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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 responsbility for the contentsor 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 investigation process is an inexact science which requires that physicd evidence such as skid
marks, vehicular damage measurements, and occupant contact points are coupled with the investigetor'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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CALSPAN AIR BAG DEPLOYMENT INVESTIGATION
CALSPAN CASE NO. CA97-012
STATE OF FLORIDA
FEBRUARY, 1997

Background

The NHTSA was notified of the three vehicle crash involving an air bagrelated injured right front
occupant by the Genera Motors Corporation. Ca span was subsequently notified by the Field Operations
Branchof the NHTSA and began theinvestigation the sameday. A Ca span Recongtructionist wason-site
four days after notification.

Summary

This crash involved a 1997 Geo Metro equipped with dua front air bags (Vehicle #1), a 1985
Nissan King Cab pick-up truck (Vehicle #2), and a 1991 Ford Tempo GL (Vehicle #3) which were
involved in achain reaction front to rear collison. The crash occurred in the month of February, 1997 at
dawn onadtraight section of an undivided, two lane, level, dry asphat roadway which had a posted speed
limit of 80 km (50 mph). There was no reported adverse westher conditions present at the time of the
crash.

Driver #1, a 33 year old mae, was en route to the child day care provider with his three old
daughter seated in the right front passenger seat. He was laughing with his daughter which diverted his
attention away from the travel lane. Upon returning his focus to the travel lane he observed Vehicle #2
stopped in histravel lane. Driver #1 applied the brakes to full whed lock-up in an attempt to avoid the
crash and skidded 7.0 m (23.0") prior to the point of impact (POI).

Vehide #1 struck the rear of Vehicle #2 &t a CRASH computed impact speed of 57 kmv/h (36
mph) which resulted in acomputed deltaV of 34 kmvh (21 mph) for Vehicle#1 and 23 kmvh (14 mph) for
Vehide #2. This impact resulted in the normal deployment sequence of the dud air bag system. The
damage to Vehicle #1 was located primarily above the bumper in a typica bumper override damage
pattern. The Collison Deformation Classfication (CDC) assigned to Vehicle #1 was 12-FDEW-1 and
06-BDEW-3 for Vehicle #2.

Vehicle #2 was subsequently pushed forward and struck the rear of Vehicle #3 which was dso
stopped. The assigned CDC for the front of Vehicle#2 was 12-FDEW-1 and 06-BDEW-1 for Vehicle
#3. Vehicde#3 sustained minor damage and was driven from the scene. The SMASH program computed
addtaV of 17 km/h (10 mph) for Vehicle #2 and 22 km/h (13 mph) for Vehicle #3.



The three year old femae who was 106.7 cm (42.0") tdl and weighed 13.6 kg (30.0 Ibs.) was
restrained by the lap belt in the right front seet of Vehicle #1 a the time of the crash as noted by the linear
contusionon the child' s lower abdomen. Although the driver inssted the child was wearing the torso belt,
contact points in the vehicle interior and the injury pattern to the child's forehead indicated that her upper
torso was in close proximity to the passenger Sde air bag module cover a the time of the deployment
sequence. This evidence dong with the lack of any related soft tissue injuries over the right shoulder/neck
areaindicated that her upper torso was not restrained by the torso bt at the time of the crash.

During Vehicle #1's pre-crash braking event, the right front occupant moved forward and |oaded
the lgp bet with her hips resulting in a contusion of the abdomen. Her upper torso continued forward in
a jackknifying motion and was in close proximity of the top mounted passenger ar bag module cover &
the time of the crash sequence.

As the Supplementd Inflatable Restraint System (SIR) initiated the deployment sequence, the
leading edge of the passenger Sde air bag contacted the child's forehead resulting in a well defined
contusion/abrasioninjury pattern. Astheair bag continued to expand, the child wasthen propelled lateraly
to the left with the left Sde of her head contacting the protruding center instrument pand. This resulted in
afracture of theleft frontal bone, fracture of theleft orbit, and brain trauma The child cametothefind rest
position in the right front seat leaning toward the right front door and her shouldersrotated dightly toward
the driver.

Driver #1 redized immediately that his daughter was unconscious and did her out of the vehicle
through the driver’ s door after releasing the child' s restraint belt. He placed her on the ground and kept
her warm while awaiting rescue.

An ambulance traveling six vehicles behind Vehicle #1 responded immediately to the crash and
trangported Driver #1 and his daughter to aloca medicd facility where she arrived in acoma. She was
evauated and subsequently transferred viahelicopter three hours|ater to atraumacenter located inamagjor
metropolitan areawhich specidized in pediatric care.

Uponarriva at the traumacenter, the child was admitted to the pediatric intensve care unit (PICU)
where an intercrania pressure monitor was inserted in the left Sde of the brain.  On the sixth day in the
PICU, thechild opened her eyesbut did not respond to visua stimuli. After eight daysinthelCU, thechild
was transferred to a private room where she regained consciousness eight days later.

The child wastransferred to arehabilitation center seventeen daysafter the crash where she stayed
approximately one month before being released to home. Her physica and menta condition improved a
the rehabilitation center. Four weeks following the crash, the child demongtrated a recognizable speech
pattern, arecognition of verba commands, and mobility of her extremities. However, she was unable to
walk and suffered paralysis of the left side of her body.



Driver #1 suffered minor injuriesin the crash which included an aorasion and contusion of the left
shoulder from the torso belt, an abrasion of the left forearm from contact with the expanding driver Sde air

bag, and an abrason/contusion of the left hand from contact with the upper A-pillar. Hewastreated and
released a the loca medicd facility.

Driver #2, a 24 year old male, was stopped in a line of traffic when his vehicle was struck by
Vehicle#1. He suffered pain of the ribs, but was not transported from the scene.

Driver #3, afifty-nine year old male, was stopped in front of Vehicle #2 when Vehicle #2 was
pushed into the rear of his vehicle following the impact with Vehicle#1. The driver was not injured.
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CRASH DEMOGRAPHIC DATA

Location: 2 lane undivided highway
State: State of Florida
AreaType: Rurd resdentid

Investigating Police Agency:

County Sheriff’s Department

Crash Type: Three vehicle front to rear chain reaction crash
Air Bag Vehide Right Front

Occupant Injury Severity: Critical (AIS-5)

AMBIENCE

Viewing Conditions: Dawn

Weather: Cloudy

Road Surface: Dry

HIGHWAY

Type: County highway

Number Of Lanes.

Two travd lanes

Roadway Width: 6.8 m (22.3) road edge line to road edge line

Surface: Asphdt

Median: None

Edge: Solid white edge lines in poor condition with an adjacent 14
percent down dope 12.2 m (40.0) wide grass shoulder

Veticd Alignment: Leve

Horizonta Alignment: Straght

Estimated Coefficient Of Friction: 0.75

Treffic Dengty: Moderate to heavy, traffic was stopped 0.4 km (0.25 miles)

from sgnalized four way intersection




TRAFFIC CONTROLS

Sgnds None

Sgns None

Markings. Broken ydlow center linesin fair condition and solid white
roadway edge linesin poor condition

Speed Limit: 80 knvh (50 mph)

VEHICLE DESCRIPTION

Vehicle#1

Description: 1997 Geo Metro, 2 door hatchback

V.I.N.: 2C1IMR2297V 6(Serial # omitted)

Color: Red

Odometer: 19,831 km (12,323 miles)

Engine 1.3L

Transmisson: 3 speed automatic

Steering: Power

Brakes: Power assisted front disc and rear drum brakes

Padding: Upper and mid instrument pandl, soft edge steering whed rim
and air bag module cover, door panedls, door arm rests, seets,
roof liner, and sunvisors

Active Redtraints: 3-point lap and shoulder belts in the four outboard seating
positions

Passve Redraints: Driver sde and passenger air bags which deployed as
designed during the first impact sequence with Vehicle #2

Defects: None

Tow Status: Towed due to damage




Vehicle#2

Description: 1985 Nissan King Cab pickup truck

V.I.N.: INGNDOGAFW (Serid # omitted)

Color: White

Odometer: 315,648 km (196,140 miles)

Engine 24 L

Trangmisson: 3 gpeed automatic

Steering: Power steering

Brakes: Power assisted front disc and rear drum brakes

Padding: Upper and mid instrument pand, soft edge steering whed rim,
center console arm rest, door panels, door arm rests, seats,
roof liner, and sunvisors

Active Redtraints: 3-point Iap and shoulder betsin the front seat outboard seat
positions, 2-point |gp beltsin the two rear jJump seat positions

Passve Redraints: None

Defects: None

Tow Status: Towed due to damage

VEHICLE DAMAGE

Vehicle#l - Exterior:

Damage to Vehicle #1 involved the fronta plane. During pre-impact braking, the front of Vehicle
#1 pitched downward resulting in a bumper override damage pattern as the result of the impact with the
rear of Vehicle#2 (a1985 Nissan King cab pickup truck). Direct contact damage began at the | eft front
bumper corner/grille areaand extended to theright 111.1 cm (43.75"). Thetotd direct and induced length
of deformation was 139.1 cm (54.75"). The maximum crush of 12.7 c¢m (5.0") waslocated a C; [55.6
cm (21.9") right of the left bumper corner]. Crush valuesfor Vehicle #1 are listed below:

Impact #1,
Upper radiator support bar

C,=102cm4.0") |C,=10.2cm(4.0")
C,=102cm(40") | Cs=102cm(4.07)
C;=127cm(5.0") [Cs=0cm




Impact #1, C, through Cs;=0cm
Front Bumper

Components damaged in the crash included the front bumper covering, both headlight assemblies,
the | eft front fender, the hood, the upper radiator support bar, the remote crash sensor, and radiator. The
measured whed base dimensons were equivdent to manufacture specifications which indicated the front
whedls were not displaced during the crash. The police estimated vehicle damage at $8,000.

CDC: Theassigned CDC for Vehicle #1 was 12-FDEW-1.
Vehicle#l - Interior:

Interior damageto the 1997 Geo Metro was associated with the air bag depl oyment and occupant
contacts. Thedriver side air bag module cover opened dong the designed tear seam lines in the typicd
"I" configuration deployment pattern. There was no driver contact evidence observed on the air bag
module flgps.

The driver Sde air bag was tethered with two 3.8 cm (1.5") diameter vent ports located in the
upper left and right quadrants aong the instrument pand side of the air bag. There was no driver contact
evidence observed on the air bag.

The steering columnwasfixed with ameasured upward angle of 18 degreesfrom horizontal. There
was no displacement of the steering column shear plate noted at the shear capsules.

A 2.5 cm (1.0") long tissue transfer was noted on the mid left upper A-pillar which was attributed
to contact by the driver’sleft hand. A bodily tissue transfer which measured 5.2 cm (2.0") in length was
noted at the top of the left upper A-pillar. This was not attributed to occupant contact during the crash.

A series of black transfer marks noted on the roof fabric adjacent to the left sunvisor were not
attributed to crash related contact points. Given thiswasthe second day of leasing thisvehicle, thetransfer
marks may have been left during the previoustravel day by Driver #1. Driver #1 wasarepar personfor
acopy machine company.

Upon ingpection of the vehicle, the driver's seat was noted to be 1.6 cm (0.625") forward of the
full rearward setting which was consistent with the placement described by Driver #1. The seat back
support angle measured 17 degrees rear of vertical.

The passenger side air bag top mount module cover opened aong the designed tear points. A
heavy concentration of nylon fibers which were adhered to the underside of the module cover appeared
to be part of an air bag protective covering.



Therewere dbraded areas on the surface of theinstrument panel adjacent to the bottom left corner
of the module cover which were located 16.5 cm (6.5") right of the vehicle centerlineand a thetrangtion
point between the vertica and horizonta planes of the instrument pand. Thiswas the result of contact by

the expanding passenger Side air bag.

The right vertica surface of the protruding center instrument panel exhibited a smudge/abrasion
mark located 16.5 cm (6.5") right of the vehicle centerline near the leading corner. This artifact was
attributed to contact by the right front occupant’ s head and passenger side air bag during the Supplementa
Inflatable Restraint (SIR) system deployment sequence.

Therewasanarrow laterd abraded areaon theright instrument panel just below the passenger sde
ar bag module opening which measured 24.9 cm (11.0") in length. Thiswas ttributed to contact by the
passenger Sde air bag during the SIR deployment sequence.

The windshidld glazing exhibited a smdl spider web pattern located 10.2 cm (4.0") |eft of the
vehide centerlineand 7.6 cm (3.0") below the windshield header with two adjoining smudge markswhich
measured 5.2 cm (2.0") and 3.8 cm (1.5"). These were attributed to contact by the driver’s right hand.

There was a 2.05 cm (1.0") diameter light color burnish mark on the glove compartment door
located 58.4 cm (23.0") right of the vehicle centerline. Thiswas not attributed to occupant contact during
the crash sequence.

There were whitishtransferson the left and right ingde vertical edges of the center console. These
were not attributable to occupant contact during the crash sequence.

The right front seat was adjusted 2.5 cm (1.0") forward of the full rear position. This was
consgent with the description by Driver #1 who indicated the seat was moved one adjustment notch
forward fromfull rear prior to the sart of the day’ strip dueto the placement of histool box behind theright
front seat. The seat back angle measured 20 degreesrearward from vertical. At thissetting, the seat back
support was 85.1 cm (33.5") rearward from the air bag module cover measured a a height of 45.7 cm
(18.0") above the junction with the seat cushion.

The longitudina dimengion of the right front seat cushion measured 49.5 cm (19.5") from the
junction with the seat back support to the leading edge of the cushion. The horizontal distance between
the leading edge of the seat cushion to the verticd plane of the right instrument panel was 21.6 cm (8.5").
The horizonta distance between the leading edge of the seat cushion to toe pan measured 68.9 cm (27.0").

The verticad height from the top leading edge of the seat cushion to the floor pan was 25.4 cm
(10.0"). Thevertica distance from the top leading edge of the seat cushion to the passenger Sde air bag
module cover opening was 30.5 cm (12.0"). Theverticd dimensond height of the right instrument panel
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fromthe top surface to the lower edge measured 31.8 cm (12.5"). Therake angle of the windshield was
30 degrees from the horizonta plane.

Vehicle#2 - Exterior

The rear plane of Vehicle #2 struck by the front of Vehicle #1 at a CRASH computed impact
gpeed of 57 km/h (36 mph). Vehicle#2 was pushed forward whereit contacted the rear plane of Vehicle
#3. Thedirect contact damage length dong the rear bumper measured 104.1 cm (41.0") which began at
the right rear bumper corner and ended 33.0 cm (13.0") left of the vehicle centerline. The direct and
induced damage aong the bumper measure 117.5 cm (46.25").

The direct contact damage length for the impact with Vehicle #3 was 109.2 cm (43.0") which
began at the right front bumper corner and ended 29.2 cm (11.5") I€ft of the vehicle centerline. Thetota
length of direct and induced damage aong the front plane was 149.2 cm (58.8"). Crush values for both
impacts are listed below:

Impact #1, C,=13cm(0.5") C,=152cm (6.0")
Rear bumper C,=44cm (175" C;=140cm (55"
C;=127cm (5.0") Cs=21.0cm (8.25")
Impact #2, C,=127cm(5.0") C,=13cm (05"
Front bumper C,=05cm (0.2") C;=03cm (0.1")
C;=13cm (05" Cs=0cm (0"

Components damaged in the crash included the rear bumper, thetail gete, theright rear fender, back
of the cab, the right front headlight assembly, the right front directiond light, the grille, the hood, and the
right front fender.

CDC: TheCDCsfor Vehicle#2 areliged in the following table:

Impact #1 | 06-BDEW-3

Impact #2 | 12-FDEW-1

Repair Cost:  The insurance company rated the vehicle at atota |oss.
Vehicle#2 - Interior

Interior damage to Vehicle #2 was confined to the driver seat back support which was deformed
rearward by the driver during the crash.
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Vehicle#3 - Exterior

The rear plane of Vehicle#3 struck by the front of Vehicle #2 after Vehicle was struck in the rear
by Vehicle#1. The SMASH program computed the ddtaV for Vehicle#3 as 22.0 km/h (13.0 mph) and
17.0 km/h (10.0 mph) for Vehicle#2. The police estimated vehicle damage a $100.

CDC: TheCDC was 06-BDEW-1.
SUPPLEMENTAL INFLATABLE RESTRAINT SYSTEM (SIR) - VEHICLE #1

The dud arr bag Supplementa Inflatable Restraint (SIR) system in the 1997 Geo Metro deployed
during the impact with Vehicle #2. The longitudind component of the delta V vaue computed by the
CRASH speed reconstruction program was -34.0 kmvh (-21.0 mph).

The vehicle was equipped with a Senang Diagnostic Module (SDM) which was located on the
floor behind the center console. The SDM had asingle remote discriminating sensor installed on the upper
radiator support bar mounted 12.7 cm (5.0") right of the vehicle centerline. The protective shield covering
the sensor was deformed in the crash.

Driver Side Air Bag

Thedriver sdeair bag module cover opened aong the designed tear seamsinthetypica "I" pattern
configuration. The vertical seam of the “I” pattern was designed in a serpentine opening pattern. There
was no evidence of occupant contact on the module cover flaps. The lateral dimension of each flap
measured 7.6 cm (3.0") and the vertical dimension measured 12.7 cm (5.0").  The thickness of the flap
measured 3.1 mm (0.125").

The air bag incorporated a two tethered design with the tethers located in the 3 o'clock and 9
o'clock pogtions. There were two 3.8 cm (1.5") diameter vent ports located at the 1 o'clock and 11
0 clock positions which were 34.3 cm (13.5 cm ) apart. The diameter of the air bag measured 69.2 cm
(27.25") with a 16.0 cm (6.3") diameter stitched center area. The circumferential edge of the bag was
ditched with afinished seam. There was no evidence of occupant contact onthe air bag surface. Theair
bag UPC identification label was stitched into the instrument panel side of the air bag below the vent ports
contained the following identification number:

PE5114100-01
TB0S62140266

Passenger Side Air Bag

The passenger Sdeair bag was nontethered and mounted in thetop portion of theingtrument pand.
Therewereno vishblevent portsintheair bag. The asymmetrical module cover measured 35.6 cm (14.0")
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aong the windshied edge and 34.3 cm (13.5") along the leading edge (i.e., occupant Sde edge). Both
sdes of the cover measured 15.2 cm (6.0").

The |eft Sdeof the cover waslocated 20.4 cm (8.0") right of the vehicle centerlinewith theleft rear
corner located 27.3 cm (10.75") longitudindly from thewindshield and theright rear corner 15.2cm (6.0")
from the windshidd. The cover thickness measured 4.8 mm (0.1875"). The leading edge of the air bag
module compartment was recessed 3.2 cm (1.25") from the leading edge of the instrument pand.

A concentration of nylonfiberswasadhered to the undersurface of the cover dong theleading edge
beginning at theleft corner and extending 7.6 cm (3.0") to theright. This concentration was associated with
aswatch of nylon fabric located along the bottom of the ar bag module housing which was ingde of the
module overwrap. It was reasoned that the deployment path of the air bag may have been restricted early
inthe deployment sequence which resulted in the pinching of the fabric swatch between the passenger sde
ar bag and the air bag module cover.

The expanded passenger Sde air bag measured 54.6 cm (21.5") dong ahorizontd line that began
a theinflator unit and extended rearward to an arbitrary verticd trandtion point. At adistanceof 6.4cm
(2.5") bedow the trangtion point was a22.9 cm (9.0") laterd area of discoloration which measured 11.4
cm(4.5") verticdly. The discoloration gppeared to be alight brown hue with vertical striationlines. 1t had
a diffened tactile texture which was different from the supple nature of the adjacent air bag fabric.
Additiordlly, there was a narrow 4.4 cm (1.75 *) long black transfer mark along the left edge of the
discolored area which was attribute to contact with the underside of the module cover during the SIR
deployment sequence.

Another narrow 12.7 cm (5.0") long black mark was noted in the vicinity of the left (in-board)
vertica seam line which extended onto the side surface of the air bag. This mark was located 34.53 cm
(13.5") down from the inflator unit and was attributed to contact with the underside of the air bag module
cover. There were no visible sgns of occupant transfer marks (e.g., tissue or bodily fluids) on theair bag.

Sensing Diagnostic Module (SDM) Readout

The SIR was designed with asingle point Sensing Diagnostic Module (SDM) sensor which was
located behind the center console and measured the decel eration va ues within the occupant compartment.
The SDM was equipped with an additiona remote discriminating sensor located on the upper radiator
support bar 12.7 cm (5.0") right of the vehicle centerline.

The readout of the SDM showed a rapid rise in the agorithm where a ten milliseconds the delta
V measured 3.2 km/h (2.0 mph), between 55 and 60 millisecondsit recorded adeltaV of 16.1 kmvh (10.0
mph), and a 180 millisecondsit registered a 30.0 knvh (18.6 mph) deltaV. The crash record was hated
at 180 milliseconds due to an eectricd interruption.



VEHICLE VELOCITY ESTIMATES

Crash Sequencelmpact #1 | Vehicle#1 Vehicle#2

Travel Speed: 69.0 kmv/h (43.0 mph) 0 km/h (stopped)

Impact Speed: 57.0 kmv/h (36.0 mph) 0 km/h

Tota ?V: 34.0 kmvh (21.0 mph) 23,0 km/h (14.0 mph)
Longitudind ?V: --34.0 km/h (-21.0 mph) 23.0 kmvh (14.0 mph)
Laterd ?V: 0 km/h 0 km/h

Energy Absorption: 9,789 joules (7,219 ft-1b) 68,513 joules (50,526 ft-1b)
Crash Sequence Impact #2 | Vehicle#2 Vehicle #3

Travel Speed: 0 km/h (stopped) 0 km/h (stopped)

Impact Speed: Not applicable 0 km/h

Totd ?V: 17.0 km/h (10.0 mph) 22.0 km/h (13.0 mph)
Longitudind ?V: -17.0 km/h (-10.0 mph) 22.0 km/h (13.0 mph)
Laerd ?V: 0 km/h 0 km/h

Energy Absorption: 30,762 joules (22,686 ft-1b) 9,279 joules (6,843 ft-1b)

The impact speed and velocity changes for the first impact were computed by the damage and trgjectory
agoarithms of the CRASH program. The second impact sequence was computed using the SMASH
program

COLLISION SEQUENCE
Pre-Crash:

Thedriver of the 1997 Geo Metro (Vehicle#1) wastransporting histhree year old daughter to the
day care provider. Driver #1 was familiar with this route as he traveled it on a daly basis. The traffic
density on the morning of the crash was described by Driver #1 as unusudly heavy with frequent stops
aong the route.

Driver #1 was not very familiar with this vehicle as thiswas the second day he had driven it under
a short term lease agreement with a rentd car company. The driver sdlected this particular vehicle
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(make/mode) primaxily for it’ sreported high fud efficiency. Hisoccupation required severd loca tripsper
day in connection with the on-site service related industry. His Strategy was to evaluate the performance
of thisvehide prior to purchasng asmilar new vehicle.

Vehide #1 was traveling at a driver reported speed of 72 km/h (45 mph) with his three old
daughter seated in the right front passenger seat. As Vehicle #1 traveled aong the straight section of
roadway, Driver #1 diverted his attention toward his daughter with whom he was laughing and joking.
Upon returning his atention to the travel lane, he observed Vehicle #2 stopped in histrave lane. Driver
#1 applied the brakesto full whedl lock-up in an attempt to avoid the crash and skidded 7.0 m (23.0) prior
to the point of impact (POI).

Driver #1 moved forward and was restrained by thelap and shoulder restraint belt. Theright front
occupant moved forward and was restrained by the lgp portion of the restraint belt system. Her upper
torso continued forward which alowed her head to come in close proximity of the passenger sdeair bag
module cover a the time of the crash.

Crash:

Thefronta plane of Vehicle#1 struck therear of Vehicle#2 at a CRASH computed impact speed
of 57.0 kmvh (36.0 mph). Dueto the downward pitching of Vehicle#1 during pre-impact braking and the
relative height of the Nissan pickup truck’s (Vehicle #2) rear bumper, the direct contact damage pattern
waslocated primarily abovethe bumper inatypica override/lunderride configuration. Thisimpact actuated
Vehicle#1's SIR deployment sequence.

Thedriver loaded therestraint belt which wasapparent fromthe* D-ring’ transfer mark onthetorso
belt and the corresponding linear contusions of his left shoulder. The driver’s right hand was propelled
upward by the expanding driver Sde ar bag and contacted the rearview mirror and windshield. His left
hand was displaced laterdly to the left by the expanding driver Sde air bag resulting in an abrasion of the
medid surface of the wrist. His left hand subsequently contacted the upper A-pillar which resulted in an
abrasion/contusion over the dorsal aspect of the left hand.

The child’ sforehead contacted the expanding passenger sdeair bag wasasnoted by thesignificant
abrasion on the right front aspect of her forehead. Her head was deflected laterdly to the left and
contacted the side of the protruding center instrument pand resulting in a depressed skull fracture of the
left Sde of thefrontal bone and afracture of theleft orbit. She rebounded rearward and to the right coming
to rest in the seat with her head near the right front door.

The driver in Vehicle #2 was seeted in an upright position and moved rearward againgt the driver
seat back support during the crash. The seat back support deformed rearward and contacted the rear wall
of the cab with the head rest portion of the seat back. The driver sustained pain of the ribs which was
attributed to this contact mechanism.
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Vehide #2 was pushed forward and struck the rear of V ehicle#3 which was stopped behind aline
of traffic. The police indicated the Driver #3 was restrained by the lgp and torso restraint belt at thetime
of the crash.

Post Crash:

Final Rest - Vehide #1 traveled in an angular direction toward the right roadway edge linewhere
it cameto thefind rest position (FRP) in the southbound travel lane adjacent to the west Side road edge
line. It was stuated with an 11 degree heading angle relative to the road edge line. The vehicle was
subsequently towed from the scene and eventua ly wastakento therental company’ ssecured Storageyard.

Vehicle #2 remained within the southbound travel lane at the FRP. It was towed from the scene
and eventudly was taken to a vehicle auction sdvage yard.

Vehide# 3 remainedinthetravel lane a the FRP. By thetime police arrived on-scene, the driver
had driven the vehicle onto the adjacent grass shoulder.

Driver Activities - Driver #1 |located his daughter who was covered by the deployed passenger
sSdeair bag and released her restraint belt. After rdleasing hisrestraint belt, he exited through theright front
door and did his daughter out of the vehicle through the same door. He carried her ashort distanceto the
adjacent grass shoulder area where he placed her in a supine position on the ground.

Driver #2 and Driver #3 exited their vehicles under their own power. Neither driver was
transported to amedica trestment facility from the scene.

Palice Activities- The County Sheriffs Department responded and arrived on-sceneforty minutes
after the reported time of the crash. The investigating officer marked thefinal rest positions of Vehicle#1
and Vehidle #2 with spray paint, photographicaly documented the scene, and obtained statements from

participants.

Rescue Activities - An ambulance was coincidentdly in the line of traffic Six vehicles behind
Vehide #1 a the time of the crash. Rescue personnd in the ambulance were derted to the crash and
immediately responded. They trangported the child and Driver #1 to aloca medicd facility and arrived
thirty minutes after the police reported time of crash. Thechild waseva uated and subsequently transferred
via helicopter to atrauma center which was equipped with apediatric care unit. She was admitted for 17
days before being discharged to arehabilitation center. Driver #1 was treated and released with minor
injures.
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Scene Clearance - Vehide #1 and Vehicle #2 were towed by aloca towing service from the
scene. Vehicle#3wasdrivenfromthescene. Vehicle#1 wasinspected at thelease company’ simpound
lot twenty-eight days after the crash. Vehicle #2 was ingpected at an vehicle auction salvage yard.

HUMAN FACTORSOCCUPANT DATA

Vehicle#1 Driver #1 Right Front Occupant
Age/Sex: 33 year old mde 3yea old femde
Height: 188.0 cm (74.0"), 106.7 cm (42.0")
Weight: 65.8 kg (145.01b.) 13.66 kg (30.01b.)
Manud Redraint Three point lap and torso Lap portion of the three point
System Usage: redraint belt lap and torso restraint belt
system
Usage Source: Vehicle inspection, police Officid medical data,
report, medical data, photograph
photograph
Eyewear: None None
Clothing Black dress pants, light color Jump suit which conssted of a
pull over shirt shirt attached to shorts with a
pink flower pattern
Vehide Familiarity: Renta vehicle, second day of usage
Route Familiarity: Vey familiar
Trip Plan: En route to the child care provider
Type of Medica Treatment: Treated and rel eased Admitted
Vehicle #2
Age/Sex: 24 year old mae
Manud Redraint Three point 1ap and torso restraint belt
System Usage:
Usage Source: Vehicle ingpection, police report

Type of Medica Treatment:

Not transported from the scene
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Vehicle #3
Age/Sex: 59 year old mde
Manud Redraint Three point |gp and torso restraint belt
System Usage:
Usage Source: Police report
Type of Medica Treatment: Not injured
INJURY DATA

Following the crash, Driver #1 and the right front occupant (the three year femde) in Vehicle #1
were transported to a medical trestment facility via ambulance and arrived thirty minutes fter the police
reported time of crash. She arrived in an unconscious state at the emergency room. Computerized
tomography reveded a depressed fracture of the left frontal bone with underlying brain swelling. She
remained approximately three hours in the medica facility before being transferred via helicopter to a
trauma hospital specidizing in pediatric care. She arrived approximately one hour later. After arivdl, a
Camino intercrania pressure monitor (ICP) was inserted over the left fronto-parietd region of the brain.
She was subsequently sedated and paralyzed.

Four days after the crash, the ICP was removed. At that time, the patient waslisted at aLevd 4
on the “The Pediatric Brain Injury Scade’ which was adapted from the “Rancho Los Amigos Pediatric
Scaée’. The Scalerangesfrom “no response” (Leve 5) to“norma” (Leve 0). Leve 4 wasdescribed as:
A generalized responseto sensory stimuli. Children blinktheir eyesto veryloud sound and generally
grimace to light touch with a feather on the face. Often these children blink to protect their eyes
when a toy or hand is passed quickly before their eyes (visual threat).

Six dayséfter the crash, the child opened her eyes spontaneoudy and was subsequently transferred
out of the intensve care unit into general pediatric care. She remained therefor eeven days before being
transferred to arehabilitation facility. Her conditionin the rehabilitation center improved to the point where
she could vocaize and respond to indtructions. She was discharged to home in good condition
gpproximately one month after being admitted to the rehabilitation center.

Driver #1 was sustained minor injuries of his left shoulder and left hand and was treated and
released from the first medicd facility. Driver #2 complained of pain of the ribs but was not transported
from the scene. Driver #3 was not injured in the crash.

The following tables identify the type of injury, the rdated A1S-90 injury code, and the injury source:
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DRIVER #1 INJURIES

INJURY SEVERITY

INJURY SOURCE

AlIS90

1-2. Abrasonand 490202.12 Torso regtraint belt
ecchymatic area of the 490402.12
mid left davide

3-4. Abrason/contusion of 790202.12 Upper A-pillar
the dorsa aspect of the 790402.12
left hand

5.  Abrason of the left 790202.12 Driver Sdeair bag
forearm

RIGHT FRONT INJURY SEVERITY INJURY SOURCE

OCCUPANT OF VEHICLE AlS90

#1

INJURIES
1. Bruiseover left eyewith 297402.12 Center ingtrument panel

sgnificant swelling

Supplemental Discussion: There was marked peri-orbita ecchymoss extending into the frontal
region with near complete closure of the left eye.

2. Sgnificant dorason of the 290202.17 Passenger side air bag
right forehead

3. Fracture of the left frontal 150404.35 Center indrument panel
bone with 3-4 mm
depression

4. Fracture of left orbital roof 251200.22 Center indrument panel

5. Edemaof the left fronta 140668.32 Center indrument panel
and |eft tempora |obe

6. Cerebra contusion 140602.39 Center ingrument pane

7. Minor residud chronic right 140650.41 Passenger side air bag
frontal subdural
hemorrhage

8. Unconscious >24 hrs. 160824.50 Center instrument pane
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RIGHT FRONT INJURY SEVERITY INJURY SOURCE
OCCUPANT OF VEHICLE AlS90
#1

INJURIES

Supplemental discussion:

The patient remained unconscious throughout transportation and has been noted to be posturing with
the upper extremities. She does not open her eyesto noxious stimuli. She does not follow commands
or attempt any speech or eye contact. Sheismoving her extremities spontaneoudy, more so in thelower
extremities. Pupilsare equd, round and reactiveto light, 4 mm down to 2 mm, brisk. Responseto pain
IS extensor in both upper extremities with some intermittent posturing, withdrawd in the lower
extremities. The patient had a Glasgow Coma Scae of 4 upon arriva at the first medica trestment
fedility and rated 7 upon arrival at the second medica treatment facility. Head CT scan reveded a
fracture of the left orbita roof which extends into the left frontal bone and was minimally depressed
without significant displacement. An Camino ICP transducer monitor for intracranid pressure was
placed after arrival at the pediatric intensive care unit at the second medical treatment facility with
immediate readings which ranged from 8-16 with good wave form.

9. Smdl bruise a theright 590402.11 Lap restraint belt

lower quadrant of the

abdomen
DRIVER #2 INJURY SEVERITY INJURY SOURCE
INJURIES AlIS90

Pain of theribs Not a codeable injury Seat back support
DRIVER #3 INJURY SEVERITY INJURY SOURCE
INJURIES AlS90
Not injured N/A N/A

OCCUPANT KINEMATICS
Vehicle#1

Right Front Occupant

Theright front seat was adjusted 2.5 cm (1.0") forward from the full rear position which placed the
seat back support 85.1 cm (33.5" ) rearward from the leading edge of the passenger sde air bag cover a
apoint located 45.7 cm (18.0") above the junction with the seat cushion. The driver was adamant that his
daughter was restrained by the three point manual 1ap and torso belt prior to the crash. This clam was
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somewhat qudified by theinvestigating police officer who traveled to the hospita and obtained astatement
from Driver #1 and took photographs of the child. The police officer noted that there was a dight mark
on her chest which wasright of the breastbone that might have been caused by a shoulder bdlt.

Giventhe lack of soft tissueinjury noted by medica personnd of the child' s right shoulder, neck,
and chest areaand the presence of alinear contusion aong thelower right abdomind areg, it appeared that
the child was only restrained by the lgp belt at the time of the crash. The mark noted on the girl’ s chest by
the police officer was attributed to contact by the expanding passenger Sde air bag.

Giventheshort stature of the child[106.7 cm (42.0")] and thefixed position of the D-ring, thetorso
belt may have been uncomfortable to wear and was probably placed behind the child’ sback prior to the
crash. The child’ supper torso moved forward in response to vehicle braking and camein close proximity
of the air bag module cover & the time of deployment. Her head was turned dightly toward the driver as
the result of the socid interaction she had with him prior to the crash.

Theright side of the child’ sforehead was contacted by the expanding passenger sdeair bag which
resulted inasgnificant well defined abrasion of theright Side of theforehead. Her head wasthen propelled
laterdly to theleft by the air bag where it contacted the right side of the protruding center instrument panel
resulting in adepressed fracture of the left frontal bone, fracture of theleft orbit, and brain swelling. There
was a scuff mark noted on the vinyl surface which was attributed to this contact sequence.

The child rebounded back into the seat and came to rest with her back leaning toward the right
front door with her shoulders rotated dightly toward the driver. The driver indicated the passenger Sde
ar bag remained inflated and againg his daughter at fina rest.

Driver #1 released hisdaughter’ srestraint belt atch and removed the child from the vehiclethrough
the left front door. He laid her in a supine position on the adjacent shoulder and kept her warm pending
the arriva of rescue. A nearby resident rushed over to lend assistance and observed that the child’ shead
was swelling and had the gppearance of being battered.

Driver #1

Driver #1 was restrained by the manua three point Iap and torso restraint belt at the time of the
crash. Thedriver's hand placement was in the two and ten o’ clock positions. His seat was adjusted in
the full rear position which placed the seat back support at a measured distance of 62.2cm (24.5") from
the driver sideair bag module cover to apoint located 44.4 cm (17.5") above the seat cushion. Thedriver
was digtracted by the right front occupant and when he returned his attention to the roadway, he observed
Vehicle #2 sopped in histravel lane. He applied full brakes and skidded 7.2 m (23.6) prior to the POI.

Driver #1 moved forward during the braking maneuver and loaded the lap and torso belt during
the crash sequence. Thiswas gpparent from the typicd ‘D-ring’ trandfer marks on the torso belt and the
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corresponding linear contusionsof hisleft shoulder. Hisright hand was propelled upward by the expanding
driver sdeair bag and contacted the rearview mirror and windshield. Hisleft hand was displaced lateraly
to the left by the expanding driver Sde air bag resulting in an abrasion of the medid surface of the wrist.
His left hand subsequently contacted the left front upper A-pillar which resulted in an abrasion/contusion
over the dorsd surface of the hand.

Driver #1 came to rest in the driver’ s seet and released hisredtraint belt. Heinitidly attempted to
locate his daughter who was covered by the passenger Sde ar bag. After determining her body
orientation, he released her restraint belt and pulled her out of the vehicle through the left front door. He
carried her to the right shoulder of the roadway where he placed her on the ground pending rescue.

Vehicle #2
Driver #2

Driver #2 moved rearward against the seat back support during the crash. The seat back support
deformed rearward and contacted the rear wal of the cab. Vehicle #2 traveled forward and struck the

rear of Vehicle#3. Driver #2 moved forward in response to the second crash and wasrestrained by the
lap and shoulder belt. The driver exited his vehicle through the driver’s door under his own power.
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