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IBSTRACT

This study follows-up prevloug calEpan reEearch revealing

that, whlIe tight trucks protect thelr oceupants about aa well

as cars do in single-vehlcle crashes, l ight trucks had substan-

t ial ly higher rol lover and eJectlon rates tban cars. The nelr

research sought to deternlne (a) the roles of drlver, environ-

nent, and vehicle factora in the rol lovers of l lght trucks and

(b) how occupants are ejected froro l iglrt  trucks. Studied were

pickups, vans, and uti l i ty vehicles fron Eodel years 1979-1986'

using data fron the 1980-1985 f l les of the Natlonal Accldent

Sarnpl ing Systero (NAss). To provide addit ional detai ls about

roads ides ,  ro l lovers ,  and eJec t lons ,  a  spec la l  cL ln ica l  f i l e

lras created by coding fron 487 hard-copy NASS ca6es. In con-

trolling for driver and environDental factors, lJ.gbt truck

overturn rates reroained higher than car lates, $ith utillty

vehicle rates dist inct ly the highest. Conpared to cars, l ight

trucks exhibited nore precrash lateral skidding, more on-road

rol lovers, and nore tr ipping-type rol lovers. occupant ejec-

t ions were the hlghest ln ut l1lty vehicles, somewhat higher in

pickups than in cars, and about the same in vans as in cars.

Controlling for craEh severity indicated that eJections were

highly injurious to occupants. structural fai lures associated

with eject lon were doors opening, windows and windshields

breaking, and in the case of ut i l i ty vehicles, roof fai lures'

f t  was concluded that vehicle factors appear to play a role ln
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rOREI'ORD

The rrstudy of  Light Truck and PaEsenger car Rol l .over and EJec-
t ion ln s lngle vehlcl-e 'craEheErr presentE valuabLe lnsights.  Hovrever,
l rvMA bel ieves that readers should be aware of  the l l rn i tat ions of  the
database and of the research design, Eo that i ts resul ts are not genei-
al ized further than warranted, or lntended by the researchers.

The study ls baEed on data frotn the National Accident satapling
System (NASS). The nunber of  NASS caEes involving vans and ut l I I ty
vehlcles ls smaLl and the informat lon on each case 1E l fuol ted. Whi le
sorne i -nfonnat ion iE avai lable on the dr lver,  the environment,  and the
vehicle,  there ls no lnfornrat lon aval lable on other,  sonet j .nes subt le
factors,  that nay inf luence accident r isk and accident type. lhe caees
seLected for lnclusion ln NASs are ldent i f ied frorn l lst ings based on
pol ice reports.  ceneral ly,  a lL ln jury accidents are reported by pol ice.
Report ing of  property darrage accj-dents nay vary by jur isdlct ion. Rol-
lovers,  wi th a high ln jury r lsk,  are nore I ikeIy to be reported.

nickup trucks, vans, and ut i l l ty vehlcles are designed to be
usad di f ferent ly than paEsenger carE. They are used ln di f ferent
appl icat lons and by di f ferent types of  dr ivers al though they are Eone-
t i :nes used I lke passenger cars.  These di f ferences ln use and users are
unl ikely to be adequately measured by the l in l ted infornat ion avai lable
in the NASS data base. To assess the contr ibut ion of  var ious factora to
acc iden t  causa t i on ,  de ta i l ed  i n fo r rna t i on  on  these  usage  pa t te rns ,  i . e . ,
exposure, ls needed for each vehicle type. Exposure infornat ion
descr ibes bolh accident and non-accident s i tuat ions. Unfortunately,
thi6 infornat lon is not avai- Iabte.  To nake vaLid est i r rates of  the r isk
o f  a  pa r t i cu la r  t ype  o f  c rash ,  € .9 . ,  !  r o f l ove r  c rash ,  bo th  acc iden t
data and exposure lnfornat lon are needed. The present study is ba6ed on
acc iden t  da ta  a lone .

I t  should be understood that th iE Etudy was not lntended to be
a comparlson of vehicle types ln their  relat ive r isks of  a rol lover
accl ,dent,  To eEt irnate relat ive r isks,  exposure data are needed.
Because thi6 naE not a Etudy of  rel .at ive r i -sks, i t  fo l lows that the
study does not indicate the inf luence of environrnental  and dr iver fac-
tors on those r isks.  That rernains for further research.

I t  was a research object ive to study condit lonal  probabl l -
i t ies-- the f ikel lhood of vehicle rof lover qiven that a einole-vehLcle
crash has occurred. conEequent ly,  the 6tudy examines var iou6 correlates
of rol- lover percentages in s lngle-vehicle crashes. .Those percentages
est inate,  wl thin the sarnpLe l i rn i tat ions, the condit lonal  probabl l i t ies
of rol lover.  The report  refers to theEe Percentages aB rrrate6rr '  whlch
should not be confused with ratee based on exPosure data and lntended to
est i rnate l1Eks.



The Etudyta second concLuslon that i l lght truckE have a higher
slngle-vehlcle-crash overturn rate than carEt whlle driver and envlron-
roental factorE play a role ln elevating the overturn rateE, vehlcle
factorB appear to play a slgnlf icant roLerr need6 to be placed ln con-
text. As discuEsed above, the Etudy dld not control for the lnf luence
of drlver and environrnental factora on the roLIover crash rlek and the
author acknowledges that 1lght truck vehlcle factorE rrere not exanlned
as l t  was beyond the ecope of the study. The study, therefore, doeE not
al los definit lve statenents to be nade about the relat lve contr ibutlon
of drlver, environnental and vehlcle factors to the rol lover crash r lsk.

In Eunnary, M\n{A bel leves that the f lndlngs, concluslons, and
reconmendatlons of the 6tudy rnuet be revlewed and lnterpreted ln the
context of the l l rnltat lons of the NASS data, the lack of expoaure data,
and the Linltat ions of the analyt ical uethods used.

ltotor Vehicle llanufacturerB As6oclatlon
of the United State6, Inc. (MWA)

* * t

Tbe Forenord was prepared by the Motor Vehlcle Uanufacturers
Associat ion, and l t  is lncluded at the request of that organizatlon.
The opinione expressed in the Foreword do not necessari ly represent the
vlew6 of the author or the Frankl in Research center. rnlerelted readere
w111 f lnd in section 4.o of the report further discussion of Eone of the
issues raised by the Foreword.
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1. 0 lltllRoDncrroH

In prevlous iaLspan research, Ilght trucka irere found to

protect their occupants better than cars when 1n two-vehicle

crastres (Terhune, Ranney, Sroiet, and t{oodi l l ,  1984). In

slngle-vehicle crashes, holtever, no clear dif ferences betneen

car and l lgbt truck lnjury rateE qrere found (Terhune, 1986).

Pickup and van occupants appeared no roore at rlak of injury ln

single-vehicle crashes than did car occupants. Results for

ut i l i ty vehicles rrere lnconcluslve, however, because of thelr

Enal1 nunbers in the sarnple. Although no overall problern of

occupant protection rras revealed ln l , ight truck single-vehicle

crashes, high t lght truck rol lover and eJection rates Euggested

particular ways in which llght trucl< occupants bay be more

vulnerable to injury than car occupants. ThiB vulnerabl l l ty

tended to be offset by sonevhat better 1lght truck occupant

protection in nonrol lover crashes .

Oespite the fact that the single-vehicle lnjury rate of

cars and l lght trucks dif fered l i t t le, the interests of l ight

truck safety ruggested that high rol lover and eject ion rates of

light trucks merlted further lnvestlgation. It ls lnportant to

know rrhether light truck rollover rates are due malnly to the

vehicles, to their dri .vers, or to thelr crash environ:nent. I t

ls also iuportant to know specifically how occupanls are being

ejected fron l ight trucks. Answerg in each ca6e may Euggest
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dlrectiong for

general obJ ectlve

funprovinE 1lght truck aafety.

of the atudy reported bere.

That rraE the

1.1  Bacxqround

In TerhunerE (1985) revlew and ln subsequent reBearch

(Re ln fu r t ,  s tu t ts ,  and Han i l ton ,  1985t  Terhune,1985t  Par tyka ,

Sikora, surt l ,  and van Dyke, 19871 , ro] lover rates nere

conslstentty f ,ound hlgher In l lght trucks tban in cars.

TyplcalJ.y, rol lover rates were hlghest for ut i l i ty vehicles and

second highest for pickups. vans were usually found to have

rol- lover rate6 betlreen tho6e of cars and of pickups, in studies

of overal l  rol lover rates. In the one study that exaroined van

rol lover rates Ln single-vehlcle crashes, however, van rol lover

rates ttere Becond only to the ut i l l ty vehicle rates (Terhune,

1 0 a < l

A fundanental question 1s uhether the hlgb rolfover rates

of l tght trucks are due to thelr lntr insic propert ies. Since

these vehicles typically have high centers of gravity in

relat ion to their track widths, this nay nake them more

susceptible to overturn than cars, as 6ome lrave suggested

(Re ln fu r t  e t  a I  . ,  1985 i  Rober tEon and Ke11ey,  1985) .  on  the

other hand, drlver characterist ics and the condlt ions in which

the vehicles are used nay elevate the llght truclc rates. This

posslbi l i ty has been raised prinari ly with respect to ut l l i ty

vehicles (Jokscb, 1983). Our 1986 report examined this issue

I
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by cornparing ltght truck and car rollover rates vhlle control-

1lng for several non-vehicl,e factore whlch could posslbl,y pro-

duce roff-rate dif f i rential.E anong the vehicle t)rpe6; these

vere drlver age, dri ,ver gender, and rural-urban crash locatlon.

Both state of Washington and Natlonal Accident Sanpllng syEten

(NASS) data were used. Light trucks contlnued to exhlblt  blgher

rol lover rates than cars when control l lng for the posslbly con-

founding variablea, although the NASS data had lnsuff iclent

6aDp1e sizes for sone of the breakdowns needed. Especial ly

lnportant, the autonated NASS f l le lacked detai l  on the envi-

ronnentg of single-vehlcle crashes, especlal ly ln regard to

roadslde features to whictr the vehicleE were expoaed. Hence,

our Etudy was unable to refute the idea that high Ilght truck

rol lover rate6 Day be due to crash clrcumstances. Thls

renained a subject for further research.

Occupant eject lon appears to be an lnportant source of

lnjury In rol loverE. For exaEple, 1985 NASS data revealed that

18t of occupants in l ight truck tolraway rol lover crashes were

ejected, corDpared to only I t  of t trose ln nonrol. lovers.

Furthernore, 17t of the rol lover eJectees were seriously

inJured (AIS> 3), compared with only 4t of the noneJectees

(National Highway Traff ic safely AA'i inistrat ion INHTSA],

1987b). Thus, one nay expect that hlgh rolLover rates of l lght

trucks wil l  etevate thelr eJectlon and lnjury rates. I t  ls not

surprising to learn fron a M{TSA report to Congress that rrThe

nunber of eJections frorn light trucks is three tiroes that of

. t r

t



paasenger care. f ,  (NtlTsA, 198?ar P.I?). l lhis tendency waB alBo

found ln calapanra Etudy of elngle-vehlcle craeheg' However,

only utllity vehicles exhlblted aJection rates di'etlnctly

hlgher than car rate6, and only the Washlngton eanple slze ltas

large enough to ehort th18 (Terhune, 1986). So on eJectlon

al6o, data l inl tat ions lndlcated the need for further study'

As wlth rol lovers, guestlons uay be ralsed aE to the

interpretat lon of hlgher eJectlon rates of ) ' lght trucks. For

exanple, night the hlgher eJection rateg be attr ibutable to the

hore frequent llght truck crashes ln rural areas' where

accldents are usually Dore severe? And If  eJectlons occur

prinariJ.y ln severe crashes, would not the eJected occuPants

have been as seriouEly lnjured even had they renalned ln their

vehicles? This Eeemed, to be the fuopl icat lon of eject ion

research by Huelke, CoBpton, and Studer (1985). Ansr"ers to

these guestions nill help us to understand ethether eJectlon PeE

gg is a probleu deserving epeclal attention ln ltght trucks.

If  eject ion iE a special 1i9ht truck problen, deternining how

the eJectlons occurred should help 1n f lndlng renedles. These

are further matters addressed in thls study.

In sunnary, previous research has found

eJectlon rates to be aubstantiat ly higher in

in cars, yet the two vehicle types dif fered

lnjury rates. This paradox In l tseff.

crash rollover and

llght trucks than

l i t t le lr l  overal l

nerl ts further

truck rollover and

l
l
J

l
j

J
l
J

J.nvestlgation and explanatlon. But llght



eJection alao deEerve further etudy to eee lf these are special

eources of lnJury potentlal ln llght trucks, posslbly eubJ ect

to counterneasures. ;
;

7.2  ob l  ec t l ves

As ln our previous lnvestigation (Terhune, 1986) r this

study exarnined rol. lover and eject ion ln slngle-vehlcle crashes,

a crash type lnportant for the fo11o91nq reasons:

Pa6t research lndicated that l ight truck occupants
are fair ly weLl-protected 1n two-vehlcle craahes'
but a possible problen roay exist in single-vehicle
crashes  (Terhune,  1985 )  t

Rol lovers are found to occur roainly 1n slngIe-
vehicle crashes (Hue1ke, l{arsh, and Sherrnan, L972i
l{ccuigan and Bondy, 1980), and occupant eject ions
occur  p r i :nar i l y  in  ro l lovers  (Terhune,  1985) ;

This study was j .ntended to be an ln-depth foI low-up
of our 1985 study, 1n order to obtain detai l-ed
explanations and clari f icat ions of l ts f indings;
hence it was lnportant to exabine the EaDe types of
crashes .

The specif ic objectives of this Etudy r. tere:

(1) To deteraine If  dif ferences between l lght truck

and passenger car rol lover rates ln single-

vehicle crashes can be attr ibuted nalnly to thelr

drivers and the circumstances ln which the

acci,dentg occurred i

!



(21 1!o detol:lnlne lf eJectlon Dgf gg la an luportant

InJury-produclng avent In light truck el'ngIe-

vehlcle crashes , and lf 8o r to detemlne hort

I19ht truck eJectlong occur.

In addit lon to Pursulng

advantage of an expanded NASS

findings, conparlng l lgbt truck

rate6 , would be conf iroed.

these obJectlvee, we took

data Eet to see lf our prevlous

and car rol lover and lnJury

I
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2.0 RE8EARCR NETBOD8

Accldent caEeE fron the National Accident saDpllng systen

(NASS) were analyzed to actr ieve the reEearch objectives.

stat ist lcal analyses of rol lovers, eJections, and occupant

inJury examlned the relevant NASS varlables vrhlch could clarify

our understanding of dif ferences aDong l lght trucks and cars.

However, the NAss database does not Include crl t ical

inforrnation on how rol lovers and eJections occurred,

infonnation desirable to exptain dLfferences aroong the vehicle

types. Hence, a special database was created by revleving the

vehicle photographs, Bcene photographs, scene diagfrans, and

other lnforroation ln the original NAss ca6e f i les, !n order to

code new rol lover and eject ion variables not in the autonated

NAss data f l les. The neu database was subjected to addit lonal

Etat ist j-cal analyees addressing our research obJectives.

Detai ls of the databases and tesearch nethods are provided

in the sections which fol, low,

2.!  Whv NA6g Drta Were chosep.

of t tre many accident data f i les avai lable for research,

the NAss f i le was Belected as the best avai lable, using the

cr i te r ia  as  fo l lows.

t
I
I



( a ) rnclusl-on of cars and 1lqht trucks. MoEt of our

analyses compare llght trucke to carB, which provj'da a

benchrnark or standard o! coroparison. conseguently both vehicle

types roust be in the database.

(b) RepreEentativeness. The accidente Lncluded should

conprise an unblased Eanple, preferably a natlonal ly

representative one. Although 1t wa6 unavoidable that the

sarnples rrould onit  unreported nlnor rrf  ender-bendersrr, i t  was

essentlal that the data Eets not be restr lcted to severe

crashes Euch as tonaways. Such data sets lntroduce blases by

selecting only the worEt crashes of, vehicles less easi ly

damaged.

(c) current relevance. The accldents had to occur vithln

lecent year6 and involve recent-nodel vehicles Eo that results

$ould be relevant to the current vehlcle f leet. consequently,

an up-to-date database was essentlal.

I
1
I
l
I
I
l
I
I
l

l
l( d ) conDle teness  o f  var iab les . Many variables Yrere

needed for the anal,yges (Table 2.1). I t  was irnportant not only

that each variabLe be recorded, but that l t  be recorded in suf-

f lcient detal l  on al l  cases, wlth felr unknor{tns. Especlal ly

troublesome are data 6etg provlding only part ial  inforrnation,

€.9., a rol lover is recorded only I f  l t  ls a | tFirst.HarBful

Event,rr or restraint systen usage ls ldentl f ied only for sev-

erely injured occupants.

l
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?

4 .

5 .

6 .

7 .

8 .

9 .

1 1 .

1 2 .

1 ?

1 4 .

1 5 .

l o .

Tab l€  2 .1 :  var iab les  N€sd€a llor  the Dlta lDalyaea

Vehlcle type blearly dist inguishlng l ight
and pagsenger car6.

Nunber of vehi.cLes ln accident

Coll ision type

occurrence of rol lover (overturn)

Occupant role/Eeating location

occupant inJury leve1 or outcone

Occurrence of eject lon, by occupant

Occupant age

Occupant gender

Occupant restraint sygteD uae

Vehicle nodel year

Accident urban/rural Locatl-on

Ejec t ion  de ta i l s  (por ta16,  e tc .  )

crash Beverity

Roadside characterist ics

Vehicle actions prior to and during crash

truck types



(s) AcceB8lbtlltv. It uas neceBsary that the data be

avallable ln a ehort tlne and at Eodest coat.

(f) sanple 612e. For the detalled breakdosns ot the

sanples that were anticlpated, a data f l le wlth thousands of

accidents was needed.

The raaJor accldent data f l Iee consldered were the NASS,

the Fatal Accident Report lng Sy6ten (FARS), atate f l les, and

the l,totor vehicle litanufacturers Associatlon (l{\ftlA) llght truck

fi le. The FARS f l le ls widely uEed, for l t  includes vlrtual ly

al l  fatal hlghway accidents occurring annually ln the U.S. rt

was not chosen nainly because our Interest was ln broader crash

consequences than just fatal i t ies. The MVMA fi le was excluded

on sini lar grounds, for that f i le includes only lnjury acci-

dents, and no sing],e-vehlcle car crashes. state f l les were

considered, but they were reJected on grounds of accesslbl l l ty

or conpleteness. Sone 6tate f l les are readi ly accessible

through the University of ichigan Autonated Data Access and

Analysls systen (ADAAS), but they were l lni ted in their record-

ing of essential variables 1lke vehlcle t lT)e, rol lover, and/or

restraint aysten use.

Tlre NAss database ls nationally representat-ive of

pol ice-reported accj.dents, i ts data are subj ected to extenslve

guali ty control,  and i ts variables Est roost of our

l
I
l
I
J
-l

l

I
l
l
J
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requlreuents. Needed data that were not ln the autoDated

database could be coded frorn the or191na1 fJ.1es, whlch include

extensive photograibE and a scene dlagran for noat of the

crashes . -

tlhlle the NAss ua8 eelected ae the best avallabfe accldent

data f i le, tr , to of l ts l ini tat ions Ehould be noted. First,

wblle NAss nov, lncludes nany thouEands of accldents, 11ght

trucks, part icularly vans and uti l l ty vehicles, cornprise only a

fract lon of the caaes. The Eecond l lni tat ion is that, whl1e

nost NASS cases contain coDpfete infortnatlon, EoDe types of

cases lack data needed for our study. Ehese cases are aE

fo f lows:

(a) Source-docunent-onIv (SDO'l cases. During NASS work

reductions, 6ol[e cases Eelected for the sanple are designated

source-document-only, whlch rneans that no vehicle or accident

scene examinatj .ons are perfonoedi only documents auch as poIlce

reports and nedical records are collected. Data are coded fron

these source docunents, which are then deleted fron the f i les.

Because of the lack of cornplete inforoation ln such cases, 6ome

varlables (e.g., rolLover) nay be recorded less accurately.

while othere (e.9., occupant eJection) tray be tecorded as

unknown.

(b) Nontowavtavs ' Vehicle data for vehicles not towed

fron the accident scene are recorded on a short vehicle ford,

1 l



whlch ornite the ro110ver varlablc contalned ln the ltanclard

forn. Iihlle we Day assu!3 that non-towed vehlcleg dld not

overturn. that will sometiuee be Incorrect' Errors here can be

nagnified when welghtlng the data to produce estlnatee of

rollover lates, for nontovaltay caseg have hlgh welghtlng

factors in the NASS schene,

Thus, t thlLe the NASS database waa Judged

available for our Purposes, l tg l fuoltat long indicate

loss of stat lst ical rel iabl l i ty roay be expected.

the best

that sone

2 .2  Da ta  Se ts  c rea ted l .

The NAss data flles were accessed through the University

of UichiganrE ADAAS 6ysteD' which hakes the data readi ly

avai lable at modest cost. Froro the coroplete NAss f i les, three

working f i les wele asserobled: a vehicle/dt lvet f l le

(RNASTRK3), an occupant f l le (RNASTRK4), and an lnJury f i le

(RNASTRK5). They are descrlbed ln Table 2'2'  For

cornparability lrlth our previous study on l1ght truck

single-vehlcle crashes, the case-Belection cri terla for the

vehicle/driver f i le vere ldentical to those In the previous

study, with one exceptlon: the earlier study included only

1982-1984 NAsS cases, whereas the current Etudy incl 'uded

acc idents  fo r  the  years  1980-1985 '  Prev ious ly ,  the  1982-1984

cases ltere exaroined because the needed NASS variables were

ldentical across those years. There were only 58 vans and 75

t 2



T .b t?  2 .2 :  CdpoD i t l on  o f  t h r  go rk l ng  t l l ! !
Sctrct.d lrcn th. IASS AutcriEtcd Dltr 8r5!I

I
r

:

RliAsTRgi:
- (vehicle,/

ddJs!i.!-e,)

s ing t . . vch i c l .  c r . 6h . s

0ccup6nt totr 3 daivcr

Vehic l! hodc t y!!.8 1979

lnd nc|re r

Accidlnt y..rs 1980. 1965

Plsscngcr cait ,  vanE,
p i ckup  t r uckE ,  r r d  u t l t l t y

veh i  c (es trd€r 10,000 tb.

GVSR

Exlud. F.drstr l !n. rnlnal,
rr i  t  ro.d, ped6cyct i6t

cou  i s i ons ,  l hd  f i  r cs /

l t p l os ions  ! s  f i r s t

hlnnJul cvcnt

RXASTRrJ

3,558 p.ssenger clrE
749 pickup truck8
108 vlns
1 5 0  u t i t i t y  v e h i c t . 6

4 ,565  t o t !  t  veh i  c  l es

A .  s r l . c t  i on  C r i t r r l .

t IASTtK4rt
(0cct+6nt

!l!.r

8c !s t [ASIRg,
cxcept l l l  thc
vchic[.  occlp.ntr
.r.  i r |clrd€d. Erch

casa ls oarc occl+.nt.

B .  s ! f i p t .  s  i l c s

RIIASTTK4

4,566 drivcrr
2,490 pls.engcrs

7,056 tot6 t occrJpanta

nxAsItx5r:
( lnjury

f  i  l c t

3rp .8 IIASTnX4, crc.pt rl l  thc
Injurics gf thc occupants lre
lncluded. Erch c!8" is ofrc Inju.y.

RNASIRK'

t  1 ,445 A lS l  in ju f i cB
1 , 5 1 (  A I 5 2  i n j u r i e s

710 A!s3  in ju r ies
15f  A ls4  in ju r ies
85 A ls5  in ju r ies
45 AI  s6  ln ju r ies

751 in j . ,  A IS  rhknoBn

14,703 tot!1. ioju.ics

t .

L

4 ,

5 .

!:

rtha flt. nrrEs lrc lcrqrlc slfnifylnt rmvlscd t SS tnrt ' f i l !s.
RIASTRK1 ./d nIAStR(2 rere l i l .cs uscd in prcviors C!l6pon .cseorch.

1;

: ,

t
I J



utlIlty vehlclee ln the fllc, however' reeultlng ln enall

subsaruples 1n data breakdortnE. ConEequently, the nEw flLe was

expanded to the years 1980-1985. (Tbe 1979 NASS aanpl€ nag too

eroaIl  to lnclude, while 1985 vaa the ]ateEt data-year

avai lable). Holtever, uodlf lcat l .ong ln variable fomate durlng

the Eanpled years reguired that there be nany recodee to brlng

all yeara of data lnto a coDnon forroat. Thls wae done,

resutt lng In data f l les unlque to thls atudy.

sectlon B of Table 2.2 shows the sanple slzes ln the

workLnq f i les. I t  nay be noted that the total of 4,565 single

vehlcle crashes ls nearly double the NASS saEple size of our

previous 6tudy. Nevertheless, the 108 vans and 150 utl1lty

vehicles are fair ly analI nunbers to nork with, al. though those

saroples also are about double those ln our prevlous study.

vehicle tl1)es were classlfled by the sane criteria used Ln

the earl. ier study. .  The coding rules are Ehown ln Table 2.3.

Thc cllnieal fllc. Tbe NAss autonated data lacked certain

rol lover and eJection detai ls, such as hon the rol lovers

happened, and shether Etructural fal lures faci l i tated eJectlon.

Slnce the needed lnforroation was extractable from the

photographs and scene diagrans ln NASS cases, the original

cases arere individual ly exanined at the NAss storage-slte in

Arl ington, Vlrglnia. The UniversJ'ty of ,rMichigan conputer

systen was uEed to identify randon sarnples of the crashes fron

l 4



lr
I T.btG 2,!!  Coding tul.r

mss
for Llght lr te* I  dc.rt  I  f  i  cl t  i  on:

1980.1985

t
r
[ '

t

3-

Ych ic tc

E

P!6acngar Ctr

Plckup

l ^ ss  c t r ss l f l c l t l q t

(!)  Convcrt lbt.  (cxctrdcE s( 'r .root, t .bar,
(b) z.door 3!d!n, hlrdtop, cor.p.
(c) l .doo./?.door h.tchblct
(d) 4-door rGd.n, h..dtop
(.) 5-door/4.door hrtchb.ct
(f) st l t ion r lgon (crc(udin9 van ard tBrck ba8ld,
(9) othcr lut.rrobi [ !  typc
(h) Unknom rut.nobi l .  typc

Auto blEd plckrp (lrctudcs Et c.mino,
c!b.t terg, R.nchcrg, Br.t )

Pic*Lp (irElude6 op.n box rrd c!ps)

(., Vln (lncludcr Yv bur. Y|n|oolr, rorbi,

8.rwi l l . ,  Ch.t. .u, Clrb v.gon, sportsEn;

cxctrdes ||'cvj h9 v!n)
(b) van'cqtnrrci6t cut!r. !y ( inctudcs box v!n.

nrJtt i .6top, p.rccl,  vln pj ckups)
(c) other vln typc
(d) Unkmm v6n typ.

Il'6.r! ln

RIASTRg

&@,!!

19
1256
958
798
2t0
221

I
t5

2?

r22

98

5

z
I

( ! )

( b )

Van

ut i  l i t y  veh ic  l . ( ! )

( b )

( c )

Short ut i t i ty - rbt truck b.5ed ( inctrdcs Jc.p

cJ'5, Jrcp CJ.7. Rcn g!dc, [rndrover, Lrtrdcruitcr)

truck brtcd 3t!ti6r r.gon (ir|ctrdes srArrban,

I rlvcl ! t l, grgoataca)

lruck b.rcd ut i t i ty ( lr |ctud.s 8l! ! .r ,  Bronco'7E

on, Jimry, R$Ehaagcr, Chcrokae,

l  ac i  t d r s te r .  Scou t )



those In the RNASIRK3 fl1e. Selected for examlnatlon were 50

rol lover and 50 nonrol lover crasheB of car8, plckups, vans, and

utl I I ty vehicleE respectlvely. TheEe caaes wero then pul led

from the Arl ington f i les'  When caseg nere rolsslng (e.g.r SDO

caBeE) they sere replaced, to the extent possible, vl t tr  caaes

lroD a backup l lst.

Each Eelected case waa lndlvldualfy revlewed and the

variableE ln Table 2.4 vere coded uslng a data form speclal ly

designed by calspan for thls study (Appendlx A). A codlng

Danual was ueed for reference In codlng (Appendix B). AIl

coding vas perforned by an experlenced accident lnvestigator

fron Nova Engineerlng of oakton, Vlrginla. trainlng and

qualtty control were conducted by ca16pan. Trainlng conprised

a discussion of the coding nanual deflnl-t lons and a coding

revl.ev of lndividual cases' Quall ty control conslsted of an

ln-depth revlew of tbe f irEt LOO cases' with returns for

correctlon of al l  cases exblblt ing inconsistencies,

a:nbigrultles, or other errorE. Spot-checks uere used for the

reroaining cases.

Slnce only a Portl-on o! the selected caeea invoLved

occupant eject lon, a suppleuentary randon sanple of l ight truck

crashes involving eject ion was ldentl f ied. In these cases,

only the eject ion questions (nunbers 28 and 29) on the data

forrn were coded. The EanPles were linited by the number of

eject ion cases avai lable for eacb vehicle t)Pe.

I

J
I

)
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J
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| lab]€ 2.1:  Var lablss Extractsd f !or0 tbe NA88 Cases
Thlough Cl lElcal  CaBr ExamlDat ioD

t
1. Predonindnt land uEe

2 r Pre-crash travel surface

3.  Roads ide  fea tures
a. Ditch depth
b. Curb height
c. Edge dropoff diEtance
d. s j.de slope tlzpe
e.  S ide  61ope ang le
f. Density of narro!, f lxed obJects
S, Longltudinal obJects present
h. Other obJects present

4. Vehicle pref inpact travel orlentat lon

5.  Co l l i s ion  type

6. First harroful event

7. Surface at f l rEt hatmful event

8. Roadside features traversedi/contacted by vehicle

9 .  Ro l lover
a. Occurrence
b. Type
c. Feature producj,ng rollover
d ,  Sur face  ro11 t r igger

10. No. doors opening during crash

11. No. windows open before crash

12. Occupant ej ect ion
a. Occurrence
b. seating posit lon of eJected occupant
c. Effect of vehicle danage/fai lureI

t

t 7
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BecauEe eophlstlcated J udgraents had to be nade for :nany of

the varlablee on the codlng fo!T, the resultlng data fl1e ls

referred to as nthe cl lnlcal f l le.r Data of the prlnary

cllnica1 6anp1e were entered lnto an autonated data !11e for

aubsequent etatlstlcal analysts, uhils ths eupplenentary

eJectlon cases uere uaed for lndlvldual lnapectlon and hand

tabulat lonE only. Table 2.5 glvea the aaDple coDPoEit lon.

2 .3  ne lqh ted  vs .  I tnw€ lsh ted  Data .

A Judgnent had to be roade aa to whether the analyses

should use data welghted in accordance wlth the NAss sarnpllng

fractlons and annual sanple sizes. NAss, i t  6hou1d be

understood, use6 a stratlfl'ed EaroPIe, resultJ-ng in unequal

representations of dlf ferent klnds of accldentE. Accidents of

greater interest, 6uch as fatal accldents, are nore extensively

sabpled. I . l i th Euch a sanple, I t  ls necessary to weight each

case by the inverse of itE eampl lng fraction ln order to

estinate paraneters ln the natlonat accldent populat lon' When

using EeveraL years of NAss data, weights are assigned

accordS_ng to the annual. Ear0ple slzes. To make Valld unbiased

conparisons anong vehicle types, 6uch as on rol lover, eJectlon,

and lnJury rales, the welghted data must be used' This uas

done in calEpanrs 1986 l ight truck 6tudy

:

1
I
I

I

I
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I

l
I
I
)

I
I
I

J
l
iI

I
J
l
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t.bt. 2.5: co.rposltfoi of thc cllnlc.t l l tr

A. Prin|.ry SJrptr (0!t! tcre lntlred lnto lutdiltcd datrbrs!)

C.rl

PlclLp6

Vrn6

U. V.hi

lon.loltovrrg

62

19

&

l9

Pr lmry
s6npt e

l . l

et

ig!!ev!-rs E!c&

57 l tg

52 l0 l

t7 97

a6 65

S(+pl .ncnt! rY
S!llpte'

&

0

19

l. Llrht lnjct Ej?ctlo.r Cr3!8 (v.hlct.t)

Pickups

Vana

u-V.hE

. tot gntered into DUtcrnsted dat.bose; . ject ion detsi ls onty.

I 9



In exaroinlnS the eelglle of rollover and eJactlon caBea'

use of weighted data Is roore problenatlc. t{elgtrtlng nultiplles

indivldual cases by dozena, hundreds, or even thouEands of

tlnes, depending on the sanpllng fractlons u8ed in NAss. A

caae error in eanp1lng, Deasurement, or coding w111 be

nult lpl ied by the welghtlng factor. Thl.B has the Potentlal of

creatlng large distortionE r,rhen exaruinlng erual1 aanPfes, as

when deterrolnlng eJectlon rateE of vans and utl l l ty vebicleE.

consequently, for uost of the analyses ln this 6tudy, we

exanlned unwelghted data, and lndlcate th16 1n our data tables.

OnLy rrhen lre are lntereeted ln gross populat lon estlnates, such

as ln conparlng rol lover rates in this study with those ln our

1.986 report,  were welghted data uged. Al l  tables and f igrures

bave the use of weighted or unweighted data clearly label led.

Ehe rational.e for using unweighted data applies particu-

larly to the cl inical case f l le, wlr lch cornprises but a fract ion

of the NASS Eanple. Here again, our purpose rtaE not to gener-

ate national est irnates, but to learn nore about the rol lover

and eject ion phenonena. However, sorne weighting of tbe cl inl-

ca1 data rtas necessary, as described next.

cl ln lcal  f l l€ uclahtLna. Since, to the extent Possib1e,

approxinateLy equal nunbers of overturn and nonoverturn cases

rrere Eelected in creating the cl inlcal f i1e,. this would- distort

tbe rol lover rates of each vehicle typ9. To exanine the

effects of various factors on rol lovers, l t  was necessary to

l
J
I
l
'l
)

J
.l
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adJust the data for the case-aelection procesE. Con6equently,

1n analyses of rol lover rates, the cl lnlca1 data were weighted

to nake then repres6ntatlve of the RNASTRX3 sa:np1e. Ehus, the

roLfover- resuLtg r l l th the weiohted cl inical f l Ie can be

directly conpared wittr the results fron the unweicrhted RNASTRK3

f i l e .
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3.o BEsU&lC

The reEulte 6f our analyses are glven 1n three roain

sectlonE_below. Flrst,  a part lal  repl lcat lon of analyses ln

our previous study of single-vehlcle crashes (Terhuner 1986) iE

presenled to eee 1f the earl ler f lndings were upheld. Second'

detai led examinatlons of rol lover crasbes are nade to lndicate

the rofes of vehicle, driver, and envlronmental factors In

explaining 1lght truck rollover rates. Thlrd, occupant

eject ions are exanined ln detai l  to Bee l f  a 1lght truck

problen 1s indicated.

our detalled analyses of rollover and eJectlon used botb

the large NASS databases described in Eection 2.o, and the

sEalLer cl lnlcal ly-derived database foraed fron a subset of the

larger f i le. Results froro each data set are presented 1n tbe

ro l lover  and e jec t ion  sec t ions  (3 .2  and 3 .3) .

3 .1  Rep l i ca t i ons  o f  Ana lvses  Ln  Ca lsDanrB  1986  nebor t

our analyges deternined whether the fundanental findings

of our 1986 light truck study uere upheld with the 6-year NAss

sanple of the 6tudy. That iE:

Did l ight truck lnjury rates 6t i l1 dif fer l l t t le

fron the car rates?

t
L
I
t

t

( a )



(b ) Dlil 119ht tnrcka contl-nue

Eubstantlally hlgher than

slgnlf lcant dlf ferences

utl1lty vehlcles?

to exhiblt rollover ratee

car rates? And were there

anong plckups, vanE, and

(c) If the lnJury and rollover f lndlngs were upheld,

rrhy were not the bigher rollover rateg of l1ght

trucks aEsoclated vitb hlgher lnJury rates?

l lhese are addressed ln the fol lowlng sectlons.

3 .  1 . 1  I n i u r v  R a t e s ,

To address the f lr6t questlon, we repl icated an anal.ysis

frorn our L986 report,  whereln inJuries of a predoninant

occupant group -- male unrestrained drivers -- Lrere exanined.

The results (Tab1e 3.1) naintained previous lndications of

ninor dif ferences ln injury rates between cars and l lght

trucks. In the rural crashes, the injury rates atoong vehicle

tfT)es were very slni lar, except for vans. Since that rate was

based on only 2I drivers, the rel iabi l i ty of the result is

uncertain. In the urban crashes, however, al l  the l ight truck

types had injury rates slightly lower than cars. Judging fron

the lesults, the urban craEhes were general ly less Eevere than

the rurai ones.

l
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l
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t .bt!  ! .1: Driv.r InJurY t. t .s b'Y v. l i lctc t tPC, r l th cq\t lol t  tor

g.rdcr, r.strllnt aystco uc. lttd .nv i ro.!tE^t ! f^ss 1980'1985.

( i IASIRX4 l l  l t r  f . i iht.d d!t.)

i
Cordit ionE!

(!) V.hictc Dod€t y.!rs 1979 lr i  r icrcr

(b )  s l n !1 . ' veh i c t c  c r l shc3

(c )  l r t .

(d) lo driver rcstr. lnt .y6tcf i  ln u3a

llEl-llllEr

s{pt. 8lrr (drlvrrr)

Av.rage lnru6 [ lst in€tcd Fopul.t lon
s i za  (d r i vc r s )

Driv..s f ! t . t /hospi t . t  i  rcd

Uaban Cr!shcs

srrpt. r lz. (d. ivers)

Aver.ge !rnJ6( astimtcd popt lltlon

6  i r c  ( d r i ve rs )

Drivcrs t8to t/hospi ta t  i  tcd

Paatcngar

c!!!

691

52,700

I t .91

E54

59, t00

6,5t

Plckup Llght
Trucks Vans

t70 21

26,500 r,500

12.2X t7.lt

t82 L

15,200 1 , !00

6.62 7,61

U t l t l t y
vch lc te r

45

1,000

l l . t x

!0

2. t00

7.22

t
t
I
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3.L .2  Ro l lover  Ratea .

Ttre overall rte lqhted rollovar rateE rtere as lollovs:

Cars :

PlckuPs :

Vans !

U t i l l t y  veh l c les :

1 9 . 6 t

3 3 . 0 t

3 1 .  8 t

4 3 . 4 t

overturrred

overturned

overturned

overturned

The car and plckup rateg are very close to their values in

our 1985 report,  whi le the van and uti l i ty-vehicle rateE are

lower  than the l r  leve ls  o f  38 .2 t  and 52 .0 t  ln  our  ear l ie r

report.  The current values should be nore rel. iable because of

the larger sanples,

tbe larger utility-vehicle sanple pemitted lts separation

lnto 102 truck-based and 48 not-truck-based vehicles. The

truck-based version had a weighted rol lover rate of 34.3t, sin-

i lar to the vans and pickups. The non-truck-based, shorter

ut i l i ty vehicLes had a 64.3t rate, rouch higher than the other

light truck rates. In aulDary, Ilght trucks contlnued to exhi-

bit rollover rates higher than car rates. Now, horrever, pick-

ups, vans, and truck-based uti l l ty vehicles had rol lover rateg

of 32-34*, while the non-truck-based utiLity vehlcles had an

overturn rate nearly twice that of the other:I igh' '  trucks.
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3.1 .3  E f fec ts  o f  Ro l lover  on  fn lu r les

Turnlng now to the thlrd question of our repllcation

analysesr- we exarnine rol l .over ln relat lon to lnjury rates.

Figure 3.1 compares the vehlcle types in rural crashes, vi th

inJury rateE 6hown for unrestrained drlvers. (No other

controls were lnposed becauEe of insufflclent nunberE of vans

and uti l i ty vehlcles. ) Al l  l1ght truck rofLover rates erere

substantlal ly hlgher than the car rate of 30.7t. The rol lover

effects on lnJuries for each 119ht truck t)?e are described as

fo l lowE:

(a) Plckups. I{hi1e the plckup rol lover rate rras L.5

tlnes the car rate, the InJury rate of pickups lras

only 1.1 t irnes the car rate. Ihe effect of the

rol lover dj. f ferences vas part ial l .y offset by plckups

having a 6light1y lower lnJury rate than cars in

nonrol lovers .

(b) vans. Here an unusual picture is presented. vans

had the highest rol lover rate, but the lowest lnJury

rate within rol lovers. Further, the lnjury rate ln

nonrol l ,overs was nuch higher than in rol lovers. Such

atypical results Day be due ln part to the snal l

rural sanple of vans. In any case, the net result

was a fair ly high van lnjury rate.

t
t
I
I
I
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|  .^* I  ( .AMPLE stzE t  t2oi) F.-r* I (saMpLE srzE . .2s)

30 .7.h
ROLLED

69 .3.n
NO-ROLL

5 5 . 3 %
NO-BOLL

I  r^"1 (SAMPLE stzE. 32) |  . ; ' ' .1- ; i  ; "  |  (SAMPLE s lzE.62)

I
I
l
l
I
I
l
l
l
l
l
l
l
J
l
:1
J
J '
1

52.4.h 47  . 6 . , .
NO-BOLL

50.9.;
ROLLEO

IIfiT 
e SERToUSLY TNJUREo (KTLLED oF HosPrrALtzED)

Figure 3.1.  Rural  Rol lovers and Driver Injury:
NASS 1980-1985  Unres t ra ined  Dr i ve rs  i n  S ing le  -  Veh ic le

Crashes (RNASTRK4 f i le;  weighted da_ta.)

ALL RURAL
CRASHES

12 .5% SER.  lNJ .

e.696

S E R .
INJ.

ALL hUHAL
CRASHES

t  { .  t . i  sER.  lNJ .

ALL RURAL
CRASHES

18.  r . ;  SER.  tNJ .

22 .8 "4

S  E R .
I N J .

ALL RURAL
CRASHES

t  2 .2 . ;  SER.  lNJ .

a 9 .  t . ;
NO-ROLL
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(c) Utl l l tv vehlcl.es. The hlgh rol lover rate of the

utllity vehicles appears to have contributed

substantiEl l .y to the driver lnjurles ln the rural

_ craehes, but this was offset by the redarkably low

lnJury rate ln nonrol lovers. consequently, the net

lnJury rate of ut l t i ty vehicles 1n rural crashes was

nearly identical to the car rate.

Next, ue consider the results ln urban crashes. Aa

suggested earl ler, theEe are probabLy less severe crashes than

the rural- crashes. Re6u1t6 (Figrure 3.2) were aE foLIows:

(a) Pickuos. Although

nearly double the

rol lover inJury rate

ltith a nonrollover

the car rate (as ln

effect was a pickup

in  cars .

the pickup rollover rate was

car rate, this naE offset by a

on ly  ha l f  tha t  o f  cars .  A1so,

Injury rate 6Llghtly loner than

the rural cra6hes), the net

lnjury rate EoDewhat lower than

(b) Vans. The urban rol lover- injury pattern of vans

resenbled that of pickups, nith an especial ly low

lnJury rate ln nonrol lovere. consequently, the van

urban injury rate rras the lowest of al l  the vehicle

t)pes. Note also that the van rol lover rate lras

nearLy ldentical to the pickup rate and Duch lolrer

than the ut l l l ty vehicLe rate.
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l-^* I ('AMPLE srze ' 'rc) F,"-r* I (saMPLE st2E r 202)

I
I
I

t ' 1  . 6  %
ROLLED

ag.1.h
NO-ROLL

7 Lg"n
NO-ROLL

20.1%
iOLLEO

79,2.n
NO-ROLL

,13.3 9;
NO-FOLL

- l

I
I

I
I
l
I
l
I
l
I
l
J
I

)

i l
)

I
I

I
J

17.6%

SER.
I N J .

t . 3  *
g E R ,
INJ,

I  "*" I  (SAMPLE srzE - , .1) lmJ ('AMPLE srzE ' 44)

21.2" ,a
ROLLED

5 6 .7 . ;
ROLLEO

72,7 7.

| l . l J .

Hi,,iil,lj:-1jj 
. SERIoUSLY TNJUREo (KTLLED oR HosPrrALrzED)

Urban Rol lovers and Driver in iurY:
Unres t ra ined  Dr i ve rs  i n  S ing le  -  Veh ic le

(RNAsTRK4 f i  1e; weight ed data .  )

F igu re  3 .2  .
NASS 1980- r98s

Crashes

ALL UBBAN
CRASHES

9.6 .a  sER.  tNJ .

7 . a

S E R ,
I N J .

ALL URBAN
CRASHES

7 . t . i  S E R . I N J ,

6 . 5  %

8ER.
INJ.

ALL URBAN
cRLsHEs

6 . ' t %  S E R .  l N J .

4 . 6 %

S E R .
I N J .

ALL URBAN
CRASHES

17.5 . / i  SER.  tNJ .
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( c ) Uti l l tv vehicles. The ut11lty vehicl 'es devlated

sharply fron the other vehlcles, wlth a net inJury

-  ra te  o f  17 .5 t .  The re I lab l I l t y  o f  th lE  f lgure  Is

suspect, houever, slnce l t  dl f fers greatly froE the

urban u t l l l t y  veh lc le  ra te  in  Tab le  3 .1 .  (F igure  3 .2

includes roale and fenale drivere, while Table 3.1

lncludes Dales only.) ThiE suggests both sroal l-

Eanple stat iEtlcaf unrel labl l l ty and posslble effectE

of confounding variables. In any case, the high rol-

lover late, acconpanled by a h19h inJury rate ln rol '

lovers, was the maln Bource of the hlgh overal l

injury rate ln the ut i l l ty vehicle crashes.

Revlewlng the rural and urban results, lt appeare that the

htgh roll-over rates of light trucks {q contrlbute to their

injury rates, since in al l  caees except the possibly anonalous

van rural data, injury rates were conslderably higher J'n

rol lovers than in nonrol loverE. The effect of rol lovers lE

muted, however, because the nonrollover lnJury rates of llgtrt

trucks were usual-fy egual to or below the car rales' The van

rural crashes deviated fron thls pattern with their high lnjury

rate ln nonrol lovers. In qeneral,  hovever, l t  ls now easier to

see why J.ight trucks, despite their havlng uuch hlgher rollover

rates than Passenger cars, dld not bave equally elevated net

lnjury rates.
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3. 1.4 sumatirt .

'lllre repllcatlons of analy3e3 ln our 1986 rcport yleldeil

reEultB generally conslstent ulth the prevlous flndlngs.

InJury rates in 11ght trucks and paeeenger cars still dlffered

l i t t le, nlth the exceptlon of a h19h van rural lnJury rate,

whlch nay be unreliable. Rollover rates of the l1ght trucks

uere again found rouch hlgher than the car rates. Now, horrever,

the van and plckup rollover rate6 appeared Dore sinilar, and

well  below the rate of the ut l l I ty vehicles. And anong the

latter, the truck-based utl l . l ty vehlcles had a rol lover rate

eiruilar to the vans and plckups. Ieaving the short, non-truck-

based utl l . i ty vehlcles standlng out with the blglrest (54t)

overturn experience.

The see:oing paradox in which hlgh llght truck rollover

rates did not Eubstantlal ly ralse thelr inJury rates became

more understandable. The llght truck roJ.Lover rates did

contribute nany injuries (with the odd exceptlon of van rural

rol lovers), but lower inJury rateE ln nonrol lovers tended to

offset the rol lover effects.

These findings support the importance of, learninq Dore

about tlre cauees of light truck rollovere, whlclr are consldered

in the next section.
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3.2 CoEparlaons ol  Ccr and Llqht f ruck Rol lov€ra

For an ln-depth examlnatlon of rthy llght trucks overtum

Dore frequently than passenger cars, rte uged a f,ourfold

strategy, a6 folLowa:

(I) All drlver and envlronn€ntal variables distin-

guishing rollover froro nonrollover crashes nere identi-

f led through stat ist leal ana1y61E, and then the passenger car

and l lght truck crashes vere conpared to 6ee 1f they dif fered

on the roL lover-related varlables. This was done wlth the

RNASTRK3 ( driver-vehlcle) f i1e.

(2) with detal lB fron the cl lnical f i le, the

relat ive r isk of rol lover within various environments was

ldenti f ied. These environments were then controf led in

conparlng the overturn rates of carE and llgttt trucks.

(3 )  Us ing  the  c l in ica l  da ta ,

events was traced for rolLover and

Light trucks and cars were conpared

in the events leadlng to rollover.

the Eequence of crash

nonrol lover crashes.

to see i f  they dif fered

(4) Concentrat ing on.Just the rol lover crashes in

the clinical data, the light trucks and care Ytere compared

to see l f  t trey dif fered in the vehlcle dynanics ldenti f ied

by the cl inical analYsts.
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ri
IAa noted ln chaPtct 2, 3aDple data we!€ used in the83 ana-

lyees, ao the numbere do not repreEent populat lon estinates.

Because of the NAss saDpllng process, fatal craEhes, lnJury

accldents, and tortaways are lePresented roore heavily than non-

towatray crashes.

ResuItE from the four rpproachea ar€ presented ln tbe

sectlons whlch f ol. low.

3 .2 .1  E f fec ts  o f  Dr iver  and Env i ronrnenta l  var lab les

For rol lover rates of l ight trucks and cars to dif fer as

the result of a confounding nonvehicular variable, trto

condit ions nust be met:

the nonvehicular variable roust be correlated

with rol loveri  and

light truck and car crashes Dust differ with

respect to the nonvehicular variabLe.

To exanine condit ion (a), the NAss driver and

environmental variables posslbly related to rollover were

identi f ied (Tabte 3.2) .  crosstabulat ions were used to

deternine which variableg were related to rol lover.

Chi-squares nere used to index the, strength of the

l i

I
I

J

l
l
f
J.)

l ', l

J

( a )

( b )
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j
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| lable 3.2 NA88 Varlablaa Exalr lDed fo!  Tbeir
Relr t loDshlp to Vsbicle Ovcrtuln

Driver variables

Age

Gender

t{onths drlvlng cxperlence

Frequency drlving road

Cra6h al,cohol lnvolvenent

Environnrental variables

Land use (urban-rural)

Nunber of travel lanes

Road divided/undivided

Horizontal aligrunent

Vert ical al ignment

Atroospheric condit ion (rain, etc. )

Road Eurface type

Road surface condi'tlon
(dry ,  i  cy ,  e tc .  )

Light condit ion

i:
a:

i
i

:

".

I
(
I\
I
I
t_

I
L
t
t
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1relatlonEhips, but the probabllltlee aasoclated nlth chl-equare

tlust be consldered suggestlve only, because of the etrat l f led

NAss saDple. Table 3.3 shows al l  the varlableE nlth a

slgnlficant relatlonstrlP for both carB and llght trucke'

olstlngulslrlng rollover from nonrollover crashes !,ere four

roadway variables and two drlver varlables. The nost pronounced

effect was the tendency of rollover craBheB to occur on ruraL

roads. Rollovers also occurred nore lrequently ln darkness and

on two-lane roads, which nay siroply ref lect the rural nature of

rol lover crashes. curves were alEo assoclated wltb the

overturns. As for the drlver varlables, rol lovers vere found

go:newhat more frequently on roads unfani l lar to the drivers,

and tbe drivers 1n rol, Iover crashes tended to be younger.

Var iab les  in  fab le  3 .2  bu t  no t  in  Tab le  3 .3  a re  those

which exhibited nb dif ferences betl teen rol lover and nonrol lover

crashes, or the effects were very sl lght. (The data are 6hown

Ln Appendix c.) of lnterest iE the fact that roLIover rtas not

related to driver gender. A160, overturns rtere sl ightly nore

l ikely to involve alcohol- lnf luenced drlvers ln the car

crashes, but there waa ng Euch rel"at ion in t tre l ight truck

crashes .

Next,  the var iables ln Table 3'3 l tere cotopared across the

vehlcle t lPes (Table 3.4.)  OnIy four of  the var iables exhlbi ted

signi f icant di f ferences. Pickup and ut i l i ty vehicle crashes

were Dore c:nlton in rural envlronrnents, while car and van

I
l
I
)

I
I
I
l

J.
J
J

J
j

J
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t.bt.3,l! v.rl.bl.s Dlit i ' | tulshllt lot lovrrr f.dt| othcr
S i ng t.. v.hic tc Crarh.3

(RlAsrR|G d.t. f i tci q|9.ight.d d!t.)

Ctrt

I o  Ro t  t  t o t  t

L loht lrucks
llo Rot t lot t

L.nd Use

ll.S!le!d!!!-e!

Dryt ight, drrn, drsk

Dark, but t ighted

D.rk, unl ightcd

@r-91-lrycl--tsec

Nori zonts t  Al iornent

t00. (x  100.01

26! .1 (P.0)

49.41 25.0/

50.5 f5.O

'100.(x 100.0:

61.4 (Pro)

40.tt 42.6x

et,o E.2

36,9 49.2

ch | . td.r!?ar

Cft l - squercr

42. ! t  4r .5;

27.8 12.1

29.0 16,1

U|-blr|

lu r r I

St ru i9h t

Curvad

62.1A

t7.3

32,1 :

67  .9

:

100.0x  ' |00 .01

123,4  (P=0)

100.0x '100.0x

139.6 (P '0)

onc

fto

,2

a.za

f 5 .7

2 0 . 1

z.9a

87.3

9 . 8

2.62

82.0

13.4

4 , 4

91.2

4 , 5

i
I
I
t

I
I
L

t
t

100.01 100.0x

Chi -Squ.r.r 55.1 (P.0)

100.(x  100.0x

3?.0 (P.0)

61.97, 51.52

38.1 45.5

r00 .0 :  100.0 t

5 .3  (p= .0200)

59.8X a9,

40 .1  50 . r

100.01  100.0x

25.9  (P=0)Ch i . Square*
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-T.blc 3,! (Contlrucd)

I

$!E
Io  Rot  t  Ro l  t

llrl!.l.ccs!!
l o  Ro t  t  Ro t  t

D r l vc r  Aq !

Fraouencv DrivinF narrd

D . i  t y

9..t ty

Oncc p€r lFnth, or tca8

41.7X 17.17 3E,4t 16.4/Urd.r 25

25. t9

40 & oldcr

14 ,6

21.f

!7 .3

1 5 . 7

t9.7

21.9

18,7

t4 .9

Ch I 'S$r..rr

100.0x  100.0 :

t5.E (Pr,0007)

4r.r t  !2.5r

22.5 20,9

t6.4 16.6

100.0t 100,0r

10 .4  (p . ,006r )

45. t t  y ,4

20,E 21.1

34.t !9.7

100.0t '100.01 100.0x 100.01

Chl.Sqqrrcr 21,7 (P'.0001) 5.9 (P'.0510)

tot.t vchictls in sldptc 2602 956 505 501

Probrbit l t iaa a3roclatcd r l th thc chi.sc(J.r!  vl tuca f |Jat ba considcrcd 6wgcstivc onlY,

bccluse o{ thc ttr . t i f ied t lass slrpt. .
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l .bt.  f , .4: Cl ia v5. ! i9ht trucla on nol lov... t . l r t .d vlr l .btG6

(RIASTR6 drtr t l lc; ( 'n. lght.d d.t!)

lrrd t r" @

5t.6t
44.4

ctrr ?ldl4g

54,57 31.91
15.5  65 .1

c h i .
U.Vchs sou.r.

40.7X, ' |  11.6
59 .3  (P .0 )

! i ah t  co rd i  t  i on

Urbln

Rurs I

Urder 25
25-39
40 I older

t00 .0 :  100.0x

Dlyl i  tht,  drrn, dusk
D!rk, but t  lght.d
D!rk. unt lght.d

12,22
8 . 6
34.2

t7,7X
11.6
16.6

100.0x

5?,81 46,0t 60,7
22.2 .|6.0 (p.0,
2 5 . 0  3 8 . 0

100,01 100.0; t00.01 t00,0x

t lurber ot larval [rn.s

Ohe

lro

Drlvlr Aos

J .8X
78.8
17.4

l.al
88.4
8 . 2

1, 2.2t 42.O
8.7  86 .3  (p -0)
1 9 . 1  I  l  . 5

t00.u 100,0x 100.0t  100.0:

u.6z

2 0 . 1

46,0X
36,3
17.6

24.37 37.21
51.2 12,A 26,0
z t .5  20 .0  (P<.00 ,1)

100.0: r00,(n 100.01  100.0x

FrcoJcncv orlvfnq Rord

l lor lront! l  AI fqnnent

Str r i  Oht
Curvcd

oa i  ty  l l .E*
Ycekly 22.1
Once p.. Donth gt tcss 39.2

{1.6t 36,a2 9-5
2 2 . 1  t 5 . 0  (  r ,  s . r )
t6.1 1A.7

4 . 4
2 1  . 1
t1.7

100.0 i 100.0: .| 00.4x 'r 00.0I

61.1x 60.73 2-7
! t .9  t9 . t  (x .  s . r )

57.1X 55.EX
12,9 11.2

100.0x 100,0x 100,0x r00.0x

lot. l Vchistes in SlltDlc 3558 719

r l .s. -  Lot signif ican! bt | , |3ult  Btl t lst lctt  st lrdlrdsi problbit l t ies .ssocirtcd r i th
the chi-squ6re va{ues r lst b€ considerad ssggestive oaly, becruse of the strut i f icd
IIASS B.rp t €.
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crashes occurred Dore Ln urban Bettlngs. Ttle nunber o! travel

Ianes ref lects that f lndlng. wltb r€gard to l ight condlt ions,

the pickup crashes exhlblted a tendency to occur ln darkness

lore than the other vehlcle crashes, and that too EeeDs to

ref lect the rural effect. As to the drlver varlables, only

drlver age 6hor,red a dlfference anong the vehlcle typegt

drivers of vane and utl l l ty vehlcl 'es tended to be older*. No

slgnlflcant dlfferencea anong the vehlcle tl4tes ttere found wlth

respect to road cu ature or the driverrs fanl l lar l ty wltb the

road.

Since urban-ruraL Iahduse and driver age were the Dain

variabLes rrhich could confound rol lover-rate conparisons aDong

the vehicle types, the overturn rates were Btandardized by

adjusting for those two variables. Table 3.5 shows how thls

lras done, and i t  presents both the unadJusted and Btandardized

rol l  latea. Surprislngly, the effects of etandardizlng are

sJ-ight, indicatlng that landuse and driver rge had l i t t le

effect on the vehicle rol lover rates. The largest effect of

standardizinlt was to lower the plckup rates sor0ewhat.

I

'l

I
t

To better indicate rollover rates

the roethod of Table 3.5 nas applied to

NAss lreighting factors. The result ing

rates were as shown on Page 41.

in the crash populatlon,

the data welghted by the

standardized rol lover

l
l
l
I
l
l
't

I

l
:l
J
J
J

;--TfEE--TEfShtea data, the utility vehicle drivers had an
aqe distr ibution eini lar to the car drivers'
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l rbte 3.5 Gcncl l t lql  of Rottovcr n.tcs Adjust.d

fo. Drivcr Ag!.nd Llnd Urc

(i lrsrnr3 d.tr t l lr i  | ' ! |.clghtad drt.)

A,  A t t  c r l gh  veh i c [ c6 ,  d i v i d .d  i n to  d r i v r r ' ! 9 . ' t . r duse  g ro l+s

Drlv.r Air <25 25'f9 40+ <25 25't9 4&

L.rd usc urban urb6n urbln el.el l.g!!! gl.e! lSg!

lfo. cr$h v.hiclra 931 885 a6! lO59 746 126 45t0

R.trtiv. ltcqu.ncy .206 .196 't0! 'Zt' '165 .095 l '000

!. toltovar rrtcs vlthln drlYCr'rle'[.|du3c grolP.

a'v.r.[ ]

<25 25.39 40. <25 . 25.!9 40+ Utudiurt.d

Ufb€n Urban Urb€n Rurst Rurol Ruall lol I Rrte'

Clrr 17,78 16.!x 10.41 l9'1I 4{.94 35.tr 27 'Or

Pickups !3,0 29.E 23.! 61.t 56.6 44.E 48.61

vlm 25,0 27 '8 14.3 50.0 54-5 43.8 16'11

u.vefis 59.' l 68.0 27 'r 75.0 7t.o n'a 67'6x

(tcmt t
Adi u6 t.d

R o l  I  P a t e i

27 .8/

13.81

37.0 t

65.14

E!p!.$4&!: thc |.oltovtr rrt?. .rG ldjust.d to .hor thc vllucr thcv eould

have i{ each vehictc type rerl  distr ibuted cDong the drivcr !g'-t lndLlsc g'oups

as 6horn in section A 6bove' fhis is dode by reighting th'  roltovcr rt t 's

r i thin c6ch !ge- t lnduse 9.ouP by th. overr l I  l . [st iYc f lcgucncy ot that gro(.P'

for .xanpte. the pickuP rdjust.d r. tc i6 c.tcut.t .d !s fotto{si

( . ?06 )  ( . 330 )  +  ( . ' � l 96 )  ( . 298 )  +  ( . 101 )  ( . 2 f3 )  '  ( . 235 )  ( . 643 )  +  ( . 165 )  ( ' 566 )

. (.095) (.448) = 13.81

Since wtreighted dats rra u6cd, the rot lover rt tcs her'  !r '  l |ot PoFJtl t ion

cstir€tcs, rrd thcy difJcr frqr th. r l tcs pr 'scntcd in Bection 3'1'2'  scc t lxt

for ld. iusted rotI r l tes t i th raightcd dsta.t
I
I

i
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cart

pickups

vans

utl l1ty vehlcleE

2 0 . 3 t

3 0 . 5 t

3 5 . 4 t

4 3 . 8 t

I
I
I
I
1
l
l
l
l
I
't

J

J'
I
l
l
J
l
I

Standardized

lol lover rateB

rrith rreighted

NAss dala

The nain effect of etandardlzlng vas to have lonered the

plckup rate sl lghtly, and to hava ralsed the van rate. The

weighted, standardlzed data order the vehicles as they were

in our prevloue l ight truck Etudy (Terhune, 1986).

Ehe irapl icat ion of thls analysls ls that l t  ls hard to

attr lbute the elevated rol lover rates of l lght trucks to

confounding effects of the driver and environnental variables.

ut i l i ty vehlcles especial ly nalntalned high overturn rates,

even after adjusting for Landuse and driver age.

Incldental ly, l t  has Eonetines been noted that ut i l i ty

vehicle accidents tend to occur Dore frequently on roads

covered with snow and ice, cornpared with other vehicles. The

RNAS TRK3 file 6hol,red that was true in single-vehlcle crashes.

The data rrtere not shown here, because Enow and 1ce condi-tions

vere not found related to rollover of liqht trucks (see

Append ix  c ) .
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Instead of uslng the sf iopler NAss urban-rural dlst lnct j 'on,

the clinical coders used the accident-scene photographs to

Eeparate the crash envl.ronments lnto the slx categories below.

o re8 ldential-urban

o manufacturlng or coDnerclal

o res ldent 1aI-rural

o farrolng

o undeveloped, open

o undeveloped, treed or forested

'lrhe overturn rates of all vehicles ln the cll'nlcal data

f l le were computed for each of the categorles, ulth reEultB aE

shown in Tab1e 3.5, part A. There nere wlde dif ferences ln the

rollover rates, suggestlng that the envirorulents differ

considerably ln their rol lover r isks. Dc,ubtLess, tbe

dif, ferences are lnf luenced by Dany factors, such as typical

travel EpeedE, load vidtbs, visibl l i ty. and roadslde terrain.

Ehe six environments dlvide readiJ.y lnto the four risk levels

shown in Table 3.6. Part B of the table shows how ttre

slngle-vehJ.cle craEhes of car6 and llght trucks $tere

distributed among the four rlsk environments. The plckup and

utillty vetricfe crashes rrere found Eonevhat nore frequently ln

the highest-riek envlronDent, indlcating ttrat environment could

have elevated the overal l  rol lover rates of those vehicles'

t
L
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Irbtc 3.6 Envl rqrtnt.t crtcgorl G3 .rd slng lc'Yt{l l c I 'r- Cr|rh tol toYCr

(Cllnlc.l d.tr ttt., rclght.d to b' |..?rGtmt't lvt

ot th. ntAsTRr3 d.tt t l tc.)

A. a'vrrrtt totiovGr l.tar ylthln llwt.orfhtrt C.tclprl"

I  lol  lovcrt i lot tot l l

E!.re!4s! L!-L!,-.re&c: E-E!-!!vs!:

I

I
I
I

l l !rufrcturine - cc t rcirl

RG6identl![ '  ulb.n

t.sldcntl.t . rur!t

u rdcv . topad ' t f . cd

Urdavclopad ' opcn

Frnnln!

.i9!-s4Sr,!.e4!v!.!r

Lor

Xodcrrtc

l lgh

V.ry (lgh

IotrL

lrrl e!.e!!e

12,51 12.

t9 .E  19 .  E

t0 .5  * .6

7.2 12.4

ytlr ll*i!

49.8t t9.

6 . 1  6 . t

lE.g y.9

5 . t  1 6 . 8

17,01

17.7X

33,91

L1.7t

1J.

71 .4

)

lodcr!tc

'l
I  H leh

)

vcry hlfh

l
1
t
j

I
1
t

I
J
I
)

l
I
. t
r l
J

I
J

'l
J

J

B. Distr ibution of cr lsh.s Attcng Enviro.f |Ent!t  cl tcaol ir '

too .0 l  100.01  100.0 :  100.0r

lo. of vchictcs Reprcient.d 1535 754

to. of vchict.s in s.tPtc l l9 101

rs .v .  .  S lng t r ' v .h ic tc
tntcrprctivc cxurptc: 17.01 ot !tt singta'vchictc cl 'shca occu''

r lng in ! hrnufoctur i ng _ cantrErc i ! l  cnvi ro'ri€nt invotvcd rollovcr'

:

107 135

0f E5
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Iabfe 3.7 alrovs the overturn rates of the vehlcle tlpeE

within each of the ienvlronnental l iEk categorles. Undoubtedly,
:

the 6nal]. Baroples slthin the cllnical data file loner the

stabi l l ty of the lndivldual rates' but previous patterns are

upheld. The ut11lty vehlcles general ly had high rolfover

rates, €ven ln the lowest environroental r lek group. PickuPs,

vans, and cars exhibit  eucceeElvefy louer rates.

Suronarizing, thls analyEiE haE Bholtn that there are cl'ear

differences aDong road envlronments Ln the rate6 nlth wblch

vehicles overturn ln slng1e-vehlcle crasheE. Pickup and utl l -

lty vehicle crashes were found eonewhat nore freguently in the

environruents apparently conducive to overturn. When controL-

ling for the crash environnent, however, llgbt trucks contlnued

to exhj.bit  rol lover rates higher than passenger cals.

3 .2 .3  The Event  Secruence o f  RoL loverE

The first natter of lnterest regarding the event Beguence

concerns where the overturns happen, in relation to the

roadrray. Table 3.8 shows that nearly all car rollovers were

produced by features off the road, rrhile approximately one-

fiftb of light truck overturns resulted froD on-road features.

IJater, we shall exatoine evidence to see what happened in the

on-road rol lovers, but f i rst ve wil l  exanine the najori ty --the

off-road overturns.
t
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t .bt.  ! .7 Singt. 'vchicl.  nol lov.r t ! t . t  o{ vehicl '  T} '?'3 yithin

Envi aodrantaI tol lovcr niak Crtcaorias

(Cl, lnlc.t  d.t t  l i t . ,  r . lght.d to b. la9r.. .ntrt lv '

of th. t l lSTRKS d!t.  l i t")

LYsug!$-9v!!lsd!s"

"89-ll-evsr-$-E!-I!Y4rr

Lq
(vch lcl.! rapr.Bcfi t.d In darErlEtor)

Lodf .tc
(v.hictc6 rcp.r3.nt!d In d. i . f t in to.)

l i i gh
(vehictcs reprcscntcd In dcftnl n tor)

Vcry Hi 9h
(veh ict.s raprrscntld In dcrEninator)

clrs 4g!P! !!4f

1a.91 a5.71 '18.41

0o50t ) a212, (55)

8 .5  54 .5  65 .9
(701t  (145)  (7 '

r5 ,0  65 .6  51 .2
(1079) (255) (12)

67.6 94.0 59,1
(251)  (94)  (5 )

l
l
I
l
l
I
l
l',

)

J
l
I
I

r l

J

l
J

U. Vrhs

5!.lx
(5E)

23.9
( 6 )

az,5
(51)

90 .4
(  r7)

rse. t lbtc ! .6, plrt  A, lor dcf inlt ioft3 of r lol tovcr Rlst Lcvctr.

f iExarpte of hor to lerd tabte: of att  th. c!.6ingte-vchicle cr 'sh'6 occurrlng

in !n anvi iof lnent heving lor rol lovcr r iel ,  ' l4. invotYcd rottover'
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f.btc 3.! locrtlo.rs ol tt.tur.t Produclng lol loltrt'

(cl inicr l  d.t !  f i t?, r. lghttd to th. r.P'. tcnt ' t lYC

ol thc RrASlRg f i  t .)

:

ctrg

3,5r

96.5

t00.0r

ru

57

100.0t

t74

,2

't 00,01

a0

s7

' t 00.0t

t00

'
4t

f&hnc

19.d

E0,8

vrn3

18.9

t t . l

U. Vchs

21,1

8 . 6

On rold

Otl rord

lo t . l

Io, of Y.hlclr3

Represcnteo

Io. of v.h i  c [ .8

i h S!|tptc

r on.rosd fcatures includ. the P.vdlEnt.

t
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lrhe llght ttirck and car cra3hct s'rG coupar€d to see tt

tltey dlffered ln the role that roadsl.de leatures played ln the

rol lovere. The analysts wae baeed on the fol lowlnq model:

!!he t overturnE lnvolvlng contact wlth featurel'

pr(featurei) x pr{ featurel contact I  featurel ) X

Pr(rol loverl  featurel contact)

n h e r e . .

pr( featurei l  -  probabll l ty that the feature was
present et the crash elte

pr{featurel contact I  feature 1 ) ' .  probabll l ty that th€
feature is contacted, given 1tE preEence

pr ( rol lover I  featurel contact) = probabil l ty of ro11-
over, glven feature contact

The cl inical data f i l 'e included al l  the data needed to

generale the probability estlnates for the nodel, so they were

calcula'-ed. for each vehlcle t!T)e and each roadside feature in

the cl inical f i1e. The detal led resultg are provlded i 'n

Appendix D, but here they are presented in a forn easler to

f o1l.  oe.

FroE averaging across vehlcle tlT)es, the probabilities

below estluate the r lEk of rolLover, glven vehlcle contact

uith each of the roadside features exaroined::

:

: l
I

I

I
I
I
1
l
I
l
I
1
I
l
I
l
j

l
l
I

47



t.
I
I
l'
L

t
r
L

o .  5 4

0 . 5 8

0 . 5 8

0 . 5 4

0 . 4 8

0 . 3 3

o . 2 9

o  . 2 7

o . 2 3

0 .  1 9

cut Elope (Elopes upward froD road)

f i l l  slope (ElopeE downlr 'ard fron road)
''

dltch

fence

bridge rall or other longltudlnal obJects

nisc. f ixed obJect

divider, barr ier

narrow f lxed obj ect

guardra i I

curb

Il

t
t

It ehould be underEtood that becauBe these estlnateE are

based on crash data, they are probabl,y higher than estinates

that would be obtained i f  the data included road departures

that did not result in a pol ice-reported crash. f t  should al.so

be hoted that these agqregate data eay include urban-ruraL

effects. The results do, however, provide a useful indlcation

of the rol lover hazard presented by each of the obJects.

Sideslopes, both cut and f i l l  types, as well  as ditches,

fence6, and bridge raiL6, were aeeociated vith the greatest

risk of overturn. In contraEt, guardrailE and curbs aPParently

offer relat ively sl igbrt r isks.

A questlon pertinent to thiE study is whether the hlgh

rollover rates of light trucks may be attributed in Part to

l"ight truck crash occurrence on roads where there is high

48



exposure to rollover-conducl'v. roadsldee' Th€ pr(feature)

paraDeter, Gxltlessed aa the Percent o! crasheg where each

roadside feature uaE preEent, la an lndicator of thlg' Flgure

3 . 3 6 h o ! ' s t h e p a r a D e t e r f o r t h e f l v e r o a d s l d e f e a t u r e s v l t h t h e

lrlghest rollover rates. In Eeneral', the llght trucka dld not

appear much Dore exposed to the featureE than dId the passenger

carE. Tbe pickuPg were sl ightly uore expo6ed to cut slopes'

f i lJ. slopes, and dltches than cara were, go the plckup rol lover

rates could have been elevated sonewhat by that exPosure' The

vans were leEe exposed to cut slopes than carE were, whlch

nlght reduce their rollover rate 8119ht1y. The noBt pronounced

difference between cara and a llght truck tlT)e wag the nuch

greater expogure of ut l l l ty vehlcleg to ditches, a dlf ference

rrhich nay have elevated the utility vehicle net overturn rate.

Another relevant guestlon ls tthether llght truckg

exhibited a greater tendency to overturn than car6, r"hen

contactlng any of the roadslde features' Thls le indicated by

the pr(rof loverl feature contact) Paral leter ln our nodel, and

l t s v a l u e s a r e e s t i r o a t e d b y t h e r o l l o v e r P e r c e n t a g e a a s s o c l a t e d

with each feature-contact. The resultE are shown ln Flgure

3.4, which EhowE the fol lort lng:

( a ) For every roadslde feature, rollover rates were

highest for the ut l l i ty vehj-cleE. Even for

curbs, the feature least hazardous for

I
i
l
l
I
l
r1
J
J
J
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rol lovere, utt l t tY vehlcleE

lnclined to overturn after

were dlstlnctfy lore

contact.

(b) Pickups had the Becond hlEhest rollover rate for

nost of the roadEide features.

(c) Vans overturned Duch Dore freqFrently than cars

nhen contactlng cut Elopes, dlvlders, and

guardraJ'1si for aII  other features, they

overturned at slnllar or lower rates than car6'

whlle the probablll6tic lodel used in the precedlnE

analysis Euggest6 cauEal l lnkages betrteen the roadside featureg

and rol lovers, the data do not conclusively eEtabl iEh

causation. To provide further evidence on the causes of

rol loverE in car and l ' lght trucks, the cl lnical analyEts judgeil

which feature of road or roadside produced each rol lover'  The

results ( Table 3.9) rnodlfy our uhderstanding of the

rrtr iggersrr of l ight truck and car rol-1over6' Note the

fot lowing Points ln the table:

(a) Judged most frequently as tr iggers of overturn

were f i l l  EloPes, ditches, and the load

, paveDent. flll aloPe6 Irere Dore fuoportant to car

than to l ight truck rol lovers, whereas dltches

and the road PaveDent Ltere def inlteJ-y Dore

relevant to light truck rollovers' Pavements
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l tere, in fact, aIDoEt negl lglble ln car

rolloverE, whereaE they vete the second loEt

prevalent tr igger of ut l l i ty vehicle overturnE.

Notlce al.6o that leve1 ground was ldentlfled aE

a rollover trlgger. Taking pavenent and level

ground together, fuUy 32.4t of the van

overturna and 31.It  of the ut l l l ty vetr icle

overturns were attrlbuted to those sourceE.

(b) while prevlous lndl.catl,one .uggeBted that cut

61ope6 present a hlgh rol lover hazard, the cI ln-

ical J udgnentE lndicated that cut slopes were

infrequent rol lover cause6. An lnpl lcat lon ls

that while overturn crashee frequently lnvolveCl

contact with a cut Elope, the rol lover6 were

produced in uost of these cages by sonething

eJ.se, 6uch aE the ditch vhich usually ls at the

. base of a cut 61oPe.

(c) Several other features Previously indlcated to

play a rol.e in overturhs a15o 6eemed, In the

Judgment of the cl inlcal analysta, to be malnly

incidental .  These include narrow f ixed objects,

curbs, gruardral ls, divlders' and fences.

sumnarizing, thls analysis of crash events began by

showing that a large naJorlty of overturns were inltiated off

t
t
t
I
t
I
I
I
T
t

t

t

t
t
I

i
t
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thc road, though about a flfth of llght truck rollo\tGr' began

on the road. coneldering the off-road rollovers, the data

lndlcated that llght trucks nay overturn nore frequently than

carE becaua€ thel'r crashes tend to occur nore vhere the

roadeldes have rol,lover-conducLv€ features, such aB sideslopes

and ditches. More distlnctlve, however, was evidence thatf for

nost of the features, utlllty vehlcles and plckuPs overturned

at htgher rateE than paesenger cars. van rol lover rateE were

pronouncedly hlgher than car ratea wlth only a felt of the

features. AB to which features were loat l ikely to cauEe an

overturn, statlstlcal and cllnlcal analyse6 gave aomelthat

dif ferent lndications. Both indlcated that f111 slopes and

d.i tches were very lnportant rol lover rrtr iggersrr,  but they

disagreed as to rrhether cut slopes and fences were slqnlf lcant

to  ro l lover .

3 .2 ,4  veh ic le  Dvnan ics  ln  Ro l lovers

As a flnal approach to understandlng nhy llght truck

overturn rates are bigher than car rates, the vehlcle dynanlcs

in rol1over6 vere coDpared. Exauined f iret were the vehlcle

actlons Just prior to the craah. Flgnrre 3.5 5ho!t6 the overturn

rates for each of the f ive categories of vehicle pre-crash

orientat lon coded by the cl lnical analysts. clearly, lateral

(sideways) skldding and vehicle spinnlng or rotat ing were the

actions nost like1y to be followed by overturn. If ught trucks

were Dore subject to loss of control lnvolving lateral Ekidding
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PROPOBTION
OF CRASH
VEHICLES

WHICH
OVEFTURNED

(%)

LONGITUDINAL  STOPPING
SKIDDING TURNING

TBACKING SP INNING
ROTATII.]G

LATERAL
SKIDOING

Pre-Crash Vehicle or i  ent at  i  on

Exanple:  Of al l  vehicles which h'ere tracking pr ior to the crash, approxinately
22? overturned.

F igu re  3 .5 .  P re -Crash  Veh ic le  o r i en ta t i on  and  Ro l l ove r
(Cl in ical  data f i . le,  weighted to be representat ive of  the RNASTRK3 f i le,)

' R (


