5. HED ICLE STUDY

Detailed and reliable information on impact direction, vehicle damage and personal injury to
establish causal relationships in occupant injuries is not possible from analysis of mass data.
Retrospective data collection and analysis can only provide correlational associations between
vehicles, crash types and subsequent injuries and very few details on the type or extent of vehicle
damage involved.

Hence, it was necessary to undertake a prospective study of a sample of crashed vehicles to provide
causal information on the sources of injury to vehicle occupants in typical on-road crashes. This
was to provide details on improvements required in vehicle design and construction to reduce the
frequency and/or severity of these injuries. To facilitate these improvements and help determine
priorities, the information included details on the type, severity, and location of all injuries
sustained by the vehicle occupants for each seating position and type of vehicle.

5.1 METHOD

A method was developed for the detailed assessment of the extent of occupant injuries and the
vehicle damage for a sample of passenger car crashes that occurred in urban and rural Victoria
after the 1st April 1989. As the study was primarily concerned with secondary safety aspects of
the vehicle’s performance rather than crash causal information, in-depth analysis at-the-scene
was not attempted.

The alternative approach involving immediate follow-up of the cragh victims within one or two
days and location and inspection of the crashed vehicle at the tow yard, vehicle repairer, or
wreckers lot was adopted here. This method has been successfully used by a number of
international organisations concerned with secondary safety (eg, Birmingham and Loughborough
Accident Research Units in the UK. and BMW in Germany).

5.1.1 The Crashed Vehicle Population

The population of crashed vehicles comprised post-1981 passenger cars and their derivatives
(station wagons, panel vans, etc) that were involved in a road crash where at least one occupant
was injured severely enough to require admission to hospital. Fatal crashes, where no occupant
survived sufficiently long enough tobe admitted to hospital, were excluded because of the severity
of the collision and the greater difficulty in determining design improvements. However, collisions
involving a fatality to another occupant or where the patient died after admission to hospital were
included.

5.1.2 Procedure

The process was triggered by the admission of a suitable road crash victim at one of four Melbourne
hospitals which had agreed to participate in the study. Patients were screened by a research
agsistant (nurse) at each hospital for the type of crash and suitability of the vehicle. These patients
were then asked whether they were willing to participate in the study and signed an agreement
form. Crash and patient injury details were obtained from the patient’s medical record and from
details obtained from the patient during an interview. In addition, permission was also sought to
inspect the vehicle involved in the crash.

The crashed vehicle was subsequently located and an inspection crew was dispatched to make the
necessary measurements and photographs of the extent of damage (see Attachment 1 for a full
description of the inspection process). Where a second vehicle was involved, it was also tracked
down and briefly examined to complete the details required to explain the damage and to calculate
the impact velocity. Each case was fully documented and coded into a computer database for
subsequent analysis.

5.1.3 Calculation of Impact Velocity

Impact speed in this study was defined as the change in velocity from the moment of impact
until the study vehicle separated from its impacting source (delta-V). As noted earlier, this was
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calculated in this research using the CRASH 3 program made available by the National Highway
Traffic Safety Administration.

It should be noted that the delta-V values computed are best estimates of impact velocity which
are subject to some error from its assumptions and the vehicle stiffness values used in these
calculations. In this study, the American vehicle stiffness values were used in the calculations
of delta-V for vehicles of the same sizes as the Australian vehicles. These errors may be reduced
if the appropriate stiffness values for each vehicle in this study were to be supplied by the local
manufacturers.

5.1.4 Selection Criteria

The inclusion/exclusion criteria used in the study for determining the suitability of a crash are
described below. Using these inclusion/exclusion criteria, roughly, one in twenty-five road trauma
attendances were suitable for inclusion in the study.

VEHICLE SUITABILITY - Any car or derivative with a Victorian registration number that
commenced with either a “B, C or D” or a personalised plate (this effectively included all vehicles
first registered during 1982 or later). Any vehicle subsequently found to be re-registered
or unsuitable was excluded from the study by the project team at a later date. Four-wheel drive
vehicles of a standard car design (eg, Subaru models or Toyota Tercel) were included as suitable
vehicles. However, the usual high clearance four-wheel drive vehicle configuration was not
considered to be a passenger car derivative and they were excluded from this study.

CRASH SUITABILITY - Because of the difficulty in interpreting the effects of multiple collisions
and which crash caused which injury, only single collisions were included. The impacted object
could have been either another car, a truck, or amovable or immovable object, including rollovers.
Where there was clear evidence that a vehicle occupant had been fully ejected from a vehicle
during the collision (such as thrown from a vehicle during a rollover), they were excluded from the
study. This was because of the impossibility of interpreting vehicle injury source information for
these cases. However, where a belted occupant suffered damage as a result of either a full or partial
ejection from the vehicle, an assessment of vehicle contribution to their injuries was attempted.

PATIENT SUITABILITY - Patient suitability consisted of any vehicle occupant who was
admitted to one of the participating hospitals from a suitable vehicle or collision. The patient had
to be defined as a recent road accident victim (TAC, MCA or other hospital coding) rather than
a re-admission from a previous crash. Patients could be conscious or unconscious and fatalities and
patients that subsequently died in hospital were also included to ensure a broad range of injuries and
different crash severities.

In most cases it was not possible to obtain details on all occupants involved in the collision.
However, where the condition and circumstances of other injured occupants could be obtained,
these details were also collected. This included both adults and children. While occupants are
required by law to be belted in all vehicles, a number of them nevertheless do not wear seat belts
in cars. Hence, it was felt legitimate to include patients in the crashed vehicle sample who werse
both belted and unbelted so as not to bias the study and overlook another set of problems for a
subgroup of vehicle occupants most at risk.

5.1.5 Hospital Participation

Approval to approach and interview patients was obtained from the ethics committees of four
major road trauma hospitals in the Melbourne Metropolitan area, namely the Alfred, Box Hill,
Dandenong & District, and Monash Medical Centre (the latter hospital was a late inclusion in the
study and, to date, has not yielded very many patients because of its recent entry into road trauma
admissions). Approval was subject to obtaining patient approval as well as ensuring confidentiality
of this information,

For each week of the study, an average of 100 patients were admitted at the four study hospitals
requiring treatment from road crashes. After applying selection criteria, approximately four
patients weekly were judged suitable for inclusion in the study (non-acceptable patients included
pedestrians, motorcyclists, bicyclists, and non-eligible vehicles). Refusal rates in the study were
extremely low (7 out of every 100 patients expressed a desire not to participate).
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5.1.6 Patient & Vehicle Assessment

The assessment and classification of injuries sustained by road trauma patients (including injury
severity judgements) requires specialised medical training and skills. Two former nurses were
employed by MUARC as research assistants to undertake these duties and were extensively
trained in the collection of injury data for research purposes and in making Abbreviated Injury
Score (AIS) assessments of injury severity (Ozanne-Smith 1988). A hospital proforma was
developed to provide a standardised format for the collection of the patient’s medical, vehicle, and
crash information which was trialled and modified prior to commencement of its use in the project
{see Attachment 2),

The detailed assessment of the erashed vehicles was a critical task in accurately specifying vehicle
involvement in patient injuries and has been previously undertaken in several other centres in
Australia and overseas. Information and discussion of inspection procedures was undertaken by the
authors during overseas visits (Fildes and Vulcan 1989} and when overseas and local experts visited
MUARC {eg, Professor Murray Mackay, Dr. Bob Campbell, Professor Kennerly Digges, and Mr.
Tom Gibson). The team is grateful for their advice.

The National Highway Traffic & Safety Administration (NHTSA) in Washington D.C. kindly
provided the National Accident Sampling System’s (NASS) crash inspection proforma (including
training and coding manuals) as well as the computer software CRASH3 for computing Delta-V (see
Attachment 3). Figure 5.1 shows the NASS vehicle proforma for coding impact direction and
vehicle region.

A mechanical engineer was employed to undertake this task and given the necessary training in
undertaking these inspections (details on the inspection procedure used are described in
Attachment 1). When these site data were complete, Delta-V impact velocity calculations were
undertaken and the injury and vehicle damage information was coded into a computer database for
subsequent analysis. The reliability of the engineer’sjudgements at assessing injury and vehicle
component interactions was compared with judgements made by the project’s consultant epidemi-
ologist, Dr. J.C. Lane, and Mr. Tom Gibson of the N.S.W. Road and Traffic Authority. The inter-
rater reliability assessment was 70% for these judges.

5.2 VARIABLES & DATA ANALYSIS

A number of independent variables were of particular interestin the crashed vehicle study. These
included patient characteristics, injuries sustained (including AIS severity), vehicle damage and
extent of deformation, direction of principal force, severity of impact (delta-V), compenent and
equipment failures, cabin distortion and intrusions, use of restraints, and an assessment of the
source of all injuries. (The use of restraint assessment was especially relevant in this study as
the inspection method used has been shown to be the only objective and accurate means of making
these assessments, Cromark, Schneider and Blaisdell 1990).

The dependent variables comprised crash and injury involvement rates per 100 vehicles or patients
relative to the population of crashes investigated in the follow-up study of crashed vehicles.
Interactions between injury and vehicle source were especially important comparisons in this study.
Presentation of the results was confined to reporting percentage differences ininvolvement and rank
ordering of involvement rates for injuries per body region and vehicle components.

5.3 OVERALL RESULTS

At the time of publication of this report, there were details available for analysis on 227 vehicles
involving 269 patients from crashes that occurred in Victoria between the 1st April 1989 and the
31st August 1990, comprising 69% metropolitan and 31% rural crashes. The crashed vehicle
database comprises information on 572 variables for each crash investigated. The results are
described in terms of the variables of interest.

5.3.1 Crash & Vehicle Characteristics

There were slight differences in the sample of crash vehicles to that observed for all hospitalised
patients in the mass data analysis. Details of the comparative crash, vehicle, and patient
characteristics of this sample with the mass data equivalents are shown in Table 5.1 and are
described below.

83



Figure 5.1 Naticonal Accident Sampling System proforma for coding vehicle
impact location and direction.
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CRASH TYPE - Frontal crashes accounted for 60% of crashed vehicles inspected, side impact
35%, rollovers 5%, and there were no rear-end collisions included in the sample. While the
proportion of frontal collisions was roughly equal in both data sets, there were differences in the
proportions of side impact (35% cf. 14%), rear end (0% cf. 11%), and rollovers (5% cf. 10%). The
more accurate means of assessment of impact direction here {and possibly the selection criteria too)
appear to have had some influence on crash type in these data.

IMPACT VELOCITY - The mean estimated delta-V value in Table 5.1 was 454km/h with a
standard deviation of 23.3km/h. Furthermore, Figure 5.2 shows a modal value between 36 and
42km/h and a range from 3 to over 111km/h. Seventy percent of all delta-V values were equal to
or below 48km/h (30mph). Impact speed was not available in the mass data base.

Figure 5.2 Freguency histogram of impact velocities (delta-V} observed for the
total sample of vehicles inspected to date.
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VEHICLE TYPE - Table 5.1 shows that 5% of the crashed vehicles were mini-cars (<750kg), 26%
were small (<1000kg), 40% compacts (1001-1250kg), 28% intermediates (1251-1500kg), and 2%
large cars (>1500kg). There were differences in the proportions of vehicle sizes observed in this
sample compared with the mass data. In particular, small cars were under-represented (25% cf.
41%) while intermediate and large cars were over-represented (30% cf. 19%), accounting for

the marginal difference in mean vehicle weight observed between these two data sets (1089kg cf.
1069kg).

Because of small numbers involved in the extreme sizes, the five vehicle categories were
subsequently collapsed into small cars (<1000kg), compacts (1001-1250kg), and large cars
{>1250kg) for further analysis. Table 5.2 lists the various makes and models of vehicles that were
examined in this study. Unfortunately, there are no accurate figures available on the proportions
of vehicle models in the current vehicle population in Victoria te gauge relative involvement rates.
Thirty six percent of the vehicles had manual transmissions while the rest were automatics. Front-
wheel drive transmission was observed in 43% of the crashed vehicles, rear-wheel drive in 54%, and
four-wheel drive in 3%.

5.3.2 Patient Characteristics

Table 5.1 further shows that there were slight differences in the population of injured occupants
in this sample to that observed in the mass data for occupants admitted to hospital. Sixty two
percent of patients were drivers (compared to 58%), 25% were front-left seat occupants (cf. 27%),
while 13% were rear seat occupants (cf. 15%).
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TABLE 5.1
POPULATION CHARACTERISTICS OF THE CRASHED VEHICLE STUDY
WITH EQUIVALENT "HOSPITALISED" MASS DATA VALUES

CHARACTERISTIC CRASHED VEHICLE MASS DATA
1. IMPACT VELOCITY
Mean Delta-V 45 . 4km/h -
Standard Deviation 23.3km/h -
Range 3-111km/h
2. CRASH TYPE
Frontal 60% 65%
Side impact 35% 14%
Rear end 0% 11%
Rollover 5% 10%
3. VEHICLE TYPES
Mini 5% 2%
Small 25% 41%
Compact 40% 38%
Intermediates 28% 16%
Large 2% 3%
Mean vehicle weight 1089%kg 1069%kg
4. SEATING POSITION
Driver 62% 58%
Front-Left 25% 27%
Rear 13% 15%
5. PATIENT SEX
Males 49% 46%
Females 51% 54%
&. PATIENT AGE
< 17 years B% 8%
17 - 25 yrs 27% 21%
26 - 55 yrs 47% 47%
56 - 75 yrs 15% 20%
> 75 years 3% 1%
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LIST OF THE CRASHED VEHICLE FLEET (n=227)

TABLE 5.2

VEHICLE MAKE/MODEL FREQUENCY PERCENTAGE MASS (RANGE}
Holden Commodeore/Calais 17.6 1215-1367kg
Ford Falcon/Fairmont 14,1 1333-1520xg
Ford Laser/Meteor/Mazda 323 3 B20- 4955kg
Nissan Pulsar/Holden Astra 7 890- S36kg
Tayvota Ceorolla 7 910- 970kgzg
Holden Camira 4 1021-1122kyg
Mitsubishi Sigma .0 1095-125Ckg

Mazda 626/Ford Telstar
Mitsubishi Magna
Nissan Bluebird
Holden Barina
Tcyota Corcna/Camry
Mitsubishi Colt
Nissan Skyline
Nissan Pintara
Daihatsu Charade
Honda Civic
Mazda 929

Toyota Celica
Toyota Cressida
Hyundal Excel
Rover Vitesse
Suzuki Hatch
Subaru Leone
Suzuki Vitara
Alfa Alfetta
Honda Accord
Honda Integra
Honda Prelude
Mazda RX7
Mercedes 4503E
Mercedes 230E
Mercedes 190D
Nissan Gazelle
Nissan Stanza
Porsche 944

Saab 900

Suparu DL 18
Volvo 244
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1003-1155kg
1193-1265kg
1080-1200kg

710kg
1060-1150kg
911~ 340xg

1215-1250kg
1150-1287kg
§75- 710kg
825- 920kg
1135-1280kg
1150-1165kg
1340-1360kg
950kg
1900kg

680- 730kg
945-1005kg
980-1030kg
1140kg

977- 992kg
1122-1140kg
985- 995kq
1095kg
1740-1935kg
1480kg
1210kg
1100-1120kg
955- 960kg
1180kg
1185-1315kg
1075-1080kg
1250-1338kg

Note:
volume to this report.
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The sample comprises 49% males and 51% females, which is roughly equivalent to the population
ratios in the mass data. Eight percent of the patients were aged under 17 years, 27% were between
17 and 25 years, 47% were 26 to 55 years old, 15% were 56 to 75 years, and 3% were over 75 years.
This shows a slight tendency towards younger occupants in this study compared with to the
TAC figures. As expected in both data bases, 17 to 25 year olds were well over-represented,
compared with both population and license holder preportions in Victoria.

5.3.3 Body Regions & Injuries

The National Accident Sampling System occupant injury classification system includes 20
separate body region injury codes. To simplify presentation of the results (especially given the
small patient numbers) these were subsequently grouped into nine injury categories for analysis,
namely head, face, chest, abdomen, pelvis, upper extremity, thigh and knee, lower leg, and spine.
These categories were based on those commonly reported and discussed in the literature and
provided a manageable set of injury categories for detailed analysis.

Table 5.3 shows that drivers recorded the highest average number of body regions injured across
all crash types at 4.5 per patient, compared to 3.9 for front-left and rear seat passengers. Drivers
and rear passengers recorded slightly more severe injuries (AIS>2) per patient (1.0), in contrast
to front-left passengers (0.9).

For all injuries to drivers, the most frequent body regions injured for all collisions were upper
extremity (68%), chest(67%), face (67%), head (61%), and knee and thigh (53%). For severe injuries
(AIS>2) to drivers, the most frequent body regions injured were the chest (26%), head (18%), and
lower leg and foot (16%). There were 61% total injuries and 16% severeinjuries to drivers’ abdomen
and pelvis. For front-left passengers, the most frequent body regionsinjured were the chest (70%),
face (50%), and head (48%), while for severe injuries, the order included the chest (26%), head
(12%), pelvis (12%), and upper extremity (11%). Again, there were a sizable number of total
injuries (77%) to the abdomen and pelvis of these front seat passengers. For rear seat
passengers, the most frequent body regions injured comprised the abdomen (65%), chest (56%),
upper extremity (56%), and spine (44%), while for severe injuries only, the most frequent body
region injured were the abdomen (26%), chest (26%), head (18%), and upper extremity (12%). There
were no severe injuries to the face or lower leg and foot in this rear seating position.

INJURY SEVERITY - Table 5.4 further shows the incidence of injury and the probability of
serious injury (Abbreviated Injury Score AIS>2, Injury Severity Score ISS>15, or 1S5>25) by
seating position in the vehicle. The Injury Severity Score ranking is similar to the ranking by
number of injuries for each seating position reported earlier. However, the probabilities of
severe injury suggest that drivers are more likely to incur serious injuriesthan all other occupants,
while front-left passengers slightly more at risk of a very severe injury (ISS>25) than drivers. Care
needs to be taken with these figures, though, because of the small numbers involved in some
of these cells.

5.3.4 Points Of Contact

The NASS injury source classification further allows for scoring 82 specific vehicle components
as points of contact. Again, to simplify presentation of the results for this limited number of cases,
these were grouped into sixteen vehicle regions. The vehicle contact regions included the
windscreen and header, steering wheel, steering column, instrument panel, console, pillars, side
glazing (window and door frame), door panel (and rail), roof surface, seats, seat belts, other
occupants, floor, exterior contacts, non-contacts, and other/unknown. Steering column also
included pedal contacts, floor included the toe paninthe front, instrument panel comprised both
upper and lower sections, while side glazing combined contacts to the glass and the door frame.

Table 5.5 shows that across all occupant injuries and collision types, the most frequent points of
contact for drivers were the steering wheel (53%), seat belts (49%), instrument panel (49%), door
panel (28%), floor and toe pan (25%), and non-contacts (25%). The contact points for severe injuries
(AIS>2) to drivers included the steering wheel (19%), door panel (19%), and instrument panel
(12%).

The most frequent points of contact for front-left passengers were the door panel (46%), seat belts
(46%), instrument panel (41%), non-contacts (21%), and windscreen and header (20%). The two
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TABLE 5.3
BODY REGION INJURED FOR ALL COLLISIONS

BODY REGION DRIVERS {(n=167) FRONT L2=7T (n=60) REAR (n=34)

INJUREL ALL (ATS>Z) ALL {ALS>2} ALL {AIS>2)
Head 61% (18%) 48% (12%) 353% (18%)
Face 6£7% ( 4%) 50% { 2%) 44% { 0%)
Chest 67% (26%) T0% (26%) 56% {26%)
Abdomen 42% ( ©%) 44% ( 9%) 652 (268%)
Pelvis 29% (10%) 33% (12%) Z24% 3%
Upper extremity 68% (103} 47% (11%) 56% (12%)
Knee & thigh 53% (10%) 30% ( 8%) 2&% ( 9%)
Lower leg & foct £3% (16%) 3B% ( bHE) 38% ( 0%)
Spine 25% ( 4%) 27% { 9%) 44% { 3%)
Average/Patient 4.5 (1.0) 3.9 (0.9) 3.9 (1.0)

Figures for ALL injuries refers to the percantage of patients who had at least
1 injury in that particular body region (cof any level of severity). Figures 1in
parenthesis show the percentages for serious injuries only (AIS>2). Averages
per patienc show the mean number of total body regions injured and the m=an
number of serious body regicons injured recorded per patient.

TABLE 5.4
SEATING POSITION BY LEVEL AND
PROBABILITY OF A SERIOUS INJURY

SEAT_NG POSITION PATIENTS AV . ISS* PROBABILITY OF SERIOIUS INJURY
AIS>2 155>15 I1S5>25
Driver 167 7.9 0.6z 0.50 0.1%8
Front—-left a6 17.0 0.%E 0.45 0.z24
Outbeoara rear 24 13.9 0.56 0.25 2.08
Cerntre rear b 11.3 G.4C 0.186 0
Total (Averages) 263 (17.8) (0.60) {0.46) (0.19)

® Tnijury Severity Score (ISS) is a generally accepted measure of coverall
severity of injury from reoad trauma (Baker et al 18830). It is calculated by
adding the square of the 3 highest Abbreviarced Injury Scores (AIS) recorded
for each of 3 body regions injured.
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TABLE 5.5
PQINTS OF CONTACT FOR ALL COLLISIONS

POINTS QF DRIVERS (n=167) FRONT LEFT {n=606} REAR (n=34)

CONTACT ALL (ATIS>2) ATLL (AIS>2} ALL (AIS>Z2)
W/ screen & header 16% ( 1%) 20% ( 5b%) 6% ( 3%)
Steering wheel 33% (19%) 0% ( 0%) 0% ( 0%)
Steering column 10% ( 4%) 0% { 0%) 0% ( 0%)
Instrument panel 49% (12%) 41% {17%) 0% ( 0%
Conscle 8% ( 0%) 2% { 0%) 12% ( 0%}
Pillars % ( 5%) 9% { 3%) 3% ( 0%)
Side Glazing T% ( 2%) 9% ( 0%) 6% ( 3%)
Door panel and rail 28% (19%) 16% (24%) 32% (18%)
Roof surfaces 4% ( 4%) 8% ( 0%) 0% ( 0%)
Seats 1% ( 0%) 2% ( 0%) 35% ( 6%)
Seat belts 49% ( 7%} 6% ( 6%) 44% (12%)
Other occupants 3% ( 1%) 6% ( 3%) 3% ( 0%)
Flocor & toe pan 25% ( 8%) 12% { 3%) 3% ( 0%)
Exterior contacts 5 2%) 11% { 6%) 15% (15%)
Mon-contacta 25% ( 0%) 21% { 5%) 27% ( 3%)
Average/patient 3.9 (0.9) 3.3 (0.8) 2.9 (0.86)

Figures for ALL contacts refer to the number of cases per 100 patients where
contact was made with that particular vehicle component. Figures 1in
parenthesis show the number of cases per 100 patients for severe Injuries
({ATS>2) .,

principal points of contact for the severe injuries to front-left passengers were the door panel and
rail (24%), and the instrument panel (17%).

For rear seat passengers, the frequent contact points comprised seat belts (44%), seats (35%), door
panel (32%), and non-contacts (27%), while three noteworthy severe rear seat passenger injury
contacts were with the door panel and rail (18%), exterior contacts (15%), and seat belts (12%).

5.3.5 Vehicle Integrity

Table 5.6 lists the rank ordering of component intrusions into the front and rear seat cccupant areas
for the sample of crashes, where intrusion is defined in relation to the space inside the vehicle
likely to be occupied by passengers and normally free of mechanical structures. Most noticeably,
intrusions into the front seating compartment were considerably more common than rear seat
intrusions for this population of crashes (2.3 cf. 0.7 intrusions per crash).

For front seat intrusions, structural components comprise the bulk of intrusions with the toe pan
the most common area of deformation or intrusion, occurring in 46% of all crashes. Front door
panels were the next most frequent intrusion (37%), followed by the steering assembly (31%),
instrument panel (29%), A-pillars (19%), B-pillar (17%), roof (156%), roof side rail (13%), and lower
side panel (13%). Rear seat intrusions mainly comprise structural deformations to neighboring
components such as rear door panels 26%, roofs 13%, roof side rail (9%), B-pillars (8%}, and front
seat (8%).

STEERING COLUMN INTRUSIONS - Steering assembly intrusions often comprised multiple
intrusions into the driver’s occupant space, with roughly equal likelihood of a lateral, longitudinal
and/or vertical displacement (see Table 5.6). Table 5.7 shows the longitudinal displacement of
the steering column in frontal crashes, relative to estimated impact velocity of the vehicle.
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The results demonstrate that the steering columns generally performed satisfactorily in the
direction specified by ADR 10/01 (there were only 3 out of 123 longitudinal steering column
movements that intruded into the passenger compartment beyond 127mm when the impact velocity
was less than 48km/h).

SEAT AND BELT CONFIGURATIONS - Almost all front seat occupants admitted to hospital
were seated in bucket seats (98%). Seat failures occurred in 34% of all cases where structural
intrusions including floor pan deformations and impacts with other objects (vehicle structures
or impacting object) accounted for most of these failures. Adjustable head restraints were
twice as common as integral restraints in the front seat, but only half as likely to result in failure.

TABLE 5.6
RANK ORDERING OF VEHICLE DAMAGE INTRUSIONS
BY FRONT AND REAR SEATING AREAS (n=227)

FRONT SEAT INTRUSIONS REAR SEAT INTRUSIONS
ITEM FRED. (%) IT=i4 FREQ. (%)

Tce pan 104 [£6) Door pansl 58 126)
Door panel 83 (37} Roof surface 30 (13)
Steering assy 70 {32) Roof side rail 21 {9
Instrument pane’ 66 (293 B-pillar 1 { 8)
A-pillar 44 (19} “ront Feac 17 { 8)
B-pillar 38 (17) Side gpanel 9 { 4}
Rocf surface 35 (15} C-opiliar f {3
Rocf side rail 30 (13} Windcew frame 1 { 1)
Side panel 79 (13) Flocor pan 1 { 1%
Steering assy 27 (12) A-pillar 1 ¢ 1)
Console 17 ()

W'screen & header 17 (8]

Front seat 5 ( 2)

Flocr oan 4 { 2)

Other 1z [ =)

Totals 512 1e3

STEERING ASSY MOVEMENTS BY DIRECTICN OF LISPLACEMENT

Lateral 44 (29)

Vertical 39 {17}

Longitudinal 36 (16}

NB: Steering assembly intrusions in the top part cf Tabkle 5.6 refer to cases

where there was movement 1in either a lengitudinzl, lateral, or vertical plane
{movements in more than cne plane were only scored as a single movement). The
breakdown cof intrusions inte the toral numbers of individual plane movements

for all crashes is dertailed in the lower part of the Table
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TABLE 5.7
LONGITUDINAL STEERING COLUMN MOVEMENT IN FRONTAL
CRASHES BY IMPACT VELOCITY (DELTA-V)

IMPACT VELOCITY (km/h)

TNTRUSTON 0-16¢ 17-32 33-48 4%-64 phH-80 B1-9¢ 97-112 113-128 TOTAL
none 3 19 34 27 4 1 - - 88
25-75mm - - 1 2 3 —~ - - 6
75-150mm - - 1 4 1 1 3 1 11
150-300mm - 1 2 - z 5 - 1 11
>300mm - - - - - - - 1 1
unknown - - 1 - 4 1 - - 6
Total 3 20 39 33 14 8 3 3 123

5.3.6 Seat Belt Wearing

Eighty two percent of all injured occupants wore seat belts at the time of their collision. This varied
from 84% for drivers, 82% for front-left passengers, and 75% for rear seat occupants. The relative
difference in wearing rates between the front and rear seating positions is consistent with
differences reported from exposure studies in Melbourne during 1988 (94% front seat and 66% rear
seat; Vic Roads 1990).

The lower wearing rate for front seat occupants in this study (83% cf. 94%) is consistent with the
argument that seat beltsreduce serious injuries to vehicle occupants (it may alsoreflect a tendency
for those not wearing seat belts to be more likely to be involved in a serious crash). However, it
is impossible to make anything of the rear seat belt wearing differences because of the small
numbers involved at this time.

Almost all belts inspected were retractable. Seat belt wearing behaviour was accurately reported
by 87% of the occupants interviewed. Of those who gave a different version to that observed during
the inspection, almost all claimed to be wearing belts when, in fact, there was no physical evidence,

POLICE REPORTED WEARING STATUS - As a test of the accuracy of police reports of seat
belt wearing status, a comparison was made between what the police report claimed about
wearing behaviour and what was assessed during the inspection process. These resultsin Table 5.8
show a 12% over-reporting rate for seat belt wearing from the police accident reports, compared to
the engineer’s assessment, for these 109 cases.

BELT DIFFERENCES IN THE SAMPLE - Differences in the type of crashes, impact speeds,
vehicle mass and seating and patient characteristics between wearers and non-wearers are shown
in Table 5.9 and subjected to statistical analysis. Care should be taken in interpreting these figures,
though, because of the limited amount of data available in the sample at this time.

While impact speeds appeared to be slightly higher for belt wearers than for non-wearers, this
was not statistically significant (F(1,172)=1.3, p=.441). In addition, mean vehicle mass was not
statistically different between belt wearers and non-wearers (F(1,246)=1.2, p=.380). There
appeared to be an over-representation of frontal impacts for non-wearers and side impacts for belt
wearers. Although this finding was not statistically robust (X2=5.1, p=.16), it is consistent with
the claim that seat belts provide better protection in frontal than side impacts. Vehicle rollover was
involved in only 5% of the crashed vehicles sample.
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TABLE 5.8
SEAT BELT WEARING BY INSPECTED AND POLICE ACCIDENT
REPORT ACCOUNTS IN THE CRASHED VEHICLE STUDY (N=109)

POLICE INVESTIGATOR ACCOUNT
ACCOUNT WEARTING NON-WEARTNG TOTAL
WEARTING 50 13 103
(83%) {123%) (95%)
NON-WEARING 1 5] 6
(1%) (4%) (5%)
TOTAL 91 18 109
(84%) {16%) (100%)
NB: The inspection process invelved a wvery decsiled examination of the
seat belt mechanism, loocking for physical signs of belt stretch from the
crash. It is assumed that this Is an accurate account of bell wearing

There were no substantial differences in seating position between wearers and non-wearers
(X2=1.2, p=.53). However, there were significant differences in belt wearing across the different
age groups of patients (X?=9.5, p=.05}, where vounger injured occupants were more likely to be
unbelted and the reverse was true for older occupants. In addition, male patients were over-
represented as non-wearers of seat belts compared to females (X?=9.5, p=.002}.

5.3.7 Injury and Source Analysis

As noted earlier, primary interest in the crashed vehicle study was in the unique injury and source
of injury analysis available from these data. The results for the total crashed vehicle sample are
shown in Tables 5.10 to 5.12.

In scoring injuries and points of contact, where there were multiple injury/source combinations
for each patient (i.e., 2 head injuries to a patient from the steering wheel), only the most severe
injury/source of contact was scored. However, multiple scoring was allowed per patient when
different sources of injury and/or body regions were involved (i.e., 2 head injuries, 1 from the
steering wheel and another from the instrument panel). This was to ensure that all unique injuries
or points of contact were included in the analysis.

Thus, the table totals represent the sums of rows and columns while the total percentages refer to
these sums divided by the number of patients. This means that the totals reflect multiple injuries
(columns) and points of contact (rows) as allowed above for all patients (i.e., multiple scores when
different body regions or points of contacts are involved).

DRIVERS - Table 5.10 shows the all injuries by contact sources for the 167 drivers where the most
notable combinations were:

. chest with seat belt (35%),

. thigh/knee with instrument panel (35%),
. face with steering wheel (349,

. lower leg with floor {25%,

. abdomen with seat belt (23%),

. head with steering wheel (19%),
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TABLE 5.9
CRASH & PATIENT POPULATION CHARACTERISTICS INCLUDING
DIFFERENCES BETWEEN THOSE WEARING & NOT WEARING SEAT BELTS

CHARACTERISTIC WEARING (n=208) NOT WEARING (n=45} TOTAL

1. IMPACT SPEED

Mean Delta-Vv 45, 5km/h 45, 9%9km/h 45,.5km/h
Standard Deviation 24 .0km/h 21.4km/h 23.5km/h

2. CRASH TYPE

Frontal 60% 71% 60%
Side impact 37% 22% 35%
Fear end 0% 0% 0%
Rollover 3% 7% 5%

3. VEHICLE MASS

Mean vehicle mass 1084kg 10%6kg 1089%kg

4. SEATING POSITION

Driver 65% 58% 62%
Front-Left 25% 27% 25%
Rear 10% 16% 13%

5. PATIENT SEX

Males 45% 70% 49%
Females 55% 30% 51%

6. PATIENT AGE

< 17 years 8% 4% B%
17 - 25 yrs 23% 4% 27%
26 — 55 yrs 49% 40% 417%
56 - 75 yrs 16% 11% 15%
> 75 years 4% 0% 3%
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TABLE 5.10
RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AlIS>2) INJURIES ONLY
FOR 167 DRIVERS IN ALL COLLISIONS.

Head Face Chest - Abdomen Pelvis~ Upper Thigh& Lower Spine TOTAL

Limb Knee Leg
Windscreen & 7 13 | N 1 i 27
Header - (1) . ’ ) ) - . 1)
Steering 19 84 1@ 10 .- 1B 7% 4 105
Wheel W @ e @ 3 @ , (26)
Steering , ; 1 1 9 T 11
Column : oo @ L @ (1) B
Instrument ) 2 4 “ 1 g i 18 35 16 1 78
Panel ; (I} . {1y 7 (3 {2) (B} (2) 1 a7
Console ’ - 1 l - 5 2 8
a N Lo (1)
Pillars 3 2 : i 1 2 B — 10
0 | w @ @ B 5)
Side 4 - 4 - 7; : 4 11
Glaze @ . A o (2)
Door 5 1 15 8 Y 14 g 4 3 69
Panel 1) {113 (2) ey T 2] 43y (L ) - @2n
Toof q 7 T T8
Surfice . (3) - o @ (4)
Seats 3 _1 . o - o 2
- : BT
Belts o I N VA 1 3 94
- @ ow @ o m @
Other T 1 2 . 1 T 1 1 7
Occupant 7 - : (1 - L ’ @)
Floor ™ o o T 25 . . 25
- R R : ® . ®
Exterior . B 4 T 1 T T 1 15
e . R : @
Non — 10 8 o1 R 1 g7 82
Contact S ) ff; o ’ o = (0)
Other 7 8 B i i 1. 1 2z 3. 4
Unknown - (1) {1} : (1 ’ B ) (1) 3)
TOTAL 86 81 76 . 48 80 . 100 68 51 26~ 546

18 @ @ (M G g0 U8 an 4 (109)

TOP row figures show the injury/source contact rates per 100 patients for all injuries; figures in PARENTHESIS are the contact rates per
100 patients for severe injuries only (AIS>2). Multiple injuries are included where separate injury sources were involved leg. 2 head injuries;
1 from windscreen and 1 from steermg wheel).
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. chest with steering wheel (19%),

. upper extremity with instrument panel (18%),
. upper extremity with seat belt (17%), and

. lower leg with instrument panel (16%).

For severe injuries only (AIS>2), the most common injury/source contacts for drivers included:
. chest with door panel (11%),
. chest with steering wheel (8%),
. thigh/knee with instrument panel (8%),
. lower leg with floor (8%, and
. head with steering wheel (7%).

FRONT-LEFT PASSENGERS - Table 5.11 shows the results for the 41 front-left seat passengers,
where the 8 most common injury/source contacts were:

. chest with seat belt (41%),

. chest with door panel (27%),

. thigh/knee with instrument panel (24%),

. abdomen with seat belt (24%),

. pelvis with door panel {20%).

. lower leg with instrument panel (20%),

. upper extremity with instrument panel (18%j), and
. face with windscreen/header (17%).

For severe injuries only (AIS>2) to these front seat passengers, the most common injury/source
contacts included:

. chest with door panel (14%),

. pelvis with door panel (8%),

. upper extremity with instrument panel (6%),
. abdomen with door panel (6%), and

. chest with seat belt (6%).

REAR SEAT PASSENGERS - Table 5.12 shows the findings for the 23 rear seat passengers. The
most common all injuries/source of contacts for these occupants were:

. abdomen with seat belt (29%),

. chest with seat belt (21%),

. upper extremity with door panel (18%),
. lower leg with seat (18%),

. abdomen with door panel (15%), and

. spine with non-contact (15%).

For severe injuries only (AIS>2) to rear seat occupants, the most common injury/source contacts
included
. abdomen with seat belt {12%),

. chest with door panel (12%),

. head with exterior object (9%),

. chest with exterior ohject (9%), and
. abdomen with exterior object (9%).
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TABLE 5.11
RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 66 FRONT-LEFT SEAT PASSENGERS IN ALL COLLISIONS.

Head Face Chest -~ Abdomen : Pelm Upper Thigh& Lower Spine TOTAL
. : - Limb Knee Leg
Windscreen& & 17 ' 3 : 2 30
Header (5). o : ) (2} (6)
Steering - — 0
Wheel (0)
Steering 0
Column {0)
Instrument - 3 : 6 g8 3 3 - 18 ) 7'24; 20 2 86
Panel o {2) By @ (6) B} {20)
Console ™ o 2 - 2 3
sl S (0
Pillars V:: 6 6 -ﬁ - R 2 15
@ : e E)
Side 6 8 14
Glaze ' : ] {0
Door 9 7 15 56 14 8 9 5 98
Panel ' £14) - {6) (8).:. (2) : £5) (2) {35)
Roof - B 5 : . - 2 11
Surface S C {0
Seats - ) - - - 2 2
- (0)
Belts 5 a 5 5 ' 5
® (@ : - . ®
Other s 2 3. 3 - 2 7 12
Occupant - (2) ) (2) R (2} ) {5)
Floor ) . - 12 12
o : (3) (3)
Exterior 8 5 7 2: - 2 2 6 7 2 2 26
@ » o @ L @ ®)
Non 5 6 T . 3 2 5 24
Contact - o T 7 o (5} _ (5)
Other w8 B 2 5T 1 2 ) 3 45
Unknown {2 3y e 62) B - (6)
ToTAL 52 62 86 48 3 64 .88 45 27 458
9N

am @ e @ ay. an @ 6 o

TOP row figures show the 1njury/source contact rates per 104 patients for all injuries; figures in PARENTHESIS are the contact rates per
100 patients for severe injuries only (AIS>2). Multiple injuries are included where separate injury sources were involved {eg. 2 face injuries;

I from windsereen and 1 from instrument panel).
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TABLE 5.12
RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 34 REAR SEAT PASSENGERS IN ALL COLLISIONS.

Head Face  Chest - Abdomen ' Pelvis Upper Thigh& Lower Spine- TOTAL

Limb Knew Leg
Windscreen & 6 ‘ : ‘ : . 3 B | 3 12
Header {3) . ) S R - . | ’ @)
Steering ' ) o e S
Wheel ’ : ' o »
Steering ‘ ‘ . i ] o ‘ " 0
Column : o C ::‘ . : . (0
Instrument " ] R ‘ 0
Panel e - : R . (0)
Console ‘ 6 - : g 6 15
' - W
Pillars ' - 3 o - ‘ 3
e W
Side 6 6 R T L 12
Glaze (3} ‘ - ’ . o S ' (3)
Door 3 ) 1z 15 12 ’ 18 ’ B - 6 ﬁ 76
Panel : 1% = () (6) & (26)
Roof ‘ 7 E | . 0
Surface ' ‘ " L ' L 0)
Seats T TR 3 R T B 56
- | @  ® ®)
Belts ' 2 29 12 9 v ' 8" 176
- e am o o as)
Other 3 3 o .3 ‘ 9
Occupant o g ‘ o L)
Floor : o 3 I 3 R 7 g 6
z T | < ®
Exterior 12 12 b3 S 12 ’ 3 12 9 9 B b 91
9) o ®© @ ® @ (35)
Non 3 6 o ’ Lo 3 . 15 | 26
Contact : - ' : . ‘ 3) (3)
Other Ty 9 5 3 T 9 : — 3 35
Unknown fS} ’ . (3) | . o (6)
TOTAL . 35 47 56 65 %6 68 29 41 50 418

- 18) - (0 (28} - (26) (8) (15) o (V) .3 (100

TOP row figures show the mjury/source contact rates per 100 patients for all injures; figures in PARENTHESIS are the contact rates per
100 patients for severe mjunes only (AIS>2). Muitiple injuries are included where separate injury sources were involved.
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5.3.8 Injuries By Vehicle Mass

One of the most widely recognised relationships in occupant safety is that increased vehicle mass
(size) generally offers greater protection to vehicle occupants. The patient databases used here (both
TAC claimants and the crashed vehicle study) did not allow this relationship to be verified for the
reasons previously discussed.

There was, however, a suggestion in the mass data analysis that the types of injuries sustained by
vehicle occupants in large vehicles was slightly different to those in smaller ones. Thus, it is
conceivable that the injury/source contacts may also differ between occupants of small and large
vehicles, which has ramifications for injury countermeasures.

An injury and source of injury analysis was, therefore, undertaken for the sample of hospitalised
occupants by the size of vehicle they were travelling in.

SMALL CARS - Small cars were previously defined as having a mass of up to 1000kg). Table 5.13
shows that the most frequent body regionsinjured for the 77 vehicle occupants from these cars were
the upper extremities, chest, face, head, and thigh/knee, while severe (AIS>2}injuries occurred
in the chest, head, thigh/knee, and the pelvis. The most common points of contact included seat belts,
steering wheel, door panel, and instrument panel.

The 5 most noteworthy injury/source contacts for injured occupants from small passenger cars
were:

. chest with seat belt (38%),

. thigh/knee with instrument panel (30%),
. abdomen with seat belt (26%),

. face with steering wheel (22%), and

. chest with door panel {16%).

For severe (AIS>2) injuries, the most noteworthy injury/source contacts were:
. chest with door panel (10%;),
. head with steering wheel (8%,
. chest with seat belt (8%), and
. thigh/knee with door panel (8%).

COMPACT CARS - Table 5.14 shows that the most frequent body regions injured for the 103
vehicle occupants in compact cars were the upper extremities, chest, face, head, and abdomen,
while severe injuries occurred in the chest, head, abdomen, upper extremities, and the thigh and
knee. The most common points of contact for these injuries were the seat belt, instrument panel,
door panel, and the steering wheel.

The 5 most noteworthy injury/source contacts for occupants of compact vehicles were:
. chest with seat belt (34%),
. abdomen with seat belt (28%),
. thigh/knee with instrument panel (25%),
. upper extremity with instrument panel (24%), and
. face with steering wheel (21%).

For severe (AIS>2) injuries, the most noteworthy injury/source contacts were:
. chest with instrument panel {15%),
. thigh/knee with instrument panel (6%), and
. abdomen with seat belts (6%).
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TABLE 5.13
RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 77 SMALL CAR OCCUPANTS IN ALL COLLISIONS.

Head Face ’Chﬂit - Abdomen Felws . Upper Thigh &- Lower :ﬂpimé: TOTAL
ST ‘ Limb =~ EKnee Leg - ‘
Windscreen & ﬁ 12 6 N 1 26
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‘. ‘ e e e R : . (0)
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T o ' 5
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TOP row figures show the injury/source contact rates per 100 patients for all injuries; figures in PARENTHESIS are the contact rates per

100 patients for severe injuries only (AIS>2). Multiple injuries are included where separate injury sources were involved.
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TABLE 5.14
RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 103 COMPACT CAR OCCUPANTS IN ALL COLLISIONS,
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TOP row figures show the injury/source contact rates per 100 patients for all injuries: figures in PARENTHESIS are the contact rates per
100 patients for severe injuries only (AIS»>2) Multiple injuries are included where separate injury sources were involved.
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TABLE 5.15
RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 76 LARGE CAR OCCUPANTS IN ALL COLLISIONS.
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TOP row figures show the injury/source contact rates per 100 patients for all injuries; figures in PARENTHESIS are the contact rates per
100 patients for severe injuries only (AIS>2). Multiple injuries are included where separate injury sources were involved.
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LARGE CARS - Table 5.15 illustrates that the most frequent body regions injured for occupants of
large cars included the upper extremities, chest, face, thigh/knee, and head, while severe injuries
oceurred in the thigh/knee, chest, pelvis, and the head. The most common points of contacts were
the door panel, seat belts, instrument panel, and the steering wheel.

The 5 most noteworthy injury/source contacts for occupants of large vehicles were:

. chest with seat belt (34%),

. thigh/knee with instrument panel (32%),
. lower leg with floor (24%),

. face with steering wheel (22%), and

. abdomen with seat belt (20%).

For severe (AIS>2) injuries, the most noteworthy injury/source contacts were:
. pelvis with door panel (11%},

. thigh/knee with door panel (11%],

. chest with door panel { 9%), and

. lower leg with floor { 9%).

5.3.9 All Collision Summary

There were many interesting findings for the total sample of vehicles inspected. The majority of
occupants were hospitalised from crashes involving impact speeds less than 48km/h (30mph). The
types of crashes in this hospital sample over-emphasised side impacts and under-stated rear enders,
compared to what was expected from mass data statistics.

Small cars were under-represented and large cars, over-represented, while young occupants and
males were also slightly over-involved in the sample of crashes. Not surprisingly, non-wearers of
seat belts were twice as likely to be injured as belt wearers.

In terms of types ofinjuries and the sources of theseinjuries, door panels and seat belts were
most frequently associated with occupant injuries to both front and rear seat occupants of cars,
predominantly involving injury to the chest, abdomen, pelvig, and the upper and lower extremities.

Seat belts were especially associated with frequent severe injuries to the abdomen and chest for
all seating positions. Drivers were particularly at risk of injury to chest, head, and face from the
steering wheel. Lower extremity injuries were linked to the instrument panel and the floor for all
front seat occupants. In addition, rear seat passengers were somewhat vulnerable to whiplash
injuries and to contacts with exterior objects.

These findings are confounded by the different types of impact directions and crash severities in the
total study sample of vehicles inspected. As the prime purpose of this study is toidentify the main
causes of injury to vehicle occupants and potential countermeasures, it is essential to break down
the injury/source contacts by type of crash. Once again, it must be stressed that the cell sizes reduce
markedly in many of these analyses and care should be taken in interpreting these results.

There was a hint in the vehicle size analysis that larger vehicle occupants had slightly fewer
chest injuries and marginally more upper extremity injuries than smaller vehicle occupants. This
could be a function of the over-representation of females in smaller vehicles (male drivers tend
to sit further away from the steering column than female drivers, hence less likely to sustain a
injury to the chest).

5.4 FRONTAL CRASHES

Frontal collisions were the most common type of impact experienced by vehicle occupants in
the mass data analysis{65%) and in the crashed vehicle study (60%). This type ofcrash, therefore,
deserves primary focus in occupant protection. Moreover, seat belts are most likely to be of
maximum benefit for occupants involved in these collisions.

5.4.1 Frontal Crash Configurations

These data are more reliable at this time because of the larger number of frontal crash cases
examined. To date, there are details available on 134 crashes involving 161 hospitalised
occupants. Figure 5.3 shows the summary of the types of frontal crashes observed in the crashed
vehicle study.
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Figure 5.3 Analysis of the various frontal crash configurations observed in
the sample of crashed vehicles inspected to date.
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TABLE 5.16
RANK ORDERING COF VEHICLE DAMAGE INTRUSIONS FOR FRONTAL
CRASHES BY FRONT AND REAR SEATING AREAS (n=134)

FRONT SEAT INTRUSIONS REAR SEAT INTRUSIONS

ITEM FREQ. (%) ITEM FREQ. (%)
Toe pan 100 (75) Coor panel 7 ( 2)
Instrument panel &1 (46) Front seat 3] ( 2)
Steering assy 23 (17) Roof 3 (2)
Sice panel 15 (119 B-pillax 3 2
A-pillar 14 {10) Roof side rzil Z (1)
Ccnscle 13 {10)
Dcor vpanel 10 { 8)
Roof 6 5)

{
Windscreen/header 6 {
Lower dash 3 {
B-pillar 3 { 2
Floor pan 2 {
Roof side rail 1 {
Other & (

Totals 263 20

STEERING AS5Y MOVEMENTSE BY DIRECTICN OF DISPLACEMENT

Longitudinal 33 (25)
Lateral 26 {19)
Vertical 25 (19)

NB: Steering assembly intrusions in the top part of Table 5.11 refer to cases
where there was movement in either a longitudinal, lareral, or vertical plane
(movements in more than crie plane were conly scored as a single movemeant). The
breakdown of intrusions into the total numbers of individual plane movements

for all crashes is detailed in the lower part of the Table.
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Pure frontals were defined as those involving a perpendicular impact direction and a central or full
impact location (clock-face 12 and a F/C or F/D body region assessment in the NASS configuration
described in Figure 5.1). Pure offset was a frontal perpendicular crash involving a partial front
impact (clock-face 12 and an L or R or Y or Z location), while an oblique offset was a non-
perpendicular, partial front impact {clock-face not 12 and any front impact).

There were roughly equal numbers and proportions of crashes in each of these three frontal crash
configurations.

5.4.2 Impact Velocity

Figure 5.4 shows the frequency distribution of estimated impact velocity observed in the sample of
frontal crashes inspected. The modal value was between 42 and 48km/h with a range of impact
speeds from 6 to 126km/h. Roughly halfofall delta-V values were equal to or below 48km/h (30mph).

Figure 5.4 Frequency histogram of impact velocities (delta-V) observed for the
frontal crash sample of vehicles inspected to date.
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5.4.3 Intrusions and Deformations

Table 5.16 lists the rank ordering of component intrusions into the front and rear seat occupant areas
for the total sample of frontal crashes. Most noticeably, intrusions into the front seating
compartment were again more common than rear seat intrusions for these frontal crashes (2.0
cf., 0.2 intrusions per crash).

For front seat intrusions, structural components again comprise the bulk of intrusions with the toe
pan the most common area of deformation or intrusion, occurring in 75% of frontal crashes. The
ingtrument panel was the next most frequent intrusion member (46%), followed by the steering
assembly (17%), side panel (11%), A-pillars (10%), and console (10%).

Steering assembly intrusions often comprised multiple intrusions into the driver’s occupant
space, with roughly equal likelihood of a lateral, longitudinal and/or vertical displacement. Rear
seat intrusions mainly comprise deformations to the door panel (5%) and front seat (5%).

FRONT- VERSUS REAR-WHEEL DRIVE - To test whether the drive configuration had any
effect on vehicle damage in frontal crashes, the frontal intrusion and deformation analysis was
repeated contrasting front- with rear-wheel drive vehicles. The mass data analysis in Chapter 3
earlier showed that drive configuration was intimately related to vehicle size. In additicn,
intrusions are also likely to be a funetion of impact velocity. Hence, there was a need to contrast the
two drive configurations in a more controlled setting to permit a more meaningful comparison.
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The mass data showed that compact vehicles was the one vehicle size category where there were
roughly equal proportions of front- and rear-wheel drive configurations. In the crashed vehicle
study sample, there were 47 cases involving compact vehicles of which 19 were front-wheel drive
and 28 were rear-wheel drive. Moreover, detailed examination revealed that there were roughly
equal proportions of impact velocities below and above 45km/h in hoth these drive configurations.
Hence, this appeared to be a suitable vehicle size category in which to conduct this analysis.

Table 5.17 contrasts the vehicle front seating compartment intrusions and deformations for
compact vehicles involved in frontal crashes in the crashed vehicle study sample.

TABLE 5.17
VEHICLE DAMAGE INTRUSIONS FOR FRONT SEAT QCCUPANTS
IN COMPACT VEHICLES INVOLVED IN FRONTAL CRASHES
BY FRONT AND REAR WHEEL DRIVE CONFIGURATION

FRONT-WHEEL DRIVE (n=19) REAR-WHEEL DRIVE (n=28)
ITEM FREQ. (%) ITEL FREQ. (%)
Toe pan 13 (68) Toe pan 25 (89)
Tnstrument panel 7 137) Instrument panel 15 (54)
Steering assy a (32) Steerinc cclurn 13 (£5)
Coor parel Z {(—1) Console 7 (251
B-piliar - { 5) Side raneil 4 (14)
Console i { 5) Roct 2 7
Door panel T ( 4)
Lower cash 1 { 4)
Windscreen/header 1 ( 4)
Ot ner 2 {7
Totals 30 71
STEERINC ASSY MOVENMENTS Y JIRECTICSI JF DIS2LACEMENT
Lengitudinal 2 (221 Longlitudinal 11 (35)
Lateral 4 (229 Lateral 5 (18)
Vertical 3 (15) Vertical & (21)
1. Steering assembly Intrusians in the —op part cf Taklie 5.12 refer to cases
where there was movement in eicher i icngicudinzal, lateral, or vertical plane
(movements in more than one plane were only scored as a single movement). The
breakdown c¢f intrusions into the zcotal numbers of irdividual plane movements
for alil crashes 1s detailed in the lower part ¢f the Table
2. Vehicle intrusicns controlied for venicle size sna zmpact velocity,
thereby enabling a true comparison of tne drive configuration effect orn

vehicle inrrusions and deformartions
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The number of intrusions was markedly more for rear- than front-wheel drive (2.5 cf, 1.6 intrusions
per crash). Moreover, there were proportionally more intrusions involving the toe pan, instrument
panel and steering assembly for rear-wheel drive configurations. Importantly, also, there were
approximately twice as many longitudinal movements of the steering column relative to lateral
and vertical movements in rear-wheel drive cars than there were in front-wheel drive cars. Given
the relatively small numbers of intrusion cases available at this time, care should be taken not to
interpret too much on these findings at this stage.

5.4.4 Ejections and Entrapments

The number of occupants who were gjected or entrapped in their vehicles infrontal crashes is shown
in Tables 5.18 and 5.19. Wearing seat belts did not appear to unduly influence the incidence of
vehicle entrapment; 71% of belted and 72% of unbelted occupants were not entrapped in their
vehicle at the time of collision. While partial entrapments were marginally higher for belt wearers
than non-wearers, this appears tobe a function ofthe greater inability to assign entrapment status
to non-belt wearers at the time of collision.

For ejections in Table 5.19, belt wearing appears to have been of benefit in preventing ejections.
There were no recorded cases of ejections amongst belt wearers in the sample, compared to the 12%
or so of unbelted occupants who were gjected from their vehicle during the frontal erash.

5.4.5 Injury and Source Analysis

As noted earlier, the real value of the follow-up study of crashed vehicles wasin the ability to assign
vehicle contact points to the occupantinjuries (not available from mass data analyses). The findings
for the sample of frontal crashes by seating position and belt wearing is described below in Tables
5.20 to 5.26. As in the previous section, scoring of injuries and points of contact were allowed for
multiple injury/source combinations for each patient, providing they were unique.

DRIVERS - Table 5.20 shows the rates of injuries (all injuries and severe injuries only) and points
of contact inside the vehicle for the 107 drivers involved in frontal collisions. The most frequent body
regions injured for these occupants were the upper limbs, face, chest, thigh and knee, lower leg, and
the head, while for severe injuries (AIS>2), the most common injuries occurred to the chest, thigh
and knee, lower leg, and the head.

Common points of contact for all and severe injuries to drivers inside the vehicle included the
steering wheel, instrument panel, seat belts, and the floor,

For all injuries to drivers in frontal crashes, the 5 most frequent injury/source contacts were:

. face with steering wheel (51%),

. thigh/knee with instrument panel (46%),
. chest with seat belt (45%),

. lower leg with floor (37%), and

. head with steering wheel (28%).

while for severe injury/source contacts, they were:

. chest with steering wheel (12%),

. lower leg with floor (11%),

. head with steering wheel (10%),

. thigh/knee with instrument panel (10%), and
. chest with seat belt (6%).

Seat Belt Wearing Differences - Tables 5.21 and 5.22 show the findings for injuries and contact
sources for drivers by whether they were restrained or not. For the 81 belted drivers, in Table 5.21,
there were no appreciable differences in the pattern of results to those described above for all
drivers. The unbelted results, though, were quite different and are described below.

Table 5.22 shows that the most frequent body regions injured for these 21 unrestrained drivers
comprised the face, head, and upper and lower extremities, while for severe injuries (AIS>2), the
most common injuries occurred to the legs, thigh and knees, abdomen, chest, and the head.

108



TABLE 5.18
ENTRAPMENT ANALYSIS FOR BELTED AND UNBELTED
OCCUPANTS INVOLVED IN FRONTAL CRASHES (n=155)

ENTEAPMENTS BELTED UNBELTED
TREQ. (%) FREQ. (%)

N¢ entrapment g7 (71%) 23 (72%)

Full entrapment 3 (4%} 2 { 6%)

Partial entrapment 20 (1e%) 2 [ a%)

Unkncwn 11 { 9% 5 (16%)

Total 123 (100%) 32 (100%)
TABLE 5.19

EJECTION ANALYSIS FOR BELTED AND UNBELTED
OCCUPANTS INVOLVED IN FRONTAL CRASHES (n=155)

EJECTIONS BELTED UNBELT=D
TREQ. (%) FREQ. (%)
No ejecticon 123 (100%) 27 (84%)
rull ejection 0 { 0%) 3 { 9%)
Partial ejection 0 { 0%) 1 { 2%)
Unknown o { 0%) z (3%
Total 123 (100%} 32 (100%)

Common points of contact for all and severe injuries to unrestrained drivers inside the vehicle
included the steering wheel, instrument panel, windscreen and header, exterior contacts, and
the floor (there was a noticeable increase in contacts with the windscreen and header and exterior
objects for these unrestrained occupants).

For all injuries to unrestrained drivers, the 5 most frequent injury/source contacts were:
. face with windsecreen/header (48%),
. chest with steering wheel (38%),
. thigh/knee with instrument panel (38%),
. lower leg with floor (37%), and
. head with windscreen/header (29%).
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TABLE 5.20

RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY

FOR 107 DRIVERS IN FRONTAL COLLISIONS.

Head Face Chast Abdomen P‘elw.s 7 Upper Thigh&& Lower Spiné . TOTAL
o - Limb  Enee Leg Co
Windscreen & g - 19 o ‘ - 8 - 1 1 38
Header (1) N o o W
Steering T I R S T R AT R & 183
Wheel a, . (&) 12 (D oo By s o (41)
Steoring | ‘ 1 T 1 i3 2 16
Column 7 (1) C g ]: (‘H - (2) (7
Tnstrament 3 6 TE 25 46 18 ] 103
Panel W Do S B ae . @ (2) (21)
Console 7 ‘ - 7 - I ) 47' . 2 7 6
- . . . ;‘»‘ ‘ - (0)
Pillars 3 3 o T 4 w2 12
o L L @ ey (7
Side 1 ' :[ 4 5
Glaze ‘ ()]
Door 1 i 1 T 2 T 1 10
Panel " (ﬂ '_' (3} - (1) ’ (1} K (1) (7
Roof | - 0
Surface (0)
Seats 0
o _ 0)
Belts 45 - 22 % 19 1 7 105
® - L @ ®
Other V - 1 1
Dccupant »
Floor 37 37
_ (11) o (11)
Exterior 8 ) 3 2 1 1 1 ’ 2 12
ﬁ 'H(l') ' ' 3y (2)
Non 11 7 a 2 - o 3 9 32
Contact ’ o ‘ ’ g m
Other R N S R 1 24
Unknown - o 7 - (1) ' ‘ ' (1)
TOTAL &L 84 %@ 40 21 99 T 6z 28 554
um . ® ey o @ a® en ay - ® 1o

TOP row figures show the injury/source contact rates per 100 patients for all injuries; figures .in PARENTHESIS are the contact rates per

100 patients for severe injuries only (AIS>2). Multiple injuries are included where separate injury sources were involved.
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TABLE 5.21
RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 81 BELTED DRIVERS IN FRONTAL COLLISIONS.

: ﬁna_ii' -

e

Face  Chest Abdomen Pelvis Upper Thigh& Lower Spine  TOTAL
Limb Knee Leg
Windscreen & 4 10 6 7 20
Header (1) - ) a)
Steering -~ 32 58 25 7 23 16 5 160
Wheel . {11) (6) {12 (2} (5) 5 (42)
Steering 1 1 14 1 17
Column (1) B o) (1} (6)
Instrument 2 5 4 25 47 15 2 100
Panel (1) {4) 4) {10 (1) (2) (22)
Console : 4 1 5
o (0)
Pillars T2 2 1 5 2 14
o _ (D (5) (2} 9
Side i ' 5 5
Glaze - 0
Door & 1 1 1 1 1 11
Panel {4} (1) (1} (1) (7
Roof : 0
Surface (1))
Seats 0
()]
Belts 58 . 30 51 - 25 1 3 137
m - @ @ a
Other 1 1
Occupant (0)
Floor 38 38
(12) (12)
Exterior . 1 2 -1 -1 6
(1) {1) 2)
Non 14 5 1 5 . %
Contact - - o ' o
Other ~% 6§ 1 1 2 T 1 26
Unknown _ : ) : (0
TOTAL 58 93 90 12 77 107 @ 58 28 578
{1 (6) 28 (7 (15) {21) (15) ® - (115

100 patients for severe injuries only 1AIS>2). Multiple injuries are included where separate injury sources were 1nvolved.
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TABLE 5.22

RATE OF BODY REGION INJURIES BY SOURCE OF INJURY

FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 21 UNBELTED DRIVERS IN FRONTAL COLLISIONS,

Thest Abdomen Pelvis

Head Face Upper . Thigh& Lower Sipine TOTAL
Limb Knee Leg
Windscreen & 29 48 19 5 5 105
Header ' ' ()
Steering 13 29 38 29 5 16 10 138
Wheel (16} (5) £10) (o) () © {5} (43)
Steering 15 5 14
Column {5} ' (5) (10)
Instrument 5 - B ' 29 - 38 29 105
Panel ' (5) {5} (5) (14)
Console 5 5
‘ (1))
Pillars 5 5 10
{0)
Side 5 5
Glaze {0)
Door 3] 5
Panel {0
Roof 0
Surface 0
Seats 0
(0
Belts L]
(®
Other L]
Occupant {0
Floor 33 33
(10) (10)
Exterior 16 5 5 5 5 & 5 38
(0)
Non b 5
Contact {1)]
Other 5 5 10 19
Unknown 0
TOTAL 71 100 43 33 5. 71 67 - 71 19 481
{1 5 am 1o {7) (5) (14) {19) o) (76)

TOP row figures show the imjury/source contact rates per 100 patients for all injuries; figures in PARENTHESIS are the contact rates per
100 patients for severe injuries only (AIS>2) Multipie injuries are included where separate injury sources were 1nvolved.
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while for severe injuries (AIS>2), the most frequent injury/source contacts for unbelted drivers
included:

. head with steering wheel (10%),

. chest with steering wheel (10%),

. abdomen with steering wheel (10%), and
. lower leg with floor (10%).

FRONT-LEFT PASSENGERS - Table 5.23 shows the injuries and points of contact inside the
vehicle for the 35 front-left seat passengers involved in frontal collisions for all and severe injuries.

The most frequent body regions injured for these occupants comprised the upper extremity, chest,
face, lower leg, and head, while severe injuries (AIS>2) occurred to the chest, upper extremities,
thigh and knees, and the spine. Common points of contact for all and severe injuries to front-
left passengers in frontal crashes included the instrument panel, seat belts, and the windscreen and
header.

The 5 most noteworthy injury/source contacts for all injuries to front-left passengers in frontal
crashes were:

. chest with seat belt (49%),

. upper extremity with instrument panel {32%),
. thigh/knee with the instrument panel (32%),

. lower leg with the instrument panel (30%),

. face with windscreen/header (27%), and

. abdomen with seat belt (27%).

while for severe front-left passenger injuries, the most noteworthy injury/source contacts were:
. upper extremity with instrument panel (11%),
. chest with seat belt (11%), and
. thigh/knee with instrument panel (8%).

Seat Belt Wearing Differences - Tables 5.24 and 5.25 further show the findings for injuries and
contact sources for front-left seat passengers by whether they were restrained or not.

For the 28 belted front-left passengers, in Table 5.24, there were no marked differences in the
pattern of results to those described above for all these occupants (except for a slight increase in
the prevalence of spinal injuries). However, the findings for unbelted front-left passengers in Table
5.25 were noticeably different and are described in detail below.

The most frequent body regions injured for the 7 unrestrained front-left seat occupants were the
face, upper extremities, head, and lower extremities, while for severe injuries (AlIS>2), the most
common injuries occurred to the upper extremities, head, chest, pelvis, thigh and knees, and the
lower leg. Common points of contact for all and severe injuries to front-left passengers inside the
vehicle included the instrument panel, windscreen and header, and exterior contacts (there was
a noticeable increase in the rate of these contacts for unrestrained compared with restrained
occupants).

The 5 most noteworthy injury/source contacts for all injuries to unbelted front-left passengers
included:

. face and windscreen/header (71%),

. thigh/knee with instrument panel (57%),

. head with windscreen/header (43%),

. chest with instrument panel (43%), and

. upper extremity with instrument panel (43%).

For severe injuries to these unrestrained occupants, the most noticeable injury/source contacts
included:
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TABLE 5.23
RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 35 FRONT-LEFT SEAT PASSENGERS IN FRONTAL COLLISIONS.

Head Face ~ Chest -Abdomen - Pelvis  Upper ‘thigh& Lower  Spine - TOTAL

Limb  Knee  Leg
Windscreen & 14 7 s T 3 49
Header . 3 ‘ o - . . B » . (3} (8
Steering B o : : 0
Wheel L . : a 7 0)
Steering o Y X ‘ . 0
Column ' ' ' ‘ R o : (1))
Instrument 5 8 : 11 : 5 ‘ :5 32 iz 30 3 132
Panel ‘ ' €)] (5) : ‘ {5} _ (1 7 (ﬂ) o (32)
Console T R - i - 3 ]
‘ . ' ‘ »
Pillars . 5 : 5 o ' | - ' - 11
A S N . ®
Side .3 ' o , 3
Glaze . . S . " ' o L)
Door - 3 3 g B 3 3 o 22
Panel o N ) 0 )] S (5
Roof 3 ' o - 3
Surface o ' ' (0
Seats . . S . ’ L)
» o S (»
Belts 3 " 49 o 27 3 : 8 7 i 5 95
an @ o L ad
Other L 3 . - 3 5 3 14
Occupant ) . ' . 3) . L (3) . {5)
Floor Co ; ) e T 22 22
- (5 (5)
Exterior 3 | 3 T 3 5 7 3 3 ' 19
L - Lo - 3) o ‘ 3
Non 3 ' 8 C ; 3 o . 3 — . 14 30
Contact . : o o C (5 (5)
" Other T3 8 5 3 14 3 3 43
Unknown : o ' ' 3 e : ' (3)
ToTaAL 41 65 . 6. 41 1§ 81 4L 57 8§ 446

® o ae . @ ae L ay . ®  un 64

TOP row figures show the injury/source contact rates per 100 patients for all imuries; figures in PARENTHESIS are the contact rates per
101 patients for severe injuries only (AIS>2). Multiple injuries are ineluded where separate injury sources were involved
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TABLE 5.24
RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 28 BELTED FRONT-LEFT SEAT PASSENGERS IN FRONTAL COLLISIONS.

Upper Thigh& Lower Spﬁ:e 7

Head Face "Abdomen Pelvis TOTAL
Limb Knee Leg

Windscreen & 7 18 4 4 32
Header ({4 4) (D
Steering 0
Wheel (0)
Steering 0
Column - (1))
Instrument 4 T 4 4 32 29 32 4 118
Panel 4) (4) (7) (T {25)
Console - 4 ” 4 7 T
oo ) (0)

Pillars B 7 14
4) 4)

Side 4 4
Glaze . 0
Door 1 Z 7 4. 1 25
Panel {4} {4} - N
Roof 4 4
Surface (1))
Seats 0
(0

Belts 4 36 4 11 7 125

- {4) : (18)

Other 4 S 7 1 18
Occupant S (4} (4} 7
Floor 25 25
(T (7)

Exterior 0
(0)

Non 4 7 4 4 18 36
Contact - fr?) - (7)
Other 7 11 ) 14 4 T 54
Unknown : (0
TOTAL 36 a7 50 1R 79 36 61 46 461
Mm@ @ M oan  ap M ad (682

TOP row figures show the injury/source contact rates per 100 patients for all injunes; figures in PARENTHESIS are the contact rates per
100 patients for gevere injures only (AIS>2). Multiple injuries are included where separate injury sources were involved.
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TABLE 5.25
RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 7 UNBELTED FRONT-LEFT SEAT PASSENGERS IN FRONTAL COLLISIONS.

" Head' Face ' Chest Abdomen : Pelvis - Upper Thigh& Lower  Spine. TOTAL
S .. w0 Limb . Knee  Leg R

Windscreen & . 43 71 . A VR T 129
Header (14} . ) - _ U (14

Steering TR S PR o T 0
Wheel e SEEAREE - e o ‘ N : 1))

Steering Lo s L :' o N : - . 0
Column o ceo R : S 7 . (0)

T — 7 B T A R T R 7T
Panel o 414 {14 (29 4 (T

Console o o S S 0

Pillars T ST o o S 0

Gse o o o S e

Door e T 14 — i
Panel e : o L | ©

e ——— — T
Surface o Co S o : . C o

Seats = R - 0
e . 3 ) . . )

B —— e : - 0
o . S ©)

Other R o o : 0
Occupant ’ ) ’ : . - . (1)}

Floor T : T '% : » T 4 14
| S S ©)

Bxterior 14T T T 29 i 14 "TT100
- o (14) (14

Non S VIR N o o
Contact . . MR o (0)

Other . S0 14 Co ... 14
Unknown S :::‘: B S Co(14) o o (14)

ToTAL . 71 114 - 44 14 2§ ~ 114 7 57 .. 514
L @ A @ a4 43 e’ a9 @ d19)

TOP row figures show the injury/source contact rates per 100 patients for all injuries; figures in PARENTHESIS are the contact rates per
100 patients for severe injuries only {AIS>2). Multiple injuries are included where separate injury sources were involved.
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. upper extremity with instrument panel (29%),
. head with windscreen/header (14%),

. chest with instrument panel (14%),

. pelvis with instrument panel (14%), and

. thigh/knee with instrument panel (14%).

It must be stressed that these findings were derived from only seven patients in total and, therefore,
must be viewed as preliminary findings at this stage.

REAR SEAT PASSENGERS - Table 5.26 shows the injuries (all and severe) and points of contact
ingide the vehicle for the 19 rear seat passengers involved in frontal collisions.

The most frequent body regions injured for these occupants were the abdomen, upper limbs, spine,
chest, and lower leg, while for severe injuries (AIS>2), the most common injuries occurred to the
abdomen, head, chest, upper extremity, and the thigh and knee. The only two noteworthy points
of contact for all and severe injuries to rear seat passengers included the seat belts and the front
seats.

The 5 most frequent all injury/source contacts were:

. abdomen with seat belt (53%),

. chest with seat belt (32%),

. lower leg with seat (26%),

. spine with non-contact (26%), and
. upper extremity with seat (21%).

while the most frequent severe (AIS>2) injury/source contacts for these occupants were:
. abdomen with seat belt (21%), and
. chest with seat belt (11%).

5.4.6 Frontal Crash Summary

The results of the front impact analysis were slightly different to those reported earlier for all
collisions. The modal impact delta-V was higher for frontal crashes only while roughly half the
cases inspected had delta-V values below 48km/h. There were equal numbers of pure frontals,
perpendicular offsets, and oblique offset collisions.

Frontal intrusions were again more prevalent than rear intrusions and there were equal
numbers of longitudinal, lateral, and vertical steering column intrusions. Rear-wheel drive
compact vehicles experienced more front compartment intrusions than did front-wheel drive
compacts and there was a disproportionate number of longitudinal intrusions of the steering
column in rear-wheel drive, than front-wheel drive, vehicles.

Three-quarters of all frontal crashes experienced no occupant entrapments, and there were no
apparent differences in the rate of entrapments between belt wearers and non-wearers. There were
no cases of occupant ejections amongst belt wearers and between 12 and 16 percent amongst non-
wearers.

Front seat occupants sustained considerable numbers of body injuries (including both minor and
serious injury) to their heads, chests, abdomens, and lower extremities from contacts with the
steering wheel, seat belts, instrument panels, and windscreen and header. Occupants not wearing
seat belts sustained more head, face and upper extremity injuries and more contacts with the
windscreen and header, and exterior objects.

5.5 SIDE IMPACT COLLISIONS

As noted earlier, this initial report on the findings of the crashed vehicle study is primarily
concerned with front seat occupants in frontal crashes. While the number of cases is still
too small to provide a definitive analysis of side impacts, nevertheless, a preliminary description
of the 80 cases so far inspected is warranted here.
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TABLE 5.26
RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 19 REAR SEAT PASSENGERS IN FRONTAL COLLISIONS.

Head Face  Chest' Abdomen Pelm Upper Thigh& Lower  Sping  TOTAL
s o : Limb Klflﬂﬁ_ Leg :

Windscreen & 1r S 3 . 5 L. 5 21
Header Y o ' ‘ (8
Steering 0
Wheel 0)
Steering 0
Column ()]
Instrument 0
Panel m
Gansole T T 511 26
o N ©)

Pillars B L : . 5 5
- - x )

Side 0
Glaze ()]
Door — T 5 T 5 5 B 21
Panel : ‘ o o L {(5) . Y ’ 11
Roof ~ 0
Surface (0)
Seats ' 11 1 5 s 21 - 11 26 i1 95
L . s 5 - By an

Belts T 32 53 16 11 = T 121
S 1L (21) S (32)

Other o : 5 T 5 .b o 5 16
Occupant ' ’ L ’ ' {0)
Floor 0
(0

Exterior 0
_ (1)

Non - - B 5 B el 32
Contact o - o . S ' {53 5)
Other i 16 5 5 . o % 53
Unknown (ES) o oo T _ ‘ . (5)
TOTAL 3T 37 B 74 16 63 36 87 ST
(68)

an. ©®  ay - oen W, an  an’ ©

TOP row figures show the injury/souree contact rates per 100 patients for all injuries; figures in PARENTHESIS are the contact rates per

100 patients for severe injuries only (AIS>2), Multiple injuries are ineluded where separate injury sources were involved.
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Side impacts were involved in 14% of TAC hospitalised injury claims from 1983 unti] 1988 and
accounted for 35% of the patient populationinecluded in the crashed vehicle study. This type of crash
is also usually more severe to the occupants than either a front or a rear impact crash, especially
those on the “near” (impacted) side. As injury countermeasures are likely to be quite different for
this group of crashes, they need to be considered separately.

This analysis was not especially concerned with seat belt effects in side impacts as they are not
expected to have 1much benefit to occupants in this crash configuration (other than in entrapment
or ejection analysis). Moreover, preliminary analysis revealed practically no difference in the
patterns of injuries or contacts between wearers and non-wearers. However, there were noticeable
injury and contact differences between seating position, and for drivers only, by whether the vehicle
wasimpacted in the “near” or “far” side. This section examines the injury/source contacts for drivers,
front-left seat and rear seat passengers involved in side impact collisions.

5.5.1 Side Impact Configurations

Side impacted regions for passenger cars were analysed in terms of the impact zone, relative to the
passenger compartment, and angle of impact, and the results are shown in Figure 5.5. Pure
compartment impacts were defined as those where the bullet vehicle impacted only the cabin
{section P on the NASS diagram described in Figure 5.1), while pure non-compartment impacts
were those where the impact zone was either the front or rear of the vehicle (sections F or B).
Compartment involvement comprised all other side impact regions (sections D, Y, or Z). Angle of
impact was either perpendicular (clock-face 3 or 9) or oblique {clock-face 1, 2, 4, 5, 7, 8, 10, or 11).

( \ 24%
PURE NON-COMPARTMENT
» ‘ Section F or B
COMPARTMENT
INVOLVEMENT ’
SectionD, Y, or Z
4  PURE COMPARTMENT
64 % Section P
12%
= L)
c - 53%

OBLIQUE IMPACT
‘ Ito50r7tw011

47 %

—
—_—

. PERPENDI(;UL;\R IMPACT
or

ﬂ_ 1))

|

Figure 5.5 Analysis of the various side impacted regions of the vehicles
ocbserved in the sample of crashed vehicles inspected to date.
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The results in Figure 5.5 show that the passenger compartment was fully or partially impacted in
roughly three-quarters of all side impacts. Moreover, impact direction was approximately evenly
divided between perpendicular and oblique impacts.

5.5.2 Side Impact Velocity

Figure 5.6 shows the distribution of impact velocity change observed in the sample of side impact
crashes. The modal value was between 36 and 42km/h with a range of impact speeds from 12 to
96km/h. More than 90% of side impact delta-V’s were equal to or below 55km/h, while 26% were
equal to or below 2Tkm/h (the approximate value for the US design standard for side impacts
FMVSS 214, corresponding to a “crabbed” impact velocity of 55km/h and two vehicles of equal
mass),

Figure 5.6 Frequency histogram of side impact velocities {delta-V) observed in
the sample of side impact crashes inspected to date.

120-126
114-120
108-114
102-108
96-102
90-96
84-90
78-84
IMPACT 5278
VELOCITY go-gg
{(km/h) 43_54
42-48
36-42
30-36
24-30
18-24
12-18
6-12
0'6 | I | I ' i L ]

0 2 4 6 8 10 12 14 16
NUMBER OF CASES

5.5.3 Intrusions and Deformations

Vehicle integrity islikely to be quite different for side impacts than for other crash configurations,
given the nature of these collisions. Therefore, it is worth re-examining front and rear seat
intrusions for vehicles involved in side impacts separately. Table 5.27 lists the rank ordering of
component intrusions into the front and rear seat occupant areas for the sample of side impact
crashes, where intrusion is again defined in relation to the space inside the vehicle likely to be
occupied by passengers. Most noticeably, front seat intrusions were considerably more common
than rear seat intrusions for this population of crashes (2.9 ¢f. 1.6 intrusions per side crash).

For front seat intrusions, the door panel was the most common area of deformation or intrusion,
occurring in 91% of all crashes. B-pillar (41%) and A-pillar (31%) were the next most frequent
intruded mechanism, followed by the roof side rail (29%), steering assembly (28%), roof (19%), and
side panel (18%). Rear seat intrusions comprised the door panel (64%}), roof side rail (21%), roof
(19%), B-pillar (18%), and front seat (14%).

Steering assembly intrusions were again quite frequent in these crashes, although not surprisingly
more often as lateral (21%) or vertical (18%), rather than longitudinal (3%), movement.

5.5.4 Ejections and Entrapments

The number of occupants ejected or entrapped in their vehicles in side impact crashes is shown in
Tables 5.28 and 5.29.
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TABLE 5.27
RANK ORDERING OF VEHICLE DAMAGE INTRUSIONS FROM SIDE
IMPACTS BY FRONT AND REAR SEATING AREAS (80 vehicles)

FRONT SEAT INTRUSIONS REAR SEAT INTRUSIONS
ITEM FREQ. (%) I7EM FREQ. {%)

Door panel 73 (21%) Dogor panel 51 {64%)
B-pillar 33 (413%) Roof side rail 17 (21%)
2-pillar 25 (31%) Rocf 15 (19%)
Rocf side rail 23 (259%) B-pillar 14 {(18%)
Steering assy 22 (Z8%) Front ssat 11 (14%)
Roof 15 (19%) Side parel 8 (10%)
Side panel id {(18%) C-pillar 5 ( 6%)
W’ screen/header 7 { 9%) Window frame 1 { 1%)
Front seat 5 { o%) Flcor wan 1 ( 1%)
Instrument panel 4 { %) A-pillar 1 (1%
Conscle 4 { 5%}
Toe pan 3 ( 4%
Floor pan 2 ( 3%)
Window frame 1 ( 13%)
Other 2 { 3%}
Totals 235 124

STEERING ASSY MOVEMENTS BY DIRECTZON OF ZiSPLACEMENT
Lazteral 17 {(21%)
Lorgizudinail 2 { 3%)
Vertical 1z {18%)

NB: Steering assembly intrusicns in the top part of the Table refer to cases
where there was movement in either a longitudinai, larteral, or vertical plane
(movements in more than cone plane were only scored as single movement). The
breakdown of intruslons intc the total numbers of individual plane movements

1
for all crashes is detailed in the Icower part of the Table.

There were more non-entrapment cases for non-wearers of seat belts than for belt wearers (80%
cf. 61%). However, this needs to be viewed in relation to the small number of non-wearers in the
sample (10 cases) and the large percentage of unknowns for these occupants (20%). Additional data
is still required to clarify the role between seat belt wearing and entrapment rates in side impact

crashes.

Ejection rates in Table 5.29 were as expected. Asin frontal erashes, belt wearers appeared again
to have had fewer ¢jections than non-wearers (97% cf. 70%). There was only one recorded cases
of an ejection amongst a belt wearers in the sample, compared to the 20% or so of unbelted
occupants who were ejected from their vehicle during the collision. Again, this finding needs to

be reviewed at a later time when more data are available.
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5.5.5 Injury and Source Analysis

As noted earlier, belt wearing was found to have little effect on occupant injuries in this crash
configuration and these results are not presented. However, whether the vehicle isimpacted on
the “near” or “far” side, relative to the injured occupant, is likely to affect the type and severity of
injuries and, hence, is of interest here.

The injury and source of injury analysis of side impact crashes by seating position and near and far
collision is presented in Tables 5.30 to 5.34. Again, multiple scoring of injuries and points of contact
for each patient was allowed, providing they were unique combinations.

TABLE 5.28
ENTRAPMENT ANATYSIS FOR BELTED AND UNBELTED
OCCUPANTS INVOLVED IN SIDE IMPACT CRASHES (n=87)

ENTRAPMENTS BELTED UNBELTED
FREQ. (%) FREQ. (%)

No entrapment 47 (61%) 8 (BO%)

Full entrapment 3 ( 4%) 0 ( 0%}

Partial entrapment 17 (22%) 0 { 0%)

Unknown 10 {13%) 2 (20%)

Total 77 (100%) 10 (100%)
TABLE 5.29

EJECTION ANALYSIS FOR BELTED AND UNBELTED
QOCCUPANTS INVOLVED IN SIDE IMPACT CRASHES (n=87)

EJECTIONS BELTED UNBELTED
FREQ. (%) FREQ. (%)
No ejection 75 (97%) 7 (70%)
Full ejection 1 { 1%) 1 (10%)
Partial ejection 0 ( 0%) 1 {10%)
Unxnown 1 ( 1%) 1 {10%)
Total 77 (100%)} 10 (100%)
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TABLE 5.30
RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 52 DRIVERS IN SIDE IMPACT COLLISIONS.

Head : Face

6 @y

Chest Abdomen Pelvis Upper Thigh& Lower Spine TOTAL
Limb Knee Leg

Windscreen & 2 2
Header (0)
Steering 2 2 S 4 6 2 19
Wheel {0)

Steering 2 2
Column 0)
Instrument 2 2 6 17 12 38
Panel (2} (2} 4y (2) am
Console 2 2 8 4 15
()]

Pillars 4 2 6
4} 4)

Side 10 6 4 19
Glaze {23 (2)
Door 13 4 - 40 23 35 35 2h 8 10 192
Panel (2 30 (6) {17} (6) {1 (2) {73)
Boof 6 4 2 4 15
Surface - 68y 2y (8)

Seats 4 2 6

| ©

Belts 7 0 13 2 69
(2) @) @

Other 4 4 8 2 2 2 21
QOccupant (2 2} {4} (8)

Floor V 4 4
(2) (2)

Exterior 12 8 2 2 23
(4} (4)

Non 8 13 : 6 2 8 35
Contact i : (0)
Other 13 12 4 8 2 21 2 2 8 71
Unknown (2) (2) (2 ) (6)
TOTAL 75 56 Nif 65 50 96 - 60 33 27 538
21) (2) (40} (6) 13} (6) {4) (119)

TOP row figures show the injury/source contact rates per 100 patients for all injuries: figures in PARENTHESIS are the contact rates per

100 patients for severe injuries only (AIS>2). Multiple injuries are included where separate 1njury scurces were involved.
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DRIVERS - Table 5.30 shows that for all injuries to drivers, the most frequent body regions injured
in side impacts were the upper extremities, chest, head, abdomen, and thigh and knee, while for
severe injuries (AIS>2), the most frequent body regions injured were the chest, head, pelvis, and
the thigh or knee. The most common contact point was the door panel, although the seat belts,
instrument panel, and non-contacts were also noteworthy.

The most noteworthy injury/source contacts for drivers in side impact crashes were:

. chest with door panel (40%),

. pelvis with door panel (35%),

. upper extremity with door panel (35%}),
. thigh/knee with door panel (25%), and
. chest with seat belt (20%).

For severe injuries (AIS>2) to drivers in side impacts, the most noteworthy injury/source contacts
were:

. chest with door panel (31%),

. pelvis with door panel (17%),

. thigh/knee with door panel (10%}),

. abdomen with door panel (6%), and

. upper extremity with door panel (6%).

FRONT-LEFT PASSENGERS - Table 5.31 shows the injuries and points of contact inside the
vehicle for 27 hospitalised front-left seat passengers involved in side impacts for all and severe
injuries only. The most frequent body regions injured for all and severe (AIS>2) injuries included
the chest, abdomen, pelvis, head, and the face. Once more, the door panel was, by far, the most
common point of contact, along with the seat belts, instrument panel, and exterior chjects.

The 5 most-noteworthy all injury/source contacts were:
. chest with door panel (63%),
. pelvis with the door panel (44%),
. abdomen with door panel (33%),
. chest with seat belt (30%), and
. abdomen with seat belt (22%).

For severe injuries only to front-left passengers in side impacts, the major injury/source contacts
comprised:

. chest with door panel (33%),

. pelvis with door panel (15%),

. abdomen with door panel (15%),

. thigh/knee with door panel (7%), and
. head with exterior object (7%).

REAR SEAT PASSENGERS - Table 5.32 shows the number of injuries (all and severe) and points
of contact for the 14 hospitalised rear seat passengers involved in side collisions.

The most frequent body regions injured for these occupants included the upper extremities, chest,
abdomen, face, head, and lower leg, while severe (AIS>2) injuries occurred in the chest, abdomen,
head, and upper extremities. The two most notable points of contact were exterior objects and the
door panel.

The most noteworthy injury/source contacts were:
. chest, abdomen, pelvis, upper ext. with door panel (29%), and
. head, face, chest, abdomen, upper ext., and spine with exterior objects (29%).
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TABLE 5.31
RATE OF BODY REGION IN.JJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 27 FRONT LEFT SEAT PASSENGERS IN SIDE IMPACT COLLISIONS.

Head  Face  Chest Abdomen Pelvis  Upper Thigh& Lower  Spine  TOTAL

Limb :'Knes Leg
Windscreen & : 4 . 4 - 7 ' 7
Header {4) 7 o - :7- - e R (4)
Steering - o . - o 0
Wheel _ o ST (1)}
Steering ‘ - A = - 5
Column . . - 0)
Instrument T 4 4 ’ ~ 15 7 : 7 30
Panel — 4y R . LW
Console ' V - - 0
o R ’ (0)
Pilars 7 7 4 T 4 T 22
@y | o @
Side i 7 ~ T I8
Glaze S ) - - - 1))
Door T4 83 . 33 19 5 19 11 207
Panel ’ 7 : {33) - (15) (15 -2 4) S ¥ T (4) (78)
Roof T oL o . : 7
Surface S . ] o 0
Seats o - ’ 7. - 2o 4 e 4
S - _ 7 ()]
Belts oL 30 22 : -7, ] 59
_ ol , - (0)
Other B - 4 4 4 R 11
Occupant : ’ ST R Y T : (4)
Floor B :-':, T o . 0
: - - ’ ()]
Exterior 11 ' 7 . 4 -: 4 S 4 o o 30
@ @ @ 15)
Non & 4 T : o , : 7
Contact o - L o o - Q)
Other i 15 - 7 7 L 7 4 . 33
Unknown o ) ) (4} - T ) - 7 (4)
TOTAL 82 52 111l 63 56 26 33 33 il 437

il&;ﬁ © A as - a® - @ o ® @ a1

TOF row figures show the injury/source contact rates per 100 patients for all injuries; figures in PARENTHESIS are the contact rates per
100 patients for severe injuries only (AIS>Z). Multiple injuries are included where separate injury sources were mvolved
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TABLE 5.32
RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 14 REAR SEAT PASSENGERS IN SIDE IMPACT COLLISIONS.

V‘l{eaﬂ' Face Chest Abdomen Pelvis Upper ﬁ'I‘—hig“]x& Lower 'Spine TOTAL
. R Limb Kneo Leg Co
Windscreen & - 0
Header (»
Steering 0
Wheel (0)
Steering 0
Column (0)
Instrument 0
Panel 0)
Console 0
(0
Pillars 0
. ()]
Side } 14 14 o 29
Glaze Ay o ("
Door 7 o 29 : 29 29 ' 29 7o 14 143
Panel {285 (14) v (7 - (50)
Roof I 0
Surface 0)
Seats ' ﬁ} ' 7 7
- j :' (o)
Belts 7 :.T'I 7 21
ce o (0)
Other 0
Occupant »
Floor T 7 14
- S o (0
Exterior | 929 29 29 29 Lo '? 29 21 21 29 0 221
@D en - ey om o M . (86)
Non -7 7 . .V ..... 14
Contact o (0)
Other 7 7
Unknown o (7 : } N
TOTAL 5@ 57 64 57 4. 71 .98 50 35 457
) @) . @) .M @ @ 50

© 56

TOP row figures show the mjury/source contact rates per 100 patients for all injuries; figures in PARENTHESIS are the contact rates per

100 patients for severe injuries only (AIS>2). Multiple injuries are included where separate injury sources were involved.
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For severe (AIS>2)injuries to rear seat occupants in side impacts, the most noteworthy injury/
source contacts were:

. chest with door panel (29%),

. head with exterior objects (21%),

. chest with exterior object (21%), and
. abdomen with exterior object (21%).

NEAR & FAR COLLISIONS - The final analysis undertaken for side impact collisions was an
attempt to examine whether injuries and points of contact were different for occupants seated on
the impacted side (NEAR) as opposed to the opposite side (FAR). Previous evidence suggested that
there would be differences here (Dalmotas 1983; Otte et al 1984; Rouhana and Foster 1985).

It was only possible to examine near and far differences for drivers, given the small number of cases
currently available and the lack of front-left and rear passengers who were hospitalised after
far-side impact crashes (4 in 27 and 2 in 10 respectively). Tables 5.33 and 5.34 shows these results.

Near Side Collisions - For the 34 drivers involved in near side impacts (Table 5.33), the most
frequent body regions injured were upper extremities, head, chest, thigh and knees, and the
abdomen, while for severe (AIS>2)injuries, they were the chest, pelvis, thigh and knees, and the
head. The most common point of contact was the door panel, but seat belts and exterior objects
were also noteworthy.

The 5 most frequent injury/source contacts for drivers involved in near side impacts were:
. chest with door panel (53%),
. pelvis with door panel (50%j),
. upper extremity with door panel (41%),
. thigh/knee with door panel (38%), and
. abdomen with door panel (35%).

For severe (AIS>2)injuries, the most notable injury/source contacts for these occupants included:

. chest with door panel (41%),
. pelvis with door panel (26%), and
. thigh/knee with door panel (15%).

Far Side Collisions - Table 5.34 shows that for the 18 driversinvolved in far side impacts, the most
frequentinjuries were the upper extremity, chest, head, face, and abdomen, while for severe (AIS>2)
injuries, they were the chest, head, and pelvis. Points of contact were more varied for these occupant
injuries and consisted of the seat belt, door panel, instrument panel, and other occupants.

The most important injury/source contacts for drivers in far side collisions were:

. abdomen with seat belt (44%),

. chest with seat belt (33%),

. upper extremity with seat belt (33%),

. chest with other occupants (27%),

. lower leg with door panel (22%),

. upper extremity with door panel (22%), and
. pelvis with seat belt (22%).
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TABLE 5.33

RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 34 DRIVERS IN "NEAR" SIDE IMPACT COLLISIONS.

Head - Face - Chest * Abdomen - Peh*i& :

Upper Thigh& Lower

Spine © TOTAL

Limb Kpaa Leg

Windscreen & 3 ) 3
Header o (0)
Steering TETT e 6 18
Wheel : (0)

Steering -8 3
Column ) (0)
Instrument 3 18 o 6 26
Panel . {3} C 3

Console 6 3 9
‘ 0)

Pillars . B 3 9
ey (6)

Side ; ‘12 o 9 6 26
Glaze ‘ 7 : o
Door 15 53 35 . HO 41 - 38 12 I - 259
Panel 'f*lli) e {9) £268) {6) 15y - 3 (100

Roof ‘ 0
Surface - ()

Seats ‘ 3 3 6
. S ©)

Belts ) ] 3 3. 35

' - )

Other 0
Occupant (0

Floor 6 6
(3) 3)

Exterior 18 12 3 3 35
®) | ®

Non g 18 6 3 B a8
Contact C - ()]
Other T 5 9 3 26 3 3 5 82
Unknown (3} ,' (3} . (3) )
TOTAL 76 53 7 68 56 94 . 71 35 26 566
as o © @ @ @8 ® ® @ Az

TOP row figures show the injury/source contact rates per 100 patients for all injuries; figures in PARENTHESIS are the contact rates per
100 patients for severe injuries only (AIS>2). Multiple injuries are included where separate mjury sources were involved.
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TABLE 5.34
RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 18 DRIVERS IN "FAR" SIDE IMPACT COLLISIONS.

' Head  Face  Chest. Abdomen Pelvis- Upper ~Thigh& Lower Spine  TOTAL
S - 17 Limb : Knee Leg .

Windscreen & : ) : . o ’ ) 0
Header . 7; . ©

Steering & 6 - 6 8 T2
Wheel T o SR (0

Steering o o . . 0
Column ) oo T : (0

VU v !
@ ® ® @

Instrument ' - 5 o
Panel @)

Console 6 - 1 6 28
| - i (©)

Pillars , S R 0
- : ()

Side B - T ' 6
Glaze . (ﬁ} . f: {6)

Door il 11 7 R R 67
Panel 7 & i . {(6) : (22)

Roof A7 11 : 6 S i 44
Surface (1D 6 (22)

Seats - B - - 7 : 6
_ - : : (0)

Belts 3 44 5% . 833 . 133
&) 6 o S an

Other 1 11 22 6 6 ] . 61
Oceupant ) {6) (11) oo o . {22)

0
o

Floor

0
(1)

Exterior

Non & 6 - 6 1}. 28
Contact o ) (0

Other 11 17 G SRS T B 50
Unknown o i o (0)

TOTAL 73 61 a6l 3G~ 100 99 28 28 506
@) ® @ O an- ©® @ ®  ® (106

TOP row figures show the injury/source contact rates per 100 patients for all injuries. figures in PARENTHESIS are the contact rates per
100 patients for severe injuries only {AIS>2). Multiple injuries are included where separate injury sources were involved
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For severe (AIS>2}injuries, the most frequent injury/source contacts for far impacted side drivers
were:

. head with roof (17%),
. chest with door panel (11%), and
. chest with other occupant (11%).

5.5.6 Bull Bars in Side Impacts

Of the 80 side impact cases so far inspected, 13 patients (16%) were hospitalised from eontact with
a vehicle likely to have abull bar fitted (such as a 4WD, forward control van, or atruck). In four
of these cases, a bull bar was clearly identified from material collected (there was no allowance
for coding bull bars on the NASS format). In these cases, occupant injuries could be attributed to
contact with the bull bar, either directly or through the intruding vehicle surface such as a door
or window. Two of the four patients subsequently died from injuries resulting from direct contact
with the bull bar.

5.5.7 Side Impact Summary

The side impact findings are only preliminary at this time because of the small amount of data
currently available. Care should be taken in interpreting these results.

Three-quarters of all side impacts involved passenger compartment intrusions. Roughly half
of them were perpendicular and half oblique impact directions. Impact velocity change was generally
lower for side than for frontal impacts. Twenty-six percent of these delta-V’s were equal to or below
27km/h.

There were roughly twice as many intrusions in the front passenger compartment as the rear.
Door panels, pillars, roofside rails, and the roof itself were frequent intruding structures in these
impacts.

Six out of ten belted and eight out of ten unbelted occupants experienced no occupant entrapments
in stde collisions. There were practically no cases of occupant ejections amongst belt wearers vet
roughly 20 percent amongst non-wearers. Some of these differences may be, in part, a function of
the small amount of data available at this time.

Occupants of vehicles involved in side impacts sustained a high proportion of severe injuries to the
chest, head, pelvis, thighs and knees, and the abdomen from contacts mainly with the door panel.
There was no sign that the steering assembly was especially hazardous to drivers in these impacts.

“Near” side impacts were over-involved in these cases, although a sizable number of drivers did
sustain hospitalised injuries from “far” side impacts (especially involving contacts with the seat belt
and instrument panel). While “near” side impact contacts closely mirrored the overall side impact
findings, “far” side contacts were noticeably different in that the seat belt and other occupants
gained in importance in their injurious effects.

Drivers tended to experience more body regions injured from side impacts than did those in all other
seating positions. Itis somewhat surprising that while head injuries ranked highly as a body region
injured in these crash configurations, it did not rank highly in the injury/source contact analysis for
any of the three seating positions. This may have been, in part, a function of the relatively large
number of head injuries where a point of contact could not be identified.

5.6 VEHICLE ROLLOVERS

Collisions involving vehicle rollover are not particular frequent types of road crashes (10% of
hospitalised TAC claims and 5% of patients in the crashed vehicle study). However, they do tend
to result in very severe and disabilitating injury tothe occupants involved in these collisions, and
injury interventions are likely to be different for rollovers, compared to other crash types.

As the number of vehicles and patients studied in this category were small (11 and 12 cases
respectively), this final analysis, too, is only preliminary at this stage and will be reported upon
in much more detail at a later time when more data have been collected.
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5.6.1 Rollover configurations

Figure 5.7 shows the various types or extents of rollovers observed in the crashed vehicle sample
to date. Of the cases where rollover extent could be assigned, most were full turns or more or end-
to-end, compared to only partial rollovers.

HALF TURN

UNKNOWN

e %3

36.36%
A FULL TURN

9.09% :
OTHER

END TO END

Figure 5.7 Extent of vehicle rollover observed in the crashed vehicle
sample at this time.

TABLE 5.35
RANK ORDERING COF VEHICLE DAMAGE INTRUSIONS FOR ROLLOVERS
BY FRONT AND REAR SEATING AREAS (11 vehicles)

FRONT SEAT INTRUSIONS REAR SEAT INTRUSIONS

ITEM TRED. (%) ITEM FREQ. (%)
Roof 14 (127%) =oof 12 (108%)
Ro0f sice rail 5 {25%) Roof sice »ail 3 (27%)
A-pillar 5 (46%) C-piliar 2 (18%)
W screen/header 4 {(26%) Z-pillar 1 S
B-pillar 3 (27%) Side penel 1 { 92%)
Stesering assy 1 i 9%)

Totals 33 19
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5.6.2 Intrusions and Deformations

Table 5.35 lists the rank ordering of component intrusions into the front and rear seat occupant
areas for the sample of rollover collisions (intrusion is once more defined in relation to the space
inside the vehicle likely to be occupied by passengers). As previously recorded for other crash
types, there were more intrusions in the front than the rear seat passenger compartment (3.0 ef.
1.7 per crash). By far, the most common intrusions observed in these crashes were from the vehicle
roof and roof structure. In addition, there were a sizable number of intrusions also from the roof
supports (the A-, B-, and C-pillars).

5.6.3 Ejections and Entrapments

The number of cccupants who were ejected or entrapped in their vehicles in rollovers is shown in
Tables 5.36 and 5.37. Because of the very small numbers of cases in each category, it is impossible
to make anything of these results at this time.

TABLE 5.37
EJECTION ANALYSIS FOR BELTED AND UNBELTED
OCCUPANTS INVOLVED IN ROLLOVER CRASHES (n=9)

EJECTIONS BELTED UNBELTED
FREQ. (%) FREQ. (%)

No ejecticn 5 (84%) Z (67%)

Full ejection 0 ( 0%) 1 {33%)

Fartial ejection 0 ( 0%) a ( 0%)

Unknown 1 {16%) 0 ( 0%)

Total 6 (100%) 3 (100%)
TABLE 5.36

ENTRAPMENT ANALYSIS FOR BELTED AND UNBELTED
OCCUPANTS INVOLVED IN ROLLOVER CRASHES (n=9)

ENTREAPMENTS BELTED UNBELTED
FREQ. (%) FREQ. (%)
No entrapment 4 (67%) 3 (100%)
Full entrapment 0 ( 0%} a { 0%)
Partial entrapment 1 {17%) 0 ( 0%)
Unknown 1 (17%) 0 ( 0%)
Total 6 (100%) 3 (100%)
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5.6.4 Injury and Source Analysis

Table 5.38 shows the injury/source contacts for the 12 occupants hospitalised from rollover
collisions in this study.

In order of frequency, the body regions injured included the upper extremity, head, face, spine, and
chest, while for severe (AIS>2) injuries, they were the head, chest, and the spine. The main points
of contact for occupants in rollovers were the roof, exterior objects, the door panels, and side
glazing, There was a sizable number of injuries for which a point of contact could not be identified
in these crashes.

The most noteworthy injury/source contacts for all occupants in rollover crashes were:
. head with roof surface (42%),
. upper extremity with door panel (42%),
. face with side glazing (33%), and
. head with side glazing (25%).

For severe (AIS>2) injuries, the most frequent injury/source contacts were:

. head with roof surface (17%), and
. head with side glazing (17%).

5.6.5 Rollover Summary

The results of the rollover analysis are very restricted because of the very few cases involved at
this time. Like the side impact analysis, care needs to be taken in inferring very much from these
preliminary findings. Full turn and end-to-end were more common than partial turn roll-over
configurations amongst the sample. It was not possible to measure impact velocity for these crashes
using CRASH 3.

There were more intrusions in the front than the rear passenger compartment. The roof and its
structural members were the major source of intruding mechanisms in these vehicles. There were
too few cases to infer anything meaningful from the entrapment and ejection analyses.

The head, chest, and spine featured amongst the severe injuries incurred by these occupants.
Contacts with the roof, door panel, side glazing and the exterior were most common in rollover
collisions. It should be noted that the source of injury for a sizable proportion of body region
injuries (including both all and severe injuries) could not identified in these crashes.

5.7 BENEFITS & SHORTCOMINGS WITH THESE DATA

The greatest benefit from the crashed vehicle study datais inthe ability to relate occupant injuries
with the specific vehicle component considered to be the source of injury. As noted earlier, this
type of data is not normally available from mass data analysis, usually requiring a case by case in-
depth analysis. Thus, the injury/source analysis conducted here is a unique opportunity to identify
areas of vehicle design and construction which show potential for improvement to reduce occupant
injuries in current model vehicles.

The after-the-event style of crash inspection adopted here proved to be a reliable method for
collecting this type of information. It is recognised that this approach is not suited to ascribing
causes and culpability to vehicle crashes. Nevertheless, it is a tried and proven means of
collecting occupant safety information which costs only about one third of the cost of at-scene
investigations.

The greatest shortcoming with these data relates to the relatively small numbers involved to
date. The results reported here are based on an analysis of 227 crashed vehicles and 269 injured
occupants. Some of the findings reported in this section were based on very few cases (e.g., for
non-belt wearersin rollover collisions). Except for front seat occupants in frontal crashes, therefore,
it is difficult to be sure how robust many of these findings are without additional data.

Furthermore, detailed statistical analysis of apparent differences were not systematically
performed on these mean values for two reasons. First, the insufficient numbers in many of the cells
invalidated the assumptions of the most reliable standard tests of significance of these data (e.g.,
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TABLE 5.38
RATE OF BODY REGION INJURIES BY SOURCE OF INJURY
FOR ALL INJURIES & SEVERE (AIS>2) INJURIES ONLY
FOR 12 OCCUPANTS INVOLVED IN ROLLOVER COLLISIONS.
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TOP row figures show the injury/source contact rates per 100 patients for all injuries; figures in PARENTHESIS are the contact rates per
100 patients for severe injuries only (AIS>2). Multiple injuries are included where separate injury sources were involved,
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Chi-square). Second, conducting tests of significance on such small numbers can be subject to errors
of interpretation (especially Type 2 error, leading to a false rejection of an apparent difference).
Thereis clearly a case for continuation of the crashed vehicle study component so that sufficient data
are available to confirm or reject many of the preliminary findings reported here and to enable time
trends to be performed on data collected over several years.

Finally, it is almost impossible to derive involvement rates for many of the findings reported here
without reliable exposure data. Recall that the findings relate to a hospital patient database only
{(inclusion in the study required admission to one of the study hospitals). Accurate exposure
information on vehicle populations, age and seating position, sex, vehicle speeds, etc is not readily
available for Victoria.

Moreover, information could not always be collected on other occupants involved in the collision
and deaths that occurred prior to arrival at hospital. Hence, it is impossible to compare accurately
the performance of particular vehicles in relation to those killed, injured, and uninjured without this
additional information,
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DI ION OF THE C HED VE LE T

There were several important findings in the crashed vehicle study that need to be elaborated upon
in respect of the types of injuries and sources of these injuries for occupants of current generation
passenger cars. They will be discussed interms of the collision types and occupant seating positions
experienced in order of frequency of occurrence in the vehicles investigated.

This discussion will concentrate on common injuries and points of contact within the vehicle that
occupants of current generation passenger cars are experiencing in modern day vehicle crashes.
Chapter 7 will try to bring this information (along with that emanating from the mass data analysis)
into a coherent account of current occupant protection issues that still require resolution.

6.1 REPRESENTATIVENESS OF THE SAMPLE

To date, 227 vehicles containing 269 occupants have been fully inspected and entered into the
crashed vehicle database. A decision was made recently to expand the number of vehicles to provide
a more definitive database. However, it is worth reviewing how representative the current
database is in the light of the discussion to follow. It should be remembered that entry into this
sample required the hospitalisation of at least one of the occupants of a passenger car (or derivative)
first registered in 1982 or later that was involved in a road crash in the Melbourne Metropolitan
area or within approximately 1 hour’s drive of Monash University (69% metropolitan and 31%
rural crashes).

The types of crashes in the sample involved 60% frontals (pure front or offset), 35% side impacts and
5% rollovers; there were no rear end crashesincluded in the study. Comparing these figures with
the hospitalised patients in the mass data supplied by the Transport Accident Commission shows
roughly the same proportions for front impacts (60% cf. 65%) but more than twice the proportion
for sideimpacts (35% cf. 14%). In addition, there were no rear-end hospitalised patients reported
in this study compared to 11% listed in the TAC hospitalised data and the proportion of rollovers
was also lessin these data (6% cf. 10%). This indicates differences in the methods of coding impact
direction between the two data sets.

It is also possible that there may be a small bias in the types of patients observed in this study
(multiple crashes were excluded and the four study hospitals may tend to admit the more serious
or life threatening cases). However, given the detailed nature of the inspection process used here,
it is likely that the number of side impacts is under-reported in the mass data. Indeed, Heulke,
Compton and Studer (1985) reported that the percentage of side impacts in the NASS system in the
U.S.A. was 28%, derived from data collected using a similar in-depth approach.

The patient characteristics show that there were roughly equal numbers of male and female patients
in the sample as there are approximately in the general population (ie, neither sex appeared to
be over-represented here), although there were 4% fewer females in this sample than that observed
in the TAC data. Young adults (those aged 17 to 25 years) were over-represented as patients
compared with their population statistics (27% cf. 15%) which was expected from previous
reports of the over-involvement of these people in road crashes (Drummond 1989). The very old
{(those aged over 75 years) were slightly under-represented as patients, compared with
population statistics (3% cf. 4%). While it is expected that the old and frail would be more likely to
be hospitalised from vehicle crashes, this is obviously offset by their lack of exposure as vehicle
occupants.

The sample of crashed vehicles comprised 5% mini-cars, 25% small cars, 40% compacts, 28%
intermediates, and 2% large cars. The majority of these vehicles had automatic transmissions and
were rear-wheel drive, although 43% of them did have front-wheel drive configuration. There was
a preponderance of popular makes and models in the sample. Because of a lack of availability
of accurate make and model information of the current vehicle fleet in Victoria at this time,
it is impossible to know how representative the sample of crashed vehicles was.

6.1.1 Conclusion

These findings reveal that the crashed vehicle sample was generally representative of the
population of vehicle occupants although biased towards the more serious types of crashes. As this
only acts to emphasise the types of injuries and sources of injury of those hospitalised from road
crashes in current generation vehicles, this biasis not of any major concern here. It is not possible
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to say anything definitive about the relative involvement rates of the different types of vehicles
without further exposure data. However, the vehicle sample does not appear to be markedly
different to that generally known about vehicles on the road. In short, these data appear to be quite
suitable for conducting an analysis of occupant injuries and vehicle contacts from modern day
passenger car crashes.

6.2 OVERVIEW OF INJURIES & CRASHES

The analysis covering all collisions enables an overview of the types of injuries sustained and the
sources of injury for the total crashed vehicle sample. Caution should be taken in assuming this
is representative of the incidence of injury and vehicle contacts for the reasons outlined earlier in
terms of sample bias. Nevertheless, it is at least indicative of the relative frequencies of vehicle
occupant injuries and vehicle contacts for those hospitalised from road crashes. Moreimportance
will be placed on the analysis by erash type in attempting to identify countermeasures against these
injuries, although this first report will only address frontal crashes.

6.2.1 Body Regions Injured

Across all the different crash configurations inspected in this study, there was atendency for drivers
to have more body region injuries than other seating positions. In addition, drivers tended to
sustain more severe injuries than other occupants (AIS>2 and ISS>15), although front-left
passengers experienced the most severe injuries of all (ISS>25). There did not appear to be any
particular seating position bias in the average number of severe injuries per patient. It should be
stressed that these findings might be influenced somewhat by the fact that occupants had to be
hospitalised to be included in the study where a severe injury was probably a pre-requisite.

The types of injuries sustained, though, were different across the three seating positions. There was
a higher likelihood of a head, lower leg, and pelvis injury for front seat passengers, and a spinal
injury for for rear passengers, although the latter were more likely to sustain a severe head
injury (AIS>2). All positions seemed equally vulnerable to injuries (major and severe) to the face,
chest and abdomen. Upper and lower extremity injuries were somewhat more prevalent among
drivers than other occupants, probably resulting from the steering assembly and foot pedals.
Rear seat passengers experienced a greater percentage of a spinal injuries than front seat
passengers, although front-left seat passengers sustained the highest proportion of severe spinal
injuries. It was not possible to directly compare the number of body regions injured and the average
nurnbers of injuries sustained by these patients with the mass data analysis because of major
differences in coding procedures in these data.

6.2.2 Points of Contact

The most common vehicle components associated with injuries to front seat occupants in all erash
configurations included seat belts, door panels, the steering wheel (for drivers), instrument
panels, and windscreens and headers. In terms of severe injury contacts to those seated in the
front, door panels and rails, the steering wheel, and the instrument panel were particularly
involved. For rear seat passengers, door panels, too, and seats and seat belts seemed to be the
most common areas contacted, with door panels over-involved in severe injuries to these
occupants.

6.2.3 Conclusion

It is difficult to say anything too definitive about these findings, given the variety of different crash
configurations involved in producing these injuries (it is more meaningful to examine these findings
further by crash type). However, this overview does suggest that injuries to head and upper torso
are of such frequency in modern crashes to be of major concern. Moreover, contacts with seat belts,
roofs, doors, steering assemblies, and instrument panels are still common sources of these injuries.
The exact relationships between injuries and source of injury will be examined further in the
following sections, by each of the different crash configurations.

6.3 FRONTAL CRASHES

The overwhelming abundance of frontal collisions in vehicle crashes on the road demands that they
receive primary focus inimproving vehicle occupant protection. Moreover, given the predominance
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