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DISCLAIMER

This document is disseminated under the sponsorship of the Department of Transportation in the interest
of information exchange. The United States Government assumes no respongbility for the contents or use
thereof.

The opinions, findings, and conclusions expressed in this publication are those of the authors and not
necessarily those of the Nationd Highway Traffic Safety Administration.

The crash invedtigation process is an inexact science which requires that physical evidence such as skid
marks, vehicular damage measurements, and occupant contact points be coupled with the investigator’'s
expert knowledge and experience of vehicle dynamics and occupant kinematicsin order to determine the
pre-crash, crash, and post-crash movements of involved vehicles and occupants.

Because each crash is a unique sequence of events, generaized conclusions cannot be made concerning
the crashworthiness of the involved vehicle(s) or ther safety systems.
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VEHICLE: 2000 CHEVROLET VENTURE
LOCATION: MICHIGAN
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BACKGROUND

This on-site investigation focused on the injury mechanisms of a 14 year old male seeted in the front right
of a2000 Chevrolet Venture. The Chevrolet wasinvolved in an intersection collison with a 1992 Pontiac
Bonneville. The Chevrolet Venture was equipped with a Supplemental Restraint System (SRS) that
consisted of redesigned fronta and sde impact air bags for the front seated occupants. The manud front
seat beltswere equipped with buckle pretensoners. Thefront right Sdeimpact air bag deployed asaresult
of the crash. The 14 year old child was restrained at the time of the crash by the vehicle's 3-point lap and
shoulder belt system. He reportedly sustained alacerated spleen and liver asaresult of contact with arm
rest of the intruding door panedl.

The crash was sdlected for investigation by PSU 12 of the National Automotive Sampling System (NASS).
The Zone Center in-turn notified the Crash Investigations Division of the Nationd Highway Traffic Safety
Adminigration (NHTSA) of the crash. NHTSA subsequently assigned aremote level investigation to the
Specid Crash Invedtigations team at Veridian Engineering. A combined NASS/SCI andysis of the crash
was conducted due to the interest in and potential benefits of side impact air bags.

SUMMARY

Crash Site
This two-vehicle crash occurred during the afternoon
hours of October, 2000. At the time of the crash, it
was daylight and the weether was not afactor. The
road surface wasdry. The crash occurred at the four-
leg intersection of a two-lane north/south road and a
two-lane east/west road in arural area of the county.
The intersection was controlled by stop sgnsfor traffic
traveling in the north/south direction. There were no
obsgtructions in the intersection quadrants that would
have impaired the line of sght for the respective
drivers. The speed limit in the area of the crash was
89 km/h (55 mph). Figure 1 isawestbound view on Figure 1: Westbound trgjectory view of the 2000
the approach to the intersection. Chevrolet Venture into the intersection.




Pre-Crash

The 2000 Chevrolet Venture was westbound on the gpproach to the intersection and was driven by a42
year oldfemale. Shewasredrained by thevehicle s3-point |gp and shoulder belt. Thefront right seat was
occupied by a 14 year old restrained male. The Chevrolet’s second row seat system consisted of three
modular bucket seats. The second row |eft and second row center positionswere occupied by arestrained
11 year old mae and an unrestrained 10 year old female, respectively. The 1992 Pontiac Bonneville was
southbound driven by a 16 year old femae. Shewas restrained by the vehicle s 3-point 1gp and shoulder
belt and was the vehicle s sole occupant. Asthe Pontiac approached the intersection, the driver failed to
stop and entered the intersection coincident with the Chevrolet Venture. Both drivers estimated their
respective travel speed was approximately 89 km/h (55 mph). No pre-crash braking evidence was
documented.

Crash
The crash occurred with the front plane of the Pontiac striking theright side plane of the Chevroletina12/3
0 clock impact configuration. The direct vehicular contact occurred in the area of the Chevrolet’s right
front door. Refer to the crash scene schematic, Figure 2. The force of the impact caused the front right
gde impact ar bag in the Chevrolet
Ventureto deploy from the seat back. The
Venture's frontal air bags did not deploy.
The deta V cdculated by the Damage
agorithm of the WINSMASH mode was @
23.4 km/h (14.5 mph). The longitudind P12 1773

scale =1/3.5

and lateral componentswere-11.7 kmvh (- speed = 89 kmpn

envir. = clear, daylight, dry, asphalt,

7.3 mph) and -20.3 km/h (-12.6 mph), roadway
respectively. The barrier equivalent speed
was 35.6 km/h (22.1 mph). The Collision
Deformation Classification (CDC) coded 2000 Chevrolet Ventre
by the researcher was 02-RY EW-4.

The impact force aso commanded the
deployment of the frontd air bag sysemin
the Pontiac Bonneville. The Pontiac was
not avalable for pogt-crash ingpection.
The ddta V cadculated by the Missing
Vehide dgorithm of the WINSMASH
moded was 28.6 kmv/h (17.8 mph).

1992 Pontiac Bonneville

The southbound momentum of the Pontiac
atered the trgjectory of the Chevrolet to
the southwest. The area of impact was
identified by a tire mark attributed to the

Figure 2: Crash schematic.
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right front of the Chevrolet. Additiona evidence documented during the NASS investigation included a
largefluid spill and a series of tire marks aong the Chevrolet’ s southwest trgjectory. The Chevrolet did
laterdly across the center line, through the eastbound traffic lane and into the southwest quadrant of the
intersection over a 22 m (72 ft) distance. The Chevrolet had aso rotated clockwise approximately 45
degrees. Upon leaving the pavement, the vehicle began to furrow on the doping earthen shoulder with its
left Sdetires. Thevehicletripped and initiated aleft sideleading roll. The Chevrolet rolled 4 quarter turns,
coming to rest on itswhedls. The roll sequence was evidenced by the furrow and the fractured left Sde
window glazing. During the roll sequence, the unrestrained 10 year old femae passenger was gected
through the left Sde window. Figure 3 is alook back view from the area of the Chevrolet's find rest
toward the intersection.

LE tirc mark
8 & I'rip point

Fracmarad lekt side glazmg

Figure 3: Look back view from the Chevrolet’ sfinal rest
toward the intersection.

The Pontiac Bonneville came to rest on the roadway approximately 15 m (50 ft) from the point of impact.
The vehicle rotated clockwise during its post-impact travel, due to the laterd momentum of the Chevrol€,
and wasfacing southwest asreferenced inthe policereport. The exact find rest position of the vehiclewas
not identified. The Pontiac was sold for savage by its insurance company after the crash and was not
avalable for ingpection.

Post-Crash
The policeand EM S personnd responded to the scene. Upon arriva, the 14 year old front right occupant
of the Chevrolet was unconscious. He wasimmediately transported to aregiond trauma center. At the
time of his admisson, he was dert with a Glasgow Coma Score of 15. He reportedly was admitted for
aperiod of 5days. Themedica record indicated he sustained aminor liver laceration (AlS2) and amgjor
gpleen laceration (AlS 4) (both related to the intruding right front door), aswell as multiple dorasonsand
contusions.

The driver was assisted from the vehicle due to police reported non-incapacitating injuries. Reportedly,
she was diagnosed with two right rib fractures, multiple abrasions and contusion and strain to the cervicd,
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thoracic and lumbar regions of her spine. The driver was hospitalized for two days and released. The
restrained 11 year old male, seated on the left side of row 2, was initialy unconscious at the scene.
However, upon his arriva at the trauma center, he was awvake with a GSC of 15. He sustained a bladder
laceration(AlS 3) and multiple minor abrasions and lacerations. He was hospitdized for two days and
released. The unrestrained 10 year old fema e occupant suffered afracture of the right clavicle (related to
right sde intrusion) and facid abrasions. During the first quarter roll, this unrestrained occupant was
displaced to the area of the left Ssde window. Upon ground contact, the window glazing fractured and the
occupant was deposited on the ground. The vehicle then rolled away from her. She was found
unconscious outsde the vehicle.

The 16 year old femde driver of the Pontiac reportedly exited the vehicle under her own power, sat down
outside the vehicle and waited for the emergency responders. Shewas transported to alocal hospitd and
admitted for overnight observation. She sustained a2 cm (1 in) posterior occiput laceration from an
unknown rebound contact. Additiondly, the medicd record indicated she sustained minor seet belt related
abrasons to her neck and chest.

2000 CHEVROLET VENTURE

The 2000 Chevrolet Venture wasidentified by the Vehicle I dentification Number (VIN): 1IGNDXO03E5Y D
(production sequence deleted). The minivan was the extended whedlbase (305 cm (120 in)) modd and
had a grossvehicleweight rating of 2,430 kg (5,357 1b). The power train conssted of 3.4 liter V-6 engine
linked to a 4-speed automatic transmission. A four-whed anti-lock braking system (ABS) was standard
equipment. The eectronic odometer could not be read during the inspection.

The vehiclewas configured to seat seven (7) occupants. The seatsweredl forward facing modular bucket
seats and were arranged in a2/3/2 configuration. The manual restraint system consisted of 3-point lap and
shoulder betsinthe six (6) outboard positions. Thefront row seet belt systemswere equipped with buckle
pretensioners. The center seat in row 2 was equipped with alap belt. The Supplementa Restraint System
(SRS) consisted of redesigned fronta air bags for the
driver and front right passenger and seaet mounted side
impact ar bags for the front occupants. The driver’'s
seat belt pretensoner and right side impact air bag
deployed as aresult of the crash.

Exterior Damage
The right sde of the Chevrolet Venture, Figure 4,
sustained 320 cm (126 in) of direct contact damage
that began at the right corner of the front bumper and
ended 77 cm (30 in) forward of the left rear axle. The
width of the direct and induced damage (Field L)

measured 385 cm (152 in). The Field L began at the Figure 4. View of the right side damage to the Chevrolet
Venture.
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right corner of thefront bumper and extended rearward to apoint 12 cm (5in) forward of theleft rear axle.
The maximum crush occurred at C4, approximately at the location of the B-pillar. The crush profile
recorded at the mid-door location was as follows: C1=0, C2=8 cm (3in), C3=44cm (17in), C4=62cm
(24in), C5=14 cm (5.5 in), C6=1 cm (25 in). The Principle Direction of Force was in the 2 0'clock
sector. Thewindshidd wasfractured in theimpact and theright Sde glazings disintegrated. Theright Sde
wheelbase was foreshortened 39 cm (15 in). The ddta V caculated by the Damage agorithm of the
WINSMASH modd was 23.4 km/h (14.5 mph). The longitudina and lateral components were -11.7
km/h (-7.3 mph) and -20.3 km/h (-12.6 mph), respectively. Thebarrier equivaent speed was 35.6 km/h
(22.1 mph). The Collision Deformation Classification (CDC) coded by the researcher was 02-RY EW-4.

The balance of the Chevrolet’s exterior damage was
consgtent with a4-quarter turn rollover. Figure 5 is
a front view of the vehicle. The vehicle's front and
back planes sustained minor damage indicetive that
the roll was primarily laterd in direction. The
longitudind dimendons of the vehide were
unchanged. The side and top planes of the vehicle
were abraded from the ground contact. There was
no vertical roof deformation. The left Sde glazings
disntegrated due to ground contact during the first

quarter roll. The CDC of the rollover damage was
00-TDDO-1. Figure 5: Front view of the Chevrolet Venture.

Interior Damage

Theright Sdeinterior compartment of the Chevrolet Venture
sustained moderate damage and intrusion as adirect result of
the impact. Figure 6 isaview of the front right occupant
postion. The latera intrusion of the mid-door and floor pan
measured 37 cm (14.6in) and 35cm (13.81n), respectively.
Thefront right seat moved laterdly 12 cm (4.7 in) and rolled
to the left due to the floor pan deformation. The right Sde
impact air bag had deployed from the seat back.

Theintruson of theright rear door panel into the second row
measured 34 cm (13.4 in). The floor pan intrusion in this
region measured 32 cm (12.6 in). The intruded door panel
was in contact with the middle row right sest.

Severa minor interior occupant contects were identified
during the NA SSinspection cong stent with the lateral impact.
The was no sgnificant interior damage directly related to the
rollover.

Figure 6: Front right interior view.



Manual Restraint System
The manud restraint system consisted of 3-point Iap and shoulder belts for the 6 outboard seat positions.
The front seat belts were equipped with pretensioners attached to the inboard buckle anchors. A 1ap belt
was available for the center occupant in row 2.

The driver’'s belt was stowed in the retractor at ingpection and exhibited signs of higtorical use. The
adjugtable upper anchorage(D-ring) wasin thefull down position. The pretensioner attached to theinboard
buckle was reported asfired, Figure 7. Therewasno evidence of direct loading to the webbing identified
by theinspection. The occupant kinematics and minor nature of the driver’ sinjuries are consstent with the
driver being restrained at the time of the crash.

The front right seet belt webbing was extended from its retractor and lying on the seet at inspection. The
retractor was probably locked due to the deformation. Figure 8 isaview of the right seat belt buckle.
The pretensioner, incorporated into the buckle, reportedly did not fire. The adjustable upper anchorage
(D-ring) was in the full down position. Evidence of higtorica use wasidentified onthelatch plate. The 14
year old passenger was reportedly restrained at the time of crash. He sustained a lacerated spleen (AIS
4) asaresult of hisinteraction with the seet belt during the impact.

Figure 7: Left buckle and reportedly fired Figure 8: Right buckle and reportedly non-fired
pretensioner. pretensioner.

Although the NASS researcher coded a split-deployment of the front pretensioners, it was more likely the
left pretensioner did not firein this crash. The deployment logic of the Supplement Restraint System of the
Chevrolet Venturefired both front pretensioners at the time of fronta air bag deployment. Given that the
fronta air bags did not deploy in this crash, the pretensoners should not have fired.

The 3-point Iap and shoulder belt for the left seat 2 row was stowed upon initia inspection and was

operationa. Inspection of the latch plate and webbing identified evidence of higtorical use. A plagtic
transfer webbing asaresult of frictiona contact with left door panel during the rollover was aso identified.
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The evidence identified during the ingpection supported this occupant as being restrained during the crash
events.

The lap belt in the center position 2 row was lying on the seat at the inspection and available to the
occupant. It was not behind the seat cushions. There were some routine use marks on the latch plate.
However, the driver indicated this occupant was unrestrained. Additiondly thefact that this occupant was
gjected aso supported the lack of restraint use by the 10 year old femae. Proper use of this restraint
would have mitigated the injuries suffered by this occupant.

Supplemental Restraint System
The Chevrolet Venture's Supplemental Restraint System (SRS) consisted of dud redesigned frontd air
bags and seat-mounted side impact air bagsfor the front occupants. The driver air bag waslocated in the
typica manner in the center hub of the steering whed. The front right air bag was a top-mount design
located in the right aspect of the insrument pand. Neither frontd ar bag deployed in the laterd crash
event.

Theright Sdeimpact air bag, Figure 9, deployed asa
result of the right Sde impact with the Pontiac. The
sdeimpact air bag was mounted in the upper outboard
aspect of the seat back and was designed for thorax
protection. The air bag was rectangular in shape and
measured 45 cm x 25 cm (18 in x 10 in). It was not
tethered and was vented by asingle port. Considering
the nature of the occupants injuries, the 14 year old
occupant benefitted from the addition protection of the
sdeimpact ar bag. Hismgjor injurieswere abdomina
(lacerated liver and spleen) and related to intrusion.

Figure 9: Right sideimpact air bag.



OCCUPANT DEMOGRAPHICS

2000 Chevrolet Venture
First Row
Driver Front Right Passenger
Age/Sex: 42 year old/Female 14 year old/Mae
Height: 160 cm (63in) 165 cm (65 in)
Weight: 48 kg (105 Ib) 64 kg (140 1b)
Redraint Use: 3-point Iap & shoulder 3-point Iap & shoulder
Usage Source: | nspection/interview I nspection/interview
Medicd Treatment: Hospitdized 2 days Hospitdized 5 days
Second Row
L eft Passenger Center Passenger
Age/'Sex: 11 year old/Mae 10 year old/Femde
Helght: 127 cm (50 in) 122 cm (481in)
Weight: 39 kg (851b) 39 kg (851b)
Restraint Use: 3-point lap & shoulder unrestrained
Usage Source: ingpection/interview occupant kinematics/interview

Medica Treatment;

Hospitdized 2 days

Hospitaized 2 days

OCCUPANT KINEMATICS & INJURY

Driver

The 42 year old female driver was restrained and seated with a norma posture immediately prior to the
crash. Upon impact, the emergency locking retractor of the driver’s seat belt system locked. Thedriver
initiated a rightward and forward trgjectory in response to the 2 o’ clock direction of the impact. She
|oaded the 3-point restraint with her pelvis and torso and probably contacted the center console with her
right hip. Asthe vehide left the roadway and began to rollover, the driver exhibited aleftward trgectory
upon left sde contact with the ground. She probably contacted the left door panel and shattered glazing.
Asthe vehidle completed the roll sequence, the 3-point belt system effectively restrained the driver within
her occupant space and prevented mgor contact withthe vehicle sinterior. Her injuries are summarized

in the table bl ow:




Injury Severity

njury (AI'S 98 update)

Injury Source

Multiple right rib fractures Moderate

(450220.2,2) Inertial contact with seet belt

Multiple facid dorasons Minor (290202.1,0) | Left door glazing

Chest dbrasion, right Sde Minor (490202.1,2) | Inertia contact with sest belt

conions bilad | Minr (0d0p.12) | DTV knesbolst

Back skin abrasion Minor (690202.1,4) | Left seat back

If; i extremity Minor (790602.1.1) | Left door glazing

Cervicd spinedan Minor (640278.1,6) | Inertid contact with seat belt
Thoracic spine grain Minor (640478.1,6) | Inertid contact with seat belt
Lumbar spine strain Minor (640678.1,6) | Inertid contact with seat belt

Front Right Passenger

The 14 year old passenger was restrained at the time of the crash and seated with an upright normal
posture. Upon impact with the Pontiac, the right Sde impact air bag deployed from the right aspect of the
seat back and inflated. The right front door pand deformed laterdly to the left due to the force of the
impact. The passenger contacted the inflated sde impact air bag with his right shoulder, right arm and
torso. Giventhe occupant’ s age and probable seated height, hishead may have aso been protected. The
arm rest of the intruding door pandl, below the elevation of the sde bag, contacted his abdomind region
and his lower extremities. Contact with the hard surfaces of the arm rest caused a minor liver laceration
(A1S 2) and (indirectly) amgor spleen laceration (AIS 4). The intruding door pand then diplaced the
passenger into a rebound contact with the seat back. The passenger adso sustained abrasions and
contusions to his abdomina and thoracic regions as aresult of inertid contact to the seet belt. Given the
overdl severity of the passenger’ sinjuriesreativeto the magnitude of theintrusion, the passenger benefitted
from the performance of the side impact air bag due to the lack of any rib and/or thoracic injuries.
Additiondly, the use of the manua 3-point belt system effectively protected the passenger from injury
during the rollover crash event.

. Injury Severity .
Injury (AI'S 98 update) Injury Source
Severe Intruding right arm rest (Indirect

Major spleen laceration (544226.4,1) | cortact injury)




Moderate Intruding right arm rest

Minor liver laceration (541822.2.2) | (Direct contact injury)

Left upper extremity

. Minor (790402.1,1) | Right front seat back
contusion

Abdomina skin abrasion Minor (590202.1,8) | Inertial contact with sest belt

Abdomind skin contuson | Minor (590402.1,8) | Inertiad contact with sest belt

Thorax abrasion Minor (490202.1,1) | Inertid contact with seat belt
Thorax contusion Minor (490402.1,1) | Inertid contact with seat belt
Amnesic to events of the Moderate

Inertial forces of the crash

crash, NFS, GSC=15 (160410.2,0)

Second Row L eft Passenger

The 11 year old passenger seated in the | eft seat of the second row was restrained at the time of the crash
by the available manud 3-point |gp and shoulder belt system. Upon impact, the passenger initiated aright
and forward trgjectory in response to the 2 o’ clock impact force. The passenger contacted and |oaded
the belt system causing a bladder laceration (AlS 3). The passenger then began to rebound back into the
seat. Coincident to the rebound, the vehicle began to rollover. At left sde/ground contact, the passenger
probably struck hishead on theleft Sde glazing and ground or theinterior causing thelossof consciousness
and the minor facid laceration and abrasons. The use of the 3-point restraint was effective in minimizing
the injuries suffered by this passenger.

. Injury Severity .
Injury (AI'S 98 update) Injury Source
. Serious . .
Bladder laceration (540622.3.8) Inertial contact with seat belt

Left Sde scalp abrason Minor (190202.1,1) | Left Sdeglazing

Right Sde scalp laceration | Minor (190602.1,2) | Left 9de glazing
Abdominal skin abrasion Minor (590202.1,1) | Inertid contact with seet belt

Facid abrasion Minor (290202.1,7) | Left Sdeglazing
Loss of consciousness, Moderate . .
length unknown, GSC=15 |  (160406.2,0) | '"&rtidl contact with the ground
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Second Row Center Passenger

The 10 year old male passenger was seated in the center seat of the second row. He was not restrained
by the availablelap belt. Uponimpact, theright side door pandlsof Chevrolet began to deform and intrude
laterdly into the occupant space. Coincident to this intrusion, the passenger responded to the 2 o' clock
direction of theimpact by initiating aright and forward trgectory. The unrestrained passenger contacted
the interior pand of the right second door causing a fracture of the right clavicle (A1S 2). The passenger
aso suffered aloss of consciousness during thisimpact sequence. The passenger then began to rebound
to theleft. At thistime the vehicle probably was beginning to roll. The left Sde of the vehicle contacted
the ground causing the left Sde glazing to disntegrate. The unrestrained occupant was displaced through
this open porta and deposited on the ground. The vehicle then continued its roll sequence and moved
away from the passenger. Fortunately passenger did not sustain further injury as a result of the gection.
The injuries sustained by this occupant were directly related to his unrestrained condition.

. Injury Severity ,
Injury (AI'S 98 update) Injury Source
, , Moderate o -,
Right clavicle fracture (752200.2,2) Intruding right diding door
Facial abrasions, NFS Minor (290202.1,0) | Intruding right diding door
Loss of consciousness, Moderate , .
length unknown, GSC=15 (160406.2,0) | 'meidl contactwith the ground
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