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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
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pre-crash, crash, and post-crash movements of involved vehicles and occupants.
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the crashworthiness performance of the involved vehicle(s) or their safety systems.



TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No. 2. Government Accession No. 3. Recipient's Catalog No.
CA02-003
4. Titleand Subtitle 5. Report Date: March 2003

Veridian On-site Child Safety Seat Crash Investigation

Vehicle: 1989 GMC Jmmy

Location: State of Oklahoma 6. Performing Organization Code
7. Author(s) 8. Performing Organization
Crash Data Research Center Report No.
9. Performing Organization Name and Address 10. Work Unit No.
Transportation Sciences C00410.0000.0017
Crash Data Research Center

Veridian Engineering 11. Contract or Grant No.

P.O. Box 400 DTNH22-01-C-17002
Buffalo, New Y ork 14225

12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
U.S. Department of Transportation Technical Report
National Highway Traffic Safety Administration Crash Date: January 2002

Washington, D.C. 20590 ]
14. Sponsoring Agency Code

15. Supplementary Notes
On-siteinvestigation of arun-of-road crash and rollover of 21989 GMC Jimmy that resulted in ejection of a4-month-old female

from a child safety seat and the vehicle. The infant sustained fatal injuries as a result of the gjection.

16. Abstract

This on-site investigation focused on the performance of arear-facing child safety seat (CSS) that was installed with a detachable base
in therear left position of 21989 GM C Jimmy. The Jimmy was occupied by an 18-year-old restrained male driver, a16-year-old female
front right passenger, and a 4-month-old female who was restrained in the rear-facing infant CSS on the rear left position. The Jimmy
wasinvolved in asideswipe collision with a 2000 Chevrolet Tahoe while both vehicles were executing a passing maneuver. Theinitial
contact to the Jimmy resulted in a counterclockwise (CCW) rotation and left roadside departure which initiated a ten-quarter-turn
tripped rollover with the right side leading. The Jimmy struck a utility pole after the tenth quarter turn while upside down with the left
side area and came to rest onitsroof adjacent to the pole. Therestrained front seated occupantsinitiated | ateral trajectoriesand loaded
the manual restraints. The 4-month-old infant also initiated alateral trajectory and loaded the harness system of the CSSwhich resulted
in bilateral pulmonary contusions, left shoulder contusion, left abdominal abrasion, and a left thigh contusion. The severity of the
rollover resulted in cerebral shear injury dueto theinfant’ s head motion. During therollover, theinfant’ sloading to the harness system
caused the left side harness webbing to disengage from the adjustment slide and compl etely slide out of the harness slot. Theinfant was
gjected from the CSS and from the vehicle through the left rear side window. Based on the lack of contact evidencein the vehicle and
distance of theinfant’sfinal rest position relative to the vehicle, it appearsthe infant’ strajectory out of the vehicle was unobstructed.
She sustained multiplefacial abrasions and lacerations, pal pable skull fractures, and critical closed head injuries as aresult of the gjection
and impact with the ground. The driver struck the |eft side door frame and sustained multiple left scalp lacerations and avulsions. His
left arm was partially ejected which resulted in a dislocated | eft elbow. He was transported by ambulance to alocal hospital, transferred
to aregional trauma center, and admitted. The front right passenger sustained a right fifth rib fracture, a right shoulder dislocation,
aright clavicle fracture, aleft lateral tibial plateau comminuted fracture, aleft fibular head fracture, and seat belt-relatedabrasionsas
aresult of contact with interior components and loading to the manual restraint. She wastransported by helicopter to aregional trauma
center and admitted. The infant was found on the roadside approximately 16 m (51') from the vehicle. She was transported by
ambulance to alocal hospital, transferred to aregional children’s hospital, and expired five hours following the crash. The driver of
the Tahoe was not injured and refused medical treatment at the scene.

17. Key Words 18. Distribution Statement
Rollover Ejection General Public
Child Safety Seat Child Fatality

19. Security Classif. (of thisreport) 20. Security Classif. (of this page) 21. No. of Pages 22. Price
Unclassified Unclassified 20




TABLE OF CONTENTS

BACKGROUND ... e e e e e e 1
SUMM A RY L 2
Cras Sl . . .ot 2
PrE- AN . . o 2
Crash . 3
POSE-CraSN . . . e 4
VEHICLEDATA - 1989 GMC JiMIMY . . ..ottt e et et e e e e e e e 4
VEHICLE DAMAGE . .. o e e e e e e e 5
Exterior Damage- 1989 GMC JIMIMy . ... ... i ettt 5
Interior Damage - 1989 GMC JIMMY . . . .ottt 6
Exterior Damage- 2000 Chevrolet Tahoe . ...t e 7
MANUAL RESTRAINT SYSTEM - 1989 GMC JimIMy . .. ... i ittt 8
CHILD SAFETY SEAT oot e e e e e e e e e 9
OCCUPANT DEMOGRAPHICS-1989 GMC JIMMY . . ..ottt e e i e i 11
DY 11
DIIVE INUIES . . . e e e e e e 11
DNVEr KINEMAICS . . . . ottt e e e e e 12
Front RIght Passenger . .. ..o 13
Front Right Passenger INJUNES . . .. .. oot ettt et 14
Front Right Passenger KInematics . .. .. ..ot e e 14
Rear LEft Passenger .. ..o 15
Rear Left Passenger INJUINES . . ... oo e e e e 15
Rear Left Passenger KINematiCs . ... ..ot e et et et 17
SCENE SCHEM ATIC .. e e e e e e e e 19
EDR REPORT -2000 Chevrolet TaNOe . . . . . ..o e e 20



VERIDIAN ON-SITE CHILD SAFETY SEAT CRASH INVESTIGATION
SCI TECHNICAL SUMMARY REPORT
VERIDIAN CASE NO. CA02-003
SUBJECT VEHICLE - 1989 GMC JIMMY
LOCATION - STATE OF OKLAHOMA
CRASH DATE - JANUARY 2002

BACKGROUND

This on-gte investigation focused on the performance of a rear-
facing child safety seet (CSS) that was ingtaled with a detachable
base in the rear left pogtion of a 1989 GMC Jmmy. The Jmmy
was occupied by an 18-year-old restrained maledriver, al16-year-
old femae front right passenger, and a 4-month-old female who
was redrained in the rear-facing infant CSS on the rear left
pogtion. The Jmmy was involved in a Sdeswipe collison witha || A :
2000 Chevrolet Tahoe while both vehicles were executing a Figure 1. On-scene view of
passing maneuver. The initid contact to the Immy resulted ina  gpvc Jimmy at final rest
counterclockwise (CCW) rotation and left roadside departure

which initiated aten-quarter-turn tripped rollover with theright Sde

leading. The Jmmy struck autility pole after the tenth quarter turn while upside down with the left Sde area
and cameto rest onitsroof adjacent to the pole(Figure 1). Therestrained front seeted occupantsinitiated
lateral trgjectories and loaded the manud restraints. The 4-month-old infant soinitiated alaterd trgectory
and loaded the harness system of the CSS which resulted in bilaterd pulmonary contusions, left shoulder
contusion, left abdomina abrasion, and a left thigh contusion. The severity of the rollover resulted in
cerebral shear injury dueto theinfant’ shead motion. During therollover, theinfant’ sloading to the harness
system caused theleft Side harness webbing to disengage from the adjustment dide and completely pull out
of the harness dot. The infant was gected from the CSS and from the vehicle through the left rear Sde
window. Based on thelack of contact evidencein the vehicle and distance of theinfant’ sfind rest pogtion
relative to the vehicle, it appearsthe infant’ strgectory out of the vehicle was unobstructed. She sustained
multiple facia abrasionsand lacerations, pa pable skull fractures, and critica closed head injuriesasaresult
of thegection and impact with the ground. Thedriver struck theleft Side door frame and sustained multiple
left scalp lacerations and avulsons. His left arm was partidly gected which resulted in a didocated |eft
elbow. He was transported by ambulance to alocal hospita, transferred to aregiona trauma center, and
admitted. The front right passenger sustained a right fifth rib fracture, aright shoulder didocation, aright
clavidlefracture, aleft laterd tibid plateau comminuted fracture, aleft fibular head fracture, and seat belt-
related abrasions as a result of contact with interior components and loading to the manud restraint. She
was transported by helicopter to a regiond trauma center and admitted. The infant was found on the
roadside gpproximately 16 m (51) from the vehicle. She wastransported by ambulanceto alocal hospitd,
transferred to aregiond children’s hospita, and expired five hours following the crash. The driver of the
Tahoe was not injured and refused medica trestment at the scene.




This crash was found through aloca newspaper by an ingtructor at the Trangportation Safety Ingtitute and
the notification was forwarded to the Veridian SCI team on January 14, 2002. An on-ste effort was
assigned to the Veridian SCI team on Tuesday January 29, 2002. The field activities were initiated on
February 5, 2002.

SUMMARY

Crash Site
This two-vehicle crash occurred on a two-lane undivided state roadway during the daylight hours of
January 2002. The crash stewas north of afour-legintersection of the State roadway and alocal dirt road.
At the time of the crash, the asphalt road surface was dry and the weether was clear. The north/south
roadway conssted of two asphalt travel lanes with paved shoulders separated by a dashed yellow
centerline. The roadside environment consisted of grassy roads des with negative dopesand fields. A wire
fence with wood posts was located on the west roadside gpproximately 15 m (50" from the west road
edge, and awood fence was located on the east roadside approximately 15 m (507 from the east road
edge. Utility poles were present on each roadside. Stop signs controlled east/west traffic entering the
intersection. The scene schematic isincluded as Figur e 20.

Pre-Crash

The 18-year-old driver of the GMC Jmmy was operating the
vehide southbound on the state roadway (Figure 2) a a driver-
reported speed of approximately 100 km/h (60 mph). The 38-
year-old femae driver of the Chevrolet Tahoe was operating her
vehide southbound behind the Jmmy. The driver of the Jmmy
stated that a dow-moving truck with aload of hay was traveling
ahead of the Jmmy. Asthe Jmmy and Tahoe dowed behind the
non-contact vehicle, the driver of the Tahoe initiated a passing ¢
maneuver around the Jmmy and the non-contact vehicle. The
driver of the Jmmy did not detect the Tahoe overtaking hisvehicle,
and dso initiated a passing maneuver around the non-contact
vehide Thedriver of the Tahoe recognized the Jmmy encroaching
onto the northbound lane and steered I€eft in an attempt to avoid the collison. The driver of the Tahoe
overcorrected right and braked as the vehicle traveled toward the left roadside and contacted the Jmmy
while both vehicles were in the northbound lane.

Figure 2. Southbound approach
tothecrash site



Crash

The right front aspect of the Tahoe contacted the | eft rear corner of
the Jmmy in a Sdeswipe configuration. Although the Tahoe was
overtaking the Jmmy, the Immy was the dominant vehicle as it
attempted the passing maneuver. The direction of force wasinthe
4 o' clock sector for the Tahoe and in the 10 o'clock sector for the
Jmmy. Theinitid impact resulted in minor damageto both vehicles.
The | eft aspect of the Jmmy’ srear bumper appeared to snag onthe
front right corner of the Tahoe. The Immy initiated aCCW rotetion
on the northbound lane and departed the |eft roadside in a CCW
yaw. The Jmmy traveled onto the west roadside and initiated a
rollover with the right Sde leading (Figure 3). The Jmmy rolled
ten-quarter turns over an approximate distance of 45 m (150) ina
southeast direction on the roadside. Numerous gouge marks were
present on the soft roadside in the vehicle's trgectory. After the
tenth quarter turn, the Immy was upside-down and struck autility
pole with the left front door area. The direction of force was non-

horizonta (00) and the rollover event resulted in moderate damage
to the Immy. The Jmmy cameto rest upside down againgt the pole
(Figure4).

Figure 3. Southbound rollover
trajectory for the Jimmy
showing final rest position

Figure 4. View of utility pole

The Tahoe initiated a CW rotation and traveled back across the and final rest of the Jimmy
southbound lane in a CW yaw. The Tahoe traveled in a southeast
direction an gpproximate distance of 55 m (180") on the southbound
lane, and departed the right roadside. Furrows that measured
gpproximately 10 m (30') inlength from theleft whed swere present
aong the negative dope of the roadside (Figure 5). Thefurrowing
of the left whed s tripped a three-quarter-turn rollover with the left
sdeleading. The Tahoe cameto rest adjacent to the furrows on the
right Sde. Therollover resulted in moderate damage to the Tahoe.

The data from the Tahoe's Event Data Recorder (EDR) was Figure 5. Right road departure
downloaded by the SCI inv&stigaor during the vehicle inspection. and furrows from the Tahoe

The EDR recorded aNear Deployment Event for the Tahoe which

was attributed to the Tahoe srollover. The data summary indicated the speed of the Tahoe five seconds
prior to the near-event to have been 93 krmvh (58 mph) and the speed one second before the near-event
to have been 11 km/h (7 mph). Throughout the entire five seconds before the near-event, the throttle was
at zero percent, and the brakes were fully applied. The EDR data summary isincluded as Figure 21.



Post-Crash
It was not known how the driver of the Tahoe exited the vehicle.
She was not injured and refused medica treatment at the scene.
The front seaeted occupants of the Jmmy were pinned in the
vehide. During the rollover, both occupants stated that they lost
consciousness, and regained consciousness shortly after thevehicle
came to rest on its roof. One of the passers-by that stopped to
assst wasanurse. Sheimmediately surveyed the overturned Jmmy _
and was advised by the front seated occupants that they were = =
traveling with an infant in the rear seet. The passer-by could not  Figure 6. View showing final
determine if the infant was till restrained in the CSS, and  rest position of the ejected
attempted to remove the CSSfrom the vehicle. Shestated that the  infant relative to the Jimmy
CSS wasingdled with the vehicle s 3-point lap and shoulder belt
and would not move. A second passer-by used a utility knife to cut the shoulder belt and the lap belt to
remove the CSS. At that time, it was determined that the infant was no longer in the vehicle, and the
passers-by began to search for the infant dong the roadside. The infant was located face-down on the
southeast corner of theintersection approximately 16 m (51) from the vehicle(Figure 6). Thefirst passer-
by stabilized the posterior aspect of the infant and picked her up to expose her anterior aspect. She
maintained stabilization of theinfant until the ambulance arrived, and accompanied the infant to the hospitdl.
The infant was trangported to aregiona trauma center where she expired five hours following the crash.
The front-seated occupants of the immy were removed by rescue personne . Rescue personnel could not
access the occupants through the right front door, and removed the left front door from the vehicle to
remove them. The steering column was cut by rescue personnd, and it reportedly took 45 minutes to
remove the occupants. The driver was transported by ambulance to aloca hospitd and transferred to a
regiond trauma center and admitted. The front right passenger was transported by helicopter to aregiona
trauma center and admitted.

VEHICLE DATA - 1989 GMC Jimmy

The 1989 GMC Jmmy was identified by the Vehicle Identification Number (VIN): 1GKCT18Z1K8
(production sequence omitted). The vehiclewasatwo-door, 4 x 4 sport utility vehicle equipped witha4.3
liter, V6 engine, four-gpeed automatic transmission, power steering, power door locks, power windows,
front disc, and rear drum brakes. The JImmy was equipped with P235/75R15 tires that exhibited 3.2 mm
(4/32) of tread depth. The driver stated that the right front door handle was inoperable pre-crash and the
door could not be opened from outside of the vehicle. The vehicle wasreported to have had over 402,235
km (250,000 miles) at the time of the crash.

The seating in the GMC Jmmy was configured with front bucket seats with integral head restraints and a
rear two-person bench seat with afolding back. Both front bucket seats were covered with after-market
Seet covers a the time of the vehicle ingpection.



Cargo in the vehicle was located in the back of the Immy behind the bench seet. The cargo was not
restrained and included atow chain, tireiron, vehicle jack, tool box, abag of clothes, and miscellaneous

packages.

VEHICLE DAMAGE
Exterior Damage - 1989 GMC Jimmy

Theinitid Sdeswipe impact with the Tahoe resulted in minor damage on
the left rear sSde aspect of the Jmmy. Although the rear bumper was
deformed forward from rollover damage, theleft corner of the rear bumper
was torn rearward from snagging the Tahoe's right front corner.
Longitudind abrasons were dso noted on the left rear quarter panel and
5 cm (2") of latera crush was noted on the quarter panel forward of the
bumper from this contact (Figure 7). The Collison Deformation
Classfication(CDC) for theinitia impact with the Tahoewas 10-LBES-1.

The 1989 GMC Jmmy sustained moderate damage as a result of the Figure7. Initial contact
rollover event (Figure 8). The front headlights and grille were separated  damage

from the vehicle and the front bumper was displaced. The hood
was buckled and displaced. Both front fenders were deformed.
The roof sustained severe crush at the right B-pillar and both C-
pillars due to the rollover, and the roof rack was fractured and
separated. The maximum left roof sde rall crush was located 15
cm (6") forward of the B-pillar, and measured 10.2 cm (4.0")
verticaly. The left roof side rall was buckled upward 58 cm (23")
aft of the leading edge of the left rear window 8.9 cm (3.5"). The
maximum roof crush measured 41.9 cm (16.5"). The left and right
A-pillars, B-pillars, and C-pillarswere displaced from therollover.
The laterd and rearward displacement of the right A-pillar
contributed to the upward bowing of the windshield header & the
centerline and the windshield header was crushed verticaly on the
right sde. The left B-pillar was crushed inward and the right B-
pillar was bowed outward at the belt line. The left C-pillar was
digplaced forward and nearly compressed against the bottom
aspect of the left rear window (Figure 9). Theright C-pillar was
displaced laterdly and forward. The backlight header was crushed
downward with the most severe crush ontherear |eft corner. The
right front door was deformed and bowed outward. It appears it
may have been displaced by hydraulic spreaders during rescue
attempts. Theright rear quarter panel was deformed from contact
with the ground. The rear tail gate and rear hatch were separated

Figure 8. View of rollover
damage

Figure 9. Damageto rear
aspect of roof and left C-pillar

from the vehicle. Both front tires were deflated and debeaded. Lateral abrasions from the rollover were



present on the right roof Sde rail and the right Sde aspect of the Jmmy exhibited a large amount of dirt
bel ow the belt line and minor amounts of grassand dirt in the exterior trim. The CDC for therollover event

was 00-TDDO-4.

The subsequent utility poleimpact resulted in moderate | eft front door area
damage to the Immy. (Figure 10). The l&ft front door wasremoved from
the vehicle by rescue personnd, and exhibited direct contact damage from
the pole impact. The direct damage on the left front door was located 5
cm (2") forward of the rear aspect of the door, and extended forward 28
cm(11") inlength. The maximum crush on the door panel measured 18 cm
(7"). The left Sll dso sustained direct damage as a result of the pole
impact. Thedamage dong theleft sll waslocated 3 cm (1") forward of the
B-pillar and extended forward 28 cm (11") inlength. The combined direct
and induced damage dong theleft Sde from the pole impact began 27 cm
(11") forward of the rear edge of the left front fender and extended
rearward 198 cm (78") to 69 cm (27") aft of the left B-pillar a the mid-
door level. Sx crush measurements were taken dong the left sl and were
asfollows C1=0,C2=8cm(3"), C3=13cm (5"), C4=25cm (10"),
C5=11cm(4"), C6 = 0. The maximum crush on theleft Sl waslocated

Figure 10. L &ft side
damage from pole
impact

20 cm (8") forward of theleft B-pillar and measured 30 cm (12"). The CDC for the utility poleimpact was

00-LPEN-3.

Interior Damage - 1989 GMC Jimmy
Interior damage to the 1989 GMC was severe and attributed to
compartment intruson. The windshield was completely separated
and dl of the glazing was disntegrated from impact forces. The
most severe roof intrusion was a the front right aspect where the
roof was crushed verticaly againgt the front right seet back (Figure
11). Theintrusons were as follows:

Figure 11. View through
windshied showing intrusons

Position Component I ntruded Direction
11 Left roof sderail 10.2cm (4.0") Vertica
11 Roof 25.4.¢cm (10.0") Vertica
13 Right roof sderall 419cm (16.5") Verticd




Position Component I ntruded Direction
13 Roof 41.9 cm (16.5") Vertica
13 Right roof sderall 24.1cm (9.5") Laterd
21 Roof 32.4.cm (12.8") Vertica
21 Left Sdeinterior pand 114cm (4.5 Laterd
21 Left B-pillar 15.2 cm (6.0") Lateral
23 Right roof siderail 19.1cm (7.5 Vertica
Rear cargo area Backlight header 32.4cm (12.8") Vertica

The entire instrument panel was separated from the vehicle. The glove box and center console were dso
separated. Both front bucket seats were displaced to the right and the left front seat back was deformed
in a dightly CCW direction. The steering whedl was cut by rescue personnel. The knee bolster was
displaced from occupant contact. A large amount of body fluid was noted on the head liner at the left B-
pillar. The interior panel of the separated |eft front door was fractured from occupant contact.

The rear bench sest cushion wasbuckled laterally in at the center agpect dueto the passenger compartment
intruson. Two vertica abrasions and two diagona |acerations were noted on the interior trim pand of the
left B-pillar gpproximately 33 cm (13") below the left roof Sderall.

Exterior Damage - 2000 Chevrolet Tahoe

The initid sdeswipe contact with the GMC Jmmy resulted in
minor right front sde damage to the 2000 Chevrolet Tahoe
(Figure 12). The direct contact damage began a the right front
corner on the bumper and extended 23 cm (9") rearward. The
combined direct and induced damage began a the front right
bumper corner and extended rearward 40 cm (16"). The
maximum laterd crush waslocated 23 cm (9") ft of theright front _
corner and measured 5 cm (2"). Longitudina abrasions were |
present on the right front bumper corner from the direct contact.  Figyre 12, View of damaged
The CDC for the initia contact with the GMC Jmmy was 04- 2000 Chevrolet Tahoe
RFES-1.

The Chevrolet Tahoe sustained moderate damage as aresult of therollover. The front bumper was dightly
displaced to the left. Black plastic transferswere noted on the left front door and top rear aspect of theleft
front fender from the displacement and separation of the Ieft sde mirror. The right Sde mirror was dso
separated. Diagond abrasions were present on the | eft roof siderall dong the entire length of the vehicle.



Bothleft sde doorswere digplaced dightly from therollover. Dirt and grass were deposited intheleft Sde
window and door trim pieces. Theroof sustained vertica crush and theroof rack wasfractured ontheright
sde and digplaced. The maximum roof crush was located dong the centerline and 84 cm (33") rearward
of the windshield header and measured 3 cm (1"). The maximum crush on the right roof sde rail was
located 25 cm (10") rear of the right A-pillar and measured 5 cm (2"). The windshield was completely
separated at the windshield header and displaced inward. The CDC for the rollover was 00-TDDO-2.

MANUAL RESTRAINT SYSTEM - 1989 GMC Jimmy

The 1989 GMC Jmmy was equipped with manua 3-point Iap and shoulder belts with sewn latch plates
and emergency locking retractorsfor thedriver and front right passenger positions. Each front restraint was
configured with a fixed D-ring. The driver’s seat belt had been cut by rescue personnel. The driver's
retractor was located on the floor area on the inboard aspect the left B-pillar, and was operationa. The
length of the webbing in the retractor measured 130 cm (51") from the severed edge. Body fluid was
present on the driver’ s webbing 32 cm (13") from the severed edge. The front right passenger’s manua
redraint was restricted in the used position. The lap portion of the webbing was cupped forward from
occupant |oading and the shoul der belt webbing exhibited some stretching and was gathered in the forward
aspect of the D-ring. Both fronta D-rings exhibited abrasions as a result of occupant loading to the
resraints.

The rear bench seat was equipped with manua 3-point lgp and
shoulder beltswith locking latch platesfor both positions. Therear
left seat belt webbing had been cut in two placesin an atempt to
remove the child safety seat from the vehicle (Figure 13). Atthe
time of the vehicle ingpection, the rear |ft retractor was restricted
in the used pogition and the cut webbing was dtill through thelatch
plate which was engaged in the buckle. Thelength of the webbing :
that was redtricted in the retractor measured 51 cm(20). Based  Figyre 13. Cut rear left manual
on the position of the locking latch plate, the remaining shoulder ety aint

belt webbing measured 84 cm (33") in length and the remaining

lap belt webbing measured 47 cm (19") inlength. Thefixed D-ring

for therear left manud restraint was displaced rearward and outward from the roof deformation. Creases
were noted in the webbing from the ingtdlation of the CSS, but there was minima [oading on the webbing
asaresult of the crash.

The rear right manud 3-point 1ap and shoulder belt was found restricted in the used position even though
there was no occupant seated in that position.



CHILD SAFETY SEAT

A Cosco Turnabout infant child safety seat (Figure 14) with a
detachable base wasindaled in the rear |eft seat of the GMC Jmmy.
The model number was 02 758 TCD and the date of manufacture was
June 7, 2000. There were no NHTSA recalls associated with this seet.
The seat was received new by the parents as a gift gpproximately four
months prior to the crash and the parents stated that they had read the
owner’ smanud and used it asaguide during theinitid ingalation. They
mentioned that the owner’ smanud was difficult tofollow, asthey had no
prior CSSexperience. At thetime of ingpection, the owner’ smanud was
not with the CSS, and the locking clip was stowed on the pivoting kick
gtand on the lower front aspect of the CSS. Theinfant seat was designed
to be used with or without the detachable base and for infants who Figure 14. Cosco infant
weighed 10 kg (22 Ib) or less and measured 6 cm (26") or less. The CSS

infant seet was occupied by a 4-month-old female that weighed 4.8 kg

(20.5 Ib) and measured 63.5 cm (25.0") in length. Theinfant waswithin the manufacturer’ srecommended
height and weight limits outlined in the ingtruction manud for use of the rear-facing infant seat. The infant
CSS was configured with asingle-loop 3-point harness system. The shell was configured with three sets
of harnessdots, however, thefabric cover and styrofoam padding were configured with two setsof harness
dots. At thetime of theinspection, the right harness strap was threaded through the bottom dot and the | eft
harness strap was pulled forward and completely out of the bottom left dot. The latch plate was engaged
in the buckle.

The infant CSS exhibited signs of wear and damage associated with the crash. The detachable base
sustained abrasions on the forward aspect and theleft sidelongitudina plastic guide on the forward aspect
of the base was deformed 0.6 cm (0.3") to the left. The inboard edges of the belt path sustained minor
abrasons from the vehicle s manud restraint webbing.

The infant CSS dso sustained damage as aresult of the crash. A moderate amount of dust/dirt was noted
onthe bottom aspect of the seat. The carrying handle exhibited moderate stress pointsthat measured 8 cm
(3") inlength on the outboard aspects which appeared to have resulted from vertical |oading to the handle,
which wasin the upright pogition & the time of the crash. Both outboard aspects of the carrying handle
showed multiple scuffs and scrapes.



Scrapes were present on the | eft rear aspect of the plagtic shell, &ft of the
carying handle. Theinboard aspect of the left lower harness dot showed
ggns of stress and minor abrasions fromthe loading and subsequent pull-
out of the harness webbing. The left harness webbing was completely
removed from the left dot. The right harness was threaded through the
right harness dot and the harness adjustment dide was attached to the end
of the right harness webbing on the rear agpect of the CSS. The left
harness exhibited a 30 cm (12") longitudina crease in the center of the
webbing. Diagond plastic transferswere a so present on outboard aspect
of thewebbing 27 cm (10") above the location of the harnessretainer clip
and 5 cm(2") forward of theend of thewebbing (Figure 15). The plastic
transfers appeared to have resulted from staggered loading to the harness  Figure 15. View of

system from the infant during the rollover. The right harness strap dso  Plastic transferson
exhibited alongitudinal crease on the center aspect 30 cm (12") abovethe harnesswebbing

latchplate. Distinct creaseswere present on the webbing from the harness

retainer clip spaced 3 cm (1") apart and located 22 cm (9") above the latch plate. The harness webbing
was gathered in the plastic latch plate dot, and the plagtic latch plate housng showed stress marks in the
plastic around the perimeter. The latch plate showed heavy abrasions which indicated frequent usage.

The harness was routed through the harness dots and the end of the left harness strap was routed through
the adjustment dide that was attached to the end of the right harness strap. Based on the manufacturer’s
indructions, the end of the harness webbing should be re-threaded back through the adjustment dide to
lock the harness straps (Figur e 16). During the interview with the parents, the CSSwas re-configured as
it was prior to the crash. The harness was threaded through the adjustment dide once, and subsequently
tied in aknot over both sides of the harness webbing adjacent to the adjustment dide (Figure 17). It was
not re-threaded back through the adjustment dide. Theleft harness strap was threaded backwards through
the harness retainer clip, and the right harness strap was routed under the locking tab on the retainer clip
(Figure 18). The parents stated that the left harness strap was threaded in that position when it was
removed from the box prior to use.

Figure 16. View of correct Figurel7. Viewof harness i o6 iaw of harness

routing of the harness st_rapsthrough the adjustment retainer dlip position
webbing through the dide
adjustment dide
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The rear-facing infant CSS was ingtalled with the detachable base
in the rear left pogtion of the GMC Jmmy (Figure 19) with the
manua 3-point lap and shoulder belt with a locking latch plate.
There were no objects placed under the CSS base, and the
carying handle was in the upright position. The seat belt was
routed through the belt path on the rear aspect of the base. The
parents stated that the owner’s manud for the GMC Jmmy was
consulted, but did not offer any indructions as to how to ingdl a
CSS. The parents ated that the seet was inddled tightly in the
vehicle o thet it would not move side-to-side, and it was checked
by the parents prior to the crash. The parents dso stated that the
infant was restrained tightly in the CSS and the space between the

Figure 19. View of rear left
postion in GMC Jimmy

harness and the child was no more than one finger width. The parents aso mentioned that they regularly
restrained the child in the CSS and placed blankets over the harness system, to limit the amount of space

between the harness and the infant.

OCCUPANT DEMOGRAPHICS - 1989 GMC Jimmy
Driver

Age/Sex: 18-year-old mae
Height: 183 cm (72")
Weight: 107 kg (235 1b)
Seeat Track Pogition: Between mid-track and full rear
Manua Redtraint Use: Manua 3-point lgp and shoulder belt
Usage Source: Vehicle ingpection, interview
Eyewear: None
Type of Medicd Trestment:  Transported by ambulance to aloca hospitd, transferred to aregiona
trauma center and admitted
Driver Injuries
Injury Injury Severity Injury Mechanism
(A1S90/Update 98)
10 cm (4") complex laceration | Moderate (190604.2,1) Interior dome light
of theright parietd area of the
scap
5cm (2") deep laceration on Minor (190602.1,1) Interior dome light
the top of the scalp to the right
of the midline
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Injury

Injury Severity
(AIS90/Update 98)

Injury Mechanism

6.0 cm (2") intermediate
laceration of the left parietd
area

Minor (190602.1,2)

Left front door frame, left B-
pillar

Multiple complex, intermediate,
and smple lacerations of the
left ear

Minor (290602.1,2)

Left front door frame, left B-
pillar

Multiple lacerations of the left
face

Minor (290602.1,2)

Left front door frame, left B-
pillar

Multiple lacerations of the |eft
forehead

Minor (290602.1,7)

Left front door frame, left B-
pillar

1 cm (.5") complex avulsion of
the left posterior facid area

Minor (290802.1,2)

Left front door frame, left B-
pillar

3cm (1) complex avulson of
the left posterior auricular area

Minor (290802.1,2)

Left front door frame, left B-
pillar

6 cm (2") complex avulson of
the left pogterior auricular area

Minor (290802.1,2)

Left front door frame, left B-
pillar

4 cm (2") complex avulsion of
the left posterior hdlix of the ear

Minor (290802.1,2)

Left front door frame, left B-
pillar

3 cm (1") avulson of the left
posterior auricular area

Minor (290802.1,2)

Left front door frame, left B-
pillar

Minor aorasions on the right Minor (490202.1,1) Loading againg the shoulder
deltoid area belt webbing

Minor contusions on the right Minor (490402.1,1) Loading againg the shoulder
ddtoid area belt webbing

Contusion extending from the Minor (490402.1,2) Loading againg the shoulder
left |ateral neck across the chest belt webbing

Pogterior |eft elbow didocation | Minor (750630.1,2) Partid gection and contact

with the utility pole

Injury source: Emergency room records, discharge summary
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Driver Kinematics
The 18-year-old driver of the GMC Jmmy was seated in an upright posture with the seat track adjusted
to between the mid-track and full-rear positions. Hisright hand was placed at the 12 o’ clock position and
hisleft hand at the 7 0’ clock position on the steering whed rim. He was restrained by the manua 3-point
lap and shoulder belt.

The driver probably remained in pogition during the initia contact between the Jmmy and the Tahoe. As
the Jmmy rotated CCW, the driver initiated alatera trgectory to theleft. Hewasredirected in thevehicle
as the IJmmy rolled over and loaded the manud restraint, which mitigated substantial movement in the
vehicde. It was not clear if there was any pay-out in the manud restraint during the rollover that alowed
additional movement inthevehide. During therollover event, the driver’ shead struck theinterior domelight
which resulted in a10 cm (4") complex laceration of the right parietal area of the scap and a5 cm (27)
deep laceration on the top of the scalp to the right of the midline. As he was redirected laterdly, the left
agpect of his head struck the left front door frame and B-pillar area which resulted in multiple avulsions,
complex, intermediate, and Smple lacerations of the left ear, |eft forehead, left face, and | eft parietd area

After the IJmmy completed the second complete turn, it rolled onto itsroof and impacted a utility polewith
the | eft front door area. The driver wasredirected to theleft and stated that hisleft arm waspartialy gected
through theleft front door window opening asthe vehicleimpacted the utility pole. Hereported that hisarm
was between the exterior door and the utility pole at impact. He sustained aposterior | eft elbow didocation
fromthat event. The knee bol ster was deformed from probabl e occupant contact, athough, therewereno
reported injuries associated with aknee strike.

The driver dated that he lost consciousness at the beginning of the rollover. He stated that he regained
consciousness fter the vehicle came to rest and was suspended upside down by the seat belt, and pinned
under the steering whedl. Rescue personne removed the steering wheel and the driver was removed
through the left front door. He was transported by ambulance to a loca hospital and transferred to a
regiona trauma center and admitted for one day and rel eased.

Front Right Passenger

Age/Sex: 16-year-old female

Height: 157 cm (62")

Weight: 77 kg (170 1b)

Seat Track Position: Full-rear

Manua Redtraint Use: Manua 3-point |gp and shoulder belt
Usage Source: Vehicle ingpection, interview
Eyewear: None

Type of Medicd Treatment:  Transported by helicopter to aregiond trauma center and admitted
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Front Right Passenger Injuries

Injury Injury Severity Injury Mechanism
(A1S90/Update 98)

Fracture of posterior aspect of | Serious (450214.3,1) Loading againg shoulder belt

right fifth rib with pneumothorax webbing

Left laterd tibid plateau Serious (853408.3,2) Loading againg the lower right

comminuted Type Il fracture instrument panel

Right shoulder didocation Moderate (751030.2,1) Loading againgt shoulder belt
webbing

Left fibular head fracture Moderate (851606.2,2) Loading againd the lower right
instrument panel

Superficid drason onright ear | Minor (290202.1,1) Contact with the right aspect of

the intruded roof

Abrasion, right aspect of

Minor (290202.1,7)

Contact with the right aspect of

forehead the intruded roof

Abrasion, right flank Minor (590202.1,1) Loading againg lap bet

(abdomen) webbing

Right digtd clavicle fracture Moderate (752200.2,1) Loading againgt shoulder belt
webbing

Abrasion, right shoulder Minor (790202.1.1) Loading againgt shoulder belt
webhing

Abrasion, dorsd right hand

Minor (790202.1.1)

Right interior door surface

Abrasion, |eft anterosuperior
iliac spine and Ieft flank area

Minor (890202.1,2)

Loading againgt lap belt
webbing

Injury source: Emergency room records, discharge summary

Front Right Passenger Kinematics
The 16-year-old female front right passenger was seated in an upright posture with the seet track adjusted
to the full-rear position. She was restrained by the manual 3-point lap and shoulder belt. She probably
maintained her position during the initial contact between the Jmmy and the Tahoe, and initiated a laterd
trgjectory to the left as the Immy entered the CCW yaw. She was redirected as the Jmmy rolled over
and loaded the manud restraint, which mitigated substantial movement in the vehicle. It was not dlear if
there was any pay-out in the manua restraint during the rollover that dlowed additiond movement in the
vehide. She contacted the lower instrument panel with her left knee which resulted in a left laterd tibia

14




plateau comminuted Type |1 fracture and aleft fibular head fracture. The loading to the shoulder belt and
contact to the right interior door surface resulted in a fracture of posterior aspect of right fifth rib with
pneumothorax, aright distal clavidefracture, aright shoulder didocation, and aright shoulder dorasion. She
aso loaded the lgp belt portion of the restraint which caused a right abdomina abrasion and an abrasion
on the left anterosuperior iliac spine and left flank area. Intrusion of the right aspect of the roof dlowed her
head to contact the interior agpect of the vertically displaced roof which resulted in superficia arason on
right ear and an abrasion on the right aspect of forehead.

As the vehicle impacted the utility pole, she was redirected to the left. She came to rest upside down
suspended from the seat belt. She stated that she had |ost consciousness during the rollover and regained
consciousness after the vehicle cameto rest onitsroof. She also said that the center console had separated
and was on her lap. She stated that she unbuckled the manud restraint and was removed from the vehicle
by rescue personnd through the left front door. She was transported by helicopter to aregiona trauma
center and admitted for nine days and released.

Rear L eft Passenger

Age/Sex: 4-month-old female

Height: 64 cm (25")

Weight: 4.8 kg (10.51b)

Seeat Track Pogition: Fixed

Redrant Use: Rear-facing infant CSS

Usage Source: Vehicle ingpection, CSS ingpection
Eyewear: None

Type of Medicd Trestment:  Transported by ambulance to aloca hospitd, transferred to a regiond
children’ s hospitd, and expired five hours following the crash

Rear Left Passenger Injuries

Injury Injury Severity Injury Mechanism
(A1S90/Update 98)
Trangtentorid herniation Critical (140202.5,8) Ejection from vehide and
completely obliterating the impact with ground
baslar cigerns, third and fourth
ventricles and sulci
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Injury

Injury Severity
(AIS90/Update 98)

Injury Mechanism

Brain gem injury, basilar
cigerns, sulci, third and fourth
ventricles were completely
effaced, subarachnoid
hemorrhage was noted
throughout the baslar cisterns
and suldi diffusdy and globally

Critical (140210.5,8)

Ejection from vehide and
impact with ground

Cerebra shear injury aswell as

Critical (140628.5,9)

Head motion as aresult of the

near complete loss of gray- high-speed rollover

white differentiation

Pneumocephaus within the Serious (140682.3,9) Ejection from vehide and

suprasdlar cistern and anterior impact with ground

fossa

Linear transversefracturethat | Serious (150404.3,1) Ejection from vehide and

extended verticaly from the impact with ground

vertex of the cranium to the

right aspect of the posterior

parietd, initidly laterd to the

lambdoid suture and became

diagtetic, the most medid and

posterior aspect was depressed

anteriorly approximately 4 mm

(0.2

Minimd diagtasis of the left Serious (150404.3,2) Ejection from vehide and

corond suture, alarge piece of impact with ground

cortica bonewasliftedin a

cephalad direction

goproximately 1 cm (0.5")

Multiple complex facid Minor (190202.1,0) Ejection from vehide and

abrasons impact with ground

Multiple complex facid Minor (290600.1,0) Ejection from vehide and

lacerations impact with ground

Right parietal scalp abrason Minor (190202.1,1) Ejection from vehide and
impact with ground
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Injury Injury Severity Injury Mechanism
(A1S90/Update 98)

Pulmonary contusion of the Severe (441410.4,3) Loading againg the harness

lower lobes, bilaterdly, worse straps

on theright

Left anterior leg contusion Minor (890402.1,2) Loading againd left harness
strap

L eft posterior back contusion Minor (690402.1,2) Rebound into CSS during
rollover

Left abdominal abrasion Minor (590202.1,2) Loading againd left harness
strap

L eft upper chest contusion Minor (490402.1,2) Loading agang |eft harness
strap

Injury source: Emergency room records, discharge summary, Medical Examiner’ s report

Rear L eft Passenger Kinematics
The 4-month-old female rear left passenger was restrained in a Cosco rear-facing infant CSS that was
ingaled with the vehicle s manua 3-point Igp and shoulder belt system. The infant was restrained in the
CSS s harness system with the harness retainer clip placed at theleve of her armpits. Prior to impact, the
infant was adeegp in the CSS, and was not leaning to either Sde.

At theinitid impact with the Tahoe, the infant probably maintained her pogtion in the CSS. The parents
were advised by medica personnd that theinfant sustained afatd brain geminjury from thisinitia event.
Asthe Jmmy initiated the CCW yaw, the infant was redirected to the left. Asthe Jmmy rolled over, the
infant continued the laterd trgectory to the left and loaded the harness system. Due to the severity of the
rollover event, the infant sustained cerebrd shear injury as well as near complete loss of gray-white
differentiation as aresult of head maotion. The harness system, tied in a knot, became loose as the vehicle
rolled over. As the infant continued to load the harness system, the knot completely unraveled and allowed
the left harness strap to pull out completely from the harnessdot. Theleft harnesswasthreaded backwards
through the harness retainer clip, and the right harness strap was routed under the locking tab on the
retainer dip (See Figure 18). The configuration of the harness retainer clip may have contributed to the
loading on the left strap, as it was not secured in by the locking tab and may have alowed the right strap
to disengage from the retainer clip. The infant sustained a pulmonary contusion of the lower lobes,
bilaterally, worse on theright, left shoulder contusion, left abdomind abrasion, and aleft thigh contusion
from loading to the CSS harness system.
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The infant was g ected from the CSS and from the vehicle through the left rear Sde window opening during

the fina quarter turn as the Immy struck the utility pole. She was found approximately 16 m (51') south
of the final rest position of the vehicle. Based on the lack of contact evidence in the vehicle and distance
of the infant’ s fina rest position relaive to the vehicle, it gppears the infant’ s trgectory out of the vehicle

was unobstructed. As a result of the gection and impact with the ground, she sustained a trangtentorid

herniation completdly obliterating thebasilar cisterns, third and fourth ventriclesand sulci, abrain geminjury
withthebasllar cisterns, sulci, third and fourth ventricles completdy effaced, subarachnoid hemorrhagewas
noted throughout the basilar cisternsand sulci diffusdy and globaly, pneumocephauswithin the suprasellar

cisternand anterior fossa, alinear transverse fracturethat extended verticaly from the vertex of the cranium

to theright aspect of the podterior parietd, initidly laterd to the lambdoid suture and became diagtatic, with
the most media and posterior aspect depressed anteriorly approximately 4 mm (0.2"). She dso sustained

minimd diastasis of the left corond suture, alarge piece of cortical bone wasllifted in acephalad direction
goproximately 1 cm (0.5"), multiple complex facid abrasons, multiple complex facia lacerations, and a
right parietal scap abrasion as a result of the gection and ground impact. She was transported by
ambulanceto alocd hospitd, transferred to aregiond children’ shospital, and expired five hoursfollowing

the crash.
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Figure 20. Scene schematic
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Figure 21. EDR summary report for the Chevrolet Tahoe
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