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Abstract

Trangport Canada conducted a study of the accident performance of light trucksand vans (LTV) inthe early
1980's. Since this period, severa trends have evolved which warrant areview of the evaluation, compliance
and performance of exigting safety standards. LTV vehicles have captured a much larger market share, are
used for awider variety of purposes, and have undergoneradica redesignsthat create unique safety concerns
(eg., large diding doors, inboard facing seets, removable sedts, large aress of glazing, etc.).

In response to the concerns noted above, Trangport Canada and the University of New Brunswick Accident
Investigation Team initiated a three year Leve 1V study of late-modd sport utility vehicles, light trucks, and
minkvans which concluded in April 2000. This paper serves as a summary of findings for the study, which
covers 106 in-depth case investigations. Although the data are limited, a number of trends are noted which
suggest that subjecting these classes of vehicles to the same safety Standards as those designed for the
passenger car fleet is deficient in some areas. Specific cases are described which exemplify common issues
identified by the study.

One of the most blatant deficiencies highlighted by the study is the frequent loss of integrity that results when
rear or Sde glazing fails leaving large openings that expose passengers. Other issues cited include failures of
rear cargo doors, seetbacks, window latches, excessive roof crush, vehicle incompatibility in multi-vehide
callisons, body pand retention, and driver mishandling of the vehicles.

The paper concludes by identifying a number of recommendations for the continuation and expansion of the
study of light truck and van collisons leading to the modification of federd safety Sandards.
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1.0INTRODUCTION

Trangport Canada conducted astudy of the collision performance of light trucksand vans (LTVs) inthe early
1980's. Sincethisperiod, severd trends have evolved which warrant areview of the effectiveness, compliance
and performance of existing safety standards. L TV shave captured amuch larger market share, areused for a
wider variety of purposes, and have undergone mgjor redesignsthat create unique safety concerns (e.g., large
diding doors, inboard facing seets, removable seets, large aress of glazing, vehicle incompdtibility, etc.).

In responseto the concerns noted above, Transport Canadaand the University of New Brunswick-sCollison
Research Team initiated athree year study of late modd sport utility vehicles, pickups, and minivansin April
1997. A Levd 1V gpproach was used in which investigators supplemented police records with first-hand
examination of the scene and vehicles, occupant interviews, detailed injury information, and recongtruction
analyses.

The primary objective of the Sudy isto eva uate the compliance, performance, and effectiveness of sandards
that have been transferred to the LTV fleet through the investigation of redl world collisons. Furthermore,

investigatorslook for deficienciesin vehicle crash performance not covered by current standards. This paper
sarvesasasynopsisof findingscovering 106 in-depth investigations. Although the dataare limited, anumber of

trends evolved which suggest that the extension of the same safety standards as those designed for passenger
cars may be inadequate in some arees.

2.0 BACKGROUND

The recent proliferation of LTVs in the nationd fled is quantified in Figure 1. The graphic depicts that the
proportion of LTV sdes, compared with passenger cars has gpproximately doubled during the last decadeto
nearly 90 percent (Love, 2000; Fennell, 1998). Furthermore, of al new Canadian vehicle salesin 1997, three
of the top four salling moddsbelong to the LTV dass.
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Figure 1: Canadian New Vehicle Sales 1990-1999

By way of contrast, LTV srepresent amuch lower proportion (gpproximately 29 percent) of the672,000 new
passenger vehicles sold in Audraia during 1999 (Audtrdian Bureau of Statigtics, 2000). However, this
proportion has increased from approximately 20 percent in 1994.



Not only have LTVs captured an increasing share of the market, but also their usage characterigtics have
changed significantly sncether initid introduction into the vehicdle fleet. They are being used increasingly more
as passenger vehicles since the demographics of their owners have changed. For example, households with

children are much more prevaent in the van market than they were 20 years ago. Pickup trucks are being used

more for the combined conveyance of passengers (through the inclusion of small passenger compartments
behind primary seeting) in addition to cargo. The sport utility vehicle sub- population includes awide range of
vehicle styles with varying centres of gravity, overturning ratios, weight distributions, and power-to-weight
ratios.

The van or minivan fleet has undergone significant interior and exterior design changes since they were last
studied by Transport Canada in the early 1980's. Maodifications include: large diding doors with increased
glazing which influence occupant integrity and impact protection; and increased use of removable sests and
ther proximity to large rear doors which highlights a need to examine, among others, door latch and seat
anchorage standards.

The Canadian Motor Vehicle Safety Standards (CMV SS), promulgated inthe early 1970's, are set out under
various schedules. The targets of these standards are vehicles of prescribed classes and their components. At
the time of the introduction of the CMV'SS, trucks were not required to meet some 200 series standards
applied to passenger cars. As the standards have evolved, an increasing number of those developed for
passenger cars have been extended not only to light trucks, but dso sport utility vehiclesand vans. Atissueis
whether this extenson is adequate or if there is a need to modify the standards to accommodate the
peculiarities of the LTV fledt.

3.0 DIMENSIONS OF THE DATA SET

Thispaper presentsfindingsfrom atota of 106 in-depth investigations of collisonsinvolving late modd (1993
and newer) LTVs. The vehicles in the sample have included sport-utility vehicles (eg., Nissan Pathfinders,
Ford Explorers, Jeep Cherokees, Suzuki Sidekicks, etc.); minivans (e.g., Dodge Caravans, Ford Windgtars,
efc.); and pickup trucks (including those with both conventional and extended cabs). All LTV vehicles are
defined as multi- purpose passenger vehiclesor truckswith agrossvehicle masslessthan 4,546 kilograms. The
cases were sampled from the period of April 1997 through April 2000.

The sampling plan was not designed to represent a population; rather, it can be considered a>convenience
sample=. A natification system was established under which the research team was informed by police of dl
callisonsinvolving late mode LTVs. Only those callisonsinvolving significant or peculiar damageto the case
vehicle were induded in the study sample. All collisonsinvolving afataly injured occupant in the case vehicle
were included as well. The intent was to include as many cases as possible that could reved information
regarding the adequacy of safety standards.

Table 1 summarizes the configuraions of collisons included in the sampled cases. Of note is the high
proportion of collisonsinvolving rollover. Approximately half the 51 rollover caseswerejudged to represent
gtuationswherethe high centre of gravity of thevehiclelikely propagated or exacerbated the collison. Within
the sample of 106 cases, thereis ardatively even split between sport utility vehicles, vans, and pickupswith
33, 38, and 35 having been sampled, respectively.

The profile of driver ages gives an interesting perspective of the sampled cases. One-third (35 of 106) of the
cases involved drivers under the age of 25 years. The cause of dl but nine of these collisons could be



contributed to ether road conditions or driver mishandling of the vehicle. If the age threshold isincreased to
include dl those up to 35 years, nearly 55 percent of al sampled casesareincluded. Although thisisasmall
sample, agenerd extrgpolation might be that driver inexperience with these classes of vehidles, which often
handle differently than passenger cars, might be afactor among younger drivers.

Table 1: Collision Configurations

(n=106)
Configuration Freguency
Rollover 51
Head-on 29
T-type 19
Side-swipe 5
Rear-end 2

4.0 OBSERVATIONS

The following sections detail some of the more prevalent observations related to the CMV SS from the 106
cases sampled.

4.1 Glazing Materials

It was previoudy noted that as minivans have become an increasingly more popular family vehicle, itsgenerd
design has changed to adapt. The traditiona cargo area of vans is now often transformed into a passenger
compartment. The provision of large areas of glazing dong the sidesand rear of the vehicles has accompanied
this metamorphosis.

In 49 of the 106 sampled cases, occupant compartment integrity was compromised dueto side or rear glazing
ether shattering or didodging from its mounting with the window frames. The casesinvolving thisproblem are
highly corrlated to the occurrence of a rollover type collison. While the result of side and rear glazing
shattering during a collision has been ever present among passenger cars, the issue has become acute anong
LTVs given the large openings (and subsequent loss of occupant compartment integrity) crested when the
glazing materids are no longer present. Figure 2 illustrates atypica case where the rear and al Sde glazing
shattered during arollover collison resulting in aloss of occupant compartment integrity.

Figure 3, illustrates asimilar problem documented for pickup trucks. The rear windows shattered during the
sequence of arollover collison. Again, these occurrences are problemdtic given the loss of integrity to the
occupant compartment.

CMVSS 205, Glazing Materials sets out the standards that governthe acceptable types and strengths of
materids to be used for glazing. Modifications would be required to this standard for LTVs if the above
problem areas are to be addressed.



Figure 2: Loss of Side/Rear Glazing Figure 3: Loss of Rear Glazing
4.2 Glazing Mounting

In addition to the cases of glazing materids shattering as noted in the previous section, deficiencies in the
mounting mechanisms of sideand rear glazing were noted in nine collisons. Thelatchesfor sdewindowswere
observedto havefaled infive casesinvolving minivans. The result wasthat the Sde window either hinged open
or (in three ingtances) became completely detached from the vehicle. Figure 4 depicts atypica occurrence.

A further type of mounting failure was noted for the rear glazing of two pickups. The rubber mounting gasket
that provides the sed between the window frame and the glazing failed during arollover thereby dlowing the
glazing to separate from the vehicle completdy. The problemisexemplifiedincase LTV S 1228 wherea 1993
Nissan Kingcab logt its entire rear glazing during ardaively minor rollover.

Figure 4: Failure of Sde Window Latch

4.3 Rear Cargo Door Failures

Sixteen of the 106 cases involved afailure of the rear cargo door:sintegrity on either minivansor sport utility
vehicles. Mogt of these cases wereinstances where the locking mechanism fail ed thereby dlowing the door to
open during the collison. The applicable standard, CMVSS 206, Door Latches, doesset explicit limitsfor the
latches and hinges for cargo- type doors. At issueiswhether this standard is sufficient given thefindings of the

study.



Four of these 16 cases were failures of the door structure rather than the latching mechanism. Both were
minivans equipped with afibreglass rear cargo door that failed structuraly during arollover. In each of thefour
ingancesthe door frames actudly failed, near the hinges at the top of the glazing, dlowing the doorsto separate
from the vehicle completely. There are currently no standards that address this particular issue.

Findly, three cases involving pickup trucks were noted where the rear tailgates separated from the vehicle
during the course of the callision events. The separation of body pands as significant asatalgaieobvioudy can
cregte a hazard to occupants of dl vehiclesinvolved in the collision.

4.4 Sliding Side Door Failures (minivans)

Of the 38 minivansincluded in the sample, four involved astructurd failure of their diding Side door assembly.
Thisisof particular concern giventhelarge portd that is created when thesetype of doorsfail. It isimportant to
notethat three of thefour casesinvolved deformation of theroof and/or door framethat allowed thedoor latch
or diding tracks mechanisms to fail. The fourth case (LTVS 1268) was a Side impact with a utility pole that
resulted in the door gl frame failing & aweded joint. This joint falure dlowed excessive intrusion into the
occupant compartment.

4.5 Roof Intrusion

Of the 51 cases that involved rollover of the vehicle, 19 were subjectively judged to have sustained excessive
roof crush. The standard CMVSS 216, Roof Intrusion Protection, is administered as a gatic loading of a
vehidessroof structure. The gpplied load is set as 1.5 timesthe unloaded weight of the subject vehicle. These
test specificationswere extended from passenger car standardsto LTV sin 1994 (Transport Canada, 1996).

Figure 5 illustrates two typica cases where the roof crush might be considered excessive given the collison
circumstances. The 1997 Geo Tracker depicted in Figure 5, sustained itsroof crush during arollover with an
esimated pre-impact speed of only 60-65 knvh. An interesting observation with this case is that the failure
pattern of the left Sde of the roof suggeststhat the pillarswere subjected to alaterd loading. Thiskind of load,
whichiscommon given thedynamicsof rollover collisions, isnot specificaly reflected by thetest procedures of
CMVSS 216.

i

Figure5: Roof Crush: 1997 Geo Tracker



The 1993 Chevrolet pickup depicted in Figure 6 sustained excessive roof crush, particularly in the areaover
the rear bench seat. The case illustrates the long structura span that is often required of LTV roof systems
given the provison d large window openings.

Figure 6: Roof Crush: 1997 Chevrolet Pickup

Figure 7 exemplifies a class of vehicles (convertibles) for which CMVSS 216 does not apply. The 1995 Geo
Tracker (soft-top) depicted was involved in alow speed rollover collison. Had there been any occupantsin
the rear seet, they would have been completely exposed given that there was no protective roof structure
present. It isironic to note the provison of mounting structures for the D-rings of three- point restraintsfor the
outboard passengers, in the absence of any protective roof structure.

Figure 7: Lack of Protective Roof Structure

4.6 Incompatible Vehicle Geometry

With therecent proliferation of LTV's, much public atention has focussed on theissue of different vehideszes

Many LTV modds have an inherently higher centre of gravity, larger masses, and dliffer chasss. The

combination of these characteristics is sometimes referred to as an LTV:s aggressiveness. These features
place occupants of passenger carsat adisadvantage should they be struck by an LTV. Gabler and Hollowell

found that peoplein carsaremorelikely to beinjured or diein acollison with an LTV because of theAdriking

incompatibility between carsand dl categoriesof LTVS) (1998). They found that 81 percent of thosekilled in
U.S.LTV-car collisonsin 1996 were occupants of thecar. Furthermore, collisonsinwhichthe LTV Awasthe
bullet vehicle led to 56.9 percent of dl fatditiesin Sde-struck vehicles'.



An Insurance Indtitute for Highway Safety study found similar results asthey noted the overdl risk of death for
occupants of carscollidingwith LTVsisabout 4:1 (1998). Thisratio increasesto gpproximately 25:1 in cases

where cars are struck on their side by an LTV (compared with 6:1 if struck by another car).

From the 106 cases sampled, 15 were noted to involve ameasure of vehicleincompatibility. In essence, dl of
these 15 collisions represented two vehicle collisions where the rdaive height, mass and stiffness of the LTV
case vehicle resulted in disproportionate damage to the passenger car involved.

Figure 8 illustrates the consequences of incompatible vehicles. As shown, a 1996 Ford F-150 pickup struck
the Sde of a 1989 Ford Taurus. Given the height and tiffness of the frame and bumper of the pickup, it

overrodethe sl leve of the Taurus thereby exacerbating the intrusion into the rear occupant area.

Figure9 depicts an example of afronta collision between incompatible vehicles. The 1989 Pontiac Firefly ad
the 1993 Ford Explorer impacted in a head-on configuration. The Explorer overrode the front end of the
Firefly because of its additiona height and chassis stiffness. Note that the mass of the Explorer was nearly 2.6
times thet of the Firefly.

Figure 9: Head-on Impact Damage Between Incompatible Vehicles

Although vehicle Sszeand mass are not likely to be regulated, astandard bumper height and stiffness, mandated
through CMVSS 215, Bumpers, for al vehicle dassesmight prove beneficia. While the standard doesgovern

the height of bumpers (between 400 and 500 mm) it currently only gpplies to passenger cars and not the
multipurpose vehicle or truck classes.



4.7 Failed Seatbacks

Ten of the sampled casesyielded observations of seatback failures. The most dramatic casewasL TV S 1233
that involved a 1995 Suzuki Sidekick. After spinning out of control on anicy road the vehicle did backwards
sriking a snowbank. Both the driver and passenger seatbacks faled, dlowing the driver (despite being
restrained) to be gected out through the plastic rear window. The damage is depicted in Figure 10.

CMVSS 207, Seat Anchorages, dictates the static strength that a seat-sanchoragesand the seatback-ssdif-
locking hinge must withstand. The same standard that appliesto passenger carsisset out for classesof LTVs.
Whileit isunlikely that occurrences of seatback failures are any more prevaent in LTV s than passenger cars,
the consequerces may, on average, be more severe given the demonstrated frequent loss of occupant
compartment integrity due to Sde and rear glazing.

Figure 10: Seatback Failure

4.8 Fibreglass Body Panels

Manufacturershaveincreasingly used fibreglassbody panelsfor hoods and doors, including the reer fibreglass
cargo doors noted in section 4.3. In seven of the 106 cases sampled, the subject vehicle had one or moreof its
fibreglass panels detach from the vehicle. At issue is the hazard these panels could pose to occupants of
involved vehicles or pedestriansin the vicinity of the collison.

4.9 Windshield Bond Strength

CMVSS 212, Windshield Mounting, regulates minima windshied bond strength by establishing amaximum
degreeof peripherd separation of the windshield from theframefollowing afixed barrier impact. Theminimum
retention following the test is set a 50 and 75 percent depending on whether the vehicle is equipped with an
automatic occupant protection system or not. What this test does not account for isstructura deformation of
the windshield frame during arollover event.

Within the sample of 106 collisons, 19 cases were noted where windshield bond separation exceeded 50
percent. Expectedly, most of these cases were rollover configurations. Obviously, occupant compartment is
compromised where bond separation isexcessive. A further 12 casesresulted in bond separations of 25to 50
percent, while another 10 were observed with bond separations less than 25 percent.



5.0 DISCUSSION

While the preceding observations are admittedly based on ardatively smdl dataset, anumber of issueshave
been raised which question the appropriateness of extending safety standards designed for passenger carsto
LTVswith little or no modification.

Thestudy findings suggest that Transport Canada should move toward a more robust sampling of LTV

collisons s0 tha a more comprehensve knowledge base can be established upon which suggested
improvements can be made regarding LTV safety standards.

6.0 ACKNOWLEDGEMENTS

Theauthorswould liketo expresstheir gppreciation to the UNB Collison Research Teaminvestigators, Greg
Sypher and Gangu Bittira, for their participation in the devel opment of this paper. Furthermore, without the co-
operation of the Roya Canadian Mounted Police and municipa police forces, and funding from Transport
Canada, this study would not have been possible.

Any opinions presented in this paper are soldly those of the authors.

7.0 REFERENCES

Audrdian Bureau of Statidtics, Australia Now —A Satistical Profile: Transport —Registrations of New
Motor Vehicles, http://www.abs.gov.al/ausstats September 13, 2000.

Eguakun, G.A., Evaluation of Potential Safety Benefits From the Introduction of Selected CMVSSto
LTVs, Magters Thesis, University of New Brunswick, Fredericton, NB, 1993.

Fennell, T., Big Wheels, in MacL eans, vol. 111, no. 29, Toronto, ON, July, 1998.

Hollowell, W. and H. Gabler, National Highway Safety Administration:s(NHTSA) Vehicle Aggressivity
and Compatibility Research Program, 16™ Internationa Technica Conference onthe Enhanced Safety of
Vehicles, Windsor, ON, May 31 to June 4,1998.

Insurance Indtitute for Highway Safety, Status Report: Crash Compatibility, vol. 33, no. 1, Virginia,
February 14, 1998.

Love, M., Industry News: 1999 Sales Riches Spread Across Boar ds, in Canadian Auto World, January 17,
2000.

Transport Canada, Consolidation: Motor Vehicle Safety Act-Motor Vehicle Safety Regulations, Motor
Vehicle Standards and Research Branch, Ottawa, ON, July, 1995 (with amendmentsin 1996).



