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1. ABRIEF STATEMENT OF THE ISSUE

Mass crash databases are unable to provide the in-depth information needed to devise the full
range of appropriate countermeasures. ANCIS (the Australian National Crash In-depth Study) was
designed to provide the best possible data for determining crash causation and for developing
countermeasures®. This paper will present a series of case studies to demonstrate the benefits of
using in-depth crash data to develop Safe System countermeasures and will highlight some of the
challenges that exist with this process.

2. AN EXTENDED ASSESSMENT OF THE ISSUE

Road crashes occur through a breakdown in performance of the driver, the vehicle, the
road/roadside setting or most often a combination of the three elements. The other key element in
the system is speed, which directly determines the kinetic energy that must be dissipated in the
event a crash occurs. Without understanding how the separate elements of the system interact,
some or all of the factors contributing to crash occurrence are likely to remain unknown.
Consequently, selecting the most effective countermeasures becomes difficult or impossible.

Mass crash databases accumulate large quantities of data, usually across an entire jurisdiction,
without sufficient depth to allow an understanding of the system as a whole. In order to know how
the car/road/user system interactions resulted in a crash, it is essential to collect comprehensive
data on each aspect by means of an in-depth crash investigation. There are several programs in
operation around the world, including NASS 2 and CIREN 2 in the USA, CCIS in the UK* , GIDAS °
(Germany) and ANCIS' in Australia. While each of these studies has its own particular emphasis,
they each collect detailed data relating to the occupant, vehicle and crash site. This process will
be described and its use in determining Safe System countermeasures will be outlined in the
following sections, from the perspective of ANCIS.
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3. A REVIEW OF PRINCIPAL FACTORS
3.1 ANCIS

The ANCIS consortium, consisting of a wide variety of sponsors' was formed during 2000 to
address the issue of serious injury crashes" to late-model passenger cars, 4WDs and passenger
vans. The data collection procedure was developed after examination of a number of international
studies and tailored to suit Australian conditions. The study is unique in Australia and constitutes a
valuable resource for road safety research.

ANCIS is a person-based study with one of the study hospitals being the point of case initiation.

To be eligible, the person must have been admitted to the ward for a minimum of one night as a
result of injuries sustained in a motor vehicle crash on a public road. The vehicle in which he or
she was a driver or passenger must have been manufactured in 1989 or later and be either a car,
car-based utility, passenger van or passenger 4WD. The data collection process begins once
written consent has been obtained from the patient. Where possible, the research nurse begins by
asking the participant for a description of the crash in his or her own words. A semi-structured
interview is then administered, encompassing the following for drivers:

familiarity with the vehicle and the road

their recollection of pre- and post-crash events, such as speed limit, travel speed, journey
time, seatbelt wearing, etc.

licensing status and driving experience
demographic information such as height, weight, age

presence of any medical conditions, pre-crash usage of prescription, over-the-counter or illicit
drugs and alcohol usage

A their opinion regarding any factors contributing to the occurrence of the crash.

Passengers are asked a subset of the above, less the driver-related questions. At the conclusion
of the interview, information regarding the whereabouts of the car is obtained from the participant
and no more is required of them. The research nurse then examines the patient’s medical record
and documents in detail the injuries sustained from the crash. These are later coded in
accordance with the Abbreviated Injury Scale® to facilitate further analysis.

Upon location of the vehicle, trained technicians conduct a detailed field inspection, covering key
structural and safety system aspects including:

A comprehensive base details of vehicle and any options fitted affecting crash involvement and
performance (e.g. towbars, cruise control, electronic stability control systems, etc.)
A impact details, damage measurements

A vehicle structural performance (e.g. front/side structures, doors, glazing, steering
wheel/column, etc.)

' Currently Australian Transport Safety Bureau, Autoliv Australia, Department of Infrastructure, Energy and Resources (Tas.), Ford
Australia, Holden, Motor Accidents Authority (NSW), NRMA (Motoring & Services), Roads and Traffic Authority (NSW), Royal
Automobile Club of Victoria, Toyota Motor Corporation of Australia, Transport Accident Commission (Vic.), VicRoads. Observers to the
study include the Australian Automobile Association, the Federal Chamber of Automotive Industries and Mitsubishi Motors Australia Ltd.

" A serious injury crash is defined as one where one or more of the vehicle occupants was hospitalised for a minimum of one night as a
result of injuries sustained in the crash.
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A fuel system
A vehicle seats and restraint systems (seatbelts, airbags, pretensioners, etc.)

A potential occupant contact points with the vehicle interior.

Comprehensive digital photography is used to record key aspects of the vehicle interior and
exterior for future reference. Vehicle crush measurements are used to compute crash severity
measures via a software package that estimates the amount of energy absorbed by the vehicle in
the crash.

The final stage of data collection is to visit the crash site. This is carried out as soon after the
crash as practicable in order to capture the maximum amount of volatile evidence, such as tyre
marks on kerbs, damage to impacted trees and vehicle debris. Information relating to the road and
roadside setting is collected, backed up with photographs of the site and its approaches. Most
recently, a ‘video drivethrough’ is made of the site from a dashboard-mounted digital video camera,
which records the scene from the driver’s point of view. The police report of the crash (with all
personal identification removed) is also sourced to obtain the at-scene evidence not available from
the retrospective process.

Upon completion of the data collection phase, a ‘best evidence synthesis’ approach is used to
determine the circumstances of the crash, the contact sources for each of the injuries sustained by
the occupant and the possible contributing factors leading to the occurrence of the crash. The
contributing factors to crash occurrence are considered to be events that occurred or issues
present, before or during the crash that, had they not occurred or not been present, would have
significantly reduced the likelihood of the crash taking place. There has to be some evidence that
the factor was present, which can be problematic, particularly in the case of behavioural factors for
which the occupant’s opinion is frequently the sole source of information.

Finally, the hard copy data and digital photos are archived and the 1300-odd variables entered into
an electronic database.

3.2 Using ANCIS data

The traditional way to analyse an in-depth database is to perform aggregate analyses. This is a
reasonable approach for larger data sets, whereby extracting pertinent subsets by age group (e.qg.
older drivers), crash type (e.g. side impacts) or crash location (e.g. urban vs rural) yields sufficient
data to show statistically significant differences between the comparison groups. The complexity
and expense of the ANCIS in-depth data collection activity, particularly in smaller jurisdictions like
Australia, means that the number of cases accumulates relatively slowly and more specific
analyses often present considerable challenges due to lack of data. An alternative approach, more
suited to the depth of data collected in the study, is to use a small number of individual cases to
examine particular problems and then generalize the resultant solutions.

To demonstrate this technique, three case studies will be presented highlighting how ANCIS in-
depth data can be used to identify Safe System countermeasures. Each of the cases detailed in
this paper are real-world crashes collected for ANCIS during the last couple of years. Due to
confidentiality provisions, no photos of vehicles are able to be presented and therefore sketch
diagrams made by the vehicle inspectors during the inspection will be used to represent vehicle
damage.

Case study details are presented in the Attachment. The following three sub-sections contain case
study summaries.
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3.3 Summary: Case Study 1

(Case Study 1 has been taken from the Enhanced Crash Investigation program, funded by
VicRoads, using the same practices as used in ANCIS.)

Crash Summary:

This was a run-off-road crash on a rural road in eastern Victoria on a Friday afternoon in May. The
case vehicle was travelling downhill around a gentle right-hand corner when it lost control, rotating
90° before striking a tree sideways at the driver’'s door. The sole occupant, a 31-year-old female,
was airlifted to a Melbourne trauma hospital, where she remained for eight days.

Figure 1. Case Study 1, crash site, indicating the tree impacted.
Contributing Factors:
Contributing factors relating to the road and roadside setting included:

no speed advisory sign prior to the corner
speed limit perhaps inappropriate for the quality of road

trees in close proximity to side of road

slippery road at curve exit, indicated by the fact that the vehicle had probably almost exited
the bend at the time of loss of control.

Behavioural factors are more difficult to identify, but it was proposed that the vehicle was being
driven at a speed inappropriate to its curve-handling capabilities given the likely road and weather
conditions at the time of the crash. Whether this could potentially have been due to inattentiveness
or distraction was not able to be determined. No significant vehicle-related factors were identified.

Possible Countermeasures:
The practical selection and application of countermeasures is a considerably more complex task
than can be addressed here, but the following are proposed:

A provision of a speed advisory sign for the curve, preferably with better perceptual assistance
for the driver in the form of more prominent chevron signs (for example)
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A extension of the roadside barrier: while loss-of-control on curves usually occurs during the
curve, it is not uncommon for vehicles to leave the roadway after the exit

A attention to the road surface at the crash site to address friction coefficients, particularly when
wet

A a lower speed limit of perhaps 70 km/h, in line with Safe System principles, in conjunction
with roadside barriers (provided that this change is consistent with current engineering
practices).

See Attachment for full case details.

3.4 Summary: Case Study 2
Crash Summary:

The case vehicle, a small sedan, was travelling on a single lane urban road in an area comprising
a mixture of residential and light commercial developments. A large passenger wagon emerged
from a residential street to the case vehicle driver’s right (westbound, see Figure 2) and struck the
case vehicle at the centre of the driver’s door, causing it to spin clockwise and come to rest on the
northwest footpath. The female driver was hospitalised for seven days.

<L
Case N&-case
vehicle 7 | vehicle

Figure 2. Schematic diagram of case and non-case vehicle paths.

Contributing Factors:

Initially, it would appear that the other vehicle has failed to observe a stop sign and caused this
crash to occur. However, this human contributing factor was perhaps precipitated by a number of
environmental factors. First, the site inspection team observed that the stop sign (Figure 3) might
not have been immediately conspicuous to the driver of the other vehicle. Contrast with the
background is not high and the view from some driver’'s eye heights may even cause the sign to
fall on the painted red section of the building facade. Compounding this may have been the
dazzling effect of the summer evening sun (the crash occurred in early January).
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Figure 3. Close-up view of the left-hand side of the intersection, from the other vehicle driver’s perspective.

Modelling of this crash was carried out using a package called HVE. This software can accurately
simulate vehicle dynamics, approach speeds and crash interactions. It was found that in order to
replicate the damage and resting positions of the vehicles as determined from the available
information, the case vehicle was travelling at 60 km/h (as stated by the driver) and the other
vehicle at 50 km/h. Consequently, a reasonable conclusion is that the striking vehicle may not
have realized the intersection was there and driven straight through.

From an injury outcome viewpoint, the mass and geometry incompatibility between the two
vehicles contributed to the injury severity of the struck vehicle occupant.

Possible Countermeasures:
A number of road countermeasures were suggested:

A better warning of an approaching junction on the minor road, such as painted or tactile
warnings on the roadway, might have prevented this crash

A the installation of a roundabout would both reduce intersection entry speeds and encourage
more favourable impact angles between conflicting vehicles

A another option would be to ban some movements from the minor road, perhaps permitting
left turns only using signing or a short section of centre island

A a lower speed limit on the main thoroughfare would lead to better opportunities for crash
avoidance and reductions in crash severity

A the smaller, struck vehicle in this crash may have benefited from improvements to its side
structure, perhaps in the form of better coupling of the door to the stiff structures of the side
sills, thereby reducing levels of passenger compartment intrusion.

See Attachment for full case details.
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3.5 Summary: Case Study 3
Crash Summary:

The case vehicle, with driver and front left passenger, was proceeding east along a four-lane urban
highway in Melbourne’s southeast at 23:00 on a Saturday night in wet weather conditions during
September. The driver lost control of the vehicle, which spun 270° clockwise then mounted the
median before impacting a tramline support pole sideways on the left side front door (see Figure4).
The 18-year-old male driver and his 20-year-old female passenger were taken to hospital with
serious injuries and were admitted for six and nine days respectively. The details of this crash
follow.

Figure 4. Location of the crash, showing the pole impacted.

Contributing Factors:

It is likely that the driver’s inexperience and possibly distraction may have both played a role in the
loss-of-control event leading to the occurrence of this crash, although there is no direct evidence to
support this, as the driver was not well enough to provide a full interview. The presence of
exposed rigid poles in close proximity to the roadside was a contributing factor not only to the
crash occurring, but to the severity of the outcome. An injurious outcome is practically a certainty
in a side impact with the narrow, rigid objects. Current vehicle design is unable to protect a struck-
side occupant from sustaining a hospitalizing injury, even at impact speeds well below the speed
limit. Furthermore, the universal three-point belt system is not designed to prevent lateral occupant
movement in a non-struck side crash, where the side impact occurs to the opposite side of the
vehicle to the seating position. In this crash direction, the lap portion of the belt restrains the
occupant’s hips, but the upper body is free to translate across the vehicle, potentially resulting in
head injuries.

Possible Countermeasures:

A A well-developed vehicle stability control system™ would have helped prevent the initial loss
of control and thus prevented the crash taking place.

' Stability control systems help to prevent loss of control by modulating vehicle power output and braking individual wheels to counteract
deviations from the intended direction of the vehicle. Sophisticated control programs and a variety of sensors are necessary to

accomplish this. They go by a variety of acronyms including ESP, DSC, etc.
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A A restraint system specifically designed to contain the occupant in a non-struck side crash
might have prevented the head injuries to the driver. This issue of ‘far side’ crashes is
presently the subject of a major Australian Road Research Council project.

A Better protection of vehicle occupants and riders from pole impacts would significantly help
reduce the severity of crashes, given that departures from the roadway will occur. Barriers
should be designed to be compatible with the crash structures of impacting vehicles and to
dissipate impact energy such that both crash decelerations and passenger compartment
intrusions are minimized.

A A reduction in the speed limit would be appropriate given the unforgiving nature of the
roadside.

As was mentioned in the list of contributing factors above, any evidence of driver inexperience or
distraction precipitating this crash was circumstantial only. Had factors relating to driver ability
been more evident, driver training or experiential countermeasures might have been warranted.
However, robust evidence of their effectiveness is lacking.

See Attachment for full case details.

4. POLITICAL, SOCIAL AND OTHER FACTORS

The issue of crash causation is a contentious one. In the past, the cause of a crash was generally
attributed by the attending police officer, in order to establish whether a chargeable offence had
been committed. It is now acknowledged that there is rarely a single cause of any crash occurring,
with the outcome more often due to a number of contributing factors leading to a ‘failure’ of the
system consisting of the driver, vehicle, road and roadside setting. A better understanding of the
contributing factors to both the occurrence and injury outcomes of crashes can point to more
effective countermeasures. However, several obstacles stand in the way of the adoption of such
an approach. Above all, there is an increasing need for comprehensive, high quality, accurate data
pertaining to all aspects of a crash, even though it is much more expensive and time consuming to
collect. In the case of behavioural factors, increasingly stringent privacy laws can make relevant
data difficult or impossible to obtain.

Another challenge in this approach is identifying the contributing factors. The method used by the
ANCIS research team is based on expert judgement of the facts of the crash, supplemented by the
experience of the team. The method used is to take the proposed contributing factor and ask the
guestion, “Would the crash have been significantly less likely to occur had the contributing factor
not been present?” If the answer is yes, then the factor is added to the list. The process becomes
more complicated in the case of ‘grey’ factors, where it is not the presence or absence of the
factor, but the degree to which it is present that must be assessed. For example, if it is proposed
that, “the driver may have been able to avoid the crash had he/she swerved to avoid the rock on
the road”, then to accept “failure to take evasive action” as a contributing factor would necessitate
an assessment against some predefined standard of normality. This requires subjective
judgement and is thus not always clear. Furthermore, it is potentially dangerous to assign
contributing factors based on circumstantial evidence only, with this potentially leading to
misleading or inappropriate conclusions and being unhelpful for suggesting effective
countermeasures.

Finally, the relative importance of each of the contributing factors determined is currently
impossible to assign. This has a significant impact on countermeasure selection. Further research
is required to assist with this issue, as there is usually a multitude of political, economic and social
factors surrounding the application of countermeasures to each crash problem.
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The case studies presented demonstrate graphically the necessity for the Safe System approach.
Vehicles are unable to protect their occupants in many high speed crashes. In particular, side
impact crashes, even in vehicles with advanced safety features like side airbags, present very
difficult engineering challenges. Consequently, a more crashworthy road environment is needed,
ensuring that vehicle speeds are matched to the condition of the roadside. Where desired speeds
are high, the roadside environment must protect vehicles from serious impacts with roadside
objects (particularly trees and poles). In high risk areas, however, where it is not feasible to
implement such measures, speeds must be kept low so that vehicle technology is sufficient to
protect the occupants. In the case of intersections, measures such as roundabouts have been
shown to be remarkably successful in reducing crash severity.

5. CONCLUSIONS

This paper has demonstrated how the collection of comprehensive in-depth data on serious injury
motor vehicle crashes can be used to help identify the contributing factors behind crash occurrence
and assist with the selection of possible countermeasures. There are still significant challenges
remaining in the selection and weighting of the human, vehicle, road and roadside setting
contributing factors, which in turn impacts on the nature of the interventions identified.

Finally, the key to achieving Safe System goals is careful matching of vehicle travel speeds with
the crashworthiness of both vehicles and road infrastructure.
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Road/roadside setting:

The road was a two-lane sealed undivided road approximately 7 m in width with double white lines
at the crash site and a slight positive camber through the corner. There was a 2 m wide grass
shoulder at the crash site, with the struck tree (among others) located approximately 4.5 m from the
nearest point of the carriageway. A long section of W-beam guardrail ended about 10 m prior to the
impact point in the case vehicle direction. The speed limit for the road was 100 km/h, with no speed
advisory signs in place for this corner.

Figure 3. Case vehicle direction, approx. 200 m prior to crash site.

Figure 4. View of the impacted tree.

Contributing Factors:
Contributing factors relating to the road and roadside setting included:

A no speed advisory sign prior to the corner

A speed limit perhaps inappropriate for the quality of road
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A trees in close proximity to side of road

A slippery road at curve exit, indicated by the fact that the vehicle had probably almost exited the
bend at the time of loss of control.

Behavioural factors are more difficult to identify, but it was proposed that the vehicle was being
driven at a speed inappropriate to its curve-handling capabilities given the likely road and weather
conditions at the time of the crash. Whether this could potentially have been due to inattentiveness
or distraction was not able to be determined. No significant vehicle-related factors were identified.

Possible Countermeasures:

The practical selection and application of countermeasures is a considerably more complex task
than can be addressed here, but the following are proposed:

A provision of a speed advisory sign for the curve, preferably with better perceptual assistance
for the driver in the form of more prominent chevron signs (for example)

A extension of the roadside barrier: while loss-of-control on curves usually occurs during the
curve, it is not uncommon for vehicles to leave the roadway after the exit

A attention to the road surface at the crash site to address friction coefficients, particularly when
wet

A a lower speed limit of perhaps 70 km/h, in line with Safe System principles, in conjunction with
roadside barriers (provided that this change is consistent with current engineering practices.

Case Study 2

Crash Summary:

The case vehicle, a small sedan, was travelling on a single lane urban road in an area comprising a
mixture of residential and light commercial developments. A large passenger wagon emerged from
a residential street to the case vehicle driver’s right (westbound, see Figure Figure 5) and struck the
case vehicle at the centre of the driver’s door, causing it to spin clockwise and come to rest on the
northwest footpath. The female driver was hospitalised for seven days.

<]
Case N&-case
vehicle /| vehicle

Figure 5. Schematic diagram of case and non-case vehicle paths.
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Human (interview):

The 36-year-old driver of the case vehicle, its sole occupant, stated that she was, “driving along a
main road when struck on driver side by a car from side street.” She was very familiar with the
vehicle and travelled on the road several times each week. She was 7 mins into a half-hour journey
and stated that she was in a 60 km/h zone and travelling at the speed limit. She responded in the
affirmative to a question regarding careless driving on the behalf of another driver, but offered no
further detail. She was given a breath test by police after the crash, which she passed. She had

18 years’ driving experience and estimated that she covered 25,000 km each year. Due to the
constraints of the Victorian privacy legislation, it was not possible to identify the other driver in order
to conduct an interview.

Human (injuries):

The 1.68 m, 68 kg driver suffered typical injuries for a crash of this type and severity, with the worst
being multiple rib fractures with haemothorax* and a pulmonary contusion (lung bruising) on the
right side (both AIS3). She also had an AIS2 pelvic fracture on the right side and a liver laceration
(AlS2) from intrusion of the right-side door. Finally, a fracture to the fifth lumbar vertebra (AlS2) was
also diagnosed.

Vehicle:

The vehicle was a small sedan weighing around 1150 kg unladen, with no airbags or other restraint
system features fitted. The crash severity of 41 km/h resulted in damage commensurate with this
type of impact, with the size and mass (1550 kg) of the striking vehicle leading to greater crash
severity. The mass disadvantage of the case vehicle resulted in higher forces on its occupant and
the greater height of the striking wagon caused some ‘overrun’ of the stiff structures under the door
of the struck sedan and subsequently higher levels of intrusion, peaking at around 250 mm at chest
height. The case vehicle also sustained minor damage due to an impact with the kerb after the
main crash, but this was not thought to have affected the injury outcome.

* A collection of blood in the chest (secondary to other chest trauma) requiring a chest tube to be inserted for drainage.
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W A T N

Figure 6. Diagram showing intrusion into the vehicle passenger compartment and PDoF.

Figure 7. Diagram showing damage to the striking vehicle and PDoF.
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Road/roadside setting:

The road upon which the case vehicle was travelling had a single lane and a right-turn lane at the
intersection where the crash occurred (see Figure 8). The driver had right-of-way. It is not known
whether there were any parked cars at the time of the crash that may have obscured either drivers’
vision, but the time of the crash (19:30 in January, 15 mins prior to sunset) and commercial zoning
of the road suggest that conditions were probably not dissimilar to those pictured below.

Figure 8. Case vehicle view approaching crash site.

The view of the other vehicle in the crash can be seen in Figure 9. Although quite wide, the road is
a 50 km/h-zoned residential street and there is a stop sign at the intersection. Note that there is a
painted red band on the building on the opposite side of the intersection and also the fact that at the
time of the incident, the sun would have been just above the building on the right-hand side of the
continuation of the road beyond the intersection.

Figure 9. Other vehicle view approaching crash site.

Austroads



