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DISCLAIMERS

This document is disseminated under the sponsorship of the Department of
Transportation 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 National Highway Traffic Safety
Adminigration.

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 NASS-99-11-082E

This combination SCI/NASS crash investigation concerns a 1997 BMW 740il (case vehicle) that
impacted a smdl tree, two small road signs, aguardrail, and rolled over onto itsroof. The crash occurred
in May, 1999, at 3:14 p.m., in Michigan and was investigated by the gpplicable police department. This
crash is of pecid interest because the case vehicle was equipped with door-mounted side air bags, one
of which deployed as aresult of aright Sdeimpact, and the restrained front right passenger [41-year-old
White (non-Hispanic) mae] sustained only minor injuries. Another item of interest isthat the casevehicle's
front right door came open during the crash as a result of a guardrall impact. The NASS investigator
inspected the scene and case vehicle in May 1999. Thisreport is based on the Police Crash Report, the
NASS investigator's coded forms and scene photographs, passenger and witness interviews, scene and
vehicle ingpections, occupant kinematic principles, and this contractor's eval uation of the evidence.

CRASH CIRCUMSTANCES

The case vehicle was traveling in awesterly direction a high speed in the westbound lane of atwo-
lane, two-way undivided city roadway and was about to enter a left curve. The case vehicle had just
passed another westbound vehicle when its right rear tire logt traction on some loose gravel. The case
vehide went into acounterclockwise yaw and departed theright side of theroadway (Figure 1). Thecase
vehid€e sdriver braked and steered to hisleft trying to regain control. The crash occurred off theright sde
of the roadway.

Figure1: Westerly view of case vehicle's path of | | Figure2: Casevehicle's path of travel leading into
travel path while in CCW yaw |eaving roadway second struck sign post and guardrail
with right rear tire mark highlighted

Theright Sdeof the casevehicleimpacted asmall tree (diameter of trunk 3 centimeters[1.2 inches)),
continued itswesterly counterclockwiseyaw, struck agreen road Sign post, another 4 centimeter (1.5inch)
road sgn post with itsright rear prior to striking the end of aguardrall, causing the case vehicl€sfront right
passenger door-mounted side air bag to deploy (Figure 2). The case vehicle simpact with the guardrall
aso resulted in the front right passenger door coming open. The case vehicle continued in a westerly
direction, rolling over Six quarter turns and coming to rest on its roof with the trunk lid aop a chain link
fence. Atfind rest the case vehiclewasheading in asoutherly direction. The case vehiclewastowed from
the scene due to damage.



Crash Circumstances (Continued) NASS-99-11-082E

The concrete roadway was curved left and level a the point of the crash. 1t was daylight at thetime
of the crash with the roadways being dry. The posted speed limit is 64 km.p.h. (45 m.p.h.) for the
roadway. The two-lane roadway was uncontrolled and divided by adashed white line and was bordered
by a solid white fog line,

The case vehicle' s restrained driver (178 centimeters and 82 kilograms [70 inches, 181 pounds])
reported no injuries and was not trangported. The case vehicle's restrained front right passenger [172
centimetersand 72 kilograms (68 inches, 159 pounds)] wastransported to ahospital where hewastreated
and released with minor injuries.

CASE VEHICLE

The case vehicle was a rear whed drive 1997
BMW 740il, five-passenger, four-door sedan
(VIN: WBAGJ8320VD------ ) equipped with a4.4
liter V8 engine, power-asssted rack-and-pinion
deering, and 5-speed automatic transmisson with
console-mounted  selector lever.  Braking was
achieved by a power-assisted, four whed anti-lock
sysem. The wheelbase was 307 centimeters (120.9
inches). The case vehicle had a reported odometer
reading of 50,194 kilometers (31,192 miles).

: T N
‘ﬂ, .. " % -. 3 ,..‘ ) A fha :
Figure3: Front right angle view of deformation to

The ront row of the vehiclewas equipped case vehicle; NOTE: front right door open

with adjustable bucket seats with adjustable head
restraints and three-point lap-and- shoulder safety
belts. The vehicle was equipped with padded knee
bolsters for the driver and front right passenger seet
positions. The steering whed had both a tilt and
telescopic mechanism to dlow for verticd and
longitudinal adjustment. The rear seat was a bench
seat with separate backsand adjustable head restraints
for the outboard seat positions.  The front safety belt
systems were equipped withmanudly operated height
adjusters for the D-rings with both in the middle
postion.  Automatic restraint was provided by a \ kil
Supplemental Restraint System (SRS) that consistedof | Figure4: Angled view from right rear of right side
afront air bagsand door-mounted side air bagsfor the damage and rollover damage; NOTE: C-piller
driver and front right seat pogtions. damage and back light




CASE VEHICLE DAMAGE NASS-99-11-082E

The case vehid€ sinitid contact with the smdl
tree involved the right sde but the exact point is
unknown. The case vehicle's impact with the green
street sgn began 136 centimeters (53.5 inches)
forward of the right rear axle and was 48 centimeters
wide (18.9 inches). The maximum crushcould not be
measured because of the overlapping rollover damage.
The case vehicle's impact with the other road sign
involved the right rear quarter pane but the direct
damage width and maximum crush could not be
measured because of the overlapping rollover damage : S i
(Figures 3-4, above). The case vehide's highest Figure5: Straight-on view of most severe damage

L . ) ) to case vehicle which deployed side air bag and
severity impact with the guardrall, whichdeployed the caused latch/striker tofail; NOTE: contour gauge

right sdedoor-mounted air bag, was between theright
front fender and right front door seam. The direct
damage started 32 centimeters (12.6 inches) behind
the right front axle and extended 46 centimeters (18.1
inches) rearward. The maximum crush to the case
vehide's right Sde was a measured 13 centimeters
(5.1 inches) and was located between C4 and C5
(Figure 5). The case vehicle's rollover damage
encompassed the entire length and width of the vehicle
(Figure 6). Themaximum crush was measured at 9
centimeters (3.5 inches) to the top plane.  The
vehid€e's find impact was to the rear trunk lid which j
resulted when the case vehicleé s trunk came to rest | Figure 6: Overhead view of damage to case
atop a chain link fencee. Maximum crush was vehicle' stop plane from rollover

measured at 1 centimeter (0.4 inches). The wheel

base on the both sdesremained unchanged. Both right tireswere restricted and deflated sometime during
the case vehicle's CCW yaw and subsequent impacts.

Therewas severa areasof integrity lossto the casevehicle. Thecasevehicle sfront right door came
opendueto latch/sriker failure. Thefront right window, back light and moon roof were disintegrated from
impact forces. The windshield was cracked but remained in place.

Because of the case vehicle's multiple impacts with resulting overlap damage, CDCs could be
determined only for events 4 (quardrail impact) and 5 (rollover). The CDCswere determined to be: 03-
RYEW-3 (80) and00-T'Y DO-3 for the case vehicle (maximum crush was 13 centimeters[5.1 inches] on
the right Sde). No reconstruction program was used on the case vehicle's left Sde impact due to the
callison conditions (i.e., yielding objects and overlapping damage) being beyond the scope of the
WinSMASH recongtruction program; however, this contractor's visudly estimated Ddlta V for the right
sde impact with the guardrail is between 13 km.p.h. (8 m.p.h.) and 21 km.p.h. (13 m.p.h.).



Case Vehicle Damage (Continued) NASS-99-11-082E

An examination of the case vehicl€ sinterior showed no visible evidence of contact by thevehicle's
occupants primarily because of the crusted over mud strewn throughout theinterior. The energy absorbing
steering column was hot measured for compression. The case vehicle driver and front right passenger’s
knee bolsters showed no evidence of scuffing or deformation. Therewas evidence of intrusion by the case
vehide swindshidd, windshield header and roof. The most significant being 48 centimeters (18.9 inches)
by the windshield into front right passenger seet position. The roof above the front right seet position was
intruded 10 centimeters (3.9 inches).

AUTOMATIC RESTRAINT SYSTEM

The case vehicle was equipped witha SRS that
consisted of front air bags and door-mounted sSide air
bags a the driver and front right passenger seat
positions. Theonly ar bag that deployed wasthefront
right passenger’s side air bag (Figure 7). The right
Sde air bag deployed as aresult of the case vehicle's
right Sde impact with the guardrall. The front right
passenger’ s Sdeair bag deployed from the door panel
were it was mounted. The module cover consisted of
two trapezoida cover flapswith overdl dimensions of
13 centimeters (5.1 inches) at the top and bottom
horizonta creases, 9 centimeters (3.5 inches) at the
center horizontal seam and 7 centimeters (2.8 inches)
angled horizontal seams.  The flgp materid is an
unknown vinyl/rubber materid. The side air bag was 43 centimeters (16.9 inches) longitudinaly and 28
centimeters (11 inches) verticaly and had one tether dong the ar bag seam. The front right passenger’s
sde air bag had no vent ports.

Figure7: Close-up of casevehicle’' sdeployed front
right door-mounted air bag

An ingpection of the front right passenger's sde air bag and cover flap reveded no visble evidence
of direct contact (i.e, fibers or skin) or damage from the front right passenger.

CASE VEHICLE DRIVER KINEMATICS

The case vehicle's [32-year-old, White (non-
Hispanic) male] driver was restrained by hisavailable,
active, three-point, lap and shoulder belt. Thedriver's
adjustable shoulder anchorage was in the middle
postion. Seetbelt usage was based on the police
report and the front right passenger’s interview since
the right sde impact would not have caused any
sgnificant loading to the system.

Figure8: View of casevehicledriver sseati n area;
NOTE: open sunroof

The case vehicles driver (178 centimeters and




Case Vehicle Driver Kinematics (continued) NASS-99-11-082E

82 kilograms [ 70 inches, 181 pounds]) was seated in adightly reclined posture with his back againgt the
seat back, hisleft foot was on the floor, his right foot on the brake, and both hands were on the steering
whed geering totheleft. Hisseat track waslocated initsfull rearward position, the seat back was dightly
reclined, and the tilt steering whed was in center position. The position of the steering whed’ stelescopic
adjustment was not documented and is unknown.

The case vehicle's driver braked and steered to
the left, attempting to avoid the crash; these actions
resulted in him leaning to his left away from his
impending impact with the guardrail. The case
vehiclesimpact with the tree and both sign posts had
litle effect on the case vehicle driver's pre-impact
posture. The case vehicle' simpact with the guardrall
resulted in the driver moving to hisright towardsthe 3
o'clock direction of principd force. After impacting
the guardrall the case vehicle rolled over causing the
32?:?;93 gz\gqlgﬂsd;:fg?; Itge I’OOf.l t-}!l-zzﬁ?/? Figure9: Interior view of case vehle;NOT: anti
to move within his immediate seeting areg, (his exact Lﬁ;ﬂ;ﬁgﬁvﬂ” SW hub and overhead console
movements within the vehicle are unknown ) histhree-
point restraint kept him from being thrown out of the
vehide duringtherall (Figures8-9). The case vehicle cameto rest on itsroof with the case vehicle driver
suspended upside down, hanging by his safety belt.

CASE VEHICLE DRIVER INJURIES

The driver was not transported and was not trested by EMS personnd. No other information is
avaladle.

CASE VEHICLE FRONT RIGHT PASSENGER KINEMATICS

The case vehiclée's front right passenger [41-
year-old, White (non-Hispanic) mae] waswearing his
available, active, three-point, lap-and-shoulder safety
bdt sysem. The front right passenger’s adjustable
shoulder anchorage was in the middle postion.
Seatbelt usage was based on the police report and this
passenger’ sinterview sncetheright Sdeimpact would
not have caused any significant loading to the system.

The case vehicles front right passenger [170
centimetersand 72 kilograms (67 inches, 159 pounds)]
was seeted in adightly reclined posture with his back

Figure 10: Close-up of case vehicl front right
door panel showing no evidence of contact




Case Vehicle Front Right Passenger Kinematics (continued) NASS-99-11-082E

againg the seat back, both feet on the floor and both hands were on hislap. His seat track was located
in its middle position, the seat back was dightly reclined.

The case vehicles driver braked and steered to the | eft,
atempting to avoid the crash. These actions resulted in the
front right passenger leaning to hisleft away from theimpending
impact with the guardrail. The case vehicles impact with the
tree and both sign post had little effect on this passenger’ spre-
impact posture. The case vehicle simpact with the guardrall
resulted in the front right passenger moving to hisright towards
the 3 o' clock direction of principd force. After impacting the
guardral the case vehicle rolled over causing the front right
passenger to move upwards towards the roof (Figures 10-
11). The case vehicle ssubsequent 6 quarter rolls caused the
passenger to move within hisimmediate seating area (hisexact
movements within the vehidle are unknown ). His three-point
restraint kept him from being thrown out of the vehicle during
therall. According to the front right passenger, a some point
during the rollover, while the door was open, his head came
out side the vehicle causing his face to contact the muddy
ground. Thecasevehiclecameto rest onitsroof with the case
vehid€ sfront right passenger suspended upsidedown, hanging
by his safety belt.

Figure11: Vertica view of casevehicle's
front right passenger seating area

CASE VEHICLE FRONT RIGHT PASSENGER | NJURIES

The front right passenger wastransported by an ambulance to the hospital where hewastrested and
released. According to hisinterview he sustained minor injurieswhich included aright shoulder contusion,
acontusion to his upper right chest, and a contusion to the right sde of his scap.

: : - NASS In- , Source
Injury Injury Description jury Code Injury Source Confi- Source of
Number (including Aspect) & AIS 90 (Mechanism) dence Injury Data
1. |Right scalp contusion 190402.1 |B-pillar Possble Emergency
minor room
2. |Right shoulder contusion 790402.1 |Seat belt harness  |Certain Interviewee
minor
3. |Right upper chest contusion 490402.1 |Seat belt harness  |Certain Interviewee
minor




OBJECT CONTACTED NASS-99-11-082E

The case vehicleé smost severe impact occurred when the right side struck the end portion of aW-
beam guardrail which caused the case vehicl€ s right door-mounted side air bag to deploy. This impact
aso reaulted in the fallure of the latch/striker of case vehicle' s right front passenger door, dlowing it to
open. The case vehicle' sguardrall impact precipitated the case vehicle srollover event.

The impact to the end portion of the W-beam guardrail fractured the wooden 4 X 4 post to which
it was anchored and caused the guardrail to fold back accordion style (Figur es 12-13).

Figure 13: iew of guardrail end and fractured
wooden post; NOTE: highlighted front right tire
mark leading into guardrail

Figue 12: Cl ose-up of -b ardrail

end




SCENE DIAGRAM NASS-99-11-082E
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