fatalities, u sed the seat belts (as

estimated from thc cases for which the policc indicated whether or not the faully injured driver

was using a safery bel$. Since _safety belts have becn estimated as 75 pcrcent effective in

Drevenrir;, rollover fata.liry, an estimated 2,550 lives were saved by use of safery belts, and 38

p.r..nt oi rhose involved in potentially fatal crashes'were belted. An esdmated 9,000 drivers

would have died in SVA light vehicle crashes in 1990 ifno one had used the safery belt. Ifbelt

use were to increase to 70 percent in thesc cnshes, safety b€lts would save an esrimated 4,720

lives a year in these crashes, which is 2,170 more than were saved at the belt use levels exisring

in 1990. These numbers are rough estimatcs but, they dcmonsfatc the potential signiitcant

effect that increasing safery belt usc might hav-c on reducing rollovcr fatalities.

fie trend toward lower rollovcr fatality ratcs for utility vchiclcs in morc reccnt accident years

is more pronounced than in othcr clanscs of vchiclcs; small cars and small vans experienced a

slight dccrease in rollover fatality ntes and other classes of vehicles had no marked changc in

rofovcr fatality rate over the same time pcriod. This could mean that the occupants of utiiiry
vehicles (which include opcn and soft top utility vehicles and vehicles which did not nccd to

meet roof crush requirements) have benefitted more from the incrcased use of safcty bclts than

occupants of other typcs of vehicles. Other factors that might be contributing to the apParcnt

decrease in'the num6er of faulities from SUV rollovers ovcr the six-year interval are thc

increasing use of these vehicles in the urban environment and the aging of the driving
population. Both these factors were shown to bc imporEnt predictors of a rollover cras-h: I
iingte vciricie crash in a rural area is four times morc-likely to bc a roliover crash than a single

vehicle crash in an urban alea. Aiso, high publiciry has bccn given over the last few years to
,the rollover problem of panicutar modeis of SUVs and this may have aJfected the behavior of

SUV drivers in general.

Crashworthiness rulemrlong could also bc considcred for improvement of side dpor latch/linkagc

mechanisms to prevent ejection through opcned side doors and for improved glazing to prevent

ejection through window arcas. Occupant cjcction is a major cause of injury in rollover crashes.

NASS data indicate side door ejecdons may account for approximately 15 percent of the toul

fatal ejections. Two-.thirds of dgotggqtllgs guring rolloygr crashes are caused by latch"/striker

disengagcment.
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Based on 1988-1990 light vehicle accident data from'NASS, the agency estimates 38'300 pcople

are ejected from vehicles each year during rollover accidents. According to FARS'

.approiimately nine pcrccnt of thesa ejcctees are killed whcn tlrcy arc partially or -completely
ejectea $rrougtr the windows. Approximately ha.lf of all ejections rcported by NASS are out of

the left and rilnt tont sidelindows. More sPeci frcall y, 27 perccnt of the rollover clections are

out.the drivei's side window and 22 percent are out the passcnger side window' One way to

prevent ejection through side windows is the use of glass-plastic Stging,s1yea3 the vehicle

i12n1". Ct".r-ptastic 
-gtazing 

has been permitred in windshields since 1983. The agency is

.'
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investigating whether a twolaycr penetration-resisunt glazing can bc manufactured which will
permir the rcasonable production of tempcred high pcnetration resistant glazing for side
windows. The agcncy has demonstrated a frame can be built around thc glazing, cvcn for a
movable window, that can be anached to the plastic layer and which will hold tlc glazing in
place during an accident (Sec DOT HS 80?-397). The agency has amended FMVSS No.205 to
remove thc remaining glass-plastic regulatory barriers. This pcrmits tempered glass-plastic
glazing appropriate for side windows, known as Item 158 glazing, to be used anywhere in rhe
vehicle exclusive of the windshietd ( 57 FR 30161 July 8, 1992). This glazing would bc
manufactured from tempered glass, as is thc glass cunently used in the side and rear windows
of automobiles, but with the addition of an inner layer of plastic.

An area wherc crashworthiness rulemaking is undcrway which will affect rollover is in padding
rhe uppcr interior of vehicles. An NPRM for this action will be issucd by January 3l, 1993 (sec
57 FR 24008, Junc 5, 1992). A study of 1988-1990 NASS data estimated 19 percent of
restrained occupants who wcrc not cjcctcd in a rollovcr crash rcccived fatal injuries from
conucting vehicle interior components, such as roof pillars, headcrs and the roof itsclf, but not
inciuding the steering asscmbly. ln prcliminary bcnefit cvaluations, it is estimatcd that 2@ to
225 livcs and 350 to 400 scrious inj uries resulting from rollovcr crashes could bc climinatcd by
padding the upper interior.

FMVSS 216, 'Roof Crush Resistancc', has bccn cxtended to include multipurposc passcngcr
, vehicles, trucks and buses with a GVWR of 6,000 pounds or less. This stardard requires
compliancc with a static roof cnrsh tcst. Prcvious srudies have failed to establish a causal
relationship bctween rmf crush and occupant injury scen in the accidcnt databascs. The agency
is initiating research on dynamic roof crush performance.

Consuner Infornation/Educetion Approaci

NHTSA could require that information be supplied !o consumers, informing them of thc
particular dangers of driving vchiclcs identified as having a reiatively low rollover resistance in
crashes, such as utility vehicles and light trucks, explaining thc dangers associated with rollover
crashes in general, and/or giving additional information on the likelihood of a vehicle rolling
over if involved in a crash. Sevcral possible avenues for applying this rype of requircment are
described below.

l. Require manufacturers !o mcasurc the rollovcr resistancc of cach modcl and rcport the
measuremen! at thc timc of salc, aiong with some comparativc data to Lrdicatc where thc vehicle
ranks with iS peen. Misufacturcrs would measurc and rcport the sUbiliry meEic to the
government prior to sale. Howcver, these data may not bc available until latc in the
development cycie, thus making it difficult for the governmcnt tro compile P€€r group
comparisons for consumen. Manufacturers indicate that tlre rollover resistance measurement
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