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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 responsibility 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 Adminigtration.

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

Because each crash is a unique sequence of events, generdized conclusions cannot be made concerning
the crashworthiness performance of the involved vehicle(s) or their safety systems.
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VERIDIAN ON-SITE ADAPTIVE AND EVENT DATA
RECORDER (EDR) EQUIPPED VEHICLE INVESTIGATION
VERIDIAN CASE NO. CA01-036
VEHICLE - 2000 CHEVROLET G2500 EXPRESS VAN
LOCATION - STATE OF NEW YORK
CRASH DATE - JUNE, 2001

BACKGROUND

This on-site investigation focused on the injury mechanisms that caused the desth of a 79 year old
femae rear left whedlchair passenger of a 2000 Chevrolet G2500 Express van. The Chevrolet was
equipped with redesigned frontal air bags for the driver and front right passenger positions which
deployed as aresult of an offset fronta collision with a 1998 Mazda 626 4-door sedan. The driver of
the Mazda was operating the vehicle southbound when she failed to observe the northbound Chevrolet
as she turned left (east) at a 4-leg urban intersection. As the Mazda crossed the northbound lanes of the
intersection, the front right area was impacted by the frontal area of the Chevrolet resulting in moderate
damage to both vehicles. The restrained 58 year old mae driver of the 2000 Chevrolet Express
initiated aforward trgjectory in response to the 12 o’ clock impact force and loaded the manual restraint
and deployed redesigned driver air bag. He was reported by police as uninjured in the collison. The 79
year old female rear left passenger of the 2000 Chevrolet Express wasin a dumped posture and
improperly restrained within awhed chair by the vehicle's 2-point manua lap belt system. At impact,
she submarined the Iap restraint which resulted in an dorasion to the anterior neck and unspecified
extengve traumato the liver and spleen. The passenger was transported to aloca trauma center and
pronounced deceased shortly after arriva. Injury information islimited as the interviews and autopsy
report were not obtained.

This investigation was identified by a Veridian Engineering SCI Investigator on Friday, June 15" and
forwarded to NHTSA on Monday, June 18, 2001. Due to the involvement of a 2000 Chevrolet G-
series adaptive vehicle an on-gte investigative effort was assgned Tuesday, June 19. The on-site
investigator completed field activities on Thursday, June 21, 2001.

SUMMARY

Crash Site
Thistwo vehicle crash occurred during the afternoon hours of June, 2001. At the time of the crash, it
was daylight with no adverse conditions as the roads were dry. The crash occurred in the northbound
lanes of an urban (straight/leve) 4-leg intersection which was controlled by an overhead signa system in
green phase for north/southbound traffic (see Figure 12 - page 9). The asphdt surfaced roadway was
bordered by barrier curbs and sdewalks. The posted speed limit at the crash site was 72 kmv/h (45
mph) for southbound and 56 km/h (35 mph) for northbound traffic.

Pre-Crash
The 16 year old female driver of the 1998 Mazda 626 was operating the vehicle southbound (Figure
1) when she approached the 4-leg intersection and came to a stop in anticipation of aleft turn (east).
The driver failed to observe the northbound Chevrolet as she initiated the left turn at a (police reported)
gpeed of 16 km/h (10 mph).



The 58 year old mae driver of the 2000 Chevrolet G2500 Express van was operating the vehicle
northbound (Figure 2) at a (police reported) speed of 72 knmvh (45 mph) when he proceeded through
the 4-leg intersection and observed the Mazda cross his path of travel. The police reported no pre-
impact tire marks at the scene indicative of driver avoidance maneuvers.

Figure 1. Southbound appr oach for the 1998 Figure 2. Northbound approach for the 2000
M azda 626. Chevrolet Expressvan.
Crash

As the Mazda crossed the northbound lanes of the urban 4-leg intersection, the front right area was
impacted by the frontal area of the Chevrolet resulting in moderate damage to both vehicles. At this
point, the Mazda underrode the Chevrolet which alowed the bumper on the Mazda to engage the
gructure under the Chevrolet van. Impact resulted in deployment of the redesigned frontd air bag
systems in each vehicle. The Chevrolet’ s Event Data Recorder (EDR) recorded a deployment event
(see Figure 13 - page 10) with alongitudina velocity change of -21.9 knvh (-13.6 mph) at the 150
millisecond interva. Impact speeds and velocity changes were computed utilizing the WinSMASH
recongtruction program. The WinSMASH trgectory agorithm computed speeds at impact of 40.3
km/h (25.0 mph) for the subject vehicle and 21.7 knvh (13.5 mph) for the struck Mazda. Computed
velocity changes were 19.3 km/h (12.0 mph) for the subject vehicle and 36.1 km/h (22.4 mph) for the
struck Mazda. Respective longitudina components were -19.0 knvh (-11.8 mph) and -33.9 knvh (-
21.1 mph). At this point, the Mazda rotated counterclockwise 100 degrees as the vehicles sustained
contact 9.4 meters (30.8 feet) to find rest in the northeast sector of the intersection facing northesst.

Post-Crash
Both drivers reportedly exited their repective vehicles under their own power. The Chevrolet driver
was reported by police as uninjured as the rear |eft whedlchair passenger was removed from the vehicle
through the right rear door by rescue personnd (in a semi-responsive state) and transported by
ambulance to alocal trauma center where she was pronounced deceased approximately 52 minutes
following the crash. The Mazda driver refused direct trangport from the scene. She sought treatment
later at aloca hospitd for an air bag expangon related abrasion to the anterior aspect of theright
forearm and (air bag fling related) abrasion to the posterior aspect of the right hand. Both vehicles were
towed from the scene with disabling damage.

VEHICLE DATA
The 2000 Chevrolet G2500 Express van was manufactured in May, 2000 and identified by the vehicle
identification number (VIN): 1IGCFG25R7Y 1 (production number deleted). The company-owned
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vehicle was an adaptive van equipped with rear-whed drive, four-whed anti-lock braking system
(ABS), and a 5.7 liter, V-8 engine. At the time of the crash, the odometer had recorded 54,021 km
(33,568 miles). The seating was configured with front box-mounted (van type) bucket seats. The driver
and his attorney refused the SCI interview, therefore, previous crashes or maintenance on the
Chevrolet’ sfrontd air bag system were unknown. There were no adaptive controls for the driver

position.

VEHICLE DAMAGE

Exterior
The 2000 Chevrolet G2500 Express van sustained
moderate frontal damage as a result of the impact with
the 1998 Mazda 626 (Figure 3). The direct contact
damage began 15.0 cm (5.9 in) inboard of the front left
bumper corner and extended to the right 154.0 cm (60.6
in). Theimpact deformed the entire front end width
resulting in acombined direct and induced damage length

(Fidd L) of 173.0 cm (68.1in). Six crush measurements  Figure 3. Frontal damage to the 2000 Chevrolet
were documented at the level of the bumper: C1=21.0 ~ G200 Expressvan.

cm (8.3in), C2=31.0cm (12.2in), C3=47.0cm (185

in), C4=24.0 cm (9.4 in), C5= 4.0 cm (1.6 in), C6= 0 cm. The Collison Deformation Classfication
(CDC) for thisimpact to the Chevrolet 12-FDEW-4 with a principa direction of force of (-)10
degrees. Dark colored paint transfers were documented aong the direct contact damage. An
indentation was identified to the center bumper area and attributed to the front right bumper corner on
the Mazda. The hood was deformed up and rearward from the impact force. Both fenders were
displaced dightly rearward (no restricted/deflated whedls). Reduction in the left Sde whedlbase
measured 1.5 cm (0.6 in). All glazing remained undamaged.

The 1998 Mazda 626 4-door sedan sustained moderate
fronta damage as aresult of the impact with the 2000
Chevrolet Express van (Figure 4). The direct contact
damage began at the front right bumper corner and
extended 88.0 cm (34.6 in) inboard. The impact
deformed the entire front end width resulting in a
combined direct and induced damage length (Field L) of .
140.0 cm (55.1 in). Six crush measurements were S . s
documented at the level of the reinforcement bar
(bumper fascia separation): C1= 4.5 cm (1.8 in), C2= Figure4. Front right damageto the 1998 M azda
1.5¢m (0.6in), C3= 45cm (L8in), C4=650cm (2.6 9%

in), C5=8.5cm (3.3in), C6=185cm (7.3in). A

secondary crush profile was obtained 11.0 cm (4.3 in) above the level of the bumper to capture the
underride damage resulting in an averaged profile of: C1=5.0 cm (2.0in), C2=11.0cm (4.3 in),
C3=19.0cm (7.5in), C4=20.0cm (7.9in), C5=20.0cm (7.9 in), C6=19.0cm (7.5 in). The CDC
for thisimpact to the Mazda was 01-FZEW-2 with a principa direction of force of (+)20 degrees. The
hood was deformed up and rearward from the impact force. The right fender was displaced rearward
which regtricted the right front whedl/tire (not deflated). Direct contact damage was aso documented
on the right fender and attributed sustained vehicle contact (wrap contact) during post-impact travel to
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find rest. The left front tire was deflated (not restricted) with minor aorasions noted on the whesd!.
Induced contact damage produced buckling aong theright A-pillar and B-pillar. The windshield was
fractured in multiple locations from exterior impact forces (only). Reduction in the right side wheelbase
measured 4.5 cm (1.8 in) while elongation of the |eft side whedlbase measured 2.0 cm (0.8 in).

Interior
Interior damage to the Chevrolet was minimal and was attributed to occupant contact. A small scuff
mark and indentation were documented on the left knee bolster. Although no deformation was
identified on the steering whed rim, 1.0 cm (0.4 in) of column compression was noted on the |eft Sde.
Abrasions and scratch marks were documented on the rear aspect of the driver seat back near the
floor level. Abrasions were aso documented on the driver restraint buckle stalk with blood pooling
surrounding the adjacent floor area. A smudge mark was aso noted on the | eft rear glazing. No
component intrusons were found in the vehicle.

ADAPTIVE EQUIPMENT

Wheelchair Lift System
The 2000 Chevrolet G2500 Express van was modified for the transport of whedlchair patients.
Pacards affixed to the hydraulic arms confirmed that the modifications complied with ADA and nationd
school bus standards, however, police removed the vehicle from service (post-crash) due to
inadequate/non-operationa restraints for the wheelchair passengers. The adaptive vehicle was
equipped with a hydraulic whed chair lift sysem (Figur e 5) with amaximum load rating of 362.9 kg
(800.01b). Thelift system operated from the right rear doors which must be latched in the full open
pagition for the mechanism to operate. The lift system utilized both an automatic and manud release
design. To automaticaly deploy the lift, the operator must first fully open the rear doors, activate the
“deploy” switch on the remote unit (stowed on the aft Sde door) to unfold the platform to the vehicle
floor level, and then activate the “down” switch to lower the platform to ground level. The operator
must enter the platform centrally facing outward and lock the wheelchair brakes. The operator activates
the “up” switch to raise the platform to the vehicle floor level, then release the whed chair brakesto
enter the vehicle. The operator must activate the “stow” switch to fold the platform, which stops
automaticaly when completely folded. A manud lever is provided with operationd ingtructions and
located adjacent to the aft lift arm. Warning labels were affixed to key components of the lift system for
safe operation and use, as designated handrails and platforms were identified by yellow paint markings.
The roof encompassed the full length of the vehicle (header to backlight) and extended 37.0 cm (14.6
in) abovethe leve of the side rail for increased headroom. There was no damage or separation of the
fiberglass roof from the vehicle sheet metd.

Figure 5. Whedlchair lift system in thedown and retracted position.
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Passenger Wheelchair
The 79 year old femae passenger of the 2000 Chevrolet Express van was seated in a manualy
operated wheelchair (Figure 6) secured in the rear |eft area by anylon strap harness system. The
whed chair harness system utilized a floor anchorage system as the nylon straps are looped through the
designated frame dots and secured to the floor with adjustable fasteners. Improper placement of the 2-
point manud lap belt through the whed chair frame resulted in impact related deformation to the frame
and hip pandls. Smd| pillows were identified in the whed chair which were placed between the hip and
sde panel. An oxygen tank was found strgpped to the rear of the wheelchair.

Figure 6. Passenger wheelchair.

MANUAL RESTRAINT SYSTEMS

Theinterior of the Chevrolet Express conssted of atwo passenger seating configuration with front box-
mounted (van type) bucket seats. The driver 3-point manua lap and shoulder belt system consisted of a
continuous loop belt webbing with a diding latchplate and adua mode retractor (inertid lock/belt
sengtive). Loading evidence conssted of light abrasions to the D-ring and latchplate with an associated
transfer to the shoulder belt webbing. The front right sesting position was equipped with a 3-point
manud lap and shoulder belt system which consisted of a continuous loop belt webbing with adiding
latchplate and a retractor equipped with an inertid and switchable lock mechanism. The Chevrolet was
not equipped with pretensoner devices for the front seeting positions. The rear (two) whedchair
positions were equipped with 3-point manua 1ap and shoulder belt systems which consisted of anon-
integral/non-continuous loop belt webbing with a fixed latchplate and a duad mode retractor (inertia
lock/belt sengitive). Tissue was identified on the lap belt webbing of the rear left restraint as the shoulder
portion was found to be tied off and rendered non-operationd (Figure 7).

Figure 7. Loading evidenceto thedriver’s D-ring and rear left manual lap belt.



SUPPLEMENTAL RESTRAINT SYSTEMS

The 2000 Chevrolet G2500 Express van was equipped
with redesigned frontd air bags for the driver and front
right passenger positions which deployed as aresult of the
crash (Figure 8). The driver ar bag was identified by the
following part number: *P16761159008* with a bar
coded ot number of: *TML1308S1363*. The air bag was
housed in the center of the steering whed with averticaly
oriented flap tear seam (I-configuration). The flaps were

symmetrica in shape and measured 6.7 cm (2.6 in) in Figure 8. 2000 Chevrolet Express deployed
width and 10.7 cm (4.2 in) in height. No contact evidence ~ redesigned frontal air bag system.

was identified on the exterior surface of the module cover

flaps. Light smudge marks were documented across the lower portion of the air bag face dong with
black vinyl trandfers to the upper left quadrant from expanson within the module. The diameter of the
driver air bag measured 65.0 cm (25.6 in) in its deflated state (Figure 9). The bag was tethered by four
internal straps and vented by two 2.7 cm (1.1 in) ports located at the 10 o’ clock and 2 0’ clock sectors
on the rear aspect of the air bag. Rearward air bag excurson measured 23.0 cm (9.1 in) from the
geering whed hub.

The front right passenger air bag deployed from the right mid-instrument panel areawith a horizontaly
oriented flap tear seam (H-configuration). The flgps were rectangular and symmetrical in shape and

measured 32.0 cm (12.6 in) in width and 6.5 cm (2.6 in) in height. No contact evidence was identified
on the ar bag or exterior surface of the module cover flaps. The passenger air bag measured 63.0 cm
(24.8n) inwidth and 58.0 cm (22.8 in) in height in its deflated state (Figur e 10). The bag was vented
by two 4.5 cm (1.8 in) diameter ports located at the 10 o' clock and 2 o' clock sectors on the side

aspect of the bag. No internal tether straps were present.

Figure 10. 2000 Chevrolet Express

Figure9. 2000 Chevrolet Express deployed redesigned passenger air bag,

deployed redesigned driver air bag.

Event Data Recorder (EDR)
The 2000 Chevrolet G2500 Express Sensing and Diagnostic Module (SDM) was located under the
driver's seet as the event data was retrieved via the J1962 connector found to the | eft of the steering
column. The Event Data Recorder (EDR) records deployment and near-deployment events for the
fronta air bag system. In this crash, the EDR recorded a deployment event at ignition cycle number
2504, as the ignition cycle at investigation was 2521. The EDR previoudy recorded an unrelated near-
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deployment event at ignition cycle number 2439. The driver’s brake switch and belt switch circuit
system status were not recorded.

DRIVER DEMOGRAPHICS

Age/Sex: 58 year old mde
Height: 173 cm (68in)
Weight: 77 kg (1701b)

Seat Track Podition:  Middleposition [13.0 cm (5.1 in) aft of the full forward position or 9.5
cm (3.7 in) forward of the full rearward position]

Manud Restraint Use:  3-point lap and shoulder belt system

Usage Source: Vehicle ingpection
Eyeware: Unknown
Type of Medica

Treatment: None

Driver Injuries

Injury Severity (AlS 90) I njury Mechanism
Not injured N/A N/A
Source: police*

Driver Kinematics
The 58 year old male driver of the 2000 Chevrolet Express van was restrained by the available 3-point
manua |ap and shoulder belt system, and presumed to be seated in an upright posture with the seet
track adjusted to the middle position. Belt usage was confirmed by the loading evidence documented to
the D-ring, latchplate, and shoulder belt webbing of the front |eft restraint. Furthermore, belt usage was
confirmed by the vehidle s EDR summary.

At impact, the driver initiated a forward trgjectory in response to the 12 o' clock impact force and
loaded the manua restraint, knee bolster and deployed redesigned driver air bag (Figure 11). Contact
to the deployed redesigned driver air bag was confirmed by the smudge marks documented across the
face of the membrane. Loading of the knee bolster was evidenced by the indentation and scuff mark
identified to the right of the steering column, however, he was reported by police as uninjured in the
calligon. Possble injury information is unknown as the driver and his attorney refused the SCI
interview. Following the collision, he unbuckled his seatbelt and attended to the rear |eft passenger.

REAR LEFT PASSENGER DEMOGRAPHICS

Age/Sex: 79 year old femae
Height: 160 cm (63 in)
Weight: 68 kg (150 Ib)

Seat Track Pogtion:  Not gpplicable (seated in awheelchair)
Manud Redraint Use:  2-point lap belt system (improper usage)

Usage Source: Vehicleingpection, police interview
Eyeware: None
Type of Medica
Trestment: Transported to alocal trauma center and pronounced deceased
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Rear L eft Passenger Injuries

Injury Severity (Al S 90) Injury Mechanism
* Splenic trauma (NFS) Moderate (544299.2,2) Lap belt webbing
*Liver trauma (NFS) Moderate (541899.2,1) Lap belt webbing
* Abrasion anterior neck Minor (390202.1,5) Lap belt webbing
*Laceration right ankle Minor (890602.1,1) Driver seet back frame
Source: police*

Rear Left Passenger Kinematics
The 79 year old fema e passenger of the 2000 Chevrolet
Express van was improperly restrained within the
whed chair by the available 2-point manua lap belt sysem
with the lap belt positioned high over the abdomen
(shoulder portion not used). She was presumed to be
seated in adumped posture againgt the whedlchair seat
back with her buttocks forward on the cushion. Belt usage
was confirmed by the tissue transfer documented on the lap e ———
portion of the rear |€ft restraint relative to the type of Figure 11. Blood stained shoe and pooling area.
injuries sustained.

At impact, the rear |eft passenger initiated aforward trgectory in response to the 12 o' clock impact
force and submarined the manua |ap restraint resulting in an dorasion to the anterior aspect of the neck
and unspecified fatd liver and spleen injuries. She dso sustained alaceration of the medid right ankle
from contact to the driver’s lower seat back frame. This injury mechanism was evidenced by the
location of theinjury relative to the deformation documented to this component. Following the crash,
the Chevrolet driver reportedly found the passenger dumped forward onto the floor (partialy out of the
whedchair) with the lap restraint around her neck. Her lower extremities were positioned in the front
center floor areain apool of blood (Figure 11). The driver unbuckled the lgp belt and laid the
passenger onto the rear floor area as rescue personnd arrived on-scene within minutes of the crash to
find her semi-responsive. The rear |eft passenger was subsequently transported by ambulance to aloca
trauma center and pronounced deceased approximately 52 minutes following the crash. Injury
information is limited as the driver and his attorney refused the SCI interview.
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Figure 14. 2000 Chevrolet Expressvan EDR report (deployment event).
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