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1 Executive Summary

This report should be read in conjunction with the Report 1-2013, Part 1: Static Stability Test
Results, and in particular the introductory chapters.

The Heads of Workplace Safety Authorities (HWSA) identified in 2011 Quad bike safety to be

a major issue on farms in Australia and New Zealand. They stated that “In Australia, more

than 64 per cent of quad bike deaths occur on faamg in the last 10 years there have been
130 quad bike fatalities across the country. In New Zealand, five people (on average) are
killed on farms and over 845 injuries reported each year.

This supplemental report presents the results from the examination and analysis of most of
those Australian fatalities and also of US fatality and serious injury data relating to Quad
bikes and Side by Side Vehicles (SSVs). It forms an integral part of the Quad bike
Performance Project funded by the WorkCover Authority of New South Wales (Australia)
with some additional funding provided by the Australian Consumer and Competition
Commission (ACCC). The Quad Bike Performance Project commenced in September 2012
and the last series of testing (Rollover Crashworthiness) was completed by around June
2014.

The Quad Bike Performance Project (QBPP) is aimed at improving the safety of Quad bikes,
in the workplace and farm environment by critically evaluating, conducting research, and
carrying out testing, to identify the engineering and design features required for improved
vehicle Static Stability, Dynamic Handling and Rollover Crashworthiness including operator
protective devices and accessories.

It is recommended that this is best done through the application of a Quad bike and Side by
Side Vehicle Star Rating system (ATVAP: Australian Terrain Vehicle Assessment Program).
Such a program would inform consumers purchasing vehicles or accessories for use in the
workplace. The Star Rating system is intended to provide ‘a safety rating’ in that vehicles
with higher star ratings will represent a lower risk of rollover and subsequent potential
injury in the event of a rollover incident in the workplace environment based on the best
currently available information.

It is hoped that ATVAP, if adopted, would provide similar benefits for consumers and
workplace plant managers and plant controllers. The objective would be to introduce a
robust, test based rating system, in order to provide workplace and consumer based
incentives for informed, safer and appropriate vehicle purchase (highlighting ‘Fit For
Purpose’ criteria), and at the same time generate corresponding incentives and competition
amongst the Quad bike and SSV Industry for improved, safer designs and models.

The Quad bike Performance Project consists of three parts: Part 1 focusses on Static
Stability; Part 2 focusses on Dynamic Handling Stability; and Part 3 focusses on Rollover
Crashworthiness. There is also a Final Project Summary Report: Quad Bike Performance
Project Test Results, Conclusions and Recommendations, which summarises all of the
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findings and presents the proposed ATVAP Star Rating. This Supplemental report (being one
of the five reports) underpins all three Parts 1 to 3 and the Final Project Summary Report in
that it provides the evidence required that justifying the various test protocols carried out
and the proposed ATVAP Star Rating which ranks a vehicle’s rollover static stability, dynamic
handing and rollover crashworthiness.

This report focusses mainly on summarising Australian fatality and injury data. Also included
in this report in the Attachments is: an analysis of US Consumer Product Safety Commission
US data of fatal All-Terrain Vehicle (Quad bike) crashes; a literature review of various papers
and reports providing information of mostly US ATV (Quad bike) fatalities and injuries; and
recommendations for possible crashworthiness tests.

It should be noted that throughout this report the term ‘Quad bike’ is used to refer to those
four wheeled vehicles which a rider straddles and uses a handle bar to operate similar to a
motorcycle [Rechnitzer et al. (2012)]. These vehicle are denoted as ATVs in the United
States of America (USA). A Side by Side vehicle (SSV) is a four wheel vehicle which is
operated by sitting in the vehicle and using a steering wheel to turn the vehicle and peddles
to brake and accelerate, similar to a road vehicle. Such vehicles are called Recreational Off
Highway Vehicles (ROVs) or Utility Terrain Vehicles (UTVs) in the USA.

Quad bikes in Australia are also referred to as Quads. The Authors have a particular concern
in the use of the additional descriptor ‘bikes’, which is the terminology commonly used to
describe two wheel vehicles such as motorcycles and bicycles. Nevertheless, the term ‘Quad
bike’ is used throughout all of our reports as it is the common term used by regulatory
authorities. When two wheel vehicles are stationary on flat terrain they are inherently
unstable unless supported by a propping device whereas a four wheel vehicle is stable on a
flat terrain when stationary. The concern is that such stability infers the Quad bikes operate
similar to road vehicles, and as a consequence, can infer similar static and dynamic stability
characteristics to a car even when operated on all terrains. This can and has resulted in
quite dangerous outcomes.

In the USA the term used to describe a Quad bike is All-Terrain Vehicle or ATV. However,
this terminology can be confusing as it is sometimes mistakenly used around the world to
include SSVs, ROVs or UTVs along with Quad bikes. For example in Sweden the term ATV
represents all these forms of vehicles. In this report we shall use the terms Quad bike and
SSV and distinguish between them.
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2 Fatality Data

In regards to Australian fatal crashes, 141 fatalities were identified from the Australian
National Coronial Information System (NCIS) dataset of fatalities that occurred over a period
of twelve years (2000 to 2012), approximately 10 to 15 fatalities per annum.

The vehicles involved were almost all Quad bikes. Only five cases involving some form of SSV
were found in the data. Full documentation of the closed cases was retrieved from State
Coroners around Australia, investigated and key information noted and analysed. It is
unclear whether the dominance of the Quad bikes in the data is because of exposure
(higher number of Quad bikes and their usage) or because the static stability of the SSVs is
much higher than Quad bikes. The rate of fatalities per 10,000 vehicles for both Quad bikes
and SSVs needs to be established and monitored. Presently, the fatality rate for Quad bikes
appears to be around 0.6 per 10,000 vehicles, higher than for road vehicles which is
presently around 0.47 per 10,000 vehicles. It is not possible to establish the rate of fatalities
per 10,000 vehicles for SSVs. This is because data on the number of SSVs in Australia has not
been available from the Federal Chamber of Automotive Industries (FCAI) or elsewhere.

86% of deaths were male where the mean height and body mass for all cases in the age
group 15 to 74 years were 1.75 m and 81 kg, respectively.

After review of the 141 cases by Mcintosh and Patton, 32 cases were identified as involving
public road crashes and other vehicle types such as sand buggies. These were excluded in
their analysis of the remaining 109 cases (Attachment 1). There were 106 Quad bikes, two
SSVs and one six wheel vehicle with a straddle seat in their remaining sample of 109 cases.

Approximately half (54) of the 109 fatalities were related to workplace activity, specifically
farming (53), and half (55) to recreational activity.1 Moreover, farms were the location for
approximately three quarters (82) of all the 109 incidents.

In work related cases, 76% of the people killed were in the age group 15 to 74 years and
42% were older than 65 years. The age distribution for work related fatalities was skewed to
the older age groups as is obvious in Figure 1.

The vehicle rolled in 77 of the 109 cases (70.6%). Forty six (46) of the 54 (85.2%) work
related crashes involved a rollover compared to 31 of the 55 (56.4%) recreational crashes.

Where the roll direction was noted, there were 11 (10.1%) forward rolls, 32 (29.4%) lateral
rolls, 5 (4.6%) rearward rolls. In 29 (26.6%) cases rollover was noted but the roll direction
was unknown.

! Definitions of work and recreational cases. These are based on reviewing the Coronial case files and
determining the activity being undertaken by the vehicle rider/ driver at the time of the fatal incident. That is
whether the activity was work related in some way or recreational related. In regard to work related
activities the relevant activities are listed in Appendix B. Recreational is defined as per the Oxford Dictionary
“Relating to or denoting activity done for enjoyment when one is not working”.
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Figure 1: Workplace fatalities showing age of person
Vertical axis: age; Horizontal axis number of fatalities.

Where the initiator of the crash was known, 10 (18.5%) farm work vehicles and 10 (18.2%)
recreational vehicles lost control caused by driving over an object, 15 (27.7%) farm work
vehicles and 5 (9.1%) recreational lost control on a slope, a further 6 (11.1%) farm work
vehicles and 3 (5.5%) recreational vehicles lost control on a slope driving over an object. In
other words, 31 (57.4%) farm vehicles and 18 (32.7%) recreational vehicles lost control on a
slope and/or driving over an object.

The main cause of death for farm workers was chest injury (59%) compared to head injury
for recreational riders (49%). Only 13% of farm workers died as a result of head injury.

A helmet was found to be worn in 24 of the 109 cases. In four of these cases the helmet
came off during the crash. In six cases where a helmet had been worn, head injury was the
cause of death and in nine cases multi-body injury was the cause of death. The MAIS for the
head and cervical spine were lower if a helmet had been worn and stayed on during the
crash although difference between the mean MAIS for the head and cervical spine plus
spinal cord based on helmet use was insignificant.

Rollover accompanied by being pinned by the Quad bike and asphyxiation was identified as
one of the major injury causal mechanisms occurring in farming related crashes. Around
62% of farm workers were pinned under the vehicle without extensive impact related
injuries, e.g. received a flail chest. Moreover, fifty-five (50.5%) of the sub-sample 109
deceased riders were pinned by the Quad bike, i.e. the person was pinned under the vehicle
until they were released by another person. A higher proportion of farm workers (n=37,
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69.8%) were pinned under the Quad bike than recreational riders (n=18, 32.7%). This was
the dominant injury mechanism for farm workers and is of particular concern to workplace
Work Health and Safety regulators and farmers. Figure 2 shows the roll direction and Quad
bike orientation when pinning the rider for the 37 asphyxia cases.

Almost half the farm work fatalities (n=26) were caused by asphyxia or a related condition.
In these cases the worker was pinned under the Quad bike and typically suffered no injury
to a body region other than the thorax and injuries to the thorax were not otherwise fatal.
The data suggest strongly that approximately twenty (20) of the farm workers who died of
asphyxia would have survived the crash if the vehicle did not pin them with a force sufficient
in terms of magnitude and duration to cause asphyxia. In the other fatal farm work cases a
large proportion of those not asphyxiated were injured when the Quad bike interacted with
the operator during a rollover.
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Figure 2: Roll and Orientation characteristics of pinned cases (n=37)
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3 Injury Data

In regards to injury data (see Attachment 2), information on the injury patterns and causal
circumstances of fatal and non-fatal Quad bike-related injuries was obtained from the
following data collections: Safe Work Australia’s National Dataset for Compensation-based
Statistics (NDS), WorkCover NSW’s workers’ compensation scheme claims, WorkCover
NSW’s incident reports, Transport for NSW’s Road Crash Analysis System (RCAS), the NSW
Admitted Patient Data Collection (APDC), and the NSW Public Health Real-time Emergency
Department Surveillance System (PHREDSS).

The data collections examined (Table 1 below) have different inclusion criteria and were
examined across different time periods. The NDS (excluding NSW and Tasmania) contained
208 claims related to Quad bike incidents during 1 July 2006 to 30 June 2011. WorkCover
NSW’s workers’ compensation scheme contained 232 claims during 1 September 2003 to 1
July 2011 and WorkCover NSW's incident reports contained 80 incidents during 1
September 2003 to 3 November 2012 for Quad bike incidents. The RCAS identified 12 Quad
bike-related fatalities during 1 January 2006 to 16 October 2012. There were 1,515 ‘special
all terrain-related vehicles’ identified in the NSW APDC during 1 July 2000 to 30 June 2011
and there were 3,300 Quad bikes, 40 small non-adult Quad bikes, and 11 SSVs identified in
the PHREDSS during 1 January 2006 to 31 December 2012.

While information was readily available to describe the demographic characteristics of the
injured individual, the information contained within the data collections was not ideal to
describe the model of Quad bike (or SSV) and any attachments, the purpose for which the
Quad bike/ SSV was being used and the circumstances of the crash, including the geographic

typology.

The results from the analysis of the different databases are summarised in the Table 1. For
those databases where the characteristics of the Quad bike incident were known, the table
shows that rollover is a major casual factor in incidents and that the thorax one of the most
common body areas injured.

Finally, it should be noted that the data indicates that over a seven year period there were
around 3,307 records of Quad bike/SSV related Emergency Department Presentations (EDP)
for NSW (around 472 per year). NSW has a population of around 7.3 million and is around
32% of Australia’s total population. Extrapolating the injury count for Quad bikes/SSVs one
could expect a total of around 1,400 EDP for Australia each year currently.
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Table 1: Summary of all terrain vehicle-related incidents for the six data collections examined

Data collection

Timeframe

Number of quad bike
incidents

Most common injuries

Most common body
location of injury

quad bike incident

Other comments

SafeWork Australia
National Dataset for
Compensation-based
statistics

1 July 2006 - 30 June
2011

(data provided for
different timeframes
from each jurisdiction)

n=208 claims, including
2 fatalities

& Sprains & strains
(35.6%)
& Fractures (29.8%)

Trunk (29.3%)
s Upper limbs (27.4%)
s Lower limbs (25.0%)

Workers’
compensation
claims only
Excludes NSW and
Tasmania

Not all injured
workers make
claims

WorkCover NSW
Workers”
Compensation Scheme
Claims

1Sept 2003 -1 July
2011

n=232 claims, including
3 fatalities

& Sprains & strains
(41.8%)
e Fractures (22.4%)

s Upperlimbs (27.2%)
Trunk (24.1%)
Lower limbs (19.4%)

s Fell off quad bike
(25.0%)

s (Quad bike rollover
(22.0%)

Workers’
compensation
claims only

Not all injured
workers make
claims
Identification of
cases by quad bike
classification and
text descriptions

WorkCover NSW
Incident Data

1 Sept 2003 - 3 Nov
2012

n=80, including 17
fatalities

* Quad bike rollover
(40.0%)

* Hit object {23.8%)

s Fell off quad bike
(13.8%)

Not all quad bike
incidents notified
Identification by
searching text
descriptions

Road Crash Analysis
System

1Jan 2006 -16 Oct
2012

N=12 fatalities

¢ Quad bike rollover
(58.3%)

Not all qguad bike
incidents captured.

NSW Admitted Patient | 1 July 2000- 30 June n=1,515, including 4 e Fractures (47.6%) ® Head (19.5%) - Data quality issues
Data Collection 2011 fatalities e Open wounds e Knee & lower leg with identification,
(13.3%) (15.1%) likely under
* Internal organs ¢ Thorax(13.2%) enumeration
(8.7%)
NSW Near Real-time 1Jan 2006 -31 Dec n=3,300 quad bikes, ® Fractures - - Possible not all

Emergency
Department Data
Collection

2012

n=40 electric quads,
and 11 side by side
vehicles

e lLacerations
& Open wounds

guad bike incidents
identified
Identification by
searching text
descriptions
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4 US CPSCatalities Compared to Australian Fatalities

Analysis of the United States (US) government Consumer Product Safety Commission (CPSC)
database of US Quad bike (ATV) deaths was carried out by Mclntosh and Patton and is
presented in Attachment 3.

A total of 2718 fatal CPSC cases from the year 2000 were identified and analysed. The
selection criteria used is detailed in their report.

Similar to Australia US Quad bike deaths were mainly male (92%) and the median age was
38 years.

A search the free text entry in combination with the ATVD coding of the 2718 cases revealed
a total of 1951 crashes involved a rollover (72%). This total is a similar percentage to the
Australian data (71%).

In 43% of US cases the Quad bike landed on the rider. This compares to Australian data
where 50.5% of the 109 sample investigated in detail were pinned by the Quad bike.

Paved and unpaved roads accounted for the terrain upon which approximately half the
incidents occurred where the single most common surface was paved road (30%). This
compares to 14 deaths or 10% (out of all 141 cases) involving traffic and public roads for
Australian data. It is clear there is an over-representation of deaths occurring on roads in
the US whereas Australian deaths occur mostly all off-road.

Forests and farmland accounted for approximately one quarter of the US incidents by
terrain compared to three quarters of Australian deaths occurring on farms. However, the
activity at time of death, e.g. recreational or farm work, was not documented in the CPSC
data set. Nevertheless, it is acknowledged that US fatalities are predominantly resulting
from recreational activities.

For the US fatalities, the head was the most common body region injured (53%) followed by
the upper trunk (17%). Asphyxia was recorded as occurring in 203 cases (8%). This is in stark
contrast to Australian fatalities where 31% died of head injuries, 40% from thorax injuries
and 29 of 141 (21%) were attributed to asphyxia (excluding 3 drowning). This is likely the
result of US fatalities mainly resulting from recreational activities as opposed to Australian
fatalities resulting from a greater proportion of farming activities.

A very strong significant relationship was reported between a rollover event and both
asphyxia and anoxia in the CPSC data, and a strong and significant relationship between a
rollover event and crush injury. A rollover was associated with a twelve-fold increase in the
likelihood of asphyxia compared to no rollover. A rollover was associated with a twofold
increase in the likelihood of crush injury compared to no rollover. Rollovers were not
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associated with blunt force trauma or fractures. As per the Australian fatality cases, there is
a trend towards rollover crashes causing crush injuries and, in some cases, asphyxia, and
non-rollover crashes resulting in impact related injuries (e.g. head and multi-body).

When the US CPSC ATV fatality data are compared with Australian fatal Quad bike crash
data, it would appear that there are similar patterns in terms of crash and resulting injury
mechanisms. This is despite the total numbers of rollover versus object impact related
fatalities being observably different between the two countries.

The two most important observations are: rollovers mainly cause crush injuries and
asphyxia; and non-rollover crashes mainly cause head/neck injuries.

.
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5 Injury Findings of Other Data Bases and Literature Compared to
Australian Data

In order to compare the Australian Quad bike fatalities and injuries to other findings from
other injury studies, a literature review was carried out using PubMed to identify peer-
reviewed articles that investigated fatal and/or non-fatal Quad bike incidents. PubMed is a
free database, maintained by the United States National Library of Medicine at the National
Institutes of Health, which primarily accesses citations from the MEDLINE database, in
addition to other biomedical literature. The keyword search terms were a Boolean
combination of “all terrain vehicle”, “all-terrain vehicle”, “atv”, “quad bike”, “quadbike” and
“quad-bike”. They found 35 peer-reviewed articles detailing serious and fatal injuries
resulting from such incidents. The papers are listed in Attachment 4 in Table 4-1. The
countries beside Australia where injury data resulting from Quad bikes was investigated

was: US, Canada, Puerto Rico, Ireland, Australia, Germany and New Zealand

The main body regions exposed to serious and fatal injuries from Quad bike incidents were
the head and thorax and to a lesser extent the spine and abdomen. The mechanisms of the
injuries were typically impact or crush, in addition to a defined group who were asphyxiated
in Quad bike crashes. Rollover was reported as a common crash characteristic in the various
literature and were reported to account for between 14% to 78% of fatal and injury cases.

The literature confirms that rollover and crush is a major crash and injury mechanism
consistent with the current study described in Sections 1.1 and 1.2 in this report.
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6 Quad Bike and SSVCrashworthiness Test Protocol

This Section focusses on assessing what likely test protocols could be developed to assess
the crashworthiness of Quad bikes and SSVs. Mclntosh and Patton analysed and
investigated some of the issues concerning rollover crashworthiness in Attachment 5. This
section provides a summary of some of that work and discusses some of the relevant issues
as the Authors Grzebieta and Rechnitzer perceived them, albeit the final decision for which
tests to carry out and how to rate the vehicles was made after receiving the Attachment 5
report. The Final Project Summary Report and the Part 3: Rollover Crashworthiness Test
Results present the test methodology and crashworthiness rating methodology that was
eventually used.

Having analysed Australian fatality data, US CPSC fatality data, NSW injury data and
literature published by other researchers reporting from other countries Quad bike injury
and fatality counts and crash and injury mechanisms, it was concluded that for farm workers
the typical pattern of severe to fatal injuries is focussed on thoracic injuries, whereas for
recreational riders the head is the source of the severe and fatal injuries. There is a small
incidence of cervical vertebral and spinal cord injury in both groups. Upper limb and lower
limb joint or skeletal injuries are unusual, as are abdominal and pelvic injuries.

It was further concluded that in the case of Australian fatalities related to farming, rollover
involving crush injuries to the chest crush and asphyxia from being pinned under the Quad
bike were the dominant injury modes. For recreational riders the dominant crash mode was
ejection and thus head injuries.

The strong recommendation by all organisations to increase helmet use for all Quad bike
operators was reinforced by the analyses discussed in Sections 3 to 5. Not only do Quad
bike operators suffer severe head injuries, there is significant evidence to support
mandatory helmet use to reduce head injury risk. This recommendation needs to be made
most strongly in the context of recreational Quad bike operation. However, it should be
reiterated that the development of a Quad bike/SSV helmet that is practical for recreational
and farm workers must be considered.

Rollover crashes were strongly associated, and in some statistical analyses significantly
associated with chest injury and/or asphyxia. Thus the primary focus for crashworthiness
assessment relevant to farm workers in relation to the use of Quad bikes must be thoracic
injuries caused by impact forces, crush and/or prolonged static loading on the rider’s chest
and air passage ways.

Hence, any tests or safety rating that assist with increasing the rollover resistance of a Quad
bike or SSV and thus reduces the likelihood of a rollover, will have a direct effect on
reducing rollover associated chest crush and asphyxiation deaths and serious injuries
resulting from chest crush. In other words, the results presented in this report clearly justify
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that vehicles with a higher rollover resistance and dynamic handling that reduce rollover
risk, i.e. have a high TTR as presented in PART 1: Static Stability Test Results, and have a
favourable understeer characteristic as outlined in PART 2 Dynamic Handling Tests Results,
will reduce the number of Quad bike related fatalities and serious injuries.

In regards to assessing the crashworthiness of an SSV, the problem appears straightforward.
The SSVs rollover protection structure (ROPS) can be tested for crush strength in a manner
similar to the current roof crush test adopted by the Insurance Institute for Highway Safety
(IIHS). Thus to obtain a good rating the ROPS would need to have a Strength to Weight
(SWR) ratio of around 4 when tested according to the IIHS roof crush test protocol. Variation
of the SWR below 4 would be appropriately penalised in terms of point score.

This SSV ROPS crush test could be accompanied by an ejection test, where the SSV is
propelled at speed towards a trip bumper, the vehicle is then abruptly stopped and a tip
over is initiated to an angle of around 45 degrees where rear tethers limit the tip over. A
seat belted Hybrid Ill Anthropomorphic Test Device (ATD or dummy) placed on the trip side
in the SSV (if the SSV has a seat belt) would be observed how well it is contained within the
vehicle. Points would be allocated depending on how well the vehicle contains the ATD.

In regards to assessing the crashworthiness of a Quad bike, the issues are more problematic.
In regards to crush and asphyxiation, no crashworthiness test have been developed to date
that would consider potential for such injuries other than survival space rollover
requirements as has already been considered and developed for buses and agricultural and
mining machinery. ATDs are optimised for a small set of impact scenarios, e.g. frontal
impact, offset frontal impact, side impact, and rear impact. No ATD has been designed
specifically to measure crush or asphyxia type injuries. The Hybrid Ill appears to be the most
widely used ATD, possibly because of its availability and ruggedness. However, its fidelity in
terms of measuring biomechanical loads and relating them to crush and asphyxia injuries
would be totally inadequate if not non-existent.

For example in crush injuries or asphyxia, the Quad bike operator will not undergo a
substantial velocity change because a reaction force applied through the ground opposes
the force applied by the Quad bike to the operator. This changes the dynamics of the
impact process, the biomechanical responses of the body segment and the injury outcomes.

If the operator is on the ground and impacted by the Quad bike, the accelerations of the
operator’s head and thorax may be low compared to other impact situations. Therefore,
measurement of thorax or head acceleration or use of the Head Injury Criterion or Chest
Injury Criterion may not necessarily capture the true nature of the chest or head loading.
Measurements of forces or deformations are a more valid method for determining the
likelihood of injury in this situation without a dummy.
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In regards to asphyxia, the Quad bike may remain on top of the operator causing a
proportion of the weight force of the Quad bike to be applied to the operator. In these
cases the operator is pinned under the Quad bike. Except in a few cases the specific part of
the vehicle that pinned the deceased operator was not recorded in the NCIS case series. In
some cases a broad area of the Quad bike was on top of the operator. In a few cases
specific components were involved, e.g. in one case the foot rest pinned the operator’s neck
to the ground in a one quarter roll and caused asphyxiation. The operator’s posture varies,
from prone to supine to side-lying, therefore a unidirectional thorax may not be appropriate
for measuring deformation.

In a laboratory based crash test of Quad bike rollovers, an ATD may not be positioned to
measure the maximal or relevant loading applied by the Quad bike. Therefore, the building
blocks for an alternative test approach were examined by Mclntosh and Patton. That test
approach was conceptualised by them to not to use an ATD in a laboratory based rollover
test, but to measure the impact force applied by the Quad bike to an instrumented floor,
the static load and the survival space under the Quad bike.

It was recognised that situations arise in which Quad bike operators are crushed by the
Quad bike. Under those situations some of the chest injury criteria presented in
Attachment 5 may not be relevant.

The use of an injury criterion of 3.5 kN peak impact force measured during a trip and roll of
a Quad onto an instrumented floor was proposed in order to assess thoracic crush injury
potential in Quad bike rider rollovers. The force was adopted on the basis of assessing
cadaveric test results as outlined in Section 4.2 in Attachment 5.

To assess the potential of asphyxia, a maximum static weight force of 500 N was proposed,
equivalent to 50 kg, measured over a period of five minutes. A scaling system could be
interpolated with full score at 0 N and no score at 500 N. However, how the test would be
carried out in terms of Quad configuration relative to the rider has yet to be considered.

A survival space approach was also considered for inclusion in the crashworthiness
assessment in Attachment 5. Sample operator anthropometric dimensions were
established. If the objective is to prevent entrapment or pinning of the operator, and the
operator has fallen off the Quad bike, then a volume defined by the operator’s seated
height and the maximum trunk width or depth, would define the space required to guard
the operator (head and trunk) if they were to retain a seated posture; i.e. 1030 x 500 x 500
(mm). It was proposed that this can be measured under the Quad bike in a one-quarter roll
resting position and up to two two-quarter roll resting positions for which there is vertical
clearance of 500 mm is measured. Without a crush protection device or ROPS structure, all
Quad bikes would fail this requirement and thus the test may be impractical. Quad
operators may also be ejected and not in an upright seated posture when the Quad bike
interacts with them.
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There is a great deal of variation in the possible postures of the operator and position
relative to the Quad bike. In the Australian cases reviewed in depth, there were a number of
cases in which the operator remained in the Quad bike’s seat, albeit in an inverted position.
The majority of fatally injured operators were not in a seated posture or position when
found.

Crashworthiness Test Methodology Used

After carrying out a number of preliminary tests at the Roads and Maritime (RMS) Crashlab
facility in Huntingwood in the outskirts of Western Sydney, the lead Authors Grzebieta and
Rechnitzer settled on the following findings.

1. As a result of the rollover testing, it became apparent that it is currently unrealistic to
discriminate the rollover crashworthiness between different Quad bike models.
However, discrimination between vehicle types (i.e., Quad bikes and SSVs) was feasible;

2. It was concluded that the term “Crashworthy Quad bike” is fundamentally a
contradiction in terms. Therefore, all Quad bikes were rated equally for rollover
crashworthiness and assigned the same points baseline rating for rollover
crashworthiness protection;

3. It is not possible at present to discriminate Quad bike crashworthiness performance
based on real world crash information (in contrast to passenger vehicles, for example),
due to the absence of make/model/year (MMY) crash involvement injury data and
exposure data collected for Quad bikes and SSVs. This fundamental deficiency with data
collection for Quad bikes (and SSVs) remains an impediment to advancing Quad bike
safety;

4. The fitment of Operator Protection Devices (OPDs) to Quad bikes is seen by safety
stakeholders as an engineering control that may reduce injury risk in some
circumstances. However, the industry claim via their own analyses is that OPDs might
increase injury risk in some circumstances, although their hypothesis is not supported
by any reported Australian cases from real world crash data. As with motorcycles, the
safety crashworthiness basis promoted by industry for Quad bikes is separation.
Similarly if increased crash protection is a key performance requirement then different
vehicle types, e.g. SSVs, which offer such protection as part of their design need to be
considered and used instead, in line with choosing ‘Fit For Purpose’ vehicles within the
risk management framework;

5. In contrast to Quad bikes, the SSVs do adhere in general to rollover crashworthiness
principles, in that they are fitted with ROPS, seatbelts and various degrees of occupant
containment measures which combine to keep the occupants within the protected
space. The effectiveness of such designs in terms of severe injury prevention can vary
widely. It is possible to discriminate and to rate SSV crashworthiness;
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6. A well designed SSV with a ROPS and appropriate seatbelt restraint (3 point or harness)
can provide good protection in rollover crashes that typify farm rollover incidents as
identified in Coronial data. For this reason the vehicle type (SSV or Quad bike) should
not be distinguished as such when assessing rollover crashworthiness protection
(similar to assessing the vehicles for static stability and the dynamic handling). The focus
of the rating system is to identify for the workplace/farming consumer which vehicle
offers the best protection in a rollover crash regardless of vehicle type protection
system (ROPS with Seat belts or only an OPD), except that some systems offer more
protection than others, with points rated accordingly.

Considering the above context, it was decided that the rollover crashworthiness test
methodology and rating system should consist of following:

1. Measurements of static ground contact force with and without an Operator
Protection Device (OPD) on its left and right side and when inverted. The mass
difference between different model Quad bikes was not sufficient to provide
significant discrimination in terms of asphyxia potential, as in most cases the 50 kg
asphyxia load criterion would be exceeded;

2. Inspection and measurements of Side by Side Vehicle (SSV) occupant retention in
accordance with the United States (US) American National Standard for Recreational
Off-Highway Vehicles ANSI/ROHVA 1-2011 with additional requirements applied, as
discussed in Section 2.5.2;

3. Vehicle and rider/driver dynamic rollover tests consisting of positioning a ATD in the
operator’s position of a Quad bike or Side by Side Vehicle, tilting the vehicle to an
angle at which rollover would occur, and releasing the vehicle from an initial static
position to rollover to observe ‘survival space'2 and functionality of the OPD, and in
the case of the two SSVs the ROPS and restraints.

4. Side by Side Vehicle (SSV) ROPS structure load tests consisting of applying a lateral
load followed by a vertical load then a longitudinal load to the vehicle ROPS whilst
recording the deflection and noting the structural integrity, in accordance with the
ISO (2008) test option for the US ANSI/ROHVA 1-2011 requirements. (Note that there
are two test methods for compliance: the 1ISO 3471:2008(E) (I1SO, 2008) method and
the OSHA method (Code of Federal Regulations). In this study, the ISO 3471:2008(E)
test method was used).

Part 3: Rollover Crashworthiness Test Results provides further details regarding the test
procedures and results.

2 ‘Syrvival space’ is intended to mean here the space left between the upturned Quad bike and the ground
from which a rider can crawl
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