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Transportation in the interest of information exchange. The United States
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The opinions, findings, and conclusions expressed in this publication are those of
the authors and not necessarily those of the National Highway Traffic Safety
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The crash investigation process is an inexact science which requiresthat physica
evidence such as skid marks, vehicular damage measurements, and occupant
contact pointsbe coupled with theinvestigator'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 crashisauniquesequenceof events, generdized conclusionscannot
be made concerning the crashworthiness performance of the involved vehicle(s)
or their sefety systems.
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BACKGROUND IN99-035

Thiscasewasbrought tothe NHTSA’ sattention by areview of the 1998 Fatality Anadysis Reporting
System (FARS) in February 1999. The crash involved a 1998 Saturn SL2 (case vehicle, vehicle#2) and
a1996 Western Star truck-tractor pulling a semi-trailer (vehicle#1). The crash occurred in April 1998,
at 1:03 p.m., in Texas, and was investigated by the applicable state police. Thiscaseisof specia interest
because the case vehicle was equipped with redesigned air bags that deployed as a result of collison
events. The unrestrained driver (50-year-old male) and the restrained front right passenger (46-year-old
femde) were both killed. The Police Crash Report was received in March 1999. Coroner’ s reports of
complete autopsies for the two victims were received in April and police photographs were received in
June. Thisreport isbased on the Police Crash Report, the autopsy reports, police photographs, occupant
kinematic principles, and this contractor’ s eval uation of the evidence.

CRASH CIRCUMSTANCES

The casevehicle(vehicle#2) wastraveling south
in the southbound lane of a two-lane undivided loca
rurd road, approaching a four-leg intersection and
gpparently intending to pass through the intersection
and continue south. Vehicle #1 was traveling east in
the eastbound lane of the intersecting two-lane
undivided local rural road, intending to pass through
the intersection and continue east. 1t was daylight, the
wegther was clear, the bituminous surfacewasdry and 2
there were no roadway defects. The speed limit was 3
113 km.p.h. (70 mp.h.) for the case vehicle and 97 | Figure1: Casevehicle's southbound approach,
km.p.h. (60 mp.h.) for vehicle #1. The intersection with brake and yaw marks (case photo #02)
was controlled by stop sgnsfor north-south trafficwith
anoverhead beacon flashing red for north-south and amber for east-west traffic. The control deviceswere
functioning correctly. The case vehicle approached the intersection a high speed. The case vehicle's
driver braked with full lockup, steered |eft and yawed counterclockwise (Figure 1). Vehicle #1's driver
braked with full lockup and steered right.

The crash occurred within the intersection
(Figure 2). The case vehicle's front right corner
impacted the left side of vehicle #1's power unit,
causng the case vehicdle's driver and front right
passenger air bags to deploy. Initia contact with
vehide #1 included the trailing edge of the left front
fender and theleading edge of thefuel tank benegth the
driver's door. The case vehicle rotated
counterclockwise and theright Sde of the case vehicle

impacted the left side of vehicle #1 (Sde dap-type Flgure2: Vehicle #1's eastbound spproach

impact), cgntacti ng the steps atteched to thefuel tank, showing impact area and both vehicles at final
the door Sll and the lower edge of the door plus the rest (case photo #07)
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Crash Circumstances (Continued) IN99-035

tool boxes and apparatus mounted immediately behind the cab. The leading edge of vehicle #1's |eft
tandem drive whed impacted the right-center area of the back of the case vehicle, causing the case vehicle
to rotate counterclockwise, away from vehicle #1. The case vehicle rotated approximately 180 degrees
counterclockwise and came to rest headed west on the right (south) shoulder of the east-west roadway,
approximately 25 meters (80 feet) east of the initid impact location. Vehicle#1 departed the roadway at
the southeast corner of the intersection and entered a plowed farm field. The driver brought vehicle#1 to
acontrolled stop in the fidd, approximately 90 meters (300 feet) east of theinitia impact location.

CASE VEHICLE

The case vehiclewas afront whed drive 1998
Saturn SL2 five-passenger four-door sedan (VIN:
1G8ZK5276WZ------ ) equipped with a 1.9 liter 14
engine. Thetransmission sdlector lever waspart of the
center console; it is not known if the transmission was
automatic or manual. Four-whed anti-lock brakes
were an option for this vehicle, but it is not known if
the case vehicle was so equipped. The case vehicle's
wheelbase was 260 centimeters (102.4 inches). The
odometer reading isnot known. The casevehiclewas
towed due to disabling damage.

The case vehicle sustained direct contact
damege at the front right corner, the entire right side
and the back (Figures3,4and 5). Thefront bumper
cover was torn off with the right end of the front
bumper crushed rearward and downward and the left
end levered forward. The grille and headlight
assemblies were shattered and broken away. The
hood was buckled, bent down in the front, crushed
inward on the right and the entire hood was displaced .
to the left. The left front fender was broken off and  §
hangingloose. Theright front whed’ ssuspensionwas | ;
broken, with the whedl and tire pushed rearward and
the top edgetilted dightly inward. Thewindshield was
fractured acrossthe entirewidth and separated fromits
mounting at the left and right A-pillars. Theright front
fender and the outer pand of the right front door were
torn away but the right front door remained closed.
Therewas direct contact to the upper right A-, B- and
C-pillars, the right front and rear door glazing and
becklight were shattered (kerndized); and the right
roof rail and roof were crushed down andinward. The

Figure4: Right side of case vehicle (case photo
#16)




Case Vehicle (Continued) IN99-035

right rear door was distorted and came open. The right rear axle was broken with the top edge of the
whed tilted inward & approximately a45 degree angle. Therewas direct contact at the right rear corner
area, with the quarter pand crushed inward, the rear bumper cover torn loose and the trunk lid distorted
and shifted to theright. The back bumper cover had a heavy black tire scrub just to the right of center.
There was subgtantia intrusion along the entire right side, but the available photographs do not show
gpecific intruding components. The CDCs for the case vehicle sthreeimpactswith vehicle #1 (estimated
from photographs) are: first 02-FREE-3; second 03-RDAW-3; third 06-BCLN-1. Thiscrashisout of
scope for the WinSMASH reconstruction program.  The crash severity for the case vehicle was high
(greater than 40 km.p.h. [25 m.p.h]]).

CASE VEHICLE DRIVER

The case vehicle s driver (50-year-old mae, White (unknown if Hispanic), 177 centimeters, 103
kilograms [69.5 inches, 227.8 pounds]) was not restrained by his available manual three-point [ap-and-
shoulder safety belt system. His pre-crash posture, seat adjustments and steering whed adjustments are
not known. He was declared dead at the scene of the crash and was transported directly to a morgue.
The following discussion of the driver’s injuries is based on the report of a full autopsy, on-scene
photographs of the vehicle exterior only and occupant kinematic principles.

The case vehicle sdriver was probably seated in anormal driving posture, with hisback against the
seat back, both hands on the steering wheel and feet on thefoot controlsand floor. Thedriver braked with
full lockup and steered | eft, causing the case vehicle to go into acounterclockwise yaw. Asaresult of his
non-use of the available safety belt system, he moved forward in response to the braking decel eration and
to the right as a result of the counterclockwise yaw. The first impact caused the driver and front right
passenger air bags to deploy and caused the driver to move further forward and right, toward the two
o' clock direction of principd force. He encountered the deploying driver’ sair bag with hisface and upper
torso, causing ébrasonsto hisright face and right chest. The driver continued moving forward and to the
right, deflating the air bag. Thedriver’schest impacted the steering wheel causing blunt force compresson
of his chest resulting in: anterior fractures of left ribs 2, 3 and 4; pogterior fractures of left ribs 1, 2 and 4
and right ribs 2 through 9; four areas of laceration on the right lung with 180 ml right hemothorax; two
intimal lacerations of the thoracic aorta; a contusion of the epicardium over the right arium; and bilatera
lung contusions. The case vehicl€ s second impact broke out theright front door window glazing, Spraying
the interior of the case vehicle with kerndized glass shards and causing multiple dicing lacerationsto thefull
length of the driver’ sright arm. The driver’ sface and head impacted the center instrument pand, causing:
an abrasion to his forehead; contusions around both eyes; bilatera fractures of the maxillary bones, and
brain injuries congsting of fine midbrain contusons and moderate globa edemaof the entire brainincluding
both hemispheres of the cerebrum and cerebellum, and the brain stem. Hisright lower back contacted the
center console, causing abrasions.



CASE VEHICLE DRIVER | NJURIES

IN99-035

: : . NASS In- . Source
Injury Injury Description jury Code Injury Source Corfi- Source of
Number (including Aspect) & AIS90 (Mechanism) dence Injury Data
1 |Midbrain, fine contusions NFS 140204.5 |Center instrument |Possible Autopsy
critical |panel
2 |Moderate global edema, bilatera 140672.4 |Center instrument |Possible Autopsy
cerebral hemispheres severe |panel
3 |Moderate globa edema, brainstem | 140454.3 |Center instrument  |Possible Autopsy
and cerebelli serious  |panel
4 |Bilatera lung contusions 441410.4 |Steering whedl rim, |Possible Autopsy
severe |hub and/or spokes
5 [Multiple bilatera rib fractures: 450240.4 |Steering whedl rim, |Possble Autopsy
right 2-9 posterior; severe |hub and/or spokes
left 2, 3, 4 anterior;
left 1, 2, 4 posterior
6 |Thoracic aorta, two intimal 420202.4 |Steering whedl rim, |Possible Autopsy
lacerations severe |hub and/or spokes
7 |Right lung lacerated in four places | 441430.3 |Steering whedl rim, |Possible Autopsy
with 180 ml right hemothorax serious  Jhub and or spokes
8 |Contusion, epicardium, over right | 441004.3 |Steering whedl rim, |Possble Autopsy
atrium of heart serious  |hub and/or spokes
9 |Fracture of maxillary bones, 250802.2 |Center instrument |Possble Autopsy
bilateral moderate |panel
10 |Abrasion, forehead 290202.1 |Center instrument |Possble Autopsy
minor  |panel
11 |Abrasions, right face 290202.1 |Driver'sair bag  |Probable Autopsy
minor
12 |Contusions, bilatera eyelids 297402.1 |Center instrument |Possible Autopsy
minor  |panel
13 |Multiple abrasions, right chest 490202.1 |Driver'sair bag  |Probable Autopsy
minor
14 |Multiple abrasions, right lower 690202.1 |Center console Possble Autopsy
back minor
15 |Multiple smal lacerations, right 790602.1 |Flying glass shards |Certain Autopsy
arm from shoulder to dorsum of minor
right hand

CASE VEHICLE FRONT RIGHT PASSENGER

The case vehicle's front right passenger (46-year-old femae, White (unknown if Hispanic), 165
centimeters, 73 kilograms[65inches, 162 pounds]) wasrestrained by her available manual three-point Iap-
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Case Vehicle Front Right Passenger (Continued) IN99-035

and-shoulder safety belt system. Her pre-crash posture and seat adjustments are not known. She was
declared dead at the scene of the crash and wastransported directly to amorgue. Thefollowing discussion
of the front right passenger’ sinjuries is based on the report of afull autopsy, on-scene photographs of the
vehicle exterior only and occupant kinematic principles.

Thefront right passenger was probably seated in a norma posture, with her back against the seet
back and her feet onthefloor. Thedriver braked with full lockup and steered | €ft, causing the case vehicle
to go into a counterclockwise yaw. The front right passenger moved forward in response to the braking
decderation and to theright asaresult of the counterclockwise yaw. Because she waswearing her safety
belt, her forward motion was restricted and she was probably leaning dightly forward and againgt the right
interior surface at the moment of thefirst impact. Thefirst impact caused the driver and front right air bags
to deploy and caused her to move further forward and to the right, toward the 2 o' clock direction of
principa force, loading the safety belt system and pressing against the right door surface. She encountered
the deploying front right passenger’s ar bag off center to the right with her face and torso. The second
impact caused her to move further to the right as the case vehicl€ sright side interacted with vehicle #1's
left Sde. Theright front door window glazing broke out, the right side of the case vehicle collgpsed inward
and the lower edge of vehicle #1's driver’ s door intruded into the case vehicl€ s passenger compartment.
Theright Sde of the front right passenger’s head contacted vehicle #1's driver door (Figure 6, below)
causing massive damage to her head, described as a gaping wound to the anterior and superior head, with
flgps of bone, skin and muscle reflected to the left, most of the brain missing (with some pieces found
separately) and parts of the skull aso missing. She sustained numerous bruises to her upper arms and
shouldersand numerous contusi onsto thesuperficia surface of thelung parenchymafromthecasevehicle's
intruding right sSide components. The inner surfaces of both thighs show bruising, possibly due to her legs
being dapped againgt each other as she was sandwiched between theintruding right Side componentsand
the center console. The laterd surface of the left thigh shows an area of excoriation of the skin due to
contact with the center console.

CASE VEHICLE FRONT RIGHT PASSENGER INJURIES

: : . NASS In- : Source
Injury Injury Description jury Code Injury Source Corfi- Source of
Number (including Aspect) & AIS90 (Mechanism) dence Injury Data
1 |Crushed skull: gaping wound to 113000.6 |Driver'sdoor of  |Certain Autopsy

right anterior and superior head, |untreatable |other vehicle
with flaps of bone, skin and
muscle reflected to the |€ft;

most of the brain is missing, with
some parts found separately;
parts of the skull al'so missing

2 |Numerous bruises, upper arms and | 790402.1 |Intruding right side |Probable Autopsy
shoulders, bilateral minor  jcomponents




Case Vehicle Front Right Passenger I njuries (Continued) IN99-035

: : - NASS In- . Source
Injury Injury Description jury Code Injury Source Confi- Source of
Number (including Aspect) & AIS90 (Mechanism) dence Injury Data

3 |Dark bruises on inner thighs, 890402.1 |Non-contact injury, |Possble Autopsy

bilateral minor  |thighs dapped
together

4 |Excoriation of skin on left lateral | 890202.1 |Center console Probable Autopsy
thigh minor

6 |Numerous contusions of the 441402.3 [Intruding right Sde |Probable Autopsy
superficia surface of the lung serious  Jcomponents
Earenchxma

VEHICLE#1

Vehicle #1 was a 1996 Western Star 4900-

series cab-behind-engine 6-by-4 truck-tractor (VIN:
2WKPDCXH6TK------ ) towing a tank semi-trailer.
The tank semi-trailer had hazardous materials cargo
placarding with commodity code number 1267
(petroleum crude ail). There was no damage to the
traller or its cargo. Damage to the truck-tractor
congsted of: the trailing edge of the left front fender
had minor damage; the left fud tank (immediatey R
benesth the driver's door) was dented dong its entire  [Fooe . o ‘te
length, but the tank retained itsintegrity and there was crushed fuel tank and blood on lower edge of
no fud leskage; the steps to climb up into the cab driver’s door (case photo #20)
(fastened to the fud tank) had minor crush damage and
weredightly displaced; the bottom edge of thedriver's
door and the door sill were dented, with blood and other tissue on the lower edge of the driver’s door,
indicating direct contact with the case vehicle' s front right passenger; various components attached to the
frame behind the cab were damaged; and the splash guard for the left forward tandem whedls was
displaced. Vehicle #1's TDCs for the three impacts are estimated as. first 08-L' Y EW-2; second 09-
LKEW-2; third 12-FL WN-9.




