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EXECUTIVE SUMMARY

The incidence of serious casualty run-off-road leeasin rural Western Australia is
significant. High-speed, alcohol consumption, loweidence of seat belt wearing contribute
significantly to this crash concern. Long, monotasmaoutes with little traffic and little
stimuli further exacerbate the situation, creatiegdy conditions for fatigue, drowsiness and
driver error.

A main challenge in creating road designs to misensuch crash occurrence and severe
crash consequence is anticipating and accommoddtiver error - be the errors inadvertent
or arising from deliberately unsafe behaviours. &ébur change programs have been
successful in the past but their effects are slgwand it is timely to seek new ways of
designing and operating roads to accommodate &witéile human errors.

Typical errors and deliberate unsafe behavioureiation to rural driving identified in the
literature included:

* Inappropriate speed

* Exceeding posted speed limit

* Non-wearing of seatbelt

* Unlicensed driving

* Impaired driving

* Fatigue

» Drowsiness

* Inattention and distraction

» Conflict with animals

* Night-time driving, and

» Driving on poor road surfaces

However, in keeping with Safe System philosophgidineering road design to create road
networksforgiving of driver error, it is more apt to define the ¢raxenarios in terms of
poor, or inadequate, road design factors. That is:

» Poor choice of speed within the posted speed lmitad layout designed such that
higher speeds are encouraged and permitted; inattegignage provided to warn
driver of impending hazard which would require lovepeeds, road not designed to
include forgiving barriers to prevent serious igjuesulting from vehicles running off
the road,;

« Travelling over the posted speed limit - road laydesigned such that higher speeds
are encouraged and permitted; inadequate enfordeofespeed limits, (keeping in
mind that literature indicates driver speed behavie unlikely to change unless the
posted speed limit appears credible to the drinersupported by the road design, or
there is a tangible possibility of being caughtthg police for travelling over the
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speed limit); road not designed to include forgivivarriers to prevent serious injury
resulting from vehicles running off the road;

» Driver impairment - road not designed to includegfeing barriers to prevent serious
injury resulting from vehicles running off the rgadadequate enforcement of driver
“fitness to drive”;

» External factors - road not designed to includegifong barriers to prevent serious
injury resulting from vehicles running off the rgadesigns constructed over key
animal crossing paths; poor road surface.

The two primary recommendations of this study foe targetting of rural road crashes,
typically run-off-road crashes, is the loweringt@fvel speeds to levels compatible with Safe
System ideals and the installation of large-scalee wope barrier to mitigate crash
consequence. It is recognised that the implementatf these measures may not always be
immediately practical. Some of the countermeasidgestified in the body of the report are
highlighted below. It is noteworthy that these raitgive measures are rarely fully aligned
with Safe System, and therefore likely to be fasleffectiveness in addressing the issue of
rural crashes.

* Modifying perceived traversable width of the roaahcaffect driver travel speed
choice;

* Perceptual linemarking innovations such as fulelandth transverse lines can affect
travel speed choice;

* A combination of 150 mg of caffeine and a 30 mip maas identified as having the
most effect on driver alertness;

» Blue reflector markers introduced 300 m beforest séop has been used to highlight
to truck drivers of the upcoming informal rest stpp

» Potential restricting mobile reception in vehide®nly emergency contacts;
* The use of deterrent scents and animal fencingnonise animal crossings;

* Edgelines and wide centre markings has been shawhate effect on crash
reduction;

* Rumble strips has been shown to have effect o ceakiction;
* Increased lighting has been shown to have effectrash reduction;

» Covert speed enforcement combined with presengmlafe over an identified target
zone can affect mean speed,;

* Reduction in posted speed limits combined with ez@ment can affect mean speed,;

* Night time speed limits might address poor nighetispeed perception.
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Below is the developed taxonomy with identified mtrmeasures.

[ Road user Error I o2 Design Limitation

E Safe System Compatible solution - Safe System Compatible solution DLess Effective Solutions
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Below is listed a small number of recommendatiohsneasures believed to be worthy of
further investigation.

Studies indicate lane widths, presence of sealedldars and the number of lanes can all
influence driver speed choice.

0o

0o

Review lane widths with design standards on subjmdies to ensure the lane widths
are up to standard but are not unnecessarily wider required;
Where lanes are wider than design standards, camsatceptual measures to visually
reduce perceived width. Consider in particular:
= Sections of full or peripheral transverse linesadpd intermittently using
non-slip paint;
= Sections of converging chevrons using non-sliptpain
= Consider narrowing the lanes through edgeline magrkihile retaining
wide shoulders.

Given the often minimal volumes along remote anchesgegional routes, consider
reducing the number of lanes to the minimum realjire

o0 Where a traffic lane is to be made redundant, densis options:

» Reline marking the section of road to include aensentral median;

» raised edgeline markings;

= using the now redundant lane to incorporate a Bxibie barrier trial.

* as a suggestion from the authors, where a lanetrbggimade redundant,
or lane width reduced, consider line marking adlaturve.

Consider programs of dynamic speed alert signs owdbwith enforcement to lower
travel speeds;

Consider a trial of high frangible guideposts comeli with reduced pavement width
to perceptually reduce travel speed;

Consider speed limit reductions in conjunction wite rumble strips at gateways to
towns to produce the necessary braking and evespeaaid reductions required;

Consider a trial of reflective blue markers introdd 300 m before a rest stop to
highlight to truck drivers of the upcoming infornralst stops.

The finclings in the literature are not necessaigar-cut. One road feature can have both
beneficial and adverse effects on safety concuyeiar example, increasing |ane width can
reduce potential of side-swipes while increasikglihood of higher travel speeds. The astute
road designer will need to optimise the feature oftimise overall safety while not
compromising another aspect of safety.
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1. INTRODUCTION

The economic burden as well as the social burdem fioad crashes is staggering. In high
income countries such as Australia, the driver pakenger are typically the victims of road
crashes. There are not only psychological and physonsequences for the injured person,
road crashes also impact on the lives of familied aommunities. It has recently been

acknowledged that in Australia road trauma candmiiced by enforcing the use of safer
vehicles, promoting community acceptance of a lolerance for risky driver behaviour, and

improving Australia’s road transport system (1).

Rural crashes on the Australian road transportesysare a major and persistent crash
concern and are distinct to urban crashes. Urbaasacharacteristically have higher traffic
density, more conflict points and higher-densitying compared to rural areas. However,
there is evidence to suggest that in rural ared@susfralia, road crashes result in more severe
injuries and are more likely to result in a fataliompared to crashes in urban aread)@ja
from the United States have indicated a similatgpatwith injury fatality rates reported to be
up to three times higher in rural areas comparadttan areas (3). The injuries are typically
more severe in rural areas due to factors suchigiser impact speeds and slower access to
after-crash treatment. Road user factors such esdsmlcohol, fatigue and lack of restraint
use also contribute to increased injury severityuiral areas. These road user factors can be
differentiated into inadvertent errors and unsaieed behaviours.

In particular, the incidence of serious casualty-off-road crashes in rural Western Australia
is significant. High-speed, alcohol consumptionwéo incidence of seat belt wearing
contributes to this crash concern. Long monotomouses with little traffic and little stimuli
further exacerbate the situation, creating readyitmns for fatigue, drowsiness and driver
error.

A main challenge in creating road designs to misémnsuch crash occurrence and crash
consequence is anticipating and accommodating deu®r - be the errors inadvertent or

arising from deliberately unsafe behaviours. Betwawi change programs have been
successful in the past but their effects are slgwand it is timely to seek new ways of

designing and operating roads to accommodate #wit@ile human errors.

This study was completed to explore the crash tainan regional and remote WA within
the context of driver error. It seeks potential meumeasures available through literature to
address the identified crash problems and creatdea road environment for travel through
rural WA.

1.1.OBJECTIVES OF THE STUDY
The objectives of the study were:

* To assess the respective roles of inadvertentsand unsafe driver behaviour —
specifically, speed and speeding in rural roadheasn WA; and

 To identify road design features which aim to miisien the occurrence of
inappropriate speeds, as well as driver error tdonsequences

DESIGNING SAFER ROADS TOCOMBAT DRIVER ERRORS— RURAL CRASHES 15



1.2.METHOD

Task 1 — Literature Review on Errors

A literature search was undertaken to identify fribv@ available research, the range of errors
underlying key serious casualty crashes in ruedsrSo far as the literature permitted, these
errors were classified as either (i) inadverteniiprarising directly from deliberate, unsafe
behaviours. The potential role of travel speedtténtion and fatigue as a source of error was
examined in particular.

Task 2 — Analysis of Crash Data

The initial literature search was supplemented by@alysis of crash data provided by WA
Main Roads to identify the typical serious casuatgshes occurring on rural roads in WA.

Task 3 — Literature Review on Road Design Features

A second literature search was conducted, this fmoassing on road design features and
their capacity to reduce driver errors and/or thesequences of those errors. Design features
which aim to produce compliance with posted spesutd and safe travel speeds were
targetted. The list of identified design featureerev categorised under the range of
inadvertent errors and deliberate non-compliance.

It is noted that much literature exists on the masi safety issues relating to rural safety. As
well, many studies and literature reviews have bmmnpleted on the effectiveness of some
of the measures trialledBoth literature reviews are not considered to béassstivein
highlighting the relevant literature in this repdristead, the reviews focussed on presenting
a summary of the issues that exist and many ofdb@termeasures available.

Task 4 — Workshop and Development of a Taxonomgludviour

The list of driver errors and road design countersuees were presented at a half-day
workshop attended by available stakeholders, wiitew to developing a prioritised suite of
road design improvements and countermeasureserRagion of identified countermeasures
and the practicality of implementation were diseassat the workshop as were other
available treatment options. Treatments were ptedenith respect to Safe System and non-
Safe System compatible measures.

A taxonomy of behaviour and potential countermeasuvas developed in regard to the key
crash problem of WA rural region - single-vehiclkashes. The taxonomy attempted to
readily categorise the driver error as well as thkated design error and list potential
countermeasures that can be utilised by traffiaresegs as well as policy makers, to address
this crash type in a systematic approach. It wasented also as a template to help facilitate
treatment of other high priority crash types.

1.3.DEFINING RURAL ROADS IN WESTERN AUSTRALIA

ARIA+ classification

The Western Australian rural road network was switldd into regions, in accordance with
the Accessibility and Remoteness Index of Austyét@06 version, known as ‘ARIA+'(4).
This geographical schema divides Australia intaaeg, as shown in Table in accordance
with road distance measures to over 12,000 popllatalities.
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Table 1 - ARIA+ regions of Australia

Region ARIA+ score Example localities

Major cities ARIA+ < 0.2 Perth

Inner Region: | 0.2< ARIA+ < 2.4 Bunbury, Busseltc

Outer Regional 2.4< ARIA+ < 5.92 Margaret River, Albany, Kalgoorlie g@ldton

Remote 5.9Z ARIA+ < 10.53| Port Hedland, Broome, Esperance

Very Remott | ARIA+ > 10.5! Tom Price, Kununurr

Figure 1andFigure 2show the regions graphically. In this analysMajor Cities’ were not
included, since the study targetted rural routes,were Inner Regional areas considered to
lie within the Perth metropolitan area. Furthereydnner and Outer Regional areas were
combined into a single category called, ‘Regionalh a similar manner, the Remote and
Very Remote regions were combined and are heraafierred to as ‘Remote’.

Killed and seriously injured persons in WA

The analysis focussed on those road users killddsariously injured (serious casualties) for
the five-year period 2006 to 2010. Regional andate serious casualties, despite occurring
across practically the entire area of the state Rarth metro area comprises only 540G km
of the total 2,650,000 kimof WA), comprise 35% of state’s serious casualti€dingle-
vehicle serious casualties are more prevalentgiom@l and remote areas, making up 53% of
all single-vehicle serious casualties while on¢hfibf multiple-vehicle serious casualties
occur outside of the Perth area.

A total of 21% of serious casualties occurred miaral WA compared with 15% in remote
WA. Single-vehicle serious casualties were simitaproportion between the two regions,
with 28% of all single-vehicle serious casualtiesuring in regional areas and 25% in
remote areas. Multiple-vehicle serious casuaitiiese more common in regional WA, with
15% occurring in this region compared with just BPtemote areas.

More detail about the characteristics of killed asefiously injured persons in Western
Australia can be found in Section 2.2, Crash Types.
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Figure 1 - ARIA+ regions of Western Australia.
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Figure 2 - ARIA+ regions of south-west Western Ausalia.
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2. MAJOR CRASH TYPES
2.1. CRASHES AND INJURY ON RURAL ROADS

A number of behavioural factors have been idemtifés significant contributors to rural
crashes (5) For example, the high crash ratesral aneas have been associated with driver
fatigue (6) , drivers disobeying road rules suchfakng to wear a seatbelt (7) (8and
travelling at a speed in excess of the posted sjeéd(9). In addition, there is as growing
body of evidence to indicate a relationship betwealicensed drivers and high severity
crashes in rural areas (5, 1Rarticularly in remote areas of Australia, indiges@opulations
are more likely to engage in unlicensed drivingrestrained seatbelt wearing and drink-
driving (11).

Crash outcomes in rural areas have been assogi#tethore severe outcomes. Results from
an earlier study on WA crashes indicated the rafeserious injury crashes increasing for
those involved in a crash in very remote areas ewatpto highly accessible and moderately
accessible areas (12). It has been argued thahtiheased crash outcomes in rural areas
could be attributed to drivers having limited asces medical treatment compared to drivers
in urban areas (13) or physicians working in ramaas not being as adequately equipped or
experienced to treat trauma victims as physiciansurban centres (14However, it is
important to note that this issue and the assatsaeerity of crash risk remains contentious
(15).

Crash severity is dependent upon the physical $oocethe body at the time of the impact. A
greater emphasis is now placed on designing veshibkgt aim to minimise this impact on the
driver and passenger in the event of a crash. Tieereidence to suggest that drivers in rural
areas are less likely to update their vehiclesamedherefore driving vehicles that have less
than adequate safety features compared to driveosupdate their vehicles in urban areas
(3).However, the degree to which driver vehicle agetrdmutes to crash risk in urban areas
is yet to be quantified.

Excessive speed in rural areas has received wigatian in the research literature and
remains a significant problem for both rural andaur drivers (16-18)ypically, speed limits

in rural areas comprise freeways with posted spemds of 100 to 110 km/h and
consequently drivers are more exposed to high spesds. It may be argued there is also
greater propensity to engage in excessive trave#dgpwhen driving on rural roads to avoid
the onset of driver fatigue due to the long distanthat need to be covered. Driver speed and
excessive speeding is discussed in further det&keiction 2.5.

On highways, main roads and local roads the mgjofitrashes in rural and remote regions
of WA occurred on straight sections of road ratian curves. This finding is in agreement
with a study conducted in South Australia (19) vehapproximately 58% of rural crashes
occurred on straight roads compared to 25% of esaglhich occurred on curved roads. The
findings from the Queensland study (5) concurreth whis, indicating that around 30% of
fatal crashes in rural and remote areas occurrecliores with an obscured view. This was
not found to be statistically significant howev@ft particular note, the majority of fatal
crashes (87%) occurred on roads with no significaad feature, suggesting that road
geometry did not play an overly significant roletlive majority of crashes. These data do not
necessarily control for the relative lengths oaigfints and curves within the network. It is
possible that the perception of risk may be redumedtraight highway roads in rural areas
where there is less traffic on the roads than loanrareas.
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Nonetheless, negotiating curves on the road netwark present a present a significant
challenge for many drivers, particularly when drmtyiat high speed, in inclement weather, or
when the driver’s ‘fitness to drive’ levels are endoar. Curve radius, curve length, the
number of adjoining curves, driver expectation ofvature of road ahead can all influence
the ease with which the driver negotiates the aimoad. Curves with a smaller radius are
associated with greater crash rates than curvésanigrger radius. On the other hand, other
studies suggest increasing curve length is associatth greater crash rates (2This
indicates a potential design conflict: lengtheniing curve to minimise the radius can create
safety issues as can reducing the curve lengtlgbiening the curve.
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2.2.CRASH TYPES

Typically, crashes fall in to two major categoriesngle-vehicle crashes or multivehicle
crashes. Single-vehicle crashes involve a vehwlikding with an object or animal on or off
the road, or overturning. Multi-vehicle crashesolve collision with at least one other
vehicle and would generally involve an error ingachent by at least one of the drivers.

SINGLE-VEHICLE CRASHES

There is considerable research to demonstratatlaage proportion of crashes on rural roads
encompass single-vehicle crashes (19, 21,c223h data from South Australia from 1998 to
2000 found that the most common crash type in ram@s comprised single-vehicle crashes
(44%), followed by head on (16%) and right-turn ¥d)9crashes (19)'he prevalence of
single-vehicle crashes in rural areas is understaled Given the lower traffic volumes and
far reduced number of intersections, the likelihobdonflict with another vehicle is limited,
and the long monotonous stretches of road can bducive to fatigue and drowsiness and
distraction, key factors in rural roads crashes.

It is also clear that single-vehicle crashes tylpiceesult in more severe injury outcomes
compared to multi-vehicle crashes. Single-vehidlasiees in rural areas of Queensland,
accounted for three quarters of all crashes inl mo@ads in Queensland, and 65% of fatal
crashes (5).

Single-vehicle crashes often involve young drivansl occur on high-speed roads. In New
South Wales, Chen et al. (23) compared the risioahger drivers involved in single-vehicle
crashes by locality and found the risk of seveijeries is significantly higher for young
drivers in rural areas compared to young driversrban areas. This risk remained high even
after adjusting for risky driving behaviour, drivexposure and driving experience. One
reason for the high risk of younger drivers in &rgehicle crashes may be the contribution
of either exceeding the designated speed limitrivindy at an inappropriate speed for the
road conditions (23). Information relevant to corapte with speed limits and travelling at
safe speeds is discussed in Section 2.5.

Hit-Object Crashes

A large proportion of single-vehicle crashes irafiand remote areas involve vehicles hitting
roadside objects, including trees, fences, embantgngoles and rails. The contributory
factors are varied and can include: driver fatigp@or vehicle handling, poor observation,
driver inexperience and risky driver behaviour,tsas driver speed and driver impairment
(24).

A similar pattern was established by Baldock (I®)Heir study of rural crashes in South
Australia, finding that approximately 37% of 16@ge-vehicle crashes involved a vehicle
colliding with a tree. A large proportion of thesashes (81%) occurred on roads with speed
limits at or above 100 km/h. The researchers wkse iaterested in the distance of the tree
from the roadside. Approximately 40% of single-wdicrashes that involved trees hit trees
that were less than three metres from the roadsiuthle 90% of single-vehicle crashes
comprised vehicles that struck trees located wittime metres from the road side (19). An
earlier study on rural and remote crashes in Viatiyom 1997-2001 supports these findings,
reporting trees to be the most commonly struck abjaccording to the researchers, more
than half of the crashes involving trees resuliefhialities or serious injuries (25).
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Loss-of-Control and Rollover Crashes

Research has shown that a large proportion of vetlecrashes typically involve heavy
vehicles rather than passenger vehicles (26).

TYPICAL CRASH PATTERNS IN RURAL WA

As was highlighted in Section 1.1, the predomirzmash type in both regional and remote
areas is that involving a single vehicle. Multiptehicle crashes are more common in
regional areas. The following sections briefly suanise the characteristics of these two
broad crash types in non-metropolitan Western Aliatr

Considering both crash types together to provideesperspective, Table shows the top
five crash types in regional and remote areaslfarash types.

Table 2 - Breakdown of Western Australian serious asualties involving all crash types in regional and
remote areas. Average per annum, 2006-2010.

Regional WA Remote WA All non-metropolitan
WA

Type No.| % | Type No.| % | Type No.| %

Hit object 247| 41% | Non- 151| 36% | Hit object 394 39%
collision

Right angle | 80| 13% Hit object 14635% | Non- 226 | 22%

collision

Non- 75 | 13% | Head ol 24 | 6% | Rightangld | 10C| 10%

collision

Head ol 50 | 8% | Rightangl | 2C | 5% | Head ol 74 | 7%

Rear end 41  7%)| Hit 17 | 4% | Rearend 5( 59
pedestrian

other 105| 18% | other 62| 12% other 17417%

Total 100%| Total 100%| Total 100%

Single vehicle

In the WA data analysis, pedestrian and animal etgpappeared as two additional types.
Pedestrian impacts comprised 7% of serious caegalki regional areas and 5% in remote
areas, while animal impacts made up just 2% iroragjiareas and 3.5% in remote areas. Itis
likely that animals could be involved in a gregtercentage of single-vehicle crashes where
driver took evasive action to avoid an animal aand off the road as a consequence.

‘Hit object’ serious casualties nhumbered 68% iniargl WA, with a further 21% ‘non-
collision’. Of the non-collision crashes, 93% dfese were documented as involving a
rollover. In remote WA ‘hit object’ serious castieé were considerably lower, at 44%,
while non-collisions comprised 46% of the singléieée crash sample. The vast majority of
these (97%) were rollover crashes.

Table3 shows the primary struck object recorded for gngghicle crashes in regional and
remote areas.
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Table 3- Breakdown of single vehicle ‘hit object’ serious asualties, regional and remote areas

Regional WA Remote WA

tree or shrub 51% embankment or difcl36%
embankment or ditc | 18% | tree or shru 34%
traffic island or ker | 10% | sign, post or po 12.5%
sign, post or pole 10% traffic island or kefb  9.9%
other 11%/| other 8%
Total 100% | Total 100%

Based on the results in the table above, it is @mpahat around 70% of both regional and
remote single vehicle struck object serious camsattould be avoided by preventing errant
vehicles from coming into contact with natural feas on the roadside.

Multiple vehicle

Multiple-vehicle serious casualties are a signiftbasmaller problem in regional and remote
WA, comprising only 20% of the all multiple-vehiclserious casualties in the state.
Nevertheless, a short analysis was carried ouadsopthis study to understand their nature.
This crash type has not been further addressedinwittis report, however, the focus
remaining on the single-vehicle crash. Of the 20Ramalti-vehicle crashes occurring in
remote and rural regions, Tallsummarises the primary crash types in each obnegiand
remote areas.

Table 4 - Breakdown of multiple vehicle serious casualtiesggional and remote areas

Regional WA Remote WA

right angle 34% | heat-on 26.5%
head-on 21%| right angle 22%
rear end 17%| rearend 10.9%

right turn throug | 12% | right turn throug | 10.5%
other/unknow 16% | other/unknow 30.5%
Total 100%| Total 100%

Multiple-vehicle crashes in regional areas showilamtharacteristics to those occurring in

metropolitan Perth, with right-angle and right-tagainst serious casualties (primarily

occurring at intersections) comprising almost (&%) of the total. The absolute number of
multiple-vehicle crashes over the five-year peiiodemote WA was smaller by a factor of

2.5 (457 versus 1171), with the main crash typaddiead-on crashes. Right-angle and
right-turn-against crashes made up just underrd (B2.6%) of remote area multiple-vehicle

crashes.
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2.3. CRASH CONTRIBUTORY FACTORS
2.4 INADVERTENT ERRORS

Driver Age and Gender

While not an error in itself, road safety researshkave long sought to identify any
differences in age and gender believed to be assacwith crash involvement (3, 2There

is emerging research to suggest that older dri@ersat a significant risk for involvement in
serious and fatal crashes in rural areas (21, R&noteness, lack of access to alternative
transport options (29) and limited medical fa@ktihave all been identified as contributing to
increased risk of crashes for older drivers in Inaeeas. In particular, there is strong
empirical support for older adults being involvedhigh-severity crashes due to the increased
frailty and inability to sustain forces on the bo@0). Recently, Thompson and colleagues
(2010) reported on crash data from 2004-2008 inttSéwstralia to determine the nature of
older driver crash involvement in rural areas (28yerall, the researchers found a greater
number of older driver crashes in rural areas coetpao urban areas. This finding
represented a linear relationship between drivex agd crash involvement when total
number of crashes were taken into account. Howewece the researchers viewed the
number of crashes in the context of the total numdfelicense holders per age group a
different pattern started to emerge. Older drivaask rates started to plateau and even
slightly increase over the age of 65 years. Funtioee, this trend was greater for rural areas
than urban areas. Further analysis of drivers afppde 75 years revealed that drivers living
in rural areas were involved in a greater propartd serious casualty crashes compared to
their age-matched counterparts in urban areas.léiynia recent study from Kansas in the
United States found that drivers aged above 85syware at a significantly higher risk for
crashes of greater severity (21f).is noteworthy that younger drivers have alsonbee
identified as being are overrepresented in serg@ssialty crashes in rural and urban areas
(31, 32), being associated with inappropriate speeds (15)ngbalisproportionately
represented in night-time crashes (33), and aselilesly to wear seatbelts (34).

Using the current WA dataset, older drivers mad®.686 of regional serious casualties and
5.6% of remote serious casualties, compared wi8%7in metropolitan Perth. Younger
drivers between the age of 15 and 24, comprised @78érious casualties in regional areas,
similar to proportion in Metropolitan Perth (26%n remote areas, the corresponding figure
was 25%. These figures are comparable with thoserged in the rest of Australia (35).

Crash characteristics often highlight male drivessmore risk prone (36, 37), young males
generally found to be more involved in speed-relateshes, the most likely group to have
their vehicle impounded (3&nd less likely to be wearing seatbelts (34).

Driver Fatigue and Drowsiness

Drowsiness, driver fatigue and sleep disorders Hasen identified as important factors
which can affect driving performance (39) and cibwnite to an increased risk of road crashes,
particularly for commercial drivers; (40, 41) therfprmance deteriorating as the night
progressed and fatigue increasing with the contionaf the driving task. One definition of
fatigue is the “loss of alertness which eventueltgls in sleep (42)” though Mabbott reports
that the definition and measure of fatigue has lzeessearch dilemma for decades (#8g
particular inadvertent error in driving when fatgland drowsy is the decision to drive when
lacking sleep or fatigued and the errors that tefsoin driving when physically unfit to do
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so. According to Matthews (2002), disturbed statfledriving behaviour can be classified as
either: stress and anxiety, or fatigue. Any of éhedtered mind states can result in
maladaptive behaviour that places the driver ahareased risk for making an error (44).

A driver population particularly susceptible toidmie is truck drivers who are typically on
the road for a prolonged period of time, increashmg likelihood of fatigue. The increase in
freight trucks on Australian roads in recent yehas coincided with an increase in the
number of kilometres travelled by truck drivers 4B survey of 1249 truck drivers was
conducted to establish the incidence of drivinghveiieep debt. The study found that in a 24-
hour period around 4 out of every 10 drivers exedet¥ hours of driving, and 1 in every 2
exceed 14 hours of driving plus other non-drivingrkv Around 10% of drivers had less than
4 hours sleep on one or more working days. Arodtd 2eported having less than 6 hours of
sleep before driving and nearly 40% of these dsiwgere involved in dangerous events on
the journey ff < 0.05). Interestingly, many drivers and compangresentatives reported
fatigue to be a problem for other drivers, but footthemselves (46These figures compare
well with analysis results of fatal crashes in huaad remote parts of Queensland where
fatigue was attributed to 12% of non-fatal crashes 16% of fatal crashes (5).

Police reported crash data from WA from 2006-2Qididated that police identified fatigue
to be related to approximately 3% of crashes irropelitan WA, and 11% of crashes in both
regional and remote areas of WA. It is importantatiknowledge that the contribution of
fatigue to a large proportion of crashes in theskett was unknown.

Mabbott and Hartley studied the incidence of dreg among truck drivers in WA. Based on

236 survey responses, results indicated aroundird tf operators and drivers used

stimulants to counter fatigue. The most common wgam was amphetamine, and interstate
drivers were more likely to use illicit and pregtion stimulants compared to their intrastate
counterparts (42No data of drug use was available within the cun®A database.

Driver Inattention and Distraction

Driver distraction is a prominent type of driverarthat can increase the possibility of a
crash occurring. The role of inattention and didtam is difficult to clearly defined, available
data indicating that distractions have been attetio between 20-30% of collisions in the
US, and around 13% in Australia (47). Garder (4@orted distraction being a factor in 28%
of crashes in head-on crashes on a two-lane rosal n the US. In Queensland, inattention
and distraction was attributed to around 20% oélrtatal crashes (5). Distractions include
mobile phones, text messaging, in-vehicle Interfagtlities, sound systems and visual
devices like DVD players, as well as eating, dmugki smoking and interacting with other
occupants (49). External distractions can inclugieadhic and static billboards, drivers and
riders, and buildings (50A 2006 NHTSA report on distraction found risk ofllcaon
increased by 9 times when reaching for a movingahbinside the vehicle, around 4 times
when looking at an external object, and aroundtBrés when dialling on a mobile phone
(47). Slower reaction times, more intense brakigigater inconsistencies in maintaining
speed and greater levels of non-response to tisiffitals have been reported to contribute to
distractions while driving, increasing risk of a@sibn. While the use of a mobile phone is
also considered detrimental to driving performaraoed can be equivalent to driving while
drunk (51), Crooke reports on a study by Horbetrstle(52) which clarifies that distractions
other than the use of mobile phones pose a grasitesf collision (47) .
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The WA data analysis did not examine driver indttenor distraction as a contributing
factor to serious casualty crashes, as this varialdnown to be recorded unreliably.

Conflict with Animals

Hit-object crashes involving animals typically occin rural areas of Australia. The
inadvertent error involved in this crash type iesgon of the best means of approaching this
hazardous situation, an option of swerving, brakiniting the animal straight-on to be
selected often in a split-second decision. Theeetlousands of crashes involving animals
each year in Australia, however, this is likelyo® an underestimate of the true number that
are reported by the police. The lack of reportemnbined with inconsistencies in reporting,
have led to a lack of rigorous studies on the gesa® and evaluation of countermeasures for
hit-object crashes that involve animals. One Alistnastudy which addressed this analysed
data relating to crashes in Queensland and rep&@2doad crashes, 29 of which involved
collisions with animals. In an earlier Australigndy, Rowden et al. (53) analysed Australian
data (1994-1997) and found that 94 fatal crashes1&92 injury crashes involved animals.
Of these, around 80% occurred in ‘rural’ areas, 1096lved a large stock animal, and 40%
involved drivers needing to swerve to avoid cadisiwith an animal. While identifying that
much of the data are underestimates and acknowlgdgicording discrepancies between
state agencies, a brief summary of data availabla the various states was also provided
(53). The majority of animal crashes in northern Queeatslg60%) occurred during dusk,
night and dawn hours, on roads with speed limit$@f km/h or above, and involved a high
proportion of motorcyclists. This is compared to d&a analysis on animal crashes where
similarly nighttime crashes comprised around 65%otdl animal crashes, predominantly in
rural areas (90%) occurring on straight stretctfe®ad. Nearly half the drivers swerved to
avoid an animal and collided with a roadside objécound a third involved motorcyclists.
In summary, while empirical data on the prevaleoicenimal related crashes is limited, there
is some evidence to indicate that a greater primgpodf crashes occur in rural areas, in the
dark and on high-speed roads (53). It has also baggested that the majority of animal-
related crashes result in minor injuries rathentberious casualty crashes (54).

Within the WA dataset, between 1994 and 2000, resat of animal involvement in crashes,
46 patients were hospitalised, one third of theselving motorcyclists, 90% of these
occurring at night time and three quarters of th@sairring in rural areas. More recent data
between 2001 and 2005, indicated 7 fatal crashdsl@f hospitalisation crashes involved
hitting an animal (53). The contribution of animébsrural crashes in WA from 2006-2010
was found to be 0.6% of single-vehicle crashes @tropolitan areas, compared to 2.2% of
single-vehicle crashes in regional areas, and 2#%ingle-vehicle crashes in remote areas.
The majority of these crashes occurred at nighe {{58.6%) (35).

Road Surface

Siskind, (5) 2011 found that 14% of fatal crasheslved unsealed roads though none of
these involved wet surfaces.
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In WA from 2006 to 2010, 7% of serious casualtiesusred on unsealed roads in regional
WA and just under a quarter (23%) in remote WA. d¥éda are available on traffic volumes

on sealed versus unsealed roads in WA, so it iseanevhether unsealed roads are over-
represented (35).

Night-time Conditions

Elvik and Vaa (20) cite many studies that sugdestpotential for a crash to occur at night is
1.5-2 times greater. It has been found that trapekd can increase in the night time as it is
more difficult to gauge driving speed (20).

In WA, crash data from 2006 to 2010 indicated atbB0-40% of serious casualty crashes
occurred in the dark, highlighting the need fortéelighting or more retro-reflective signage
within the road network to assist drivers in thekd&5).

2.5.DELIBERATE AND UNSAFE DRIVER BEHAVIOUR

To date, evidence suggests that unsafe driver bmivamcreases risk for rural crashes. For
example, unrestrained drivers, drivers who engaygedrink driving, drivers who drive
unlicensed and drivers who exceed the speed limitt recognised as being at greater than
average risk. Unsafe driver behaviour is usualliibdeate and often involves disobeying
road rules. The following section describes somahef common unsafe behaviours that
drivers engage in that have been identified asritting to rural road crashes.

Speed and Speeding

The relationship between driver speed and roachesbas been widely researched (17, 55).
Intuitively, the faster drivers choose to travéle tmore likely they are to be involved in a
crash and consequently suffer from severe injuriggher driving speeds reduce
predictability and reduce a driver’s ability to ¢ah the vehicle, negotiate intersections and
stop in time to respond to external stimuli. Higepeeds are typically not enforced on rural
roads compared to urban roads, which is a likehtrdautor to increased rates of fatalities in
rural areas. Studies based on hospital data, pdite and fatality data indicate that higher
speeds on rural roads can contribute to fatalitgsraip to three times higher than in urban
areas (3, 15). Similarly, Perera & Dissakye (2ppréed that the likelihood of a high severity
injury from speeding is slightly higher on rurabds compared to urban roads (21).

High-speed collisions are also an issue for yourdyarer crashes. Donaldson et al. (15)
investigated 514 648 crashes in Kansas for the@eli996-2001. The study revealed that a
greater proportion of fatal crashes occurred irlrareas, and the rural crashes comprised a
large number of young drivers who disobeyed lawshsas driving without a licence and
exceeding the posted speed limit (15). In additionfailure to obey road rules, driver
inexperience has been identified as another caninidp factor to young drivers losing control
of the vehicle at high speeds in rural areas (VAustralia, it is also clear that younger driver
speed is associated with single-vehicle crashesi@h roads (56). Meanwhile, in an earlier
study, Baldock et al. (19) reported that unsealexlislers increased the risk for high speed
crashes for younger drivers on roads with a posteskd limit of 100 km/hr or 110 km/hr.
There is good reason to suspect that younger dnesperience, lack of training, combined
with loss of control of the vehicle contribute thigher incidence of crash involvement.
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Non-Use of Seatbelts

Seatbelts are an effective measure for reducingéherity of injury in a crash (57). It has
been estimated that seatbelt wearing can reduceatbeof a fatality by up to 45-50% for
drivers of light vehicles (20Beatbelt wearing behaviour can be classified intee types;
the consistent wearers, the inconsistent weareaistla non-wearers (57). Australia has a
high rate of compliance for seatbelt wearing amaxglts compared to other countries,
seatbelt wearing rates in the front seat now ctesly above 90% (49)Jnfortunately there
remains to be an over representation of adults avhcseriously or fatally injured who resist
wearing a seatbelt, and unrestrained drivers goecdlly over represented in fatal rural
crashes (5).

A lower incidence of seatbelt wearing is recordedMA compared to other Australian states,
for example 69% compared to 84% in Victoria and 9B%ACT (58).1t is noted also that
WA data on seatbelt usage is unknown for almosttbmd of all drivers, the highest
percentage for any Australian State. Data from Wémdnstrate that the non-wearers
typically comprise males over the age of 17 ye&8,ith a larger proportion involving
indigenous people (58).

Seatbelt wearing can be dependent as well on tbessibility of the area, illegal driver
behaviours such as riding unrestrained in the baekutility vehicle, as well as driving while
intoxicated and speeding, were more likely to beoamted with residents who resided in
very remote areas compared to those who residedahareas (12, 24).

Internationally, seatbelt non-wearers are typictdlynd to be those in the younger age group
(60, 61)A study conducted by Roberts et al. (34), investidanon-seatbelt wearing in WA
and similarly found higher rates of non-seatbeltarrey for males aged 17-29 years
compared to those aged 30-59 years (34). The redsorthe younger age group resisting
wearing seatbelts may be related to psychosoctbri® such as sociocultural influences,
developmental stage, increased propensity to engagsk taking behaviour, and geographic
location.

Alcohol

It is well established that driving under the imfhce of alcohol can impair driving
performance. Driving performance can become compmeun with a blood alcohol
concentration at, and even below 0.05% (62). Duiniving can contribute to increased
deviation in speed, slowed reaction time, redugddrination processing, and increased
lateral deviation while driving. There is eviderioem a variety of studies using crash data to
indicate that drink driving is a serious problem éommunities in rural and remote areas (5,
63).There is good reason to suspect that the true nisnatberivers engaging in drink driving
are underreported as the driver is not routinepnexed for the presence of alcohol in their
blood. The problem of fatal alcohol-related crasiresural areas is around seven times
greater than in urban areas and around 1.5 timesstegr when considering all injury types
(64). Citing several studies dating from 1985 tO&CElvik and Vaa (20) find young drivers
and men are overrepresented in alcohol crashes (20)

In rural and remote areas of Queensland betwee#d 200 2007, alcohol was found to be a
contributing factor in approximately 30% of fatahshes (5). Even once driver speed, driver
age, driver experience, and seatbelt wearing vedentinto account, alcohol impairment was
still found to be a strong risk factor of injuryveeity. A study of New South Wales data
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investigated 20,822 younger drivers and calculatex risk for single and multi-vehicle
crashes according to whether drivers resided ianusersus rural areas. Results indicated a
greater proportion of participants who lived inaluareas reported alcohol dependency and
risk-taking behaviours than those people who livedirban areas (56). It is important to
consider the contextual differences between runal arban areas as well. For example,
Clapham (11), noted that alcohol and drugs oftentridzute to crashes involving Indigenous
road passengers and drivers. Consequently, sottiradufactors are likely to act as
motivators towards individual attitudes and beli@i®ut driving when impaired by alcohol.

Within the current WA dataset from 2006-2010, bladcbhol concentrations were unknown
for between one fifth and one quarter of regiomal emote serious casualties. Of those that
were tested, illegal BAC levels (> 0.05) were releat in 16% of regional serious casualties
and 24% of remote serious casualties. Furthernoore,n every 22 tested in regional areas,
and one in every 9.5 in remote areas drivers, leaglivigh BAC levels (> 0.15).

Unlicensed Drivers

There appears to be a higher incidence of crasmesi@ unlicensed drivers. An extensive
population-cohort study of 1,616,621 younger dsvéaged 18-27 years) conducted in
Sweden, investigated police-reported crashes fr888-2004 (10). More specifically, the
study focused on distinguishing between the craslurmstances of licensed and unlicensed
drivers. The study demonstrated that unlicensecedyiwere more likely to be involved in
crashes on roads with speed limits greater thakn¥@ compared to licensed drivers, and
were twice as likely to be involved in single-vdhicrashes where the driver lost control of
the vehicle In addition, unlicensed drivers in flageas had a greater risk of injury severity
compared to licensed drivers in rural areas.
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3. ROAD INFRASTRUCTURE SOLUTIONS
3.1.PHILOSOPHY OF ROAD SAFETY SOLUTIONS

Of the highly motorised countries, Sweden and théhbrlands lead the world in road safety
performance. During the mid to late 1990s botmtoess created and adopted fundamentally
new and ambitious approaches to reducing road mawfision Zerg the Swedish strategy,
and Sustainable Safetyhe Dutch approach while differing in their rélat emphases, are
both founded on a strong ethical platform and awvkedge the limitations and vulnerability
of humans in the road-transport setting. The Alasran formulation of the Safe System
combines the best elements of Swed&fisson Zeroand the NetherlandSustainable Safety
road safety philosophies. This is an approach a&dogenerally by WA to work towards its
Towards Zero Road Safety Strategy goals.

The Safe System (65) comprises four key principles:

1. The limits of human performance Approaches to road safety so far, have focussed
heavily on preventing poor human behaviour suchlrask-driving, speeding, and restraint
use. Despite the partial success of such initigtitteese and other forms of human behaviour
that often rely on good judgment, such as choosipgropriate travel speeds, safe gap
selection at intersections, staying within traxaids, or not driving while fatigued, have not
been possible to target using behaviour changergmgy Therefore, a guiding philosophy
that acknowledges and accommodates for poor hurehavibur and judgment is essential
for future road safety success.

2. The limits of human tolerance to violent forcesHumans have a limited biomechanical
tolerance to excessive forces and energy exchasgds as those which occur in a traffic
crash. This not only applies to vehicle occupalmis,more so to vulnerable road users such
as pedestrians, bicyclists and motorcyclists whdBemechanical limits are more
aggressively tested during an impact. When tolexdmgits are exceeded, serious injury or
death results. Acknowledging this, the Safe Systeeks to create a road-transport system
where ideally, only tolerable forces are generatadng a foreseeable collision, thereby
increasing a human’s chance of survival in the egéa crash. To achieve this, the ability of
a vehicle to protect its occupants must be knowshtaken into account during road system
design and operation.

3. Shared responsibility. Traditionally, the responsibility of using theamb system safely
has been placed upon the individual road user. Sktie Systems approach aims to distribute
the responsibility for safety performance of theaddransport system with the system
designers and operators. In the long-term, howekerVision Zero target (of no deaths or
serious injuries resulting from road crashes) caly be achieved if road users themselves
comply with key behaviours such as: speed limit eobsnce, restraint use, driving
unimpaired and selecting vehicles with good safledyures.

4. A forgiving road-transport system. The road-transport system is, fundamentally, & rea
world illustration of the basic laws of nature govieg the movement of objects, be they
vehicles or humans, relative to the physical emritent. How these objects interact is,
ultimately, a matter of physics varied in time amhce according to human intervention,
which is particularly difficult to predict or comtt It is therefore important that when

structuring a road-transport system, it is madebeoforgiving of road-user errors. The

transport system should be such that, the enecgéaded during the event of an impact, can
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be dissipated conservatively between either thécleebr environment, with minimal transfer
to the human(s) involved.

There are four ‘cornerstones’ within the Safe Systéramework, namely:
» Safe Roads and Roadsides
» Safe Speeds

+ Safe Vehicles
+ Safe Road Use

While crashworthiness limitations of vehicles ahd biomechanical tolerances of human are
acknowledged, this study is focussed on presentifigistructural and speed mitigating
interventions to address the incidence of rurall mashes in WA.

While converting existing infrastructure to morefés&ystem compatible designs may be
regarded as unrealistic by some, it is notewortiay: t

» Designing and utilising a road-transport networétttolerates high-levels of serious
trauma, as is currently done, is unethical. Furtitecontinues to perpetuate the
acceptance of a poor road transport system bydesigners, operators and users;

« Importantly in the context of funding of road sgfetitiatives, converting the existing
road network to one that is Safe System compatiblough Safe System
infrastructure will produce a marked and endurieduction in fatal and serious injury
costs in the long term.

3.2.TWO KEY SAFE SYSTEM COUNTERMEASURES FOR ADDRESSING
RURAL ROAD CRASHES

The two primary recommendations of this study foe targetting of rural road crashes,
typically run-off-road crashes and head-on crasisethe lowering of travel speeds to levels
compatible with Safe System ideals and the indtaflaof large-scale wire rope barrier to
mitigate crash consequence.

» Speed Mitigation — As highlighted in much literature, the approfmisetting of
posted speed limits to reflect the Safe Systemdsta@hof infrastructure, is the key
means of combatting crash occurrence and crashegoescé’® 32 Through the
design of an appropriate travel speed environntbatdriver is provided with ample
reaction time in order to take any evasive actiecessary to avoid a crash. Should a
crash eventuate, the lower travel speeds and agsWiinetic energy levels result in
far less severe crash consequences. In this dstuelyrimary recommendation is the
lowering of travel speeds to levels that are coibfmtvith Safe System approaches,
supported by infrastructure that reflects Safe @wystdesign minimising if not
eliminating the potential for law abiding road wseéo be involved in a crash that
results in serious or fatal crash consequencest Ehait is recommended that
appropriate posted speed limit be designed inddrtfrastructure such that the injury
outcome can only be minor should a crash occur.

« Barrier Installation - Alternatively, it is recommended that forgivingad system be
created, such that the crash impact forces araranodated in such a way that only
minor injury can result. The large-scale instatiatof wire rope barrier is one proven
means of reducing the incidence of serious casualtyoff-road crashe'S.
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It is recognised that the implementation of thesasnres may not always be immediately
practical. Other less costly or less contentiotsrugntions have therefore been highlighted
below. It is noteworthy that these alternative nueas are rarely fully aligned with Safe
System, and therefore likely to be far less eflestess in addressing the issue of rural
crashes.

3.3. TREATMENTS TO COMBAT INADVERTENT DRIVER ERROR

Driver Fatigue

Driver fatigue is not always easy to self-monitand is difficult to address through

infrastructural countermeasures. Direct infrasticadt measures would involve barriers to
mitigate crash consequence given vehicle depaftore road, and design factors such as
shoulder sealing and clear and traversable roaglside

The most common means of addressing fatigue-retateshes directly are through regulated
breaks and sufficient sleep (66). Elvik and Vaaoremend major rest stops (that contain
tables and chairs and toilet) to be included almagpr highway every 45 km with minor rest
stops — unequipped pull over bays - every 15 k). (®nly one study was found that
specifically addressed the effectiveness of regtsstHowever, this was with a different focus
comparing crash incidence if the driver continuegig rather than pulled over on the hard
shoulder (67). Phillips-Nelson et al. (40) studikd effect of taking breaks from night-time
driving using a driving simulator, incorporatinghdiings from other studies as well. The
study found that breaks of around 30 minutes shomedest improvements in driving
performance and subjective fatigue but did not cedsleepiness. It was concluded that a
combination of measures may be needed to targgtiéatnd sleepiness. Naps of between 7
minutes and 2 hours have been shown to improverfasuch as reaction time, alertness and
general driving performance (68). More challengabgments of driving have been found to
reduce sleepiness, in contrast to monotonous dritasks and scenery. Interestingly, it was
found that the effects of large steering movememse comparable to driving through more
varied scenery. This raises the question of theachmf power steering in vehicles on
increased fatigue, where as a result of power isgpagentler, subtler movements of the
steering wheel have replaced large steering movesnen

Traditionally, drivers have resorted to measurehsas exposure to cold air while driving,
drinking caffeine, loud music to alleviate the effe of fatigue and drowsiness. Elvik and
Vaa, 2004 cites studies that indicate there ig lévidence that countermeasures such as cold
air and increasing the volume of the car radiokseeficial and may in fact distract sleepy
drivers (20). Interestingly, response to loud saums been identified as a means of
assessing drowsiness of the driver, more alertetsivess likely to be annoyed by such
sounds. Consuming of caffeine (around 150 mg) wassidered to have an effect on
sleepiness as was a 30 minute nap. Taken in cotidnnaas expected to bring about the
greatest effect (66).

More recently in-vehicle technology developmentsvpte additional means of monitoring
the driver for signs of fatigue (69) as well astle prevention of lane departures once a
driver is fatigued (70). Recent in-vehicle fatigom®nitoring systems allow work and rest
limits to be set for long distant commercial drivedesigned to prevent driver fatigue,
providing management with a mechanism to bettetrobfatigue related issues and. The
systems provide alerts to vehicle operators to renappropriate rest breaks are being taken,
and enables monitoring of compliance. Video momiproptions are also available to
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monitor driver for signs of fatigue (69). No evaioas of these systems were available at
time of review.

Increasing alertness of the driver can be achighemligh physical road warnings. Persaud,
2004 investigated the impact of around 340 km oftredine rumbles strips on two-lane
undivided rural roads. After considering regressiorthe mean and accounting for traffic
volumes and other influential factors, results @atied reductions in all-injury crashes of
around 14% and 25% in head-on and opposing direstae-swipe injury crashes (71).

Recently, an innovative treatment of blue reflegtiotroduced 300 m from an informal heavy
vehicle rest stop has been introduced in NSW. Tihe ia to alert heavy vehicle drivers
unfamiliar with the route of an upcoming rest stispan attempt to address fatigued driving
among heavy vehicle drivers. Currently, this tremitmhas been introduced at 100 sites in
NSW. Anecdotal evidence suggests the sites areraedived & used by the heavy vehicle
industry with no recorded adverse comments. Costge winimal, typical costs of reflectors
were approximately $5.00 each with 6 reflectorsgiker (45).

Driver Inattention and Distraction

Few measures to reduce the incidence of driveradiibn are reported in the literature. This
is partly because distraction can beimroluntary shift of attention from “stimuli critical to
safe driving to stimuli unrelated to safe driving/2). In many cases then, minimising the
impact if this involuntary shift in attention may bhe more effective means of dealing with
this detrimental influence on driver performanceeddures of potential success include
system-based measures such as comprehensive begaémnent or reduced speed limits
(producing less severe impacts if collision carls@tvoided); or vehicle technology, such as
Electronic Stability Control to allow more effeativcorrection if loss of control of vehicle
ensues as a result of distraction.

Crooke (2006) suggests further research in to &ffemess of restricting mobile and in-
vehicle technology (except in emergencies), to @skithe issue of distraction. Restricting the
standard inclusions of in-vehicle media devicesyal as dynamic billboards, can also be
considered, given their potential to distract thieet (49, 50). Reduction in “visual clutter”
on the road, i.e., excess of signage and otherfroadure that requires driver attention, can
reduce overload on driver, mininising distracti@weell as fatigue inducing stimuli (73) .

Conflict with Animals

Collision with animals appears to be on the risg),(yet little data are available to fully
understand the available countermeasures for aldgethis crash type, and their efficacy.
This section quotes from literature cited by Elaikd Vaa (20), and Rowden (53) as well as
the rural and remote area study the authors costplen animal crashes in Northern
Queensland (20, 53).

Available measures quoted in the study to miniraisienal-vehicle collisions range from:

Physical measures such as:
* warning signs for drivers,
« fencing the road reserve, and
« under and over passes for animals to bypass cgpgwroad.
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Deterrents such as:
* whistles,
* predator scents, and
» roadside reflectors.

Crash avoidance measures such as:
* in-vehicle infrared thermal imaging,
e encouraging trip planning that avoids night-timevidig,
* lower speed limits, and
» driver education.

Given the minimal studies on these measures, #fégctiveness in minimising the target
crash type is difficulty to establish. Availablesearch indicate that some measures show
promise particularly the physical measures, ancerotmeasures appear to not have a
significant long-term impacts on crash incidence, (23).Conspicuous temporary warning
signs can reduce collisions with animals by betw&8nand 50%, though Rowden (53)
highlights the effects are likely to diminish ow#me. Rowden (53), notes the potential for
infrared imaging to assist drivers detect, andwsnda potential collisions with animals. Elvik
and Vaa, (20) notes other treatments that weredfdarhave some effectiveness: increased
lighting was shown to have some effect on crashiis animals as did fencing which was
found to reduce crashes by 12% when controllingtffaffic, animal density and speed, or
80% if combined with safe crossing facilities. Hwm@g crash migration issues can arise with
fencing and en-masse implementation of this cambibitive due to costs. While over and
underpasses can be useful, these are not efféctisecombined with fencing (20).

The predator scent, “Plant Plus”, was tested fopaoh on deterring animals from the
roadside. Studies found it effective in deterriregr®a Wallabies but that is also appeared to
attract red-necked pademelons to the site. Thi®borates with other findings that suggest
crashes can increase as a result of the scente\Waihe mirrors were found to affect some
deer, any effects on deer behaviour were founedtoahse over time (20).

Lowered speed limits promise to have effect on ahiwehicle crashes, reduction in speed
limits of 2 km/h or 10 km/h estimated to reducelsgcashes by 15% or 56% respectively
(20). Hobday, (74), suggests posting speed limetsvo 80 km/h to assist in animal-vehicle
crashes (74).owered speed limits have the added benefit ofemsing safety in other areas
of safety as well.

A Norwegian study found feeding moose in areas igh hiisk animal-vehicle collisions,
thereby lowering need for the animals to cross finakarch of food, reduced crash numbers
by half (74).

Road Surface

Van de Kerkhof (1987) states road surface is thetnmportant determinant of driving
speed, and can bring about speed reductions ofeketw4-23%. Interestingly, Duncan
(1974) states gradients and curves are the mostrieng determinants of travel speed (75).

On the whole, the rougher the surface the slowersfieed up to a threshold beyond which
the road surface becomes the safety hazard. Masgiesved a study by Cooper et al, (1980)
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that found speeds go up by about 2.5 km/h aftemrf@sing. A smooth section of road
followed by a rough section can bring about 5 %uotidn in speeds (75).

Elvik and Vaa, 2004, presented findings on effettbringing the standard of road and road
surface to design standards through treatments asatesurfacing, road realignment and
reconstruction, as well as in some cases the metdl of barriers. This was found to reduce
crashes by 20% (20)s the treatments were presented as a groupdliifisult to identify the
crash reducing effect of road surfacing alone.

Road Geometry and Road Curvature

As noted by Elvik and Vaa (20), an analysis of degtinfluencing mean speed for a given

speed limit was conducted by Vaa in 1991 and faiiatl speed was strongly related to road
alignment. Radius of horizontal curves was showaffect the speed level, the sharper the
curve, the lower the travel speed. In fact, botbesband lateral position is modified by the

driver in response to driving through a curve (T@adient also impacted average speeds,
speeds reducing with increasing grade (TOnsequently, uphill grades were reported to
have better safety levels (Matthews and Barnes)1@88sh rate estimated to be around 7%
lower on uphills compared with similar downhilletithes (77).

One effective means of addressing crashes on cisvesminimise the presence of curves
and the radius of curves (28% can be expected, the fewer the curves and stekpes, the
fewer the crashes, reductions of between 7-12% wstienated when these features were
absent (78). Drivers’ speed choice when negotiasingarticular curve is a function of the
curve radius and the approach speed, where theoagprspeed is established over the
preceding 500 m, and may be predicted by the lefveinding of the preceding 500 m of the
road (78).

Modifying design to minimise curves and inclineswiewer, can be cost prohibitive.
Edgelines have been used as a far cheaper meaasldoéssing run-off-road crashes.
Edgelines improve safety by visually guiding thévelr through a curve and presenting a
more defined area for vehicle position (79). Am@®yeral other studies, a US study by
Tsyganov (80) found up to a 26% reduction in crasas a result of the installation of
edgelinesAlso in the US, a New York study found that all sltas on a two-lane winding
road reduced by 5% and crashes in to fixed objgete estimated to reduce by 17% through
the use of edgelines (78). A driver simulator stfimiynd that drivers negotiated a curve by
selecting a position on the outside of the laneapproach to the curve, cutting in to the
curve, and passing through the middle at curveyefine curve was exitted with vehicle
positioned closer to the middle of the lane. Carisand Wagner (81) cites other studies that
corroborate these findings, such as Van Driel, 200zre recently, Carlson and Wagner, (81)
evaluated the effect afiider edgelines6 inch lines compared to the standard 4 inchsline
Results indicated a 6 inch wide edgeline was faoméduce casualty crashes by between 15-
38%, with BCRs being similar to rumble strips. @e bther hand, an increase in speed was
also evident when edgeline marking was introduaedoad sections that had previously no
marking (82)This might be the result of drivers feeling morenfodent while driving, and
resultant risk homeostasis. In response to thidirfity County of Wiltshire in the UK
removed all line marking akin to the Dutch “NaketteBts” concept and found serious
crashes dropped by a third and speed by up to 141 (88).

While this was not evident in the literature, asuggestion from the authors, where a lane
might be made redundant, or lane width reducedidenine marking a flatter curve.
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Roadside Characteristics

The landscape through which the driver travels ubhois also likely to affect driving
behaviour. A Swedish study observing participanta driver simulator presented with three
different landscapes (open landscape with no hupltarea, forestted or varied). Open
landscapes with little vegetation are more likedybe associated with higher travel speeds
(76), similarly, more dense roadside environmergsevassociated with lower travel speeds
(84). Open landscapes was also associated witkeralldane position furthest from the centre
of the road while forestted landscapes encouragedement away from the trees and
towards the centre of the road. It is interestmgate that similar behaviour is adopted with
respect to lane width, the wider the lane, the ntlbeedriver will position the vehicle to the
outer edge of the road (76). While open roadsitles/ajreater clear zones and reposition the
driver away from the centre line, they also contaimimal reference points and landmarks
within the driver's peripheral vision, creating faitilty for the driver to accurately gauge
speed (75, 77, 85).

Cut slopes are also associated with higher cragfuéncies (86Flattening a cut slope from
a gradient of 30% to 25% reduces the number ofryngwashes by around 40% and the
number of property-damage-only crashes by arour. 3Blattening from 25% to 17%
reduced the number of crashes by a further 20%. R®)ing through cut slopes could
potentially be producing a visual tunnel effecfluancing speed choice on driver can affect
the accuracy of driver speed perception (87).

Roadsides with the presence of trees, culvertsidgaih have also been associated with
higher crash frequencies (86). Similarly, incregsine distance to such roadside hazards,
such as increasing the median width or increasis@muce from shoulder edge to light pole
were both associated with lower run-off-road fregties. Minimising the number of isolated
trees on the roadside, and decreasing the distagteecen edge of shoulder and guardrail,
appear to incorporate a safer roadside desigrstady results indicated that the presence of
these features were found to increase the frequenan-off-road crashes can potentially be
seen as a consequence of these factors on drized grerception. Review of design guidance
on the relationship between speed environmentectadius and 85th percentile speed could
be beneficial, as research suggests that the ¢uytedance underestimates drivers’ speed
choices(86).

Sight Distance

Based on the literature review by Elvik and Va®) (2 appears that increasing sight distance
can have varying effects on safety, depending ersitiation. Some studies found there to be
no effect (88, 89hile others found it can lead to increased cragd@s Naturally, crashes
are likely to increase without a minimum level afjig distance as well (91). Literature
suggests that increasing the sight distance fras tlean 200 to more than 200 metres (but
below 1 km) leads to 23% higher accident rate (lo@&% limit 6% increase, upper 95%
limit 43%) but no relationship was found betweeghsidistance and crash rate sight
distances over 1 km. Elvik and Vaa (20) suggesdtttiia could be due to sight obstructions
being considered hazards, producing lower speedappnoach. A Swedish study found
indicates that travel speed is more dependent @meterogeneity of surrounding areas, and
less on the available sight distance.
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Night-time Conditions

Increased street lighting is generally expectedettuce night time crashes (20) although
studies also indicate that reflectivity and linerkiag at night can also produce an increase in
speed, given the drivers are now less uncertathepath ahead and more confident in their
driving (75).Transverse lines are expected to be more effeititlee night as they would be
more apparent in the driver's peripheral vision)(7Beduction in speed limits is also
expected to reduce travel speed (see section AltBpugh this still relies on the driver to
adhere to the posted speed limits which is not gdwhe case (92).

Driver Age and Gender

Infrastructural measures that address issuesngléti age and gender specifically are not
common. A safer road environment and Safe Systeasunes that allow for gender or age-
related errors to be accommodated are recommerdethined with behavioural programs

and targetted campaigns to better align driver Weba to Safe System compatible

behaviour.

4.3 TREATMENTS TO COMBAT DELIBERATE UNSAFE DRIVER
BEHAVIOUR

Speed and Speeding

Irrespective of the driver error, treatments thié¢a the travel speed and eventual impact
speed of a vehicle are likely to play a primaryerol improving safety. Many studies have

examined physical means of reducing vehicle trapekd, while others investigate means of
influencing driver choice of travel speed.

A recent review, Road Design Factors and Their&at@gons with Speed and Speed limits by
Edquist et al. was undertaken on the different etspaf the road environment that influenced
driver speed (73 he review focussed on the role of road geometiyed mental capacity
and workload, driver expectations, the presencetloér road users, and weather conditions
on driver speed. Road geometry includes featurels asi the road surface, the road width and
the road curvature. Typically, the wider the roth, fast the travel speed. Furthermore, road
curvature is thought to contribute to speed reduactiue to limited sight distance which
creates greater uncertainty for the driver aboeituficoming road environment.

Several measures have been identified from theluee to effect speed reductions, which
are presented below, including reducing the peetkivaversable space; use of physical and
perceptual countermeasures, reduction of posteddsjmmits as well as the use of police
enforcement. Many of the identified measures belw extracted from findings from
Edquist et al. (73), and The Handbook of Road $dfgtElvik and Vaa (20).

1. Reduce Perceived Traversable Space to Reduce Speel

Drivers appear to base speed choice on the peccethgveable space available (73, 75),

speeds found to be increasing with increased radthy93). That is, driver speed choice can

be influenced by the total width of the cross secif the road which includes number and

width of lanes, presence and width of median, ak agepresence and width of shoulders.

Therefore, a measure of inducing slower speed ehsito reduce the perceived travel space
of the road. This is however, not as straight fedvaOn the one hand, reducing the lane
widths to an extent can produce measurable redisctiospeed (75kne widths of 3.4 m for
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example generating faster travel speeds than laighsvof 3.0 m (94)Similarly, a
Norwegian study on the influence of road charasties on mean speed of traffic found that
speed increases by 1.4 km/h per metre of increasstl width at a speed limit of 50 km/h
and by 0.6 km/h per metre of increased road witlth speed limit of 80 km/h (20). Another
study found reduction in lane width lowered averageeds, and moved the vehicle closer to
the centre of the lane while wider road widths @ased speeds and moved the vehicle closer
to the edge of the traffic lane. Other older staditso found a correlation between lane width
and driver speed choice except for one which repdittle impact (83).

However, reducindgane widthsbeyond a threshold (approximately the width ofag,cdoes
increase likelihood of head-on, run-off-road crashed side-swipes (75). For this reason,
studies have also found that increasing the totdthwof the road is also recommended by
some studies to reduce the number of crashes ds maural areas (95). Injury crashes also
reduced by around 5% in rural areas when roadsowarrthan design standards were
increased in width to meet standards, and injuaglees reduced by around 8% when road
widths were increased within the standards (B6&. findings however, do not identify which
part of the road width was increased. Increaseshtmulder widths, lane widths, median
widths can each increase width of road, but eachheare a different effect on road safety
levels. Traffic volumes can also impact speed réadncWhen controlling for traffic volumes
and speed, Garber, 2008 did not find any relatipnsletween road width and crast&s.
Studies on effects of increases to lane widths doarashes including property damage
crashes, were predicted to reduce by around 5%ural areas; while injury crashes are
predicted to increase by 9% (20his supports the argument that wider lane widths c
increase speed (and hence injury consequencesyibbueduce likelihood of side-swipes
(hence property damage crashes). When considerdeniag of lanes on curves specifically,
crashes can reduce by around 8% (80).

Road width is affected bgedian widthsas well. Elvik and Vaa (20) found the presence of
medians typically reduce crashes in most situatitmsugh the largest crash reductions were
in urban situations. Increasing median width setam®duce crashes only in rural areas. A
significant increase of crashes on roads with widedians was found in urban areas (20).

Shoulder widthdikewise can have an effect on the travel speexcehof the driver, sealing
or widening shoulders increasing the perceivedelrapace of the road, and therefore the
mean travel speedBakker and van der Horst, 1987, found that therseves not always true.
A study that reduced shoulder widths on one sidthefroad (from 1.2 m to 0.3 m) did not
necessarily produce a linear reduction in meanetrapeeds for traffic in the adjacent
direction of travel, but did produce a 4 km/h retttut for the opposing direction of travel.
This result could also be affected by the origimean speeds noting that the lane widths
were a relatively narrow 2.85 metres, which presulygnaneans recorded speeds were on the
lower end of the scale. Ornek, 2007, found cradigton benefits as the left sealed shoulder
increased in width from O m to 1 m, peaking at With tapering benefits for sealed shoulder
widths greater than this (96). This is not necelysaupported by the NCHRP report in 2009
that looked at safety performance predictions orltilaoe rural highways and found
increasing benefits with increasing width of seadbdulder (97).

The key to interpreting these findings is noting #xtent to which reductions to road cross
section occur. Reducing widths beyond design statlsdeould negate any induced speed
reductions by minimising gap between adjacent ‘ebkiand therefore error margin, and
potentially increasing driver anxiety in keeping ttee lanes. Study results indicate that
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increased lane width is favourable in curves, mitatways on sections. Travel behaviour in
rural roads with higher speed limits can be quiteegent to urban travel behaviour as well
and not all studies made this distinction in relatio the findings.

Reducing perceived traversable area does not meettan reduction to the physical cross
section of the road. Perceptual countermeasures besn used in the past to induce lower
travel speeds by suggesting to the driver a higgheel speed than actual (see section 3).

2. Use of Physical Warning Measures to Reduce Trapee8

On long monotonous routes, drivers may lose trddkawel speed and could benefit from a
“reminder” of actual travel speed. Physical measwgech as rumble strips and edgelines,
have been used in the past to provide this remiadehave dynamic variable message
signage (VMS). Results on the effect of rumblepstrhave been somewhat mixed. A
systematic analysis of shoulder rumble strips & ttf5 compared miles of edgeline rumble
strips with run-off-road fatalities to find a clegglationship between the two, with fatalities
steadily decreasing with an increase in rumble sisage, see Figure 3. Both fatalities and
injury crashes are estimated to reduce by aroufd 80 undivided two-lane rural roads
by around 50% on divided multi-lane roads (98)is Ihoted that the study does not appear to
have been controlled for other confounding effedise US Federal Highways Agency
indicated longitudinal rumbles strip edge linesduoed speed reductions of around 8 km/h
although transverse rumble strips produced speddctmns of less than 2 km/h (99).

Miles of Edge-line Rumble Strips (ELRS)
vs. Run-off-the-road Fatalities
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Figure 3 - Relationship established by Wilder on Rality versus Miles of Edgeline Rumble Strips
Source: Wilder 2011

Other studies have found minimal reductions. Oneysfound a 2 km/h reduction in speed
resulting from milledrumble stripsseparating the traffic lane from the median (&)other a
UK-based modified version of rumble strips termeadrible waves’ aimed at reducing noise
pollution, was also found to affect speed redudtionthe same order of around 1 km/h (100).
A study in Sweden by Krongvist (101) found rumbteps instigated more active braking
than any of the other measures but then tendeck ttollbwed by immediate increase in
speed, resulting in no direct speed reductions.
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As discusseearlier edgelineggenerally have been found to improve safety, thostgdies
on the speed reduction effects of edgelines hatéewn conclusive, with both increases and
decreases in average speed recorded after théatistaof edgelines.

Warning signs are used in many forms to alert theed of the appropriate speed for a
section of roadStatic advisory signare used on tight curves to indicate an apprapsafe
speed to negotiate the curve, and dynamic warnogssare often used alert the driver of
travel speeds above the posted speed limit. Tleetsfbf these are varied. Advanced warning
signs have been found to have crash reductionriactfoaround 15-30% on rural bends (20,
100). A US report by FHWA quotes a 1968 study foand a reduction of 18% associated
with advisory signs (78Dn the whole advisory speed signs on curves deesmn to lead to
lower speed, but appear to produce fewer crasBbsk and Vaa suggesting drivers viewed
the signs as a warning for an impending hazarerdbian a suggested travel speed (20).

Dynamic signs displaying warning messages to spgediivers were found to have some

speed reducing impacts. A speed feedback sign ree tlural main roads, displaying to the

driver actual travel speeds were estimated to edpeeds by around 11 km/h (99). A case
study of a rural four-lane divided highway indichtgpeed activated warning signs produced
speed reductions of around 6.5 km/h along a roiite b percentile speeds of 115 km/h. In

a study on countermeasures for rural roads, OxX604, cites studies that found warning

signs an effective means of lowering travel spéd&tD warning signs flashed when vehicle

headways were too small, or when approach speegstae high (95). Two case studies of

flashing lights to warning signs on two horizontakrves in the US were recorded to reduce
85" percentile speeds by around 1.5 km/h (98).

Repeater speed limit signs — a speed activated! dipeit reminder on a major road — found a
speed reduction in 85th percentile speeds of ar@ukih/h. Road pavement marking of the
word “SLOW” appeared to have no real effect (99).

3. Use of Perceptual Countermeasures to Reduce Tépesld

Road widths and lane widths can also be reducedeptrally through other forms of
linemarking. A reduction in speeds was found subeatjto cross hatching on the edge of the
road (73).Several forms of line marking designs have alsonbwsted to reduce the
perceived width of the lane including herringboperipheral and lane width transverse lines.
These measures have been found to reduce tra\eal §p@2)sometimes as much as 11 km/h
(103).

Road safety perceptual countermeasures (PCM) ww&lvcues on the road to trigger a
response from the driver. Transverse markings afimatl to work in two ways: either they
distort the perception of speed by the driver, sstjgg to the driver an increased travel
speed with a resultant reduction in speed to cosgterfor this; or they provide additional
peripheral cues by which to estimate travel spedldwing the driver to more accurately
gauge speed of travel (83nhree forms of transverse lines were tested invandy simulator
study by Godley (103). Transverse lines acrossuhdength of the traffic lane, peripheral
lines on the edges of the lane and a herringbotierpawhich included the peripheral lines
but angled at 45 degrees towards or away from azard. The measures were found to act as
a hazard alert as well as a perceptual speed reduneasure. The driver appeared to choose
travel speed based on the treatment up until tiv prwe driver could make a judgement of
the appropriate speed based on viewing the hatsalf. iResults indicated speed reductions
in all cases, immediately and through the treatmé&he full transverse lines produced the
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greatest reductions of up to 11 km/h. The herrimgband peripheral designs were not found
to be as effective as the full transverse lines,déripheral lines producing between 6 and 9
km/h reductions. Herringbone designs had the efiefittening the path through the curve.
Both even spacing of the lines and gradual redostin spacing on approach to the hazard
were tested, results indicating no obvious infleentthe spacing on speed reductions (103).
It needs to be noted that transverse lines aches$utl width of the lane can contribute to
lower skid resistance for vehicles, and therefoeeipheral lines might be preferred as a
treatment option. A Melbourne study evaluated el lines along a winding road, as well
as guide posts that varied in height through aeguneight peaking at the apex of the curve.
Both designs were intended to reduce travel spefeamtorcyclists along the route. Findings
indicated some success, though the longevity cetleéfects has been questioned (102).

Evaluation results of the introduction of “ConvergiChevron Marking Patterns” on rural
roads have shown promise. In the early 1990s, Jeypantduced such markings to create the
impression of narrower lanes and higher travel dpewith reviews of the study indicating
effective speed reductions (10Encouraged by this, Wisconsin in the US triallesirailar
measure where a reduction in"8percentile speeds of 22 km/h was noted where ®efor
treatment speeds were over 110 km/h (16). A stbtisignificant reduction in targetted
crashes was also recorded. Introduced on an ®-aumva two-lane roadway with travel
speeds of around 60 km/h, evaluations indicateddspeductions of around 6 km/h (99).

Figure 4 - Converging Chevron Design, Wisconsin (i§ and Japan (right)
Source: Drakopoulos and Vergou, 2003 & Rothenber@004

Another PCM tested evaluated by Godley was terhed@renthe Province” treatment from
The Netherlands. This included 2.25 m lane widitigle centrelines with alternate sections
of gravel and white linemarking and edgelinemarkingh alternate sections of gravel
edgeline and road pavement. This treatment wagifemproduce speed reductions of around
2 km/h (103)Road surfaces that “squeak” when vehicles travel avspeed limit have also
been suggested in the literature with the inclusibigravel chippings along the centerline.
Extending this, similar to rumble strips, surfatieat squeak can also be used to discourage
drivers from straying to the outer edges of theelaAuditory warnings are particularly
appropriate in rural areas where noise pollutidess of a concern.

Hatched median strips were also tested and foundffaxt speed reductions of around

3 km/h. Narrow lanes of less than 3 metres widedaalso produced speed reductions of
around 3 km/h. The combination of the hatched medtaips with either gravel edgeline

marking or narrow lanes were found to produce speddctions of around 6 km/h but only

on straight stretches (103).

With open roadsides containing minimal referencentgoor the restriction of peripheral
vision, drivers can often have difficulty accurgtghuging their speed (77, 85). This is also
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experienced in many tunnel environments. A driverutator study by Manser and Hancock

(105) looked at participant speed behaviour whgvosed to visual patterns along a tunnel
wall. The pattern found to be most associated vatluced speed consisted of vertical black
and white stripes that reduced in width as theedrproceeded through the tunnel (Figure 5).
The design produced statistically significant spgadations of around 4 km/h, the study

noting that though the drivers were instructed @intain speed through the tunnel, drivers
exposed to this particular visual pattern, respdnbdg unconsciously decreasing vehicle
speed throughout the tunnel when compared to theratccases (12). The longevity of the

design was not examined.

Figure 5 -Graphic of perceptual countermeasure tritled in driving simulator
Source: Manser and Hancock, 2007
Trees on the side of the road for speed perceptiere not found to produce significant
reductions in speed (84) although Martens repdttattaller objects on the roadside lead to
greater speed reductions, and the absence of wrexresfound to lead to increase in speed
(76). The combination of objects on the side of the raad reduced pavement width was
highlighted as an effective countermeasure (75).

Minimising legibility of signage to an extent was@shown to reduce travel speed (106).
4. Use of Speed Limit Reductions to Reduce Travel 8pee

It is recognised that the level of driver non-coiapte to speed limits is significant. An early
survey of WA speed limit compliance found nearl¥f lod the drivers surveyed exceeded the
speed limit by 0-9 km/h; 12% exceed the posted dfiegt by over 10 km/h. In general, a

larger percentage of drivers exceed the postedidpet in rural areas (107).

However, posted speed limits can also indicateretmark for travel speed, at least for the
large percentage of drivers that do comply with speed limits. Furthermore, there is a
greater association of high speed crashes in aneas, road sections with speed limits over
85 km/h more greatly associated with run-off-roagsbes, and were less likely to have zero
crashes within that road section (108). Speed arstied speed limits therefore do plays a
critical role in defining the boundaries of safeviel speed (109).

Reducing the posted speed limits is considered nflmeintial means of reducing travel
speeds. Retting and Teoh report on changes to dipeiexion rural highways and conclude
that travel speed can be “curbed or even reversd@®n speed limits are lowered (110).
Kronqvist (101) looked at several measures of reduapproach speeds at an intersection,
including the impact of reducing speed limits. Naious measures of the Swedish study
included placing a gantry with directional signagemble strips on the approach; reduced
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speed limits; narrowing of the approach from twoelsito one; and adding trees and fencing
on the approach. The study found that the redupeddslimit signs were the most likely to
effect speed reductions and recommended that dpeideduction in conjunction with the
rumble strips may produce the necessary brakingezadtual speed reductions required for
the site (101).

These findings are further supported by a studyaofible speed limit signs at 3 rural sites in
Finland, which reduced speed limits based on weathe found speed reduction of between
7.5 km/h to 13 km/h (99). The higher the initiaéeg limits the greater the likely reduction in
travel speed, reductions in speed limits of betwE®20 km/h having the impact of reducing
travel speed by 1-5 km/h (83).

Infrastructural measures are generally more effedtian the lowering of speed limits (111)
as the physical measures induce speed reductioppsed to relying on driver compliance
to speed limits. Nonetheless, speed camera prognare been found to be highly effective
in crash reduction (112, 113) and reduced speeilslin combination with enforcement
programs are considered a highly viable optioredficing mean travel speed.

Interestingly while speed cameras are predictedffectively reduce all injury crashes
through crashes by up to 17% (20), the effect isenapplicable in urban areas than rural
(114). This could be due to increased exposureutoevable road users in urban areas, as
well as the plethora of kerbside objects in closeximity to the traffic lanes, increasing
likelihood of collision, and thereby reaping greabenefits from enforced speed limits.
Covert speed camera programs are generally fourtzk tmore effective than overt ones,
though a combination in the same area was the efiestive (115, 116).

A prominent police presence has been shown to leveositive influence on driver
behaviour. Comparing speed limit sign, radar ermorent and marked police car, only police
car produced had significant effect on speed. Speddviour was found to be modified by
enforcement only if driver is made aware of speiethtion and if there is a clear possibility
of punishment. Repeated enforcement at on locadoneffect speed reductions over a time
period (time halo effect) but is unlikely to produa speed reductive effect in surrounding
sites (distance halo effect) (75).

During a publicised double demerit period in WAakwmtions found injury crashes where
speed was a factor were reduced by 40% reductimhfadal crashes were halved (117).

Non-Seatbelt Use

No infrastructural measures were noted in revieviggtature to address this unsafe
behaviour of non-seatbelt wearing, and preventirggdrash or minimising the crash impact
forces appear to be the most effective means ofreadihg this driver behaviour.
Infrastructural measures to minimise the likelihoed a collision occurrence and
consequence are addressed elsewhere in the repbrhave not been duplicated here.
Nonetheless, findings on the effectiveness of tbheencommon means of addressing seatbelt
wearing propensity have been briefly identifiedovel An in-depth study on non-seatbelt use
in Australia and steps to address this was conmpleyeOxley et al in 2009Non-wearing of
adult seatbelts in Australia: where to n@k(58). Much of the below section and references
are sourced from this report.
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Typical means of addressing this concern has bkesugh enforcement and increased
penalties, driver education, and media campaigesalges comprising both a fine and

demerit points for most infringements. Anecdotdioimation suggests there has been a
reduction in cautions issued for seatbelt offerthetng the period 2007 and 2008. See Oxley
et al 2009 for current penalty structure in WA.

Enforcement of seatbelt usage in rural and remofei$\particularly challenging given the
vast distances as well as the high incidence ofwaring amongst Indigenous populations
(58).

Several initiatives have been taken by the WA gaowemt and road agencies to increase the
incidence of seatbelt use (see Oxley et al. (58)édails). Among these, compulsory seatbelt
legislation combined with enforcement continuesb® the main influence on seatbelt
wearing levels, the overwhelming majority of evidenhas clearly shown that the
introduction of compulsory use legislation has bessponsible for increase in the rates of
seatbelt use and significant reductions in roadlitst and injury rates(118, 119). For
example, wearing rates escalated from 28% to 838&anyears in State of Alberta, Canada,
when wearing a seatbelt while travelling was mademulsory, dropped to 45% during a
period of voluntary usage, and increased back ¢ 8®hen usage was once again deemed
compulsory (119). Another study by Gundy, (120)effiects of a combined enforcement and
publicity campaign, conducted in Friesland, Thehgeands (1984), found an improvement
in wearing rates of about 25 % for both inside antkide built-up areas (20). Publicity and
educational campaigns on their own have been fdarfthve minimal effect on increased
seatbelt usage but are expected to have major safdy benefits when combined with
legislation and enforcement (58). In-vehicle selatteeninder systems have been found to be
effective in increasing seatbelt usage of betwéérl8% (121, 122).

Alcohol

Few infrastructural measures apart from comprekensiadside barriers are available to
mitigate the influence of alcohol on road crast&d¥orcement measures such as the Double
Demerit initiatives conducted by WA have found ¢aluce the higher level of fatal crashes
involving speed and alcohol that have been obseoved holiday periods. Enforcement of
various kinds including “blitzes” have been fourmdhave some effect on crash reduction
(20). Again, preventing the crash or minimising tinash impact forces appear to be the most
effective means of addressing this driver behaviour
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5. TAXONOMY

The matched lists of driver errors and road desigatures were summarised and

compounded into a taxonomy. Based on the projectisfcand discussions through the

development of the taxonomy, potential crash causated driver error and road design

features are incorporated in to a circular taxonowith possible countermeasures presented
for each category. Moving out radially:

1. The taxonomy core highlights four crash cause caies;,

N

The next layer identifies within these categoriekdviour that commonly leads to errors;

w

The next layer identifies road design features énatlikely to have elicited the error;

B

The next two narrow layers are default recommendatof countermeasures that assures
Safe System Alignment of design;

5. The outer layers provide alternative, less effectisuntermeasures that can be trialled to
address the issue of rural road crashes.

The means of utilising the taxonomy is presenteBlaw Chart 1. Essentially, once the area

of concern is identified (speed, impairment ethg driver error can be selected, leading to

the identification of the road design inadequadyisTthen leads to several countermeasures
that can be implemented or trialled.
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Flow Chart 1: Suggested Process for Taxonomy to hesed:

- what is the crash Likely to be velated to )
*Speed
Driver impairment
[oElaln\ARIGIYA -External factors such as weather or animal presence
SSV[N@E1To[o]g} -Road factors such as pot holes or road surface )
« wWhat driver ervor Ls assoclated with this )
*E.g, for “Speed”, is it the driver infringing speed limit or, not driving to condition
«For “External factors” is it related to animal avoidance, or dealing with adverse
[o[Nlil\YAPIT\TM  weather conditions
Error )
* How oloes the road design contribute to this ervor
*E.g. for “speed” are there design elements that encourage high speeds (wide,
: straight roads )
Link Road
Design Cause
~\
- Safe System deals with outcome regardless of cause
«Consider if either Safe System solution can be implemented even for part of the
Safe System target stretch
Solutions
J
* Conslder other countermensures that can be tmplemented )
«Consider the range of solutions that can address the crash type to an extent
. *Consider the pros and cons to each and the respective effectiveness
Consider Other |
Alternative
Solutions )

* Ensure the bmplemented treatment is functioning as intended

*Return to the site 6-12 months on to evaluate the progress of the treatment on the
crash issue

Evaluate the
Treatment )
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6. COUNTERMEASURES IN RELATION TO WA RURAL
CRASHES

The main focus of this study was to address theemeage of crashes involving vehicles
running off the road and colliding with roadsidgestts or overturning in WA. While other

crash types exist, addressing these crash scenaiibbsarget the dominant crash type
responsible for the majority of serious casualtalruoad crashes in WA.

It can be said that single-vehicle run-off-roadstks are generally the result of poor choice
of travel speed (e.g., not driving to conditionsesceeding the posted speed limit), driver
impairment (e.g., fatigue, drowsiness, alcoholirdidion), or inadequate driver response to
external factors (conflict with animals, weathelated factors, poor road surface).

However, in keeping with Safe System philosophgdineering road design to create road
networksforgiving of driver error, it is more apt to define the ¢rasenarios in terms of poor
or inadequate, road design factors. That is:

» Poor choice of speed within the posted speed limitad layout designed such that
higher speeds are encouraged and permitted; inattegignage provided to warn
driver of impending hazard which would require lovepeeds, road not designed to
include forgiving barriers to prevent serious igjuesulting from vehicles running off
the road;

« Travelling over the posted speed limit - road laydesigned such that higher speeds
are encouraged and permitted; inadequate enfordeofespeed limits, (keeping in
mind that literature indicates driver speed behavie unlikely to change unless the
posted speed limit appears credible to the drinersupported by the road design, or
there is a tangible possibility of being caughtthg police for travelling over the
speed limit); road not designed to include forgivimarriers to prevent serious injury
resulting from vehicles running off the road vebgtunning off the road,;

» Driver impairment - road not designed to includegfeing barriers to prevent serious
injury resulting from vehicles running off the rgadadequate enforcement of driver
“fitness to drive”;

» External factors - road not designed to includgifong barriers to prevent serious
injury resulting from vehicles running off the rqadesigns constructed over key
animal crossing paths; poor road surface.

In the context of rural and remote road network$MA, the relatively minor volumes of
traffic particularly in remote WA make it difficuto justify costly realignments of roads, and
flattening of curves and grades. Below is liste@naall number of recommendations of
measures believed to be worthy of further invesibga The standard treatments such as
CAMs and warning signs have not been identifiedehas it is believed these would be
utilised as necessary in current practice.

Studies indicate lane widths, presence of sealedldérs and the number of lanes can all
influence driver speed choice.
o0 Review lane widths with design standards on subjpgies to ensure the lane widths
are not unnecessarily wider than required;
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0o Where lanes are wider than design standards, camnsaiceptual measures to visually
reduce perceived width. Consider in particular:
= Sections of full or peripheral transverse lineseepd intermittently using
non-slip paint;
= Sections of converging chevrons using non-sliptpain
= Consider narrowing the lanes through edgeline magrkihile retaining
wide shoulders.
o Given the often minimal volumes along remote anchesgegional routes, consider
reducing the number of lanes to the minimum regkjire

o Where a traffic lane is to be made redundant, cemnsis options:
= relinemarking the section of road to include a wabmtral median (see
section);
» raised edgeline markings;
= using the now redundant lane to incorporate a xikie barrier trial.
» as a suggestion from the authors, where a lanetrbgglmade redundant,
or lane width reduced consider linemarking a flattarve.

o Consider programs of dynamic speed alert signs swdbwith enforcement to lower
travel speeds.

o Consider a trial of high frangible guideposts caneloi with reduced pavement width
to perceptually reduce travel speed

o Consider speed limit reductions in conjunction vtitle rumble strips at gateways to
towns to produce the necessary braking and evespe&d reductions required

o Consider a trial of blue markers introduced 300 efoke a rest stop to highlight to
truck drivers of the upcoming rest stops

As can be seen through the literature, one roadre&an have both beneficial and adverse
effects on safety concurrently, for example, insmeg@ lane width can reduce potential of
side-swipes while increasing likelihood of higheeeds. The astute road designer will need
to optimise the feature to optimise overall safetyile not compromising anather aspect of
safety.
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