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DISCLAIMER

This document is disseminated under the sponsorship of the Department of Transportetion in the interest
of information exchange. The United States Government assumes no responsibility for the contents or use
thereof.

The opinions, findings, and conclusions expressed in this publication are those of the authors and not
necessarily those of the Nationd Highway Traffic Safety Administration.

The crash 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
expert knowledge and experience of vehicle dynamics and occupant kinematicsin order to determinethe
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 vehicle(s) or their safety systems.
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BACKGROUND

This remote investigation involved a 2000 Nissan Altima (Figure
1) equipped with redesigned frontd air bags, driver and front right
passenger Sde air bags, and front seat belt pretensioners that
deployed as aresult of afrontal collison with a concrete bridge
support. The Altima was occupied by a 42-year-old male driver
that wasrestrained by the 3-point |ap and shoulder belt. The driver
was operating the Altima northbound in the outboard lane of a
divided highway when he logt consciousness and relinquished
control of the vehicle. The Altimadrifted to the right and departed
the right roadside in a tracking mode. The Altima continued aong
the road edge and struck a concrete bridge support with the front
left area. The severe frontal impact fired the front left seat belt
pretensioner, and deployed the redesigned frontd air bag system and both side air bags. The restrained
driver initiated aforward trgjectory in response to the frontal impact force and loaded the manua restraint
whichresulted in multipleleft rib fractures, aliver laceraion, aheart injury, and alung injury. Dueto the high
ddtaV, he subsequently loaded through the redesigned driver’s air bag and loaded the steering whed
rim/hub. He sustained amandible fracture from probable contact with the steering whed rim. He sustained
multiple lower extremity injuriesfrom contact with the intruded | eft instrument panel, floor pan and toe pan.
The driver was conscious and talking at the scene and removed from the vehicle by rescue personnd. He
was transported by helicopter to aregiond trauma center and expired 10 days following the crash.

Figure 1. Damaged 2000
Nissan Altima

This crash was sdected for investigation by the Nationd Automotive Sampling System (NASS) as CDS
case number 00-08-226C. The crash occurred in December 2000. Initid notification of this crash was
made to the Veridian Specid Crash Investigationsteam following aNASS CDS casereview. The NASS
PSU performed the vehicle inspection and scene ingpection. Due to the presence of the redesigned fronta
air bag system and the driver bottoming-out the air bag, NHTSA assigned the tasks of case review and
report preparation to the Veridian Speciad Crash Investigation (SCI) team on February 27, 2001.

SUMMARY

Crash Site

This crash occurred in December 2000 on the east roadside of a four-lane, north/south divided state
roadway that traveled through a mountainous region. At the crash site, the north/south roadway passed
through amountain cut in an east/west direction. The roadway was configured with two travel lanesin each



direction separated by a grassy median. At the crash Site, the roadway curved left and had aleve grade.
A bridge crossed the roadway at the scene, and concrete supports were located on the median and on
each outboard shoulder. The northbound lanes were bordered by asphalt shoulders. At the time of the
crashit was dark with no roadway illumination. There were no adverse wegther conditions and the asphalt
road surface was dry. The roadsde environment consisted of agrassy roadside area adjacent to theright
shoulder and a vertica rock face of a mountain cut that was approximately 8 m (25) from the right
roadside. The NASS researcher measured the lateral roadside grade to be approximately - 9.0% from the
roadside. There were no traffic controls at the crash ste, and the posted speed limit was 89 km/h (55
mph).

Pre-Crash
The 42-year-old maedriver of the Nissan Altimawas operating the
vehide on the outboard northbound lane of a four-lane divided
highway during the nighttime hours of December 2000. The police
reported that the driver fell adeep, however afamily member of the
driver stated during the NASS interview that the driver had ahistory
of migraine headaches and that he may havelost consciousness. Due
to thedriver’ sinattention, he relinquished control of the vehiclewnhile
entering a curve to the left (Figure 2). The Nissan Altima departed
the right roadside and traveled north dong the grassy roadsideina  Figure 2. Approach view
tracking mode. The Altima passed aroadsidesign and driftedtothe  showing the point of roadway
right toward a concrete bridge support (Figure 3). There did not  departure
appear to be any atempted avoidance maneuvers. The Altima
traveled atotal distance of 104 m (340" dong theroadsdefromthe
point of departure to impact, based on tire marks documented by
the NASS researcher. A cdlular phone was present in the vehicle
but was not in use at the time of the crash.

Figure 3. 2" approach view



Crash
The 2000 Nissan Altima impacted the concrete bridge support
(Figure 4) withthefront |eft area. The bridge support measured 1.5
m (5.0) in width and 5.0 m (16.5) inlength. Theimpact resulted in
severe damage to the Altima. The direction of force wasin the 12
o' clock sector. The barrier routine of the WinSMASH program
computed atota velocity change of 79.4 knvh (49.3 mph) based on
the documented crush profile. Theimpact induced deceleration was
sufficient to fire the front left retractor-mounted seat belt
pretensioner and deploy the redesigned frontd air bag systeminthe
Altima Although the Altima sustained a severe fronta impact, the
driver's sde ar bag and right front passenger's sSde ar dso
deployed. The offset left crash caused it to rotate counterclockwise
(CCW) gpproximately 30 degreesto fina rest againgt the bridge support.

Figure4. Point of impact -
concrete bridge support

Post-Crash

The driver was found trapped in the vehicle due to passenger compartment intrusion and jammed doors.
The firgt regponding officer and rescue personnel reported that the driver was conscious and dert and was
gpesking prior to hisremova from the vehicle. The driver verified the loss of consciousness prior to the
crash. Theroof of the Altimawas removed by rescue personnd and the driver wasremoved verticaly and
placed on aspina immobilization board. The extrication of the driver from the vehicle reportedly took 40
minutes. The patient became unresponsive following the extrication and was trangported by helicopter to
aregiond trauma center where he expired 10 days later.

VEHICLE DATA - 2000 Nissan Altima

The 2000 Nissan Altima was identified by the Vehicle Identification Number (VIN): IN4ADLO1AGYC
(production sequence omitted). The Altima was a four-door sedan equipped with a 2.4 liter, 4-cylinder
engine, an automatic transmission, front whedl drive, power steering, power-assisted front disc and rear
drum brakes, and a power sun/moon roof. The seating was configured with front bucket seets with
adjustable head restraints and a rear bench seat with a split folding back. The Altima was aso equipped
with atilt steering column, however, the position of the column could not be determined.



VEHICLE DAMAGE
Exterior Damage- 2000 Nissan Altima

The 2000 Nissan Altima sustained severe damage as a result of
the impact with the concrete bridge support. The direct contact
damage began at thefront left bumper corner and extended 79 cm
(31") lateraly across the bumper. The combined direct and
induced damage involved the entire fronta width of the vehicle
(Figure 5). The bumper fascia was separated from the vehicle.
The bumper beam was crushed rearward on the left Sde and
displaced dightly to the right. The maximum crush was|located at
C1 at the front left bumper corner and measured 121 cm (48").
The hood was buckled at the designated fold points. Theleft front
whed was crushed rearward to the left A-pillar (Figure 6) and
was redtricted and deflated . The right front whed was dso
crushed rearward and was restricted. The severe frontal crush
resulted inan 81 cm (32") reduction in theleft whed baseand a 12
cm(5") reduction in the right wheelbase. The lft front fender was
separated from the vehicle and the left front door was displaced
from induced damage and rescue efforts. The front aspect of the
right front fender and was pulled toward the center of thevehicle.
The left aspect of the front bumper beam was fractured and
separated. The roof was removed from the vehicle by rescue
personnel. The Callison Deformation Classfication for thisimpact

Figure5. Frontal view of direct
damage

Figure6. Left sdeview of the
damaged Altima

was 12-FY EW-5. Six crush measurements were taken by the NASS researcher at the front bumper level
and were asfollows: C1 =121 cm (48"), C2 =121 cm (48"), C3=92cm (36"), C4=70cm (28"), C5

=50 cm (20"), C6 = 33 cm (13").

Interior Damage - 2000 Nissan Altima
Interior damage to the 2000 Nissan Altima was severe and
attributed to compartment intrusion and occupant contact. I ntegrity
loss and glazing damage resulting from the crash or occupant
contact could not be determined dueto the remova of the glazing
and removd of the roof by rescue personnel. Multiple intrusons
were documented by the NASS researcher. The most severe
intruded component into thefront | eft seet areawasthe left toe pan
which intruded 70 cm (28") longitudindly (Figure 7). The
indrument panel was damaged from intruson and occupant
contact, and multipleinstrument panel componentswere displaced
and separated. The rigid plastic knee bolster was deformed and
separated from the lower left instrument pand from contact with

Figure 7. Intruded |eft toe pan
and left instrument panel

the driver’ slegs. The front |eft seat back was also deformed rearward and dightly clockwise (CW) from
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occupart contact, and the adjustable head restraint was separated
from the seat back. The steering whed rim was uniformly
displaced forward and was partially separated at the inboard
edges of the spokes (Figure 8). Although the NASS case file
coded “ no steering rim deformation,” the SCI case review
identified that the steering whed sustained a complete collapse.
The glove box door opened as aresult of the crash.

MANUAL RESTRAINT SYSTEM - 2000 Nissan Altima
The 2000 Nissan Altimawas configured with manua 3-point lap
and shoulder belts with diding latch plates for both front seet
positions. Both fronta restraints were equipped with retractor-

Figure 8. Uniform steering
whed rim digplacement

mounted pretensoners. The pretensioners were located at the base of each B-pillar. The front left
pretensioner fired asaresult of the crash, however, thefront right pretensioner did not. Both frontal 1ap and
shoulder belts were configured with adjustable D-rings. The front left D-ring position was unknown and
the front right D-ring wasin the full down position. The front |eft 1ap and shoulder belt webbing was cut by
rescue personnel and the latch plate was still engaged in the buckle during the NASS vehicle inspection.
The second row was configured with manua 3-point lap and shoulder belts for the outboard seating

positions and alap belt for the rear center postion.

REDESIGNED AIR BAG SYSTEM - 2000 Nissan Altima
The 2000 Nissan Altimawas equipped with redesigned frontd air
bags for the driver and front right positionsthat deployed asresult
of the impact with a concrete bridge support. The driver's
redesigned air bag was housed in the center of the steering whedl
with H-configuration module cover flaps. The top flap measured
15 cm (6") in width and 7 cm (3") in height. The bottom flap
measured 15 cm (6") in width and 9 cm (4") in height. The
redesigned air bag was circular in shape and measured 60 cm
(24" in diameter initsdeflated state (Figure 9). It was vented by
two portsthat werelocated at 10 and 2 o’ clock on the rear aspect
of the air bag. The redesigned air bag was not tethered. Blood
spattering was noted on the lower front quadrants and on the
lower rear left aspect of the air bag membrane.

Figure9. Redesigned driver’s
air bag



The front right passenger’s redesigned air bag deployed from a
top-mounted module with H-configuration module cover flaps.

The entire module pand measured 32 cm (13") in width and 15
cm (6") in height and was configured with a horizontd tear seam.

The upper and lower cover flaps within the module pand were
symmetrica and measured 15 cm (6") inwidth and 5 cm (2') in
height. The redesgned front right passenger’s ar bag was
rectangular in shape and measured 30 cm (12") in width and 50
cm (20") inheght in its deflated state (Figur e 10). It was vented
by two circular ports located on the side aspects at the 9 and 3
o' clock positions. The air bag was not tethered. There was no
contact evidence on the membrane of the air bag.

Figure 10. Redesigned front
right passenger’sair bag

SIDE IMPACT PROTECTION SYSTEM - 2000 Nissan Altima

The 2000 Nissan Altimawas equipped with a seat mounted side
air bags for both front seated occupants that deployed as a result
of the impact with the bridge support. Although the side impact
occupant protection system is not designed to deploy in a fronta
collison, the severe impact force in this crash resulted in
deployment of the system. Both side air bags offered head and
thorax protection. The driver’ ssde air bag deployed in aforward
direction from the left agpect of the front left seat back (Figure
11). The vertical tear seam extended along the outboard forward
dtitching on the seat back from the top aspect to the bottom aspect.
The driver’ sside air bag measured 30 cm (12") in width a the top
aspect and 70 cm (28") in height. The air bag was not vented and
there were no internd tethers. No contact evidence was found on
the driver’ sside air bag.

The front right passenger’s side air bag deployed in a forward
direction from the right aspect of the front right seat back. The
verticd tear seam extended along the outboard forward stitching
onthe seat back from the top aspect to the bottom aspect (Figure
12). Thefront right passenger’ sSide air bag measured 30 cm (12")
inwidth at the top aspect and 70 cm (28") in height. The air bag
was not vented and there were no internal tethers. No contact
evidence was found on the front right passenger’sSde air bag.

Figure 12. Right front
passenger’sside air bag tear
seam



OCCUPANT DEMOGRAPHICS 2000 - Nissan Altima

Driver
Age/Sex: 42-year-old male
Height: 180 cm (71")
Weight: 79kg (174 1b)
Seat Track Position: Mid-track
Manud Redtraint Use: Manua 3-point lap and shoulder belt
Usage Source: NASS vehicle ingpection, injury data
Eyewear: Prescription eyeglasses

Type of Medica Treatment:

daysfollowing the crash

Driver Injuries

Transported by helicopter to aregiona trauma center and expired 10

NFS

Injury Injury Severity (AlS 90) Injury Mechanisms

L eft intertrochanteric femur Serious (851810.3,2) Indirect - force transferred

fracture through femur from bolster
contact

Left femur shaft fracture (distd | Serious (851814.3,2) Knee bolster

third)

Multiple left rib fractures, NFS | Moderate (450210.2,2) Shoulder belt webbing

Liver laceration, NFS Moderate (541820.2,1) Shoulder belt webbing

Severdy comminuted right Moderate (851400.2,1) Left floor pan and toe pan

cacaneus fracture intruson

Left fibulafracture, NFS Moderate (851605.2,2) Left lower ingtrument pane
intruson

Right obligue mid-shéft fibula Moderate (851606.2,1) Left lower ingtrument pand

fracture intruson

Right 5" comminuted Moderate (852200.2,1) L eft floor pan and toe pan

metatarsal fracture intruson

L eft tibia shaft fracture Moderate (853420.2,2) Left lower ingtrument pand
intruson

Mandible fracture, NFS Minor (250600.1,9) Steering whed rim

Heart injury (myocardium), Minor (441099.1,4) Shoulder belt webbing




Injury Injury Severity (AlS90) Injury Mechanisms

Fracture of the right 5" Minor (853602.1,1) L &ft floor pan and toe pan
proximal toe intruson

*njury source: Post emergency room hospita record

Driver Kinematics
The 42-year-old male driver of the 2000 Nissan Altimawas presumed to have been seated in an upright
posture with the seet adjusted to the mid-track position and the seat back dightly reclined. He was properly
restrained by the manua 3-point lap and shoulder belt. He lost consciousness, possibly due to a medica
condition, which caused him to relinquish control of the vehicle. At impact the front left seat belt
pretensioner fired and the redesigned frontd air bag system deployed. The driver’s sde and right front
passenger side air bags aso deployed due to the severity of the crash. The driver initiated a forward
trgjectory and loaded the manud restraint. Contrary to the NASSCDScasefile, theloading to the manud
redraint resulted in multipleleft rib fractures, aliver laceration, and aheart injury. Theintrusion of thefronta
components and high Ddta-V caused the driver to load through the redesigned driver's ar bag and
subsequently load the steering whed rim/hub. Thiswas evidenced by the uniform forward displacement of
the steering whee! rim and partial separation at theinboard aspects of the spokes. He sustained amandible
fracture from probable facid contact with the steering whed rim. The loading to the steering whed
assembly most likely caused compression of the steering column, however, it could not be confirmed. The
driver loaded the knee bolster which resulted in a left dista third femur shaft fracture with a latera
angulaion. The impact force from the bolster was transmitted through the proxima portion of the shaft
which caused aleft intertrochantaric femur fracture. The driver loaded the intruded lower left instrument
panel which resulted in aleft fibula fracture, aright oblique mid-shaft fibula fracture, and a left tibia shaft
fracture. He aso loaded the intruded floor pan and toe pan which caused a severdly comminuted right
calcaneus fracture, aright 5 comminuted metatarsal fracture, and afracture of the right 5 proxima toe.

The driver was entrgpped in the vehicle due to jammed doors and frontal passenger compartment intrusion.
The driver was found seated in the vehicle by rescue personnel and was conscious and dert prior to his
remova from the vehicle. Rescue personndl removed the roof of the Altima and removed the driver
verticdly from the vehicle and onto aspind immobilization board. Extrication of the driver took 40 minutes
to complete. Thedriver became unresponsive after he was removed from the vehicle and was transported
by helicopter to aregiona traumacenter. He expired 10 daysfollowing the crash dueto multi-organ system
fallure from blunt force trauma of the trunk and extremities.



