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Rollover fatality

Source: NHTSA Traffic Safety Facts 2008
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Fatal Rollover Crashes by 15t Event

Source: NHTSA Traffic Safety Facts 2008

Distribution of
Fatal Occupants

(Passenger cars and light trucks)

Non-
~ rollover,
. 645%

m Collision w/ MV (front, side, rear etc.)

m Collision w/ fixed obj. (pole, tree etc.)
m Collision w/ non-fixed (pedestrian, cyclist)
® Non-collision rollover

W Others




Rollover Statistics

* Fatality/injury statistics for planar crashes normally
exclude rollover crashes but rollover fatality/injury
statistics include planar events except desighated
“pure” or Single Vehicle Singe Event (SVSE) Rollovers

* Numerous experimental devices are available to study
“pure” rollovers — single vehicle, single event (CRIS,
208 Dolly, JRS, DRoTS,..)

Non collision rollover
(single event)
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Besides a challenge, what are we
missing by looking only at SVSE
RO and not ME RO crashes ?

Rollover + planar event

i
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Rollover Distributions (NASS CDS)

4,328,547 rollover cases

Crash year 1998-2008 NSOISOO Fatalities
Only adult drivers (> 16 years)
1< quarterturns £16 v v
Curb weight < 5,000 kg Single Vehicle: Multiple Vehicle:
N=12,155 (weighted 4.3 million) 82.0% of Cases 18.0% of Cases
86.0% of Fatalities 14.0% of Fatalities
|
\1/ Focus of the current study H
Single Event: Multiple Event: Multiple Event:
16.4% of Cases 65.6% of Cases 18.0% of Cases
12.4% of Fatalities 73.6% of Fatalities 14.0% of Fatalities

Pure Rollover (SVSE) Multiple Event Rollover Crashes

(SVME, MVME)
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Single vehicle rollover crashes

Single vehicle single Event:

16.49% of Cases
12.49% of Fatalities

v

Single vehicle multiple Event:

65.6% of Cases
73.6% of Fatalities
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Single vehicle rollover crashes

Single vehicle single Event:
16.49% of Cases
12.49% of Fatalities

v

Single vehicle multiple Event:

65.6% of Cases
73.6% of Fatalities

Belted /non-ejected drivers
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Single vehicle single Event:

16.49% of Cases
12.49% of Fatalities

Single vehicle rollover crashes

Single vehicle multiple Event:

65.6% of Cases
73.6% of Fatalities

Belted /non-ejected drivers

I
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1st quarter turn: NO fatality

1stroof impact: 20% of fatalities
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Previous Research

Digges and Eigen (2005, 2006, 2007) NASS Rollovers
with damage from other crash events had majority of
Harm for belted front-seat occupants and rollover
crashes preceded by severe impacts with fixed/non-
fixed objects had 3X injury rate compared to other RO

Ridella and Eigen (2008) CIREN descriptive injury
analysis for belted occupants in SE and ME ROcrashes

Ridella et al. (2010) NASS injury frequency and
distribution of front seat passengers in SVSE and ME
Rollovers

Bose et al. (2011) Driver MAIS 3+ injuries more likely
single body region in primary rollovers compared to
Injuries sustained in rollovers with significant planar
Impacts



Project Objectives
e Glven

—existing experimental and
computational research limited to SVSE
(pure) rollover crashes, and

—the high importance of SVME crashes In
terms of number of crashes, injuries,
and fatalities, and

—recognizing that crash analyses, testing
technigues and countermeasure design
may need to consider SVME,

Bl




Project Objectives

1. Ildentify and compare injury frequencies in
different modes of rollover and non-rollover crashes

to examine injuries by event for SVME rollover
crashes

2. Compare injury patterns (by body regions) in
different modes of rollover and non-rollover crashes to
see If they could be used as a guide to distinguish

injury attribution (planar or rollover)

3. Determine the distribution and type of planar
Impact and the sequence of events associated with

rollover crashes
4. Examine relationship between rank 1 event (vehicle
damage) and rank 1 injury
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Selection criteria (NASS-CDS)

Crash year 1998-2008 Curb weight < 5,000 kg
Only adult drivers (> 16 years) N= 59,215 (weighted 31.5million)
Belt restrained + non-ejected Excludes end-over-end RO

All frequencies are reported in weighted numbers

Non-Rollover (quarter turns = 0)

Rollover (1 £ quarter turns < 16)

2.44m (7.7% of all crashes) | 28.9m (91.7% of all crashes)




Selection criteria (NASS-CDS)

Crash year 1998-2008 Curb weight < 5,000 kg
Only adult drivers (> 16 years) N= 59,215 (weighted 31.5million)
Belt restrained + non-ejected Excludes end-over-end RO

All frequencies are reported in weighted numbers

Rollover (1 £ quarter turns < 16) Non-Rollover (quarter turns = 0)

2.44m (7.7% of all crashes) | 28.9m (91.7% of all crashes)
Primary rollover Object contacted
(most severe event)
1.42m (58% of all RO) =overturn

RO with Sig. Planar impacts

(objected contacted during severe event)

Roll & Front Roll & Left

13% of all RO 6% of all RO

Roll & Right Roll & Top

9% of all RO 2% of all RO)




Selection criteria (NASS-CDS)

Crash year 1998-2008 Curb weight < 5,000 kg
Only adult drivers (> 16 years) N= 59,215 (weighted 31.5million)
Belt restrained + non-ejected Excludes end-over-end RO

All frequencies are reported in weighted numbers

Non-Rollover (quarter turns = 0)

Rollover (1 £ quarter turns < 16)

2.44m (7.7% of all crashes) | 28.9m (91.7% of all crashes)

Primary rollover Object contacted

(most severe event) Non-Rollovers Planar impacts
1.42m (58% of all RO) =overturn

RO with Sig. Planar impacts
(objected contacted during severe event) 47% of all 7.3% of all

Roll & Front Roll & Left

Side (near)

13% of all RO

6% of all RO

5.9% of all 10.2% of all

Roll & Right Roll & Top

Undercarriage

9% of all RO 2% of all RO)

<1% of all




Body-region Distribution (AIS 3+)

(SVSE)

Pure Rollovers
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Top 10 AIS injury codes (AIS 3+)

Pure Rollovers
(SVSE)

Primary Rollovers

(Object in most severe event=overturn)

: Injury Injur

3 Subarachnoid Hemorrhage 6 Subarachnoid Hemorrhage 11
3 Unilateral lung contusion 6 3 Unilateral lung contusion 7
4 Bilateral lung contusion 5 3 C-spine facet fx. 5
3 C-spine facet fx. 8 4 Bilateral lung contusion 3
3 C-spine pedicle fx. 4 3 Open/displaced radius fx. 7
3 Open/displaced radius fx. 3 3 C-spine lamina fx. 3
4 Small subdural hematoma 3 3 Open/displaced ulna fx. 5

2-3 rib fx. with . 3 C-spine pedicle fx. 3
3 hem.o/ pneu.mothorax 3 Closed humerous fx. 2
3 C-spine lamina fx. 4 4 Small subdural hematoma 2
3 Open/displaced ulna fx. 4

Cumulative freq. 70% Cumulative freq. 48%

** low number of raw cases



Body-region Distribution (AIS 3+)

Frontal (no rollover)

(by rank 1 general area of damage)

+

Rollover with Sig. Frontal

W + (e

(by object contacted and general area of damage)

Most Severe
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Top 10 AIS injury codes (AIS 3+)

Frontal (no rollover)

(by rank 1 general area of damage)

Rollover with Sig. Frontal

(by object contacted and general area of damage)

Injur

Femur shaft fx.

Injur

. _ Subarachnoid Hemorrhage 4

3 Open/dfsplaced radius fx. 8 3 C-spine facet fx. 15
3 O.p(.en/dlsplaced ulna fx. 5 3 Femur shaft fx. .

Tibia shaft bit f displaced
3 fx.(Open/displaced) 5 =l £l . it fx. (open/disp a?e ) 2
3 Subarachnoid Hemorrhage 3 3 Unilatreal lung contusion 3
3 Unilateral lung contusion 5 3 Closed humerous fx. £
3 Pelvis fx. (open/displaced) 3 - Ope.n/ dlspla.ced radius fx. -
4 Bilateral lung contusion 2 E B.as.llar fxf. without CSF leak :

Tibia condyle fx. . -fr'b'g sha L laced .
3 (open/displaced) 4 X.( per.1/ isplaced)

Thoracic cavity injury with 3 Open/displaced ulna fx. 2
3 hemo/pneumothorax 5

Cumulative freq. 47% Cumulative freq. 54%



Sequence of events in rollover crashes

Rollover is the most severe
event (non-collision over turn)

Rollover initiation object

Curb
2%

Turn-
over/Fall
over
17%

Sequence of the “rollover event” in the crash
NASS CDS 1998-2008 s

VIRGINIA |

i)
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Sequence of events in rollover crashes

Rollover is the most severe
event (non-collision over turn)

Rollover initiation object

Another
vehicle
8%

Embankment
16%

Traffic barrier

3%
Ditch/Culvert
1%

Sequence of the “rollover
event” in the crash

YVIRGINIA |
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Increased odds of sustaining a MAIS 3+ injury
when a Frontal(rank=1) precedes a Rollover

 (Baseline: all RO, Exposure: F(#1), Outcome: MAIS3+)
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Sequence of events in rollover crashes

Collision with fixed object is the
most severe event in the rollover

Fifth event

/

Fourth event 3%

4%

Third event
7%

Rollover initiation object

Fire hydrant Curb

Embankment

Ditch

4%

29 Sequence of the “sig. planar event” in the crash
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Counter SVME Example: 15t Event Minor

W1 - 2007 Ford Focus, 4-door sedan Z—»

rph w1 airborne interrupted rall

1=t landing, i mpacting wehicle undercarrizge
roof on right side impacts tree during
AGCESS 3rd gt turn

driveway

tree dizmeter - 91 cm (36 inch)

Driver disoriented due to medical condition and departed to
the right side of the road.

, L
4 ' A
", -y B ..
e =

)

2007 Ford Focus




Crash Summary

V1 - 2007 Ford Focus, 4-door sedan

Speed Limit - 23 kmph S W1 airborme
]

initial trip poirt

aocess
driveway

Vehicle began a CCW yaw as
he attempted to return to the
road.

ﬁ\\

\ interrupted roll

A=t landing, i mpacting wehicle undercarriage
roof on right side irpacts tree during
2rd gt turn

tree diameter - 91 o (36 inch)




Crash Summary

V1 - 2007 Ford Focus, 4-door sedan Z—>

A AN

He struck a low driveway isieins
mph] A=t landing, i mpacting wehicle undercarriage
roof on right side impacts tree during
ICCESS Zrd gt turn

driveway

berm with his right front
wheel. This induced a right
side leading rollover.

tree diameter - 91 o (36 inch)




Crash Summary

V1 - 2007 Ford Focus, 4-door sedan Z—>

é 4
. interrupted roll
=cting wehicle undercarriage

impacts tree during
2rd gt turn

Speed Limit - 23 kmph [55

raph ] W1 airborne

initial trip poirt

aocess
dri

As the venhicle began to enter
into the third quarter turn, the
undercarriage struck a tree.

tree diameter - 91 o (36 inch)




Crash Summary

V1 - 2007 Ford Focus, 4-door sedan Z—>

mph) i =]

initial trip poirt 1 airborne irterrupted rall
wehicle undercarriage
impacts tree during

IOCESS 2rd gt turn

drive

This impact caused the case
vehicle to rotate 180 degrees
around the tree where it
separated from the tree,
completed it rollover sequence
and came to rest on its roof
facing east.



Crash Summary

V1 - 2007 Ford Focus, 4-door sedan z—>

Shoris
FResd Lim:nas? kmEn (55 initial trip point 1 irborne/ﬁ;ing,impac‘tin VEhiilztI;r-lLlll%t::Icraolllage
root on right side irpacts tree during
cccccc 3rd gt tu
driveway
tree diameter - 31 cm (36 inch]
Ewvent| Object Contacted Forze Dir Location Long |Lateral |Energy | Impact | Barer |E st

Diteh or culvert A0 RPN O2 939 999, 999( -9993| 9939| 999
& Owerturn-zrollover[exclude Mon-Honzontal 00TY'DO03 933 9399 9393 9993 993 999 a i
3 Treel: 10 cmin diameter] Mon-Honzontal 00UPDW 03 9393 999 593 9999 993 999 a 1



Vehicle Photographs
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Vehicle Photographs
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R
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Vehicle Photographs







Distribution Object Contacted in Interrupted RO

Collision with fixed object is the most
severe and last event in the rollover crash

Bridge _ Others
Wall 1%
1%

Tree (dia < 10cm
dia)
2%

Traffic barrier
2%
Non-breakaway
pole(>30cm
dia)
2%

Embankment
3%

40
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Risk of Injury when a Planar Impact Ends the RO

-

Increased odds of sustaining a MAIS 3+ injury when a

planar impact (rank 1) interrupts a rollover

(Baseline: all RO, Exposure: Planar(interrupt), Outcome: MAIS3+)

~
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Roll number = roof inversions
(equivalent RO QT distributions)




Scene/Occupant

e (Case vehicle

— 2003 GMC Envoy

 General crash type

— Non-horizontal rollover
collision (Interrupted
Rollover)

e Gender

— Male
e Age

— 35

e Seat position

— Front left (driver)
« HT/WT

— 175 cm, 83 kg




e CDC
— O0TPDWS5
e Restraint status

— Manual
Lap/Shoulder

* Airbag status
— Frontal (no deploy)

— No side airbag




Crash Outline

The vehicle lost control
due to icy condition,
went into southbound
lane rotating CCW and
departed roadway to the
left, down an
embankment.

34075 20 d0L

SMOLLTOMNOD
IOIWSENE LD

HEYHD DL O3 LY 10N
13EMIE 3TE
My
[m]




Crash Outline

After departing off the

paved shoulder.
. g Vehicle tilted to the
32 right, and the top
P 4 hood and windshield
sl W SN Impacted a small tree,
- é‘?“" n : resulting in minor
damage

HEYHD DL O3 LY 10N
13EMIE 3TE
My
[m]

W09 L33 - dn




C(ash Outline

The roof top
Impacted a second
and third tree,

Sg resulting in
o significant
- passenger roof
Intrusion.

-

HEWHD DL O3 LT3 10N
13EMIE 3TE
My
[m]

W09 L1332




C(ash Outline

i Lower right side
3 3 contacted the ground,
completing the one

STVRDNMOD 33

4 ' quarter turn rollover
- event, and resulting in
,;z?';_ L} ; H minor right s_ide damage.
- @ m ( V1 came to final rest
angled on the
embankment with its
lower right side against
§ : the ground and its top
N & 4 B ’, = leaning on the struck
2 i ; trees.
s :
:

Area of Damage

Tree(<= 10 cm in diameter) Mot a motar vehicle Mot a motor wehicle
Tree> 10 cm in diameter| Mot a mator wehicle Mot a mator vehicle
1 Top Tree: 10 cm in diameter| Mot a mator wehicle Mot a mator vehicle

1 Right Side eerturn-> rollover[excludes end-over-end]  Mat a motor wehicle M oncollizion



Vehicle Photographs
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Select Intrusions (from > 30)

Row Posgition | Area Intruded Companent [ Comparnizon {Intruded | Intrusion | Magnitude Cruzh Direction
Right  Intenor B-pillar 1110 73 A7 »=30to< 46 cmz  Vertical

Second Seat Hight  Intenor Foaf [or corvertible bop a aa A (=30t < 46 cme  Vertical

Front 5eat Right  Intenor Roof [or conveertible top 103 73 25 »=3to< 46 cme  Vertical

Second Seat Middle  Interior Roof [or convertible top fis] 45 a0 »=30to< 46 cmz  Vertical

Second Seat Hight  Intenaor C-pillar 04 BE 18 =18t < M cme  Vertical

Second Seat  Left Irkenior Roof [or corvertible top fis] all 28 »=18t< Mcome  Vertical

Front Seat Left Irkerior Roof [or conveertible top 103 8 26 »=10to< I cme  Vertical

Front Seat Middle  Intenor Roof [or corvertible top 108 fi=! 29 »=15t< 30 cmz  Vertical




Contacts

Contact|&rea Component Occ & |Body Region Evidence Confidence
Hoof Roof or convertible top 1 Shoulder - Left Scuffed Certain

B Foof Foof or convertible top 1 Back Combination [Specify] | Certain

C Hoof Foof maplight/conzole 1 Hand - Hight Scuffed Fozzible

O Floar Floor or conzale mounted tranzmi: 1 Hip - Right Cracked Certain

E Floar Floor or conzale mounted transmis 1 Hip - Right Combination [Specify] | Pozzible

F | Fiterior Belt reztraint webbing/buckle 1 Multiple Reqgions [zpes Other [Specify) Frobable

[ Left Side Left B-pillar 1 Multiple Regions [zper Combination [Specify] | Pozsible

T I




Occupant
Injuries
Abrasion = #

Contusion/hematoma = .

Fracture =X

Hemorrhage = ‘

Laceration = M

|4 404635 1992 | Tharacic Spine cord laceration complete card syndrome with fracture and dislocation | T10T 11 ;SupeniordLU pper 1
| |4502324 1993 Rib cage fracture »3 ribs on one side and <=3 ribg on other zide, stable chest or MFS : Bilateral:R Rib 4.8 Rib 5L Rib11:R Rib ¥ &
a BA0EDE 1993 Lumbar Spine fracture transverze process L1 Infernior/Lower 3
a BA0EZ0Z 1993 Lumbar Spine fracture transverze process L& Infenar/Lawer 4
FRA0002 1993 Scapula fracture [D15 Grade ] Left o]

B

FA020 1998 | Upper E stremity Skin abraszion H ard/Drigitz;Left




Rank Occupant Injury

(attributed to planar event)

B

.

T10-11 FRACTURE DISLOCATION WITH COMPLETE
CORD TRANSECTION, NO SENSATION OR MOTOR
FUNCTION UMBILICUS DOWN; FRACTURE
THROUGH VERTEBRAL BODY.

Dezcription
1992 | Tharacic Spine cord laceration complete card syndrome with fracture and dislocation | T10T 11 ;SupeniordLU pper 1
1993 Rib cage fracture »3 ribs on one side and <=3 ribg on other zide, stable chest or MFS : Bilateral:R Rib 4.8 Rib 5L Rib11:R Rib ¥ &
1993 Lumbar Spine fracture transverze process L1 Infernior/Lower 3
1993 Lumbar Spine fracture transverze process L& Infenar/Lawer 4
1993 Scapula fracture [D15 Grade ] Left o]
B

1998 | Upper E stremity Skin abraszion H ard/Drigitz;Left



CIREN RO Cases

Occupant age > 16 years

Occupant role Driver

Rollover 1< Quarter turns < 16
Restraint usage Lap and shoulder belt used
No. of events <5

CIREN query yielded 217
cases

=
Wil

{ 2heLEN
1MOMY HEVTLH

UNIVERSITY
FVIRGINIA
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Distribution of CIREN Cases

All rollovers: 217 cases
(belted adult drivers)

Single Event

48 cases
(belted adult drivers)
All object class= non-collision

Multiple Event Rollovers

169 cases
(belted adult drivers)

SVME | MVME

Object class= Object class= Object class=

isi ' Object class=
Non-collision collision w/ fixed collision w/ non- ject class

collision w/ vehicle

51 cases
(belted adult drivers)

51 cases objects fixed object

(belted adult 60* cases 3 cases
drivers) (belted adult drivers) (belted adult drivers)




60 SVME Planar Rank 1 RO Cases —

Event Sequence

-@;nvm-

15
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SVME Planar Rank 1 RO Cases —
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SVME Planar Rank 1 RO Cases
Rollover then Planar Impact (17

Under- Unknown  Frontal

)

carriage

12%

_’-'.'
= . =
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All CIREN SVME rollover cases (n=118)

Most severe vehicle damage




All CIREN SVME rollover cases (n=118)

_ Attribution of rank 1 injury in
Most severe vehicle damage primary rollover SVME cases

Unknown
4%

*attribution based on biomechanics tab when
available (n=23)




CIREN Case Reviews

Median=3, mode=2

SVME
(30)

30 Single Vehicle -
Multiple Event Cases
Reviewed in Detail

. Planar Rollover
Rank 1 Vehicle Damage
: (2 1)

Rank 1 Occupant Injury Rollover Planar ROHOVGI‘
(16) (5) (1) ®)
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CIREN Case Reviews

SVME
(30)

30 Single Vehicle -
Multiple Event Cases
Reviewed in Detail

| | |
. Planar Rollover
Rank 1 Vehicle Damage

MAIS Occupant Injury

[ | |
Planar Rollover Planar Rollover
(16) (5) (1) )
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e Case vehicle Scene/Occupant
— 1999 VW Jetta g

e General crash type

— Left side impact, Non-
horizontal rollover collision

e Gender |
— Male L cER—
o Age '

— 16 years

e Seat position

— Front left (driver)
e HT/WT

— 183 cm, 70 kg




Crash QOutline

#

SCALE: 1cem=25m

a 23

Dark - Street it
Raining
What

4

Final rest—y

¢

Event 4
Overturn
glass, dehris

Event 1
Curb

dirt
embank
ment




Crash QOutline

ws | 31vIs

1800,
Bunmey

ieans -Hen

w gz

g

®=3gal

4

Va:

The vehicle descended
a hill, negotiating a
right curve, travelled
Into the left lane, was
about to hit the median,
overcorrected to right,
began a clockwise yaw
and slid right.
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the curb
with rear
wheel.
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Event 4
Overturn
glass, dehris

Event 1
Curb

dirt
embank
ment

Scenario 1: Vehicle struck
a utility pole with left side

driver door

rotated 180

deg CW around the pole
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Final rest—y, 4N

Event 4
Overturn
glass, dehris

Event 1
Curb

dirt
embank
ment

Scenario 1: When it

disengaged the pole the
rear undercarriage

struck the embankment.
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Crash QOutline

It overturned two quarter
turns and came to rest on
its top.
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Event | Dbject Contacted Forze Dir | Location Total {Long |Lateral |Energe |Impact | Barmer | E st Hanik
230 | 10LE* M 939| 999| 999| 9993, 939, 999 7
L 2 Monbreakaway pole or post[>30 cm in 270 B9LPAWDS 42 a 42 92116 993 42 1 1
L 23 Embarkment Harzontal QOUELWwWDZ 933 993 933 9393 833 4999 7 4
- 4 Dverturn-rrolloverescludes end-ove  Honzontal 00TY'DO0OZ 993 993 939 9993 999 999 i 2



Impact

e PDOF (degree) Rank 1 Event

— 270
e CDCRank 1 Event

— 89LPAWO5

e DeltaV Rank 1 Event

— 42 km/h

e Restraint status

— Manual Lap/Shoulder

e Airbag status
— Frontal (no deploy)
— No side airbag

>




Vehicle Photographs
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Right rear



Right Side
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F o Pozition |&rea |ntruded Component | Companson |Intruded [ Intruzion | kMagnitude Cruzh Direction

Left [rterior Coar panel [zide) ot 12 A :=4Bto < Bl cmz  Lateral
Front Seat Left [nkerniar Floor pan [includes zill) ote] 21 47 »=46to < B1 cms  Lateral
Front Seat Left [rikeriar Side panel - fonward of =i} a AE »=4Bto < B1 cmge  Lateral
Second Seat | Left [rterior Front zeat back 1] 55 AR :=4Bto < Bl cmz  Longitudinal
Front Seat L eft [nkerior A (A7 A82)-pill ar Bh 29 A6 ==30to < 46 cmz  Lateral
Front Seat Left I rkerior Windzhield header 29 E 23 »=10to < 30cme Vertical
Front Seat Left [Rterior R oaf [or convertible top a3 7 26 x>=18to< A cmz  Wertical
Front Seat Left [rteriar Foof zide rail A3 a3 26 »=15to < 30cms  Lateral

Second Seat  Left [nkeriar Cloor panel [side] 136 129 § »=3to< 8 cocms Lateral



How

Front Seat
Front Seat
Second Seat
Front Seat
Front Seat
Front Seat
Front Seat
Second Seat

Pozition |&rea |ntruded Component | Companson |Intruded [ Intruzion | Magnitude Cruzh Direction
Left [rterior Cioar panel [zide) ot 12 A :=4Bto < Bl cmz  Lateral

Left [nkeriar Floor pan [includes zill) ota] 21 47 »=46to < B1 cms  Lateral

Left [rikeriar Side panel - fonward aof =i} a AE »=4Bto < B1 cmg  Lateral

Left [rterior Front zeat back 1] 55 AR :=4Bto < Bl cmz  Longitudinal

L eft [nkerior A (A7 A82)-pill ar Bh 29 A6 ==30to < 46 oz Lateral

Left [rkeriar Windzhield header 29 E 23 »=10to < 30cme Verlical

Left [rterior R oaf [or convertible top a3 7 26 x>=18to< A0 cmz  Wertical

Left [rteriar Foof zide rail A3 a3 26 »=15to < 30cms  Lateral

Left [nkeriar Cloor panel [side] 136 129 § »=3to< 8 cocms Lateral




Occupant
Injuries
Abrasion = #

Contusion/hematoma = .

Fracture =X

Hemorrhage = ‘

Laceration = M

Description Injury Source Confidence

ah34033 Tibia fracture condyles open/displaced/comminuted aft Lett zide intenor surface, excluding hardware or 4 Probable 1
| ah34223 Tibia fracture zhaft open/dizplaced/comminuted Left Left zide interar surface, excluding hardware or a Probable 1
| TR20022 Carpusz or metacarpus fracture Right Steering wheel rim Pozsible 2
| 1906021 Scalp laceration minar Poszterar/Back./Darzal Flving glaz= Fozzible 3
| 04021 Upper E=tremity Skin contuzion Hand,/Digitz Right Steening wheel nim Pozsible 3
| FANE0 pper Estremity Skin laceration minor Hand/Crigitz:Right Flving glaz= Fozzible 3
| FANEDT Upper Extremity Skin laceration minor Hand/Digitz:Left Left side interior surface, excluding hardware or a Probable 3
| 202021 Lowwer Estremity Skin abraszion Thigh;Right Same occupant contact [zpecify] [ex- knee] Frobable 3




Dezcription

Azpect

Injury Source Confidence R anlk

Bh34223
H20022
130601
7304021
FA0E0
FA0E0
290201

Tibia fracture condylez open/dizplaced/comminuted

Tibia fracture shaft openddizplaced/comminuted
Carpus or metacarpus fracture

Scalp laceration minar

IIpper Extremity Skin contusion

pper Extremity Skin laceration minor

pper Extremity Skin laceration minor

Lower Extremity Skin abraszion

Left

Right

FPosterior/B ack/Dorsal
Hand/Digitz:Fight
Hand/Digitz;Right
Hand/Digitz:Left

T high;Right

Left zide intenar surface, excluding hardware ar a Probable ]

Steering wheel rim Fozzible ¢
Flying glazz Prozzible
Steering wheel rim Fozzible
Flying glazz Prozzible

Left side intenior surface, excluding hardware or a Probable

Same occupant contact [zpecify] [ex- knee] Frobable



CIREN Case Reviews

SVME
(30)

30 Single Vehicle -
Multiple Event Cases
Reviewed in Detail

| [ |
. Planar Rollover
Rank 1 Vehicle Damage
[ ' [ ' |

Planar . Rollover
(1) )

Planar Rollover
MAIS Occupant Injury
16) (5)
Partial
Ejections
Included
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Scene/Occupant

Case vehicle

— 1999 Dodge Ram

General crash type

— Frontal and Non-horizontal
rollover collision

Gender

— Male
Age
— 35

Seat position
— Front left (d river) planar(vehicle damage) and Rollover (injury)]

HT/WT
— 178 cm, 73 kg




PDOF (degree)

-0

CDC

— 12FLEW?2

Delta V

— 35 km/h

Restraint status

— Manual Lap/Shoulder

Airbag status
— Frontal (deployed)



Crash Outline

Driver lost control and vehicle veered to
left and struck the impact attenuator.

ﬁw

Jolenusly Lse)

Estimated speed 70 mph

Bl -BdIYyap ased

1| Impact attenuator



Crash Outline

Jolenusly Lse)

It began a CCW yaw ,
slid laterally in north-
east direction and
began to roll over to the
right.

b1 :9PIYap asE)

Estimated speed 70 mph

YVIRGINIA |




Crash Outline

Estimated speed 70 mph

JOIENUSNY Lse

As the case vehicle was rolling over o
it contacted and mounted the = €>
guardrail, which borders the edge of g
the east shoulder (left side of the =
cargo bed)

|IEplengy

=
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Crash Outline

Estimated speed 70 mph

Jolenusly Lse)

At the same time between 2" and
4 QT, top and the left side was
touching the road surface.

Bl -BdIYyap ased




Crash Outline

Estimated speed 70 mph

Jolenusly Lse)

Right side of the truck bed contacts the )/

guardralil

ng
6L :B]I1yaf 958D
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o
=
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Crash Outline

Estimated speed 70 mph

Jolenusly Lse)

The case vehicle rolled a total of
6, quarter turns and came to
final rest on its roof and hood,

Bl -BdIYyap ased




Contacts

Contact|&rea Component Do # |Body Region Evidence Confidence
t B, Front Windzhield 1 Lowwer Arm - Left Tranzfer [Specify] Certain
| B Air Bag Air bag-driver zide 1 Face Scuffed Certain
| C Front Left instrument panel and below 1 Hand - Left Cracked Certain
| ] R oof Roof or carvertible top 1 Shoulder - Right Scuffed Frobable
| E | Fikerior Center conzale first row 1 Hip - Right Bent Frobable
_|F Frant Free bolzter 1 Enee - Left Scuffed Certain

(3 Front F.nee bolzter 1 Krnee - Right Scuffed Certain

r‘l: 2A2LEW
1MOMY HEVILH
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Intrusion

Row Prstion [Area Intuded Component — {Companson {Intuded {Intrusion {Magritude Crush Direchion I
Left  ntenar  Instument panel left o 0¢ dr=3to¢Bems  Longhudnal
FrontSeat Left  Intenor Toe pan 127 14 Jr=dto<Beoms  Longhudnal

FrontSeat Middle  Intenor Instument panel centel o o4 2= 2 oms Longiuding



Occupant
Injuries

Abrasion = #
Contusion/hematoma = .

Fracture =X

Hemorrhage = ‘

Drezcription Confidence

[rjuny Source

4 1908042 Certain
2902021 Facial Skin abrazion Hight Air bag-driver zide Frobable
2904021 Facial Skin contuzsion Hight Air bag-drver zide Certair
FhR24041 Finger fracture Left Left instrument panel and below  Certain
FA02021 pper Estrermity Skin abrazion Upper Arr;Left Flwing glasz Certain

Scalp avulzion major Antenar/FrontMentral | Ground

Fa040:21 pper Estremity Skin contuzsion Fight Foof ar convertible top Certain
Fa0e001 pper Estremity Skin laceration NFS | Left Windzhield Certair
2906021 Facial Skin laceration minor Left Flwing glazz Frobable

L B L T Y R % R R LR I L —
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Conclusions

 Cumulative injury for SVME RO as function of QT
showed offset & slope increase relative to SVSE RO

* Overlap in injury frequency and distribution among
SVSE, primary RO, planar, and planar + rollover
(exceptions: c-spine primary RO and lower limb
planar)

* Planar events + RO resulted in considerably more
variation in RO initiation object than SVSE RO

* Frontal + RO had higher odds of MAIS 3+ injury

than other SVME RO (OR: 1 QT - 1.4, 1-3 roof inversions
1.69-1.95)



Conclusions

Planar event ending SVME RO sequence higher
odds of MAIS 3+ injury (OR: 1 QT -6.5, 1-2 roof
inversions 1.1-1.6)

SVME RO Rank 1 Event associated with Rank 1
Injury in 75% -85% of CIREN cases examined

Planar Event Rank 1 in 57% CIREN SVME RO cases
SVME RO # SVSE RO + Planar
SVME RO are complex!

We will not propose MVME RO for next year’s
CIREN Research Project



“Education is the path from cocky
ignorance to miserable uncertainty”

- Mark Twain
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Single Vehicle Multiple Event Rollover
Crashes: NASS and CIREN Analysis

{31
|

J. Crandall, D. Bose, A. Rizzo, R. Freeth,

G. Shaw, M. Sochor, T. Aldaghlas, C. Vo
J. Lockerby, V. Bollapragada,

J. Kerrigan, K. Mutter
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Body-region Distribution (AIS 3+)

Primary Rollovers

(Object in most severe event=overturn)

-

M

ost Seve

30

Percentage of all AIS 3+ injuries (%)

20

10 0

27

12

Head
Face

Neck
Thorax
Upper Ext.
Spine
Abdomen

Lower Ext.

Frontal (no rollover)

(by rank 1 general area of damage)

+

Head
Face

Neck
Thorax
Upper Ext.
Spine
Abdomen

Lower Ext.

Percentage of all AlS 3+ injuries (%)

0 10 20 30 40




Top 10 AIS injury codes (AIS 3+)

Primary Rollovers

(Object in most severe event=overturn)

Frontal (no rollover)

(by rank 1 general area of damage)

R

Femur shaft fx.

AW W w ww e w ww

Subarachnoid Hemorrhage
Unilateral lung contusion

C-spine facet fx.

Bilateral lung contusion
Open/displaced radius fx.
C-spine lamina fx.

Open/displaced ulna fx.
C-spine pedicle fx.

Closed humerus fx.

Small subdural hematoma

Cumulative freq. 48%

N N W Ul WN W N

Open/displaced radius fx.

Open/displaced ulna fx.
Tibia shaft
fx.(Open/displaced)
Subarachnoid Hemorrhage
Unilateral lung contusion

Pelvis fx. (open/displaced)

Bilateral lung contusion

Tibia condyle fx.

(open/displaced)

Thoracic cavity injury with

hemo/pneumothorax
Cumulative freq. 47%

Injury
freq. %

N W U1 N N



CIREN Case Reviews

Median=3, mode=2

SVME
(30)

30 Single Vehicle -
Multiple Event Cases
Reviewed in Detail

I _ |
Rank 1 Vehicle Damage Pézzlrllz)lr ROI(I(;))VGF

Rank 1 Occupant Injury

Planar Rollover Rollover
(16) (5) )
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CIREN SVME Planar Injury (Rank 1)

Head
Face
Neck

Thorax

Upper Ext

~ Spine
Abdomen

Lower Ext.

&J W

Unspecified

0%

10%

20%

30% 40%

' 12%
_— G
0%

29%

8%

' 23%

* Includes partial ejections



CIREN Case Reviews

Median=3, mode=2

SVME
(30)

30 Single Vehicle -
Multiple Event Cases
Reviewed in Detail

| .
: Planar
Rank 1 Vehicle Damage (2 1)
| | i
Rank 1 Occupant Injury Pé?rée)lr ROl(lé))Ver Pl(aln)ar

|
Rollover
)
I | |

Rollover

(8)
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CIREN SVME Rollover Injury (Rank 1)

Head
Face
Neck
Thorax
Upper Ext
—_ Spine
Abdomen
Lower Ext.

AR N Unspecified

0% 10% 20% 30%

50%

B 30/
| 0%
I ) 39

N G0

5
0%
0%

A e

0

0%

* Includes partial ejections
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