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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 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 are 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, generdized conclusions cannot be made concerning
the crashworthiness performance of the involved vehiclg(s) or ther safety systems.
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BACKGROUND

This remote investigation focused on 21999 Buick Park Avenue sedan
(Figure 1) that was equipped with redesigned air bagsfor thedriver and
front right positions. The Buick Park Avenueimpacted a1989 Chevrolet
Corsicain ahead-on configuration. Theimpact was sufficient to deploy
the redesigned fronta air bag system in the Park Avenue. The Buick
Park Avenue was occupied by 73-year-old maledriver, a9l-year-old || v
female front right passenger, and a 69-year-old femae and a 72-year- f—’.g,j:, . W
old maleseated intheleft and right rear outboard positions, respectively.

All of the occupants were restrained except the front right passenger.
Pre-crash braking displaced the unrestrained front right passenger
forward into the path of the redesigned front right passenger’s air bag.
At impact, the frontal air bag system deployed and the restrained occupants loaded the manud lap and
shoulder belts. The driver sustained ashoulder sprain and minor contusions and lacerations. Thefront right
passenger was struck by the deploying front right passenger’ sair bag which resulted in bilaterd rib fractures
with aflal chest, and aright lung contusion. She loaded the lower instrument panel and glove box door
which resulted in aleft mid-shaft femur fracture, aright comminuted intertrochanteric femur fracture, and
upper and lower extremity lacerations, contusons, and abrasions. The rear |eft occupant sustained seat
belt-related contusions and abrasions. The rear right occupant sustained anterior rib fractures, a ssernum
fracture, |€eft tibia fracture, lumbar spine fracture, and seat belt-related abrasions. All occupants were
transported by ambulance to alocal trauma center for treatment. The 91-year-old front right passenger of
the Park Avenue expired five hours after the crash.

Figure 1. 1999 Buick Park
Avenue

This crash was sdected for investigation by the Nationd Automotive Sampling System (NASS) as CDS
case number 00-12-091A.. The crash occurred in May 2000. Initia notification of this crash was madeto
the Veridian Specid Crash Investigations team following a NASS CDS case review. The NASS PSU
performed the vehicle ingpection and scene ingpection. The Nationa Highway Transportation Safety
Adminigration (NHTSA) assigned a case review and report preparation to the Veridian Specia Crash
Investigation (SCI) team on February 20, 2001.



SUMMARY

Crash Site
The crash occurred on an undivided two-lane secondary roadway during daylight hours. The police report
listed the Nationd Wesather Serviceinformation which stated thet a thetime of the crash, it was cloudy with
atemperature of 11 degrees Celsus (52 degrees Fahrenheit), and the wind was from the south at a speed
of 14 kmv/h (9 mph). Light rain wasfaling and the asphalt road surface was wet. The north/south roadway
conssted of onetravel lanein each direction separated by abroken yellow centerline. Theroadway profile
wasstraight and level. The outboard edges of the roadway were bordered by whitefog linesand dirt/gravel
shoulders. Theroads de environment consisted of resdential lawn aress, private driveways, and trees. The
posted speed limit for the roadway was 89 knvh (55 mph).

Pre-Crash

The 19-year-old femae driver of the 1989 Chevrolet Corsica was
operating the vehicle northbound on the two-lane roadway in rain
conditions behind severd uninvolved vehicles (Figure 2). According
to awitness, traffic ahead of the Corsica had dowed dueto adow-
moving truck that had entered theroadway. Thedriver of the Corsica g N
logt control of the vehicle as she attempted to sow for the traffic ||
ahead. The Cordcatraveled acrossthe centerlineinto the southbound

lane, and into the path of the Buick Park Avenue. It was unknown if
the driver of the Cordca attempted any avoidance maneuvers.

Figure 2. Northbound
approach for the Corsica

The 73-year-old maedriver of the Buick Park Avenuewas operating
the vehicle southbound on the two-lane roadway (Figure 3). When
he detected the Chevrolet Corsica encroaching into the southbound
lane, he applied the brakes in an attempt to avoid the collision.

Crash
The front area of the Buick Park Avenue impacted the front areaof  Figure 3. Southbound
the Chevrolet Corsica. Based on factors such as vehicle weight, approach for the Park
number of occupants, and damage patterns, it appearsthat the Buick  Avenue
was the dominant vehicle. The impact occurred in the southbound
lane. The NASS researcher identified the heading angles to be 190 degrees and O degrees for the Park
Avenue and Corsica, respectively. Theresultant directions of forcewerein the 12 o' clock sectorsfor both
vehides. Thedamagedgorithm of the WinSMASH program computed total vel ocity changesof 49.4 knvh
(30.7 mph) for the Park Avenue and 81.0 kmmvh (50.3 mph) for the Corsica. Thelongitudinad and latitudina
componentsfor the Park Avenuewere-48.7 km/h (-30.3 mph) and 8.6 km/h (5.3 mph), respectively. The
longitudind and | atitudinal componentsfor the Corsicawere-79.8 km/h (-49.6 mph) and -14.1 (-8.7 mph),
respectively. The Corsica was deflected rearward and began to rotate clockwise (CW). The NASS
researcher identified asecondary impact to the Corsicafrom the front area of the Park Avenue, evidenced
by sideswipe damage on the I eft rear quarter panel of the Corsica. The Buick deflected off of the Corsica,




departed the west roadside, and came to rest on the west shoulder facing south. The Corsica traveled
back across the northbound travel lane asit continued to rotate CW, and departed the right roadside into
adrainage ditch. It cameto rest facing east in the ditch.

Post-Crash
The occupants of the Buick Park Avenue were removed from the vehicle by rescue personnel and
trangported by ambulance to alocd trauma center. The 91-year-old femae front right passenger expired
five hours after the crash. The remaining occupants of the Park Avenue were admitted for treatment. The
driver of the Chevrolet Corsicahad no vitd sgns at the scene. She was transported by ambulance to a
local trauma center and was pronounced dead upon arrival.

VEHICLE DATA - 1999 Buick Park Avenue

The 1999 Buick Park Avenue was identified by the Vehicle Identification Number (VIN):
1GACW52K 3X4 (production sequence omitted). The Park Avenuewasafour-door sedan equipped with
front whed drive, an automatic transmission, and a 3.8 liter, 6 cylinder engine. The Park Avenuewasa so
equipped with atilt seering whed which wasin the full-up position during the NASS vehicle ingpection.
The front seating was configured with a split bench seat with separate back cushions. The front center
position had a folding arm rest that also served as a seat back for a center seated occupant. The front
outboard seats were equipped with adjustable head restraints. The driver’ shead restraint appeared to be
inthe mid position and the front right head restraint between the mid and fully lowered positions. Thefront
outboard seating positions were equipped with seat-integrated manua 3-point |gp and shoulder belts. The
top outboard aspects of the seat backs were equipped with integrated height adjusters for the shoulder
belts. A Iap belt was available for the front middle seating postion. The rear seet was a fixed bench, and
was equipped with manua 3-point 1ap and shoulder beltsfor the outboard positions and alap belt for the
middle position. An integrated arm rest folded forward from the rear center seeting position.

VEHICLE DAMAGE
Exterior Damage - 1999 Buick Park Avenue

The 1999 Buick Park Avenue sustained severe damage as a result
of the impact with the Chevrolet Corsica (Figure 4). The direct
contact damage began at the front left bumper corner and extended
79 cm (31") across the fronta plane. The combined direct and
induced damage involved the entire frontal width of the vehicle and
measured 132 cm (52"). The maximum crush measured 90 cm (35")
and was located at the front left corner at C1. The entire bumper
fascia, grille, and headlights were separated from the vehicle. The
bumper beam was crushed rearward on the left Side. The hood was
buckled rearward, and direct contact abrasions were visble on the
left leading aspect of the hood. The left front whedl was restricted
and the tire was deflated. Due to the crushon theleft Sde of the vehicle, theleft whed base was shortened
by 21 cm (8"). The leading edge of the Ieft front fender was crushed rearward and the rear edge was

Figure 4. Damageto the
1999 Buick Park Avenue
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deformed by rescue personnd. Theleft roof Sderail was buckled at the left B-pillar and the | eft front door
was removed by rescue personnd. The Callison Deformation Classfication for theinitid impact with the
Corsicawas 12-FY EW-3. Six crush measurements were taken by the NASS researcher at the level of
the bumper beam, and were asfollows. C1 =75 cm (30"), C2=71cm(28"), C3=65cm (26"), C4 =

46 cm (18"), C5=23cm (9"), C6 =0cm.

Interior Damage - 1999 Buick Park Avenue
Interior damage to the 1999 Buick Park Avenue was moderate and
attributed to occupant contact and compartment intrusion (Figure 5).
The windshield glazing was fractured from impact forces. The left
lower instrument panel was displaced from impact forcesand therigid
plagtic knee bolster was deformed from occupant contact. The left
quarter areaof the steering whedl rimwas deformed forward 2cm (1)
from occupant loading. The left toe pan intruded longitudinaly 15 cm
(6") and the roof intruded verticdly 9 cm (4") into the driver’ s seeting
postion. The driver's foot controls were dightly displaced. The
driver’ ssun visor and rear view mirror were displaced from occupant
contact. The glove compartment door was scuffed from occupant

Figure5. Interior view of the
1999 Buick Park Avenue

contact. The cover on the left aspect of the driver’s seat back over theintegrated seat belt was separated
from the seet back. The left and middle aspects of the rear seat cushion became separated and displaced

forward from the rear seat anchors.

Exterior Damage- 1989 Chevrolet Corsica
The 1989 Chevrolet Corsicasustained severedamage asaresult of the
impact with the Buick Park Avenue (Figure 6). The direct contact
damage began at the front |eft bumper corner and extended 104 cm
(41") acrossthe entirefrontal plane. The combined direct and induced
damage involved the entire fronta width of the vehicle. The front
bumper was fractured in the center and partially separated from the
vehicle on theright Sde. Theleft Sde of the front bumper and left front
fender were crushed rearward to the left A-pillar. The maximum crush
was located at the front left bumper corner at C1 and measured 114
cm (45"). The hood was buckled rearward and the displaced dightly

e

Figure 6. Damagetothe
1989 Chevrolet Corsica

to the left. Theright fender and right front whed were displaced toward the center of the vehicle. Theleft
wheel was restricted and deflated, and was crushed rearward behind the bumper. Theleft front door was
buckled outward. The roof and both A-pillars were removed by rescue personnel. The Collison
Deformation Classification for the frontal impact with the Buick Park Avenue was 12-FDEW-5. Six crush
measurements were taken by the NASS researcher at the bumper level and were asfollows: C1 = 114
cm (41"), C2=114cm (41"), C3=111cm (44"), C4=104 cm (41"), C5=67cm (26"), C6 =47 cm

(19").



Direct damage was dso identified on the left rear quarter panel area. The direct contact began at the left
rear bumper corner and extended 61 cm (24") forward. The direct contact consisted of longitudina
abrasons and transfers along the trim line and on the quarter panel from a secondary sdeswipe with the
Buick Park Avenue. The combined direct and induced damage for this contact measured 102 cm (40")
from the left rear bumper corner forward. The CDC for the second impact was 11-L BES-1.

REDESIGNED AIR BAG SYSTEM - 1999 Buick Park Avenue
The 1999 Buick Park Avenue was equipped with redesigned air bags
for the driver and front right passenger positions that deployed as a
result of the impact with the Chevrolet Corsica. The driver's air bag
was housed in the center of the steering whed with symmetrica |-
configuration module cover flaps (Figure 7). Each cover flep
measured 11 cm (4") inwidth and 9 cm (4") in height. The redesigned
driver’ sair bag measured 63 cm (25") in diameter in its deflated Sate
and was tethered by two internd straps. The air bag was vented by
two ports located at the 11 and 1 o' clock positions.

Figure 7. Redesigned
driver’sair bag

The redesigned front right passenger’ sair bag deployed from the mid-
ingrument panel area with a single cover flap design hinged a the
bottom aspect (Figure 8). The cover flgp was rectangular in shape
and measured 37 cm (15") in width and 15 cm (6") in height. The
redesigned front right passenger’s air bag measured 60 cm (24") in
width and 32 cm (13") in height in its deflated State. The air bag was
tethered by one interna strap and vented by two ports located at the
9 and 3 o'dock postions. A makeup transfer was identified on the
lower right aspect from the unrestrained front right passenger. Figure 8. Redesigned front
right passenger’sair bag




OCCUPANT DEMOGRAPHICS - 1999 Buick Park Avenue

Driver
Age/Sex: 73-year-old mae
Height: 183 cm (72")
Weight: 86 kg (190 1b)
Seat Track Position: Mid-track
Manua Redtraint Use: 3-point manud lgp and shoulder belt
Usage Source: Vehicle ingpection, injury data
Eyewear: None

Type of Medica Treatment:

Driver Injuries

Trangported by ambulance to aloca trauma center and admitted

overnight

Injury Injury Severity Injury Mechanisms
(A1S90/Update 98)
Right shoulder sprain Minor (751020.1,1) Shoulder bet webbing
Multiple contusions, NFS Minor (990400.1,9) Unknown

Left ebow abrasion

Minor (790202.1,2)

Left 9deinterior door surface

(fling injury from arr bag
deployment)

*njury source: Emergency Room records

Driver Kinematics

The 73-year-old mae driver of the Buick Park Avenue was reportedly seated in an upright attitude and
restrained by the avail ableintegrated 3-point manua lap and shoulder belt. Thedriver wasprobably braced
prior toimpact ashe applied the brakes and attempted to avoid the collison. At impact, and the redesigned
frontd ar bag system deployed. The expanson of the driver’ sair bag displaced the driver’ sleft amto the
left which resulted in a left elbow abrasion. The driver loaded the integrated manua restraint and the
redesgned driver’ s air bag which mitigated contact with the steering whed assembly. He loaded through
the driver’s air bag and deformed the left aspect of the steering whed rim 2 cm (1"). He sustained aleft
shoulder sprain as aresult of loading to the shoulder belt. According to the hospital records, he sustained
multiple contusions, dthough thelocationswere not specified. Hiskneesstruck therigid plastic knee bol ster
as evidenced by bolster deformation and a complaint of knee pain. The driver was removed from the
vehicle by rescue personnd and transported by ambulance to aloca trauma center. He was trested and
admitted overnight.



Front Right Passenger

Age/Sex: 91-year-old femde

Height: 158 cm (62")

Weight: 64 kg (140 1b)

Seat Track Pogition: Between mid-track and full-rear positions
Manud Redraint Use: Unrestrained

Usage Source: Vehicle ingpection, injury data

Eyewear: None

Type of Medicd Treatment:  Trangported by ambulance to aloca trauma center and expired five
hoursfollowing the crash

Front Right Passenger Injuries

Injury Injury Severity Injury Mechanisms
(A1S90/Update 98)
Bilaerd rib fractures with flail Critical (450266.5,3) Front right passenger’sair bag
chest
Right lung contuson Serious (441403.3,1) Front right passenger’sair bag
Right comminuted Serious (851810.3,1) Indirect - energy trandated
intertrochanteric femur fracture through femur from glove
with leg laterdly rotated compartment door contact
L eft open mid-shaft femur Serious (851814.3,2) Indirect - energy trandated
fracture, laterdly displaced 1 - through femur from glove
1.5 shaft diameters with compartment door contact
angulation
Right hand contusion, thumb Minor (790402.1,1) Right interior door surface, air
area bag-rdaed fling injury
Bilatera forearm lacerations Minor (790600.1,3) Front right passenger’sair bag
cover flap

Right knee abrasion Minor (890202.1,1) Glove compartment door

*Injury source: Emergency Room records

Front Right Passenger Kinematics
The 91-year-old female front right passenger was seated in an upright attitude and was not restrained by
the available integrated 3-point manua |ap and shoulder belt. Her arms may have been extended forward
in an effort to brace. Pre-crash braking placed her out of position forward into the path of the redesigned
front right passenger’s air bag. At impact, she initiated a forward trgjectory and loaded the glove



compartment door with her knees which resulted in aright knee abrasion. The energy trandated through
the femursfrom the glove compartment strike resulted in aright comminuted intertrochanteric femur fracture
withtheleg laterdly rotated, and aleft open mid-shaft femur fracture with angulation. Theredesigned frontal
ar bag system deployed and the cover flap opened againgt the media aspects of her armswhich resulted
in bilateral forearm lacerations. The expansion of the air bag displaced the front right passenger’s ams
laterdly, and her right hand was projected into the interior door surface which caused a contusion on the
right hand near the thumb. The air bag expanded against her chest which caused bilatera rib fractureswith
aflal chest and aright lung contusion. According to the Emergency Room report, the physicians suspected
apossible aortic laceration based on persstent mediastind widening and a possible subluxation of C4 and
C5 based on alimited study of front right passenger’s cervical spine. Due to the front right passenger’s
condition, the family elected to forego additiond testing to confirm these potentid injuries.

The front right passenger was found under the right instrument panel area by rescue personnel. Her entire
body was reportedly trapped in the floor pan area. The Emergency Room records stated that her
extrication from the vehicle took twenty minutes and that she was unresponsive at the scene. She was
transported by ambulance to aloca trauma center where she expired five hours following the crash.

Rear L eft Passenger

Age/Sex: 69-year-old femde

Height: 158 cm (62")

Waeght: 64 kg (140 1b)

Seat Track Position: Fixed

Manua Redtraint Use: 3-point manud lgp and shoulder belt

Usage Source: Vehicle ingpection, injury data

Eyewear: None

Type of Medica Treatment:  Trangported by ambulance to aloca trauma center and admitted for

two days
Rear Left Passenger Injuries
Injury Injury Severity Injury Mechanisms
(A1S90/Update 98)

Lower left abdominad contuson | Minor (590402.1,8) Lap belt webbing
Abrasion - |eft agpect of neck Minor (390202.1,2) Shoulder bet webbing
Chest contusion, wholeregion | Minor (490402.1,0) Shoulder bet webbing
Bilaterd knee abrasons Minor (890202.1,3) Front left seat back

*Injury source: Emergency Room reports, NASS interview



Rear Left Passenger Kinematics

The 69-year-old rear | ft passenger was seated in an upright attitude and restrained by the available 3-point
manud |ap and shoulder belt. Atimpact, sheinitiated aforward trgectory and struck her knees against the
front left seet back resulting in bilaterd knee abrasions. She loaded the manud restraint which resulted in
alower left abdomina contusion and an abrasion on the left aspect of her neck. She Sated in aninterview
that she dso sustained achest contusion from the shoul der belt webbing. Shewasremoved fromthevehicle
by rescue personnd and transported by ambulance to a locd trauma center. She was admitted for two

days.

Rear Right Passenger
Age/Sex:
Height:
Waeght:
Seeat Track Pogition:
Manual Redtraint Use:
Usage Source:
Eyewear:
Type of Medica Treatment:

Rear Right Passenger Injuries

72-year-old mae
183 cm (72")

86 kg (190 Ib)
Fixed

3-point manud lap and shoulder belt
Vehicle ingpection, injury data
None

Transported by ambulanceto alocal trauma center and admitted for eight

days

process on the | eft

Injury Injury Severity Injury Mechanisms
(A1S90/Update 98)

Comminuted fracture of the Serious (853408.3,2) Right front seat back support
proximd |eft tibia
Fractures of left ribs 3 - 8 Serious (450230.3,2) Shoulder belt webbing
Postive loss of consciousness, | Moderate (160406.2,0) Impact force - head motion
NFS, awake upon admission
Comminuted fracture of the Moderate (450804.2,4) Shoulder bet webbing
gernum
L1 fracture of the transverse Moderate (650620.2,8) Rebound into rear seat back
process on the left
L2 fracture of the transverse Moderate (650620.2,8) Rebound into rear seat back
process on the | eft
L3 fracture of the transverse Moderate (650620.2,8) Rebound into rear seat back




process on the left

Injury Injury Severity Injury Mechanisms
(AIS90/Update 98)
L4 fracture of the transverse Moderate (650620.2,8) Rebound into rear seat back

Left chest abrasion

Minor (490202.1,2)

Shoulder bet webbing

Abrasion on the lower |eft back
area

Minor (690202.1,2)

Lap belt webbing

*Injury source: Emergency Room reports, Discharge Summary

Rear Right Passenger Kinematics

The 72-year-old mae right rear passenger stated in the NASS interview that he was seated and leaning
to the left. He was restrained by the available 3-point manud Igp and shoulder belt. At impact, heinitiated
aforward trgectory and struck therigid rear agpect of the front right lower seat cushion with his lower |ft
leg. He sustained a comminuted fracture of the proximd |eft tibia He loaded the manud restraint which
resulted in fractures of |eft ribs 3 - 8, acomminuted fracture of the sternum, a left chest abrasion, and an
abrasion on the lower |eft back area. He rebounded rearward into the seat back which resulted in
transverse process fractures of L1 - L4 on the left Sde. He dso sustained positive loss of consciousness
asaresult of theimpact forces but was awake upon admission to the trauma center. Hewas removed from
the vehicle by rescue personnd and transported by ambulance to alocd trauma center. He was admitted

for eight days.
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