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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
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