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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 be coupled with the investigator's
expert knowledge and experience of vehicle dynamics and occupant kinematicsin order to determine the
pre-crash, crash, and post-crash movements of involved vehicles and occupants.

Because each crash is a unique sequence of events, generdized conclusions cannot be made concerning
the crashworthiness of the involved vehicle(s) or ther safety systems.
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REDESI GNED AIR BAG SPECIAL STUDY 11-135J
SCI TECHNICAL SUMMARY REPORT
VEHICLE: 1998 DODGE DAKOTA PICKUP TRUCK
CRASH DATE: AUGUST, 1998

BACKGROUND

This investigation focused on the fatd injury mechanisms of the 16 year old male driver of a 1998 Dodge
Dakota pickup truck, involved in a sngle vehicleffixed object crash. The pickup departed the left Sde
road, traveled 29 m (88 ft) off-road and sideswiped a15 cm (6 in) tree with the left sSide of the pickup bed.
The Dodge then continued on an additiona 19 m (62 ft) and struck a30 cm (12 in) treewith thefront right
area of the vehicle. The Dodge Dakota was equipped with a Supplementd Restraint System (SRS) that
consisted of aredesigned driver and right front passenger air bag. Theair bags deployed asaresult of the
56+ km/h (35+ mph) crash. Thedriver sustained fata multiple brain trauma (AlS 5) and other associated
injuries as aresult of the crash.

The crash was initidly sdected for investigation by the Nationd Automotive Sampling System (NASS) as
case 11-135J and was aso included in the Redesigned Air Bag Specid Study. The Fidd Operations
Branch of the Nationa Highway Traffic Safety Administration (NHTSA) assigned the Specia Crash
Investigation (SCI) team at Veridian/Calspan the task of case review and find report preparation.

SUMMARY
Crash Scene
This singlevehicle crash occurred during the early morning hours of August, 1998. At thetimeof thecrash,
it was daylight and the weather was not afactor; theroadsweredry. The crash occurred off the north road
edge of an east/west two lane asphdt roadway in arura areaof Michigan. The roadway was straight and
level intheareaof thecrash. Immediately east of the crash
scene, the road curved |eft for eastbound traffic. The
speed limit at the crash scene was 72 km/h (45 mph) and
had just changed from 89 kmvh (55 mph) west of the
roadside departure. The northern roadside was an open
fidd with scattered treesand brush. Therewasanirregular
negative grade to the north and east within the fied.
Figure 1 isaeastbound trgectory view prior to roadside
depature.  The traffic cones in the center of the
photograph denote the vehicle spath. Figure 2 isaview
aong the pickup’ strgjectory prior to the sideswipe impact.

Figure 3isaview of the point of frontal impact. Sgie 1: Traectory view prior to roadside
ure.




Figure 2: Trgectory view gpproaching the sideswipe
impact.

Figure3: View of the point of
impact.

Crash

The 1998 Dodge Dakota pickup truck was driven-by a16 year old mae with areported height and weight
of 178 cm (70 in) and 66 kg (146 |Ib). The driver was operating the vehicle eastbound and was en-route
to work. For unknown reasons, the driver steered counterclockwise, gradually crossed the center line,
traversed the westbound lane and departed the north side of the road. There were no tire marks on the
roadway nor brake marks within the vehicle's trgjectory indicative of abrupt driver maneuvers. The
vehide was tracking throughout its pre-crash trgectory. It is possible the driver may have falen adeep.
Reconstructionof the crash indicated the vehiclewastraveing gpproximately 72 to 80 krmv/h (45 to 50 mph)

upon departing the road.

Over the course of the vehicle' s east-northeast trgjectory, it was traveling approximately perpendicular
to the negative north dope of the roadside and was liging to the left. The Dodge traveled gpproximately
29 m (88 ft) off road and sdeswiped a15 cm (6 in) tree with theleft Sde of the pickup bed. Direct contact
with the bed began 61 cm (24 in) forward of theleft rear axle and extended aft to the back of thebed. The
maximum lateral deformation was approximately 6 cm (2 in) at the upper aspect of the bed's left rear
corner. The Collison Deformation Classfication (CDC) of this impact was 12-LBMS-01. This
sideswiping contact did not sgnificantly decelerate the vehicle or dter itstrgectory.

Immediately beyond the S deswiping impact, the negative grade to the north began to level and the negetive
grade increased to the east. The vehicle listed right to amore leve atitude. Approximately 19 m (62 ft)
beyond the first impact, the Dodge struck a 30 cm (12 in) tree with the front right center aspect of the
vehicle. The maximum deformation measured 110 cm (43 in) and was located 30 cm (12 in) right of the
vehide centerline. Theforce of theimpact caused aforward weight shift and negative pitch of the vehicle.
The rear whedls probably |eft the ground. The Dakotathen rotated approximately 30 degrees clockwise
and rebounded from the tree. The pickup came to rest facing southeastward approximately 5 m (15 ft)
fromthe tree. The ddtaV of the impact was 56+ km/h (35+ mph). The vehicle's SRS deployed as a
result of the impact.



Post-Crash

The driver of the Dodge Dakota sustained life-threatening injuries in the crash. He was found restrained
and unconscious within the vehicle by police and rescue personnel. He was extricated from the vehicle by
remova of the doors and roof. Life supportive measures were gpplied. The driver was immediately air
lifted to aleve 1 trauma center a anearby University hospitd. His Glasgow Coma Score on arriva was
3. Radiologicd diagnossreveded adiffuse axond cerebord injury (AlIS5) and swelling. A sub-arachnoid
hemorrhage was dso revealed. Hewasremoved from life support approximately 31 hours post-crash and
immediady expired. An autopsy was performed subsequent to organ donation. Multiple subtle facid
abrasons werenoted and aswell asa C6-7 fracture of the cervical spine. The autopsy identified additional
brain trauma not identified through standard diagnostic measures.

AIR BAG VEHICLE

The 1998 Dodge Dakota Sport pickup truck was identified by the VVehicle Identification Number (VIN):
1B7FL 26X 1WS (production sequence deleted). Thevehiclewasastandard cab, 2-whed drive, compact
pickup equipped with a3.9 liter, V6 engine. The driver reportedly purchased the vehicle new in January
1998. The estimated vehicle mileage was 6,437 km (4000 miles) at the time of the crash.

Damage

Figures4and 5 arethefront and right sde views of the Dodge Dakota. The Dodge sustained 36 cm (14
in) of direct contact damage to the right center aspect of the frontal plane. The damage began 18 cm (7
in) right of center and extended to the right. The direct contact damage occurred in-board of the right
frame rail and was directed longitudinaly rearward. The measured crush profile was asfollows. C1=23
cm(9in), C2=118 cm (46 in), C3=119 cm (47 in), C4=116 cm (46 in), C5=112 cm (44 in), C6=69 cm
(271in), L=35cm (14 in). The 12 o'clock direction of the impact force deformed the fronta structure of
the pickup rearward into engine compartment. The magnitude of the force caused buckling of the truck
frame rearward of the B pillar. The back of the cab contacted the forward edge of the pickup bed duethe
compressive forces of the crash. Both doorsremained closed and were buckled. Theright wheelbasewas
fore-shortened 49 cm (19 in).

g ”

Figure4: Front view of the Dodge Dakota Figure5: Right side view of the Dodge.

The Collison Deformation Classfication (CDC) of this impact was 12-FREN-05. Forensic analysis of
the vehicular damage and SCI experienceindicated thedeltaV of this crash was above 56 knmvh (35 mph).
Recongtruction of this crash through the use of the WINSMASH mode caculated a barrier equivaent
ddtaV of 63 km/h (39 mph) using pole impact parameters.
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Interior Damage

Interior damage to the vehicle identified through inspection was associated to both the exterior forces of
crash and occupant contact. Intrusion of the left toe pan, instrument pand (left Sde) and steering column
measured 27 cm (11 in), 11 cm (4 in) and 10 cm (4 in), repectively. The steering column was a fixed
column and had been completely displaced from its shear capsule due to driver loading. There was
goproximately 2 cm (1 in) of deformation to the upper haf of the steering whed rim. Intrusion of theright
toe pan and right sde of the IP measured 50 cm (20 in) and 18 cm (11 in) respectively. The windshidd
fractured from the collision forces and had been removed during driver extrication. Therewasno evidence
of driver contact to the laminate. Contact from the driver’s lower extremities was noted on the driver's
knee bolster and foot controls.

SUPPLEMENTAL RESTRAINT SYSTEM (SRS)
The vehicle was equipped with a Supplemental Restraint System that consisted of redesigned driver and
right front passenger air bags. The ar bags had
deployed as aresult of the crash. The driver air bag
was housed in the typicad manner in the center hub of
the steering whed. There was no contact evidence on
the exterior surfaces of the module cover flaps. The
driver air bag measured 48 cm (19 in) in its deflated
state. The bag was tethered by 2 internd strgps and
vented interndly back through the inflator. A blood
smear wasidentified on the face of the air bag, Figure
6. Linear gray/black scuffs were noted in the 10
o'clock sector of the back side of the bag. These
scuffs were indicative of an impeded deployment and
developed from frictional contact with the interior
surface of the upper cover flap.

Figure 6: View of the driver air bag.

DRIVER DEMOGRAPHICS

Age/Sex: 16 year old male
Heaght: 178 cm (70in)

Weight: 66 kg (146 |b)

Seat Track Pogition:  Mid-track

Redtraint Use: 3-point lap and shoulder

Usage Source: NASS ingpection, police investigation
Vehicle Familiarity Purchased new 8 months prior to crash
Route Familiarity: Traveling to work



DRIVER INJURIES

Injury

Cerebra sub-arachnoid
hemorrhage, right

Cerebra sub-arachnoid
hemorrhage, left

Right inferior fronto-tempora
cortical contusons

Cerebrd swdling (not further
specified)
Cervicd spind fracture, C6/7

Bilaterd abrasions - lower
extremities

Bilaterd contusions - lower
extremities

Abrason left foot

Contuson |left foot

Right lung contusion (not further

specified)

Never regained CONSCiOUSNESS,
(no response to pain) (GCS=3)

Diffuse axond cerebord injury

Occipita scap contusion

Facid dorasons - |eft zygometic

arch
Facid abrasons - chin

Moderate herniation of the
cerebdlar tondls

Severity (Al S 90)

Serious (140684.3,1)

Serious (140684.3,2)

Serious (140612.3,1)

Serious (140660.3,9)

Moderate (650216.2,6)

Minor (890202.1,3)

Minor (890402.1,3)

Minor (890202.1,2)
Minor (890402.1,2)

Serious (441402.3,1)

Critical (160824.5,0)

Critical (140628.5,9)

Minor (190402.1,6)

Minor (290202.1,2)
Minor (290202.1,8)

Critical (140202.5,8)

Injury Mechanism

Inertiad decderatiory
crash forces

Inertial decdleration/
crash forces

Inertial decderation/
crash forces

Inertial deceleration/
crash forces

Inertial decderation/
crash forces

Knee bolster

Knee bolster

Foot Controls
Foot Controls

Inertid loading of 3-pt
resraint

Inertial decderation/
crash forces

Inertial deceleration/
crash forces

Rebound an unidentified
source

Inflating driver ar bag

Inflating driver air bag

Inertial decderation/
crash forces



DRIVER KINEMATICS

The 1998 Dodge Dakota was traveling eastbound at an approximate speed of 72 to 80 kmv/h (45 to 50
mph). Thevehiclewasoperated by a16 year old maledriver, sested in amid-track position and restrained
by thevehicle' s3 point |gp and shoulder belt system. Thevehicl€ spre-crashtrgectory indicated agradua
north (left) roadside departure; the driver may havefalen adeep rdinquishing vehicular control. Thedriver
most likely moved out-of-position, possibly dumped forward over the steering whed. The length of the
Dakota s pre-crash trgjectory was approximately 46 m (150 ft) from the roadside departure to frontal
impact. At 72 km/h (45 mph), approximately 2.25 seconds egpsed during the pre-crash phase. The
driver probably would have been awakened by the vehicle's dynamic off-road motions, however, it is
unlikely he would have been oriented to time or position. The short duration of the pre-crash phase would
have afforded the driver minimal timeto percelve and react to theimpending crash. Therewasno evidence
of any pre-impact maneuversby the driver. Inspection of the scene indicated the vehicle wastracking and
traveled straight to the impact with the tree.

The Dodge impacted the treeinboard of theright framerail in the (relatively) soft right center region of the
front bumper. Deployment of the vehicle' s SRS probably occurred latein the collison sequence at atime
when the rapid build-up of the vehicle's deformation caused rapid build-up of the vehicle's stiffness.
Narrow impacts by nature are more severe collisons than impactswith awider damage digtribution. The
collisonforces of a narrow impact are distributed over a correspondingly narrow region of the vehicle's
sructure necessitating the kinetic energy of the impact be absorbed in a proportionadly smaller volume of
the vehicle's structures.  This results in accelerations (deceleration) of greater magnitude. These
accelerations in-turn are transmitted to the occupant compartment.

At impact, the driver probably had an upright posture and possible forward position. His chest was
positioned in close proximity to the steering whed rim. The force of the impact caused aforward weight
shift and negative pitch of the vehicle. Therear whed s probably came off the ground. The driver initiated
aforward and upward trgectory in response to the 12 o’ clock direction of the impact force and negeative
vehicular pitch. The driver contacted and |oaded the 3-point restraint system evidenced by the contusion
of theright lung. Hislower extremities contacted and loaded the driver’s knee bolster evidenced by the
minor abrasions and contusions to those body regions. The left foot injurieswere caused by theintruding
foot controls.

The vehicle s SRS deployed due to the force of the impact, however deployment probably occurred late
in the collision sequence as referenced above. The forward position of the drive caused the driver to
contact the driver air bag prior to full inflation. Hisforward kinematic paitern |oaded the steering column
through theinflating air bag evidenced by thefull displacement of the column from the shear cgpsules. The
sudden decdleration of the driver’ supper torso caused by the combined 3-pt restraint and air bag loading
resulted in violent flexion of the head/neck complex. Thelinear and angular acceleration of the head/neck
resulted in the cerebra sub-arachnoid hemorrhages, the right inferior fronto-tempora cortical contusions,
the diffuse axond cerebrd injury and aC6/C7 cervical fracture. Theexpanson of theair bag abraded the
driver’sface and chin. The driver then rebounded, striking his occipital scap on an unknown source.



