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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 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 be coupled with the investigator's expert knowledge
and experience of vehicle dynamics and occupant kinematics in 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, generalized conclusions
cannot be made concerning the crashworthiness performance of the
involved vehicle(s) or their safety systems.
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BACKGROUND IN-07-005

This single vehicle crash was brought to NHTSA's attention on or before February 1, 2007
by NASS GES sampling activities. It involved a 2006 Chevrolet C3500 crew cab pickup truck,
which was pulling a 7.3 meter (24 foot) twin axle, goose neck, cattle trailer that departed the
roadway and rolled over. The crash occurred in December 2006 at 3:53 a.m., in Oklahoma and
was investigated by the Oklahoma Department of Public Safety. This crash is of special interest
because the Chevrolet rolled over and the Chevrolet's driver (19-year-old, male) and front right
passenger (20-year-old, male) were not injured. The Chevrolet was equipped with multiple
Advanced Occupant Protection System (AOPS) features and an Event Data Recorder (EDR). This
contractor conducted and on-site investigation on February 13, 2007 and inspected the scene,
Chevrolet, trailer and downloaded the EDR. A telephone interview was conducted on March 2,
2007 with the Chevrolet’s driver. This report is based on the police crash report, scene
inspection, vehicle and trailer inspections, Chevrolet driver interview, EDR data, occupant
kinematic principles, and this contractor's evaluation of the evidence.

SUMMARY

The Chevrolet was traveling west-southwest in the outside through lane of a four-lane
divided interstate highway. The driver stated during the interview that he fell asleep. The
Chevrolet drifted to the right and departed the north roadside and rolled over two quarter turns.
The Chevrolet came to rest on the north shoulder on its top facing west-southwest. The
Chevrolet’s trailer remained coupled to its hitch and came to rest on the roadside on its top facing
southwest. At the time of the crash the light condition was dark, the weather was cloudy, and the
roadway pavement was dry.

The Collision Deformation Classification (CDC) for the Chevrolet’s rollover event was
determined to be: 00-TYDO-3. The maximum vertical crush occurred at the windshield header
approximately 6 centimeters (2.4 inches) right of the right A-pillar. There was no measurable
lateral crush to the roof structure. Rollovers are out-of-scope for the WinSMASH reconstruction
program. However, based on the extent of the roof crush, the severity was determined to be
moderate. The Chevrolet was towed due to damage.

Both the driver and front right passenger were restrained by their integral lap-and-shoulder
safety belt system. They remained restrained in their respective seat positions during the rollover
and were not injured. The safety belt usage mitigated the interaction between the occupants and
the Chevrolet’s interior components.

CRASH CIRCUMSTANCES

Crash Environment: The trafficway on which the Chevrolet was traveling was a straight, four-
lane, divided, interstate highway, traversing in an east-northeasterly and west-southwesterly
direction. Each roadway had two through lanes and was bordered by bituminous shoulders with
a rumble strip. Each travel lane was approximately 3.7 meters (12 feet) in width. The outside
shoulders were approximately 3 meters (10 feet) in width. The Chevrolet’s approach roadway had
a positive 2.9% grade. The trafficway was divided by a concrete jersey barrier and the speed



Crash Circumstances (Continued) IN-07-005

limit was 121 km.p.h. (75 m.p.h.). There was no regulatory speed limit sign posted near the
crash site. The roadway pavement markings consisted of solid white edge lines, broken white
center lines and solid yellow median edge lines. At the time of the crash the light condition was
dark, the weather was cloudy, and the roadway pavement was dry, traffic polished bituminous.
The traffic density at the time of the crash was light, and the site of the crash was rural. See the
Crash Diagram at the end of this report.

Pre-Crash: The Chevrolet was traveling west-southwest in the outside through lane (Figure 1)
at a driver reported speed of 113 km.p.h. (70 m.p.h.). The driver intended to continue straight
ahead. The driver stated during the interview that he fell asleep. The Chevrolet drifted to the
right, departed the north roadside, crossed the shoulder and traveled onto the grassy roadside and
down and across an embankment (Figures 2 and 3). The Chevrolet’s driver steered left in an
attempt to reenter the roadway. As a result, the Chevrolet began to rotate counterclockwise and
the trailer began to jackknife. The Chevrolet’s EDR data indicated that the driver was applying
the brakes prior to the rollover. The rollover occurred on the grass embankment on the north side
of the road as the Chevrolet was ascending the embankment while attempting to reenter the
roadway (Figure 4).

Figure 1: View opposite approach of Chevrolet from Figure 2: View of area where the Chevrolet departed
the area of final rest the north shoulder

Figure 3: Chevrolet’s tire marks (left and center Figure 4: Chevrolet’s approach to rollover, divots in
arrows) and trailer tire marks (right arrow) in ground (arrows) show contact of trailer during
grass approaching rollover location rollover




Crash Circumstances (Continued) IN-07-005

Crash: As the Chevrolet traversed the embankment, it rotated counterclockwise approximately
40 degrees at which point the trailer began to rollover right side leading followed by the vehicle
rolling over passenger side leading. The vehicle rolled over two quarter turns and slid on its top
along the shoulder. The Chevrolet’s air bags did not deploy in this crash because the vehicle’s
longitudinal deceleration during the rollover was not sufficient to require their deployment.

Post-Crash: The Chevrolet came to rest on the north shoulder on its top facing west-southwest.
The vehicle’s trailer remained coupled to its hitch and came to rest on the roadside on its top
facing southwest.

CASE VEHICLE

The 2006 Chevrolet C3500 was a rear wheel drive, 4x2, four-door, crew cab, long bed
pickup truck (VIN: 1GCJC33D26F------ ) equipped with a 6.6L, V8 diesel engine, automatic
transmission and four wheel, anti-lock disc brakes. The front seating row was equipped with
bucket seats with adjustable head restraints, redesigned driver and front right passenger air bags,
and driver and front right passenger integral lap-and-shoulder safety belt systems. The back
seating row was equipped with a bench seat with folding backs, three point, lap-and-shoulder
safety belts, adjustable head restraints in the outboard seating positions and an integral head
restraint in the center seating position. The vehicle was also equipped with an EDR and a LATCH
system for securing child safety seats. The Chevrolet was towing a 7.3 meter (24 foot), twin axle,
gooseneck cattle trailer. The trailer hitch mechanism was located within the truck bed.

CASE VEHICLE DAMAGE

The direct contact damage involved the top
and right side of the Chevrolet. Pavement
grinding marks were observed on the hood, roof,
right A-pillar and right fender. Dirt and damage
folds were present on the left fender, and the left
side view mirror was broken off the vehicle. This
damage was most likely due to vehicle removal as
the vehicle was rolled back over onto its wheels.
The maximum vertical crush was located at the
windshield header, approximately 6 centimeters
(2.4 inches) right of the right A-pillar (Figure S
and Figure 6 below), and measured 8 centimeters

Figure 5: Front right view of Chevrolet’s rollover

- X damage, arrow shows location of maximum
(3 inches) in depth. There was no lateral crush to vertical crush to windshield header

the roof structure. Induced damaged involved the
truck bed, which interacted with the trailer during
the rollover (Figures 7 and 8 below), and the roof. The Chevrolet’s wheelbase was unchanged
due to the crash.



Case Vehicle Damage (Continued) IN-07-005

-~ = & o,
Figure 6: Front left view of Chevrolet’s rollover Figure 7: Left side view of Chevrolet’s rollover
damage damage, damage to truck bed due to interaction

with trailer during rollover

Figgre 8: Damgge to rigl.lt side Qf truck bed due to Figure 9: Front right view of trailer, arrows show
interaction with the trailer during the rollover grass jammed in running board and front frame

Damage to the trailer involved the right side
and top. Grass was embedded in the right front
running board and front frame rail (Figure 9), and
the front left corner of the top was dented (Figure
10). In addition, there were dirt deposits across
the top of the trailer.

The manufacturer’s recommended tire size
was P215/85R16. The Chevrolet was equipped
with LT215/85R16 size tires. The Chevrolet’s
tire data are shown in the table below. The i~
pressure of the rear tires is indicated as unknown | Figure 10: Rollover damage to top of trailer
in the table because their pressure exceeded the 60
PSI limit of the tire pressure gauge.




Case Vehicle Damage (Continued) IN-07-005

. Measured | Recommend Tread .
Tire Pressure Pressure Deph Damage Restricted | Deflated
kPa psi | kPa  psi | e v

LF 414 60| 448 65 4 5 None No No
RF 379 55| 448 65 4 5 None No No
oLth Unk Unk| 448 65| 5 6 None No No
ILI} Unk Unk| 448 65| 4 5 None No No
}iﬁ Unk Unk| 448 65| 4 5 None No No
oﬁﬁe Unk Unk| 448 65| 4 5 None No No

Vehicle Interior: The inspection of the Chevrolet’s interior (Figures 11 and 12) revealed a
possible occupant contact on the right roof side rail just behind the right A-pillar. No other
evidence of occupant contact was observed on any of the interior surfaces or components. The
Chevrolet’s passenger compartment sustained several intrusions during the rollover. The three
most severe intrusions involved the interior roof structure, which intruded vertically into the front
left, middle and right seating positions. The intrusions from left to right were respectively: 16
centimeters (6.3 inches), 17 centimeters (7 inches) and 12 centimeters (4.7 inches). There was
no evidence of compression of the energy absorbing steering column or deformation of the
steering wheel rim.

Figure 11: View of Chevrolet driver’s seat position,
roof intrusion and windshield header intrusion seating area

Damage Classification: The CDC for the Chevrolet’s rollover event was determined to be: 00-
TYDO-3. Rollovers are out-of-scope for the WinSMASH reconstruction program. However,



Case Vehicle Damage (Continued) IN-07-005

based on the extent of the roof crush, the rollover severity was determined to be moderate. The
Chevrolet was towed due to damage.

AUTOMATIC RESTRAINT SYSTEM

The Chevrolet was equipped with redesigned driver and front right passenger air bags. The
driver’s air bag was located within the steering wheel hub and the front right passenger air bag
was located in the middle of the instrument panel. Neither air bag deployed in this crash. The
Chevrolet sustained insufficient longitudinal deceleration during the rollover to command air bag
deployment in this crash.

EVENT DATA RECORDER

The Chevrolet’s EDR was downloaded via the diagnostic link connector during the vehicle
inspection. The data indicated that a non-deployment event was recorded and that multiple events
were associated with the EDR record. The EDR data indicated that the driver’s safety belt switch
circuit was recorded as buckled and the SIR warning lamp was recorded as off. The EDR report
is attached at the end of this report.

CASE VEHICLE DRIVER KINEMATICS

Immediately prior to the crash, the driver [19-year-old, white (non-Hispanic) male, 170
centimeters and 100 kilograms (67 inches, 220 pounds)] was seated upright but leaning to the right
and had fallen asleep. The driver last recalled having his hands on the steering wheel at the 5 and
8 o’clock positions. His left foot was on the floor and his right foot was on the accelerator pedal.
The driver’s seat track was located in the middle position and his seat back was slightly reclined.
The tilt steering column was located in the center position. The driver was wearing contact lenses
at the time of the crash.

Based on the driver interview and supported by the EDR data, the Chevrolet's driver was
restrained by the integral lap-and-shoulder safety belt system. Inspection of the safety belt
assembly showed no evidence of loading, which is not unusual for a restrained driver in a rollover
crash.

It is probable that the driver was awakened as the Chevrolet crossed the rumble strip on the
outside shoulder. As the vehicle traveled down the embankment, the driver steered left and
applied the brakes. It is probable that his safety belt retractor locked. As the Chevrolet began to
rotate counterclockwise, the driver likely leaned to the right within his safety belt. As the
Chevrolet began to roll over, right side leading, the driver was redirected to the right and then
toward the roof while he loaded his safety belt. He remained restrained in the seat and continued
to load his safety belt as the vehicle rolled over two quarter turns and slid to final rest on its roof.
The driver stated he broke the left front window and exited the vehicle through the window
opening.



CASE VEHICLE DRIVER INJURIES IN-07-005
The driver of the Chevrolet was not injured during the crash.
CASE VEHICLE FRONT RIGHT PASSENGER KINEMATICS

Immediately prior to the crash, the Chevrolet's front right passenger [20-year-old, white
(non-Hispanic) male, 200 centimeters and 123 kilograms (77 inches, 270 pounds)] was seated in
an upright position and asleep. He had both feet on the floor, but the position of his hands and
feet was not determined. Based on the vehicle inspection, the front right passenger’s seat track
was located in the full rear position and his seat back was slightly reclined. The front right
passenger was wearing contact lenses at the time of the crash.

Based on the driver interview, the front right passenger was restrained by the integral safety
belt system. Inspection of the safety belt assembly showed no evidence of loading, which is not
unusual for a restrained passenger in a rollover crash.

It is probable that the front right passenger was awakened as the Chevrolet crossed the
rumble strip on the outside shoulder. However, his position likely did not change significantly.
As the vehicle began to rotate counterclockwise, the front right passenger most likely leaned to
the right within his safety belt and up against the right front door. As the vehicle began to roll
over, right side leading, the front right passenger moved to the right against the right front door
and then toward the roof, and he loaded his safety belt. He remained restrained throughout the
crash sequence. Given the passenger’s height, he likely loaded on the roof side rail and/or roof
with his head as the vehicle rolled over. The front right passenger exited the vehicle under his
Own power.

CASE VEHICLE FRONT RIGHT PASSENGER INJURIES

The front right passenger was not injured during the crash.
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EVENT DATA RECORDER DATA IN-07-005

CDR File Informrmation
Wehicle ldertification MNumiber 1 G CI 33N IEF+777
Irv estigator

Zase MMumber

| v estigation Date
Crash Date

Filename IOy 005 DR

Sawved an Tuesday, February 132 2007 at 02:09:21 Pha
Collected with COR wearsion Crash Data Retrieval Tool Z2.300

Callecting prograrm v erification

Aurnber 9Z2358B895E

Reported with CDIR version Crash Data Retrieval Tool 2,500

Reporting program wenfication

number 9Z230B95E

Block nurmber: 00
Interface version: 44,
Crate: 11-02-05
Checksur 7500
Event{s) recovered Hon-Creploviment

Inmterface usedto callected data

SDM Data Limitations

SO Recarded Crash Events:

There are tvwo tvpes of SO recorded crash events. The first is the MNon-Deployment Event. A Mon-Deplovment
Ewvent is an ewvent severe enoudgh to "wake up” the sensing algorithm but not severe enough to deploy the air bag{s. It
cortains Pre-Crash and Crash data. The SO can store up to one Hor-Deploy ment Event. This event can be
overwritten by an event that has a greater SDM recarded vehicle forward velocity change. This event will be cleared
by the SO arter the ignition has been cycled 250 times.

The second type of SOt recorded crash event is the Deployvment Event. It also contains Pre-Crash and Crash data.
The SO can store up to tveo different Deployment Events, if they occur within 25 4 seconds of one anot her.
Deployiment Events cannot be overwritten or cleared from the SO, Once the SDM has deploved the air bag, the
SDhd rmust be replaced.

The data in the MMor-Deployment Event file will be locked after a Deployrment BEvent, if the RMon-Deployiment Ev ent
occurred within 5 second s before the Deployiment Event. |f multiple Horm-Deployment Events occur within S seconds
prior to a Deployiment Event, then the most severe HMorr-Deploviment BEvent will be recorded and locked. 1T multiple
Fon-Ceployvment Events precede a Deployment Event, and multiple Ron-Deployment Events occur within S seconds
of each other (bt not necessariky all within 5 seconds of the Deployment BEvent), and subsequent Ron-Ceployment
Ewvents are less severe than prior Ron-Deplovment Events, and the last of the mutiple Ron-Deployment BEvents
accurs within 5 seconds of a Deployment Event, then the most severe of the MNon-Deployment Events (fwhich may
hiawe occurred more than S seconds prior to the Deplovment Event) will be recorded and locked.

SDm Data Limitation=

-S0DM Recorded %W ehicle Farward welocity Change reflects the change in forweard welacity that the sensing sy stem
experienced during the recorded portion of the event. SDW Recorded wehicle Forward “Welocity Change is the change
inwvelocity during the recording time and is not the speed the vehicle was traveling before the evert, and is also not
the Barrier Equivalent “Yelocity. This data should be exarmined in conjunction with aother available physical evidence
Trom the vehicle and scene when assessing occupant or vehicle forvward velocity change. For Deployment Events
and Deployment Lev el BEvents, the SO will recaord 1 00 milliseconds of data after deployment criteria is met and up to
S0 milliseconds before deployment criteria is met. For Rlon-Deployment Events, the SO will record the firsg 150
mmilliseconds of data after algarithm enable.

-Event Recording Complete will indicate it data from the recorded event has been fully written to the SDM memory or
it it has been imerrupted and not fulby written.

-SDh Recorded “Wehicle Speed accuracy can be affected ifthe vehicle has had the tire size aor the final drive axle ratio
changed from the factory build specifications.

-Brake Switch Circuit Status indicates the status of the brake switch circuait.

-Pre-Crash Electronic Data “alidity Check Status indicates "Data Irnvalid” if the SDM recewe an invalid message from
the rmodule sending the pre-crash data.

-Drivers and Passenger's Belt Switch Circuit Status indicates the status of the seat belt switch circuit. If the vehicle's
electrical sy sterm is compromised during a crash, the state ofthe Belt Switch Circuit may be reported other than the
actual state.

-The Time Between Rlorn-Deployrment and Deployment Event s is displayed in s=2conds. Ifthe time between the too
events is greater than 25 4 seconds, "RA" is displayed in place of the tirme.

-IT poveer 1o the SOM is lost during a crash event, all or part of the crash record may not be recorded.

-Wultiple Events Associated with this Record: This pararmeter will indicate whether one or more associated everts
preceded the recorded event.

Chevrolet’s CDR File Information and SDM Data Limitations

-0ne or More Associated Bvents Mot Recorded: If a single event is recorded, this parameter will indic ate whether one
ar more associated everts, prior tothe recaorded event, was not recarded.

If twwo associated events are recorded, this parameter far the first event will indicate whether one or moaore associated
events, priar to the first event, was not recorded.

IT twwo associated events are recorded, this parameter, for the second event, will indicate whether one ar maore
associated events, between the first and second events, was not recorded.

SDM Data Source:

AllSDM recorded data is measured, calculated, and stored internally, except far the fallowing:

Wehicle Speed, Engine Speed, and Percent T hrottle data are transmitted once a second by the Powertrain Control

M odule (FCh), via the wehicle's communication netwods, to the SO .

-Brake Switch Circuit Status data is transmitted once a second by either the ABS module ar the FPCM |, via the vehicle's
cormmunication network:, tothe SO,

-The SDM rray obtain Belt Switch Circait Status data a number of different ways, depending on the vehicle
architecture. Some switches are wired directly to the SDM, while others may oltainthe data from various vehicle
cortrol rmodules, via the vehicle's comrmmunication netaork

Chevrolet’s SDM data limits continued




EVENT DATA RECORDER DATA (CoNTINUED) IN-07-005
System Status At Non-Deployment
SIR WWarning Larp Status JFF
Driver's Belt Switch Circuit Status BUCKLED
lgnition Cyvcles At MaoreDeployment 1645
lanition Cycles At Investigation 16450
M axirmum SDM Recorded Velocity Change (MPH) -3.481
Algarithrm Enable to Maximum SDW Recorded Welocity Change (mesec) 127.5
Crash Record Locked Mo
Event Recording Complete =L
M ultiple Events Associated VWith This Record =L
Qe Or More Associsted Bvents Mot Recorded Yes

N P e i Tl h e = e bk Speed

. (MP Hy
\ Evqlie Speed
(REM 10D
\ \ - P tTh ot
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- B @ke SWICh
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-h By 16k 4 0 I
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-3 44 Fillats 0 QFF
-2 36 704 0 QOFF
-1 27 A7E i} QOFF

Chevrolet’s System Status at Non-Deployment report and pre-crash data
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