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Abstract

The limited funding of low volume roads is a common problem faced by
commuters in the North Queensland region. These roads are commonly narrow
in seal and formation width and provide limited overtaking opportunities. In the
future, improvements to their asset condition can be achieved by aligning their

standards with the goals of the Rural Regional Implementation Scheme.

These improvements would provide increased safety on these developmental
roads, and ensure that funds were appropriately distributed throughout the link.
In general, low volume roads are prioritised by treating the ‘critical’ sections,
which are typically defined as containing poor asset conditions and high accident

frequencies.

The processes followed to compile this project were:

e Conduct a literature review of the current practices employed on low
volume roads.

e Review the current strategy.

e Review the practices employed by Main Roads.

e Gather accident data for low volume roads in North Queensland.

e Analyse the data collected.

e Conduct an economic appraisal to support the improvements to the low

volume roads.

The data indicates that a high proportion of accidents have occurred on narrow
sections of the pavement during the study period. The challenge in the future, is
to establish suitable funding prioritisation procedures for these low volume roads
with consideration being made to the social, environmental and economic factors

of the community.
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Chapter 1 Introduction

Chapter1  INTRODUCTION

Society is becoming increasingly more demanding with regard to improved asset
condition on low volume roads. At present, only limited funding is provided to
maintain and upgrade current low volume road networks. The United States
describes a low volume road as a road which experiences fewer than 400
vehicles per day (Hough and Smadi 1999). In Australia, low volume roads are
considered to have a lower number of vehicles than this. It is estimated that
approximately 90% of the roads world wide are low volume roads. It is therefore
essential that people recognise the importance of maintaining suitable asset
conditions. The challenge in the future is to provide acceptable planning, design,

construction and maintenance of these roads using limited funding.

Low volume roads are common in North Queensland and, as a result of low
traffic volumes, they often remain as only single lane carriage ways with
minimal passing opportunities. Future funding for these roads can be justified by
the volume of traffic, predicted traffic growth, flood immunity and accident

frequency.

The Department of Main Roads currently uses a Rural Road Implementation
Strategy (RRIS) to establish the function of the road and the asset improvements
needed. In addition, the Road Implementation Program (RIP) identifies the road
construction projects and their priority on these low volume roads. Furthermore,
the RRIS details a specific twenty year investment strategy vision for the link,
with the primary outcome of improved pavement width, surface roughness,
overtaking opportunities and flood immunity. These strategies will be evaluated
using low volume roads in North Queensland and a focus on accident rates will

be identified to justify their funding in the future.
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1.1 Aim

The aim of this dissertation to investigate and evaluate the justification for
funding of low volume roads in North Queensland using accident data supplied

by the Queensland Department of Main Roads database, Road Crash I1.

1.2 Dissertation Structure

This dissertation is structured in the following format.

e Chapter 2 provides a summary of the current asset and traffic conditions
experienced on the Gregory Developmental Road (GDR). It also
includes the current strategy employed by Main Roads as designed by the

consultants, Maunsell Australia.

e Chapter 3 discusses low volume road issues experienced globally,
nationally, state wide and at the local level. Topics include planning,
management, finance, best practice, pertinent safety issues and a past

project undertaken by James Cook University in 1991.

e Chapter 4 presents the current practices employed by Main Roads and

local councils for funding and management of low volume roads.

e Chapter 5 introduces the concept of road crashes, the components of the

traffic system and the Main Roads database Road Crash I1.

e Chapter 6 presents the research methodology employed for Road Crash 11
data.

o Chapter 7 describes the results from Chapter 6 using the Austroads
publication Treatment of Crash Locations (2004).
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e Chapter 8 discusses the results from chapter 7.

e Chapter 9 presents the conclusion and recommendations to the project

work.
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Chapter 2 The Gregory Developmental Road

2.1 Introduction

The Gregory Developmental Road (GDR) is situated in far North Queensland,
linking the Charters Towers region with the lower tablelands region of Herberton
and Atherton. This route forms a suitable inland north / south alternative route in
the event of road closures on coastal routes. The GDR intersects with the
Flinders Highway at Charters Towers and continues northwest to intersect with
the KDR at the Lynd. Appendix B shows the study area. The road is
approximately 260 kilometres long, and has pavement widths ranging from four

to eight metres wide.

The construction of the road was undertaken in the 1960s, 70s and 80s as a ‘beef’
road. The majority of the road was one lane on an eight metre wide formation
with natural soil shoulders. Over time, improvements and maintenance to
pavement width have been employed on the GDR. The Department of Main
Roads has been working in conjunction with an engineering consultancy,
Maunsell Australia, since mid 2001. Maunsell has developed strategies to
improve the geometric and performance standard for the GDR with an

investment strategy aimed at a time horizon of twenty years.

2.2 Existing Asset Condition of the GDR

Analysis of the existing asset conditions of the GDR in 2002 identified the
standards that needed to be met to improve the overall safety of the road

(Maunsell Australia 2002).
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1. Due to a large majority of the link having a pavement width smaller than
eight metres, overtaking is difficult for vehicles, especially with road
trains and multi-combination vehicles using the road. This can be

supported by accident data. Figure 2.1 shows the pavement conditions.

Figure 2.1 Narrow pavement width on the GDR

2. There are areas of insufficient fencing adjacent to the road, which have

led to a number of accidents involving livestock on the road.

3. Low lying areas have low flood immunity which results in road closures
in excess of two days and causes disruption to residential, commercial
and tourist vehicles. These flooded sections of road also contribute to
vehicles damaging unsealed shoulders when pulling off the narrow

pavement.
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4. There are several sections of road with horizontal and vertical curves
designed for low speeds but the overall speed environment is 110

kilometres per hour.

Figure 2.2 Horizontal and vertical alignment of the GDR

2.3 Existing Traffic Conditions

Further analysis was undertaken to determine important features of the existing
traffic conditions of the GDR and to allow sufficient planning for the future
(Maunsell Australia 2002).

1. Originally the road was designed as a single lane road for traffic flows of
150 vehicles per day. Traffic flows are now generally exceeding 150
vehicles per day. An Austroads publication on the design of rural roads

outlines capacities greater than 200 cars per day should have a minimum
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pavement width of eight metres (Rural Road Design 1999). The impact
of possible traffic increase should necessitate the implementation of eight

metre pavement width along the entire link.

2. The road experiences a high proportion of commercial vehicles,
approximately 30%. Due to the width of these vehicles and the
pavement, difficulties with overtaking are often experienced. These
vehicles often have to pull off the road to allow satisfactory passing
which damages the asset condition. These large vehicles also have a
large Equivalent Standard Axles (ESAs), which also contribute to
deterioration of the asset and need to be considered in design

improvements.

3. Details from the Main Roads Database Road Crash II indicate narrow

bitumen / formation width sections are contributing to accidents.

The current asset and traffic conditions experienced on the GDR were used by
the consultants, Maunsell, to develop a link strategy which is to be employed
over a 20 year design life. Main Roads envisages that improvements to the asset
condition would provide an attractive route for Freight Efficient Vehicles (FEVs)
and alternate north south route for tourists in the future. The current asset
condition is sealed for the entire length but has varying seal widths which make it
difficult to judge overtaking opportunities. In addition, the current overtaking
opportunities are only one kilometre in length and are insufficient for FEVs. The
consultant states that the main priority “involves widening the road to achieve a
two-lane seal” and that improvement to sections along the link need to prioritised
(Maunsell Australia 2004). The consultant also expresses that ‘the aim is to
provide a flexible strategy for the upgrade of this section of the GDR, which is
compatible with the Regional Roads Investment Strategy (RRIS)’ (Maunsell
Australia 2002, p. 7). Below, I have summarised the details of the investment

strategy which are relevant to accident analysis.
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2.4 Project Priorities

The development of the strategy priorities required an investigation into the
current expenditure in the Road Implementation Program (RIP) and its alliance
with the Rural Road Implementation Scheme (RRIS). Stakeholders along the
link were surveyed in September / October 2002 and February / March 2003 to
establish their concerns for the current road conditions. A questionnaire was
given to all stakeholders and this was used to identify and prioritise the issues as
they see them impacting on the performance of the Link. A list of perceived
issues was provided to the stakeholders and this allowed them to outline the most

pertinent issues to improve the function of the GDR.

The 12 issues raised were ranked from 1 (being the highest) to 12 (being the

lowest priority). A summary of the results received are shown below:

Road Condition Criterion Priority Rating

Higher Priority Issues

Seal Width
Formation Width 2
Overtaking Opportunity

Medium Priority Issues
Seal Conditions 4
Fencing and Grids 5

Lower Priority Issues

Roadside Amenities 6
Flood Immunity 7
Bridge Width 8
Horizontal Alignment 9
Soil Erosion 10
Vertical Alignment 11
Property Accesses/Intersections 12
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The Maunsell reports states that ‘Stakeholders were unanimous in their
prioritisation of the top 3 issues (all relating to road width)’ (Maunsell Australia

2004, p. 5).

2.5 Seal Width and Overtaking Opportunities

The review of the current Main Roads’ policies and the consultation with the
stakeholders have further emphasised the importance of widening the narrow
single lane sections to a desirable pavement width of 8 metres. The Austroads
publication Rural Road Design (1999) outlines that pavement with average
annual daily traffic (AADT) of 150 — 500 vehicles per day need to be two lanes
each, three metres in width (Rural Road Design 1999). This manual also
recommends shoulder widths of 1 — 1.5 metres for this traffic volume. These
Austroad recommendations can be found in Appendix C. Any sections on the
link, greater than seven metres wide, were given lowest priority. Exceptions
were only considered where significant asset conditions justified their
importance for immediate rehabilitation. The consultant expresses that the aims

of the strategy are:

e Achieving a safe route for the operation of freight efficient vehicles

(FEVs) up to and including 53.5 metre combinations.

e Establishing suitable overtaking opportunities, particularly for passing

FEVs.

The consultant also outlines that ‘the desirable length for overtaking
opportunities is between 2 and 2.5 kilometres’ and, where suitable, extension of
the current overtaking opportunities of 1 km to the desired 2 — 2.5 kilometres
(Maunsell Australia 2004, p. 7). This recommendation is further supported by
the Austroads publication Rural Road Design (1999) and is illustrated in
Appendix D. Maunsell also emphasised that the ‘staging of widening works
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needs to be planned to strategically distribute overtaking opportunities along the
link initially” (Maunsell Australia 2004, p. 25). These planned upgrades can be
seen in Appendix E.

2.6 Narrow Seal and Accidents

The consultant’s investigation into the justification of upgrading the GDR
included analysis of accidents north of chainage 5.76 kilometres on the link

between February 1992 and January 2002. The contributing factors are outlined

below:

Major Contributing Factor No. of Accidents
Narrow single lane bitumen seal 31 accidents (1 fatal)
Stock on road 11 accidents

Driver fatigue/undue care 9 accidents (2 fatal)
Vehicle malfunction (e.g. blow out) 4 accidents

These results indicated that a high proportion of accidents were occurring due to
narrow pavement width and that ‘accidents typically involve vehicles getting into
trouble on loose or soft shoulders when pulling off the single lane seal to allow
another vehicle to pass’ (Maunsell Australia 2004, p. 8). Appendix E illustrates
the current asset conditions and overtaking opportunities on the GDR. These

results were the motive behind the undertaking of this project.

2.7 Investment Strategies

Three investment strategies were proposed by Maunsell and these represented the
priorities determined earlier in the report. The basic concept behind this strategy
is to improve the ‘critical’ sections first and improve the overall asset condition.

This method is commonly used on low volume roads in North Queensland as it
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‘stretches’ the limited funding available for asset improvements. Three strategies
were considered and evaluated quantitatively and qualitatively. Strategy 3 was
the most expensive strategy to be proposed over the design life of 20 years but
was chosen on its superiority in lower maintenance costs and ease of access to
construction materials. Appendix E illustrates the strategy which is currently
being employed on the GDR. This strategy involved ‘upgrading of the link in
line with a conventional ‘widen and overlay’ 20 year design life approach’
(Maunsell Australia 2004, p. 31). Another point outlined by the consultant is
‘sections of the road width less than seven metres would be widened to eight
metres and overlaying of extensive sections of the road would be necessary at

depths of 100mm to 150mm thick’ (Maunsell Australia 2004, p. 41).

2.8 Funding of Investment Strategy

An estimate of the total cost of Investment Strategy 3 has been provided in
Appendix F. The consultant has estimated that this equates to $2,800,000 (2004
dollars) for a single financial year and would be sufficient funding to complete

the strategy over a 20 year design life.

2.9 Conclusion
The consultants’ strategy aims to be aligned with RRIS and has considered the
stakeholder priorities for the current works planned to be undertaken along the

link. The pertinent final vision standards for the RRIS are as follows:

e Increased seal width, reduced roughness and improved overtaking

opportunities within the 20 year horizon.

e Seal width: eight metres
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e Roughness counts: < 140

It is anticipated that the investment will provide benefits ‘to economic trade and
regional development through efficiency gains for many industries by reducing

transport costs and improving safety’ (Maunsell Australia 2004, p. 38 , through:

Improved flood immunity.

e Reducing commuter delays.

¢ Providing alternate north/south route when Bruce Highway is flooded.

e Increased road width.

e Improved surface condition.

e Reducing road user costs, particularly FEVs.

Finally, the investment of $2,800,000 per financial year would allow the strategy

to be fully implemented over the design life and provide social and economic

benefit to the community.
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Chapter3  Low Volume Road Issues

Asset management, road safety and planning methods have been researched from
international and state transport engineering professionals. I have concentrated
my research on the Seventh and Eighth Low Volume Roads Conference journals
as these provide the latest innovative methods in all facets of low volume road
engineering. [ have separated my findings into four general headings. Firstly,
planning, management and financial resources. Secondly, a section which
describes the needs for technology transfer to local government authorities.
Thirdly, the methods employed by agencies to improve the safety standards of
roadway systems. Finally, I have summarised the findings of a thesis completed

in 1991 on a similar topic.

3.1 Planning, Management and Finance

Throughout the world, the field of traffic engineering is exploring alternative
methods for maintaining the condition of low volume roads. Economic decision
models are common in developed countries and use asset and traffic information
to prioritise the planning, management and financing of low volume roads.

Developing countries are also seeking to implement these models.

Kumar and Kumar (1999) outline the pressures of inadequate funding to
maintain road networks in India. The current practices of ad hoc planning are
not suitable for such funding constraints, so they have developed a road planning
model. This model is used to determine the need for new construction,
upgrading of additional assets, selecting appropriate design standards and

determining priority maintenance strategies.
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In Queensland, Main Roads uses a Road Implementation Program (RIP) to
identify projects it plans to complete over the next five years. Project funding is
provided for the first two years and further allocations are provided for planning

during the final three years.

In addition, Archondo-Callao (1999) presents a road economic decision model
(RED) which is being used in Africa. This tool is used to identify the most
critical maintenance sections of low volume roads. The model performs an
economic evaluation of asset management options and considers the road length,

condition, geometry and types of accidents.

In Queensland, a maintenance strategy has been developed by the Department of
Main Roads for low volume roads. This provides some strategic guidance for
appropriate maintenance of unsealed sections of developmental roads in North
Queensland. The method seeks to improve the asset condition through a staged
approach whereby an acceptable standard is achieved with the available funding.
In general, the link is separated into different pavement / alignment types and
suitable construction solutions are determined. The staged construction ensures
the pavement is built in the most economic way possible, whilst maintaining
consideration for road safety. This strategy has been employed on the Peninsula
Developmental Road, Kennedy Developmental Road, Wills Developmental
Road and the Gregory Developmental Road in North Queensland. This strategy
employed on the GDR will be evaluated and other suitable options will be
proposed.

Veeraragavan and Reddy (2003) demonstrate the Highway Developments Tool
(HDM-4) can be used to budget and program road works with the data of the
road content, structure and condition. Using the roads traffic and asset condition
data, the tool allows the forecast of budget requirements and road network

performance by applying strategy analysis of HDM-4. This tool is suitable for
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use on low volume roads as it allows determination of future budget

requirements and suitability of alternative investment options.

In Australia, Main Roads have developed SCENARIO for Queensland use as
HDM-4 was considered too difficult for the untrained operator. SCENARIO
allows the user to predict future road conditions, make recommendations for road

works and is considered far more relevant for project use.

In addition, Zimmerman and Peshking (2003) explain the advantages and
disadvantages of pavement management tools. This tool allows quick analysis of
the effect of improvement to worst condition, first repair. This allows local
authorities to efficiently distribute funds to these regions of road network.
Furthermore, pavement management tools are used to evaluate the future funding
impacts, the cost effectiveness of maintenance programs and cost analysis for

road management.

Hough and Smadi (1999) report that there are increased budget constraints on the
federal, state and local levels of government and that the transportation industry
is facing changes in demand due to population shifts, changes in travel patterns
and changes in economic activity. This results in the ever increasing pressure to
maintain road networks in regions of low population density but where there is

not sufficient funding because of a limited tax base.

Four financing methods have been described. These are sales tax, special
ownership tax, wheel tax and rural improvement districts. The use of increased
county sales tax can provide a means to finance road budgets. Special ownership
tax is a fee imposed on the owners or operators of specific items. An annual
wheel tax is used to generate road revenue by charging a per tyre fee. Finally,
rural road improvement districts charge newly constructed subdivisions a fee to

finance the demand for road improvements in the area.
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Giumarra (2003) describes a hierarchy system which ensures that funds are
allocated to most needy roadways and which costs are better justified. The
system uses five road classifications, which include the road and its functional
characteristics. The road classifications include primary, secondary, minor,
access and tracks. Within each road classification existing standards are used to

ensure suitable upgrading is applied to the roadway.

A journal from Ivarsson and Malmber Calvo (2003) has proposed the Swedish
option of private ownership and financing of low volume roads. Two thirds of
roads are managed by private road associations at less than half the cost of local
government road authorities. The journal proposes a model that includes a law
on private roads and financial and technical incentives. The aim is to establish a
private-public partnership whereby the government provides the finances and
legal incentives for local property owners to take responsibility for their roads.
In summary, this model allows the government to provide the finances and the
private roads’ authorities to increase their efficiency and effectiveness on low
volume roads. This concept is in widespread use in Scandinavia but has not been

readily adopted in Australia and is not considered within the scope of my project.

3.2 Best Practice

To ensure improved asset management in the future, local authorities need to be

provided with up to date information.

This journal from Giumarra (2003) describes the importance of ARRB working
with local governments by providing them with the latest research and
developments to allow them to better manage their assets with limited resources.
This is further supported by the Highway Maintenance Code of Good Practice
(LAA 1989) which outlines that the strategy for highway maintenance
management and maintenance road hierarchy should deal with urban and rural

roads separately. The manual also recommends that maintenance procedures

16



Chapter 3 Low Volume Road Issues

should be further broken down by considering the roads’ traffic flow and
composition.  Efficiencies will result if maintenance and safety scheme

programmes can work together.

Keller and Sherar (2003) concentrated on the concept and application of best
management practices (BMPs) of low volume roads. A Low-Volume Roads
Engineering Best Management Practices Field guide has been developed. The

guidelines specify that:

e ‘Roads must serve the needs of the user through good transportation

planning.’

e ‘Long Term cost effectiveness and minimised impacts are then achieved

through application of good design and maintenance practices.’

(Keller and Sherar 2003, p. 174)

Therefore, low volume roads in Australia should adhere to these management

practices to ensure better conditions on low volume roads.

3.3 Safety

Safety on road networks is of significant importance to road users around the
world. Authorities perform road safety audits and maintain accident databases in

order to prioritise improvements to road sections.

In the United States a road safety tool called the Road Safety Audit (RSA) has
been used to identify and reduce roadway crashes by analysing the safety aspects
of project plans before completion (Wilson and Lapinski 2003). It is also
particularly useful in local rural areas where safety issues are commonly related

to existing roadway networks. In practice, a Road Safety Audit Review (RSAR)
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is a tool used to identify the functionality and safety of a road and allows the

identification of improvements needed to attain a suitable standard.

The United Kingdom Department for Transport (2004) supports this tool and it is
used to prevent accidents on their road networks. The road safety auditors are
involved in all stages of the project with the view to considering all potential
road users, the possible varying conditions and the likely impact of the

surrounding areas.

Austroads publication Road Safety Audit (2002) is used by Australian and New
Zealand and provides state highway authorities, local government authorities and
consulting practices with methods to deal with road safety issues. This has been
followed on from its UK origins. It is regularly implemented in Australia and

New Zealand and is currently up-to-date with the world best practice standard.

Achwan and Rujito (1999) report more than 10,000 road fatalities over the past
10 years in Indonesia. This has motivated them to conduct further study into road
safety and develop the Microcomputer Accident Analysis Program (MAAP).
This system is being used to identify contributory factors at dangerous locations.
The journal concludes that the majority of its accidents are caused by poor
shoulder condition which causes a rollover of vehicles. Finally, the report
outlines that due to low accident numbers on individual links, it is difficult to
identify the priority routes to be upgraded. However, it is planned that future

study will allow this remedial treatment to be implemented.

The United Kingdom Department for Transport (2004) employs a system for
identifying and prioritising road improvements based on accident information.
Firstly you consider accident data, accident location and most probable causes
for insufficient road safety. Secondly, you consider how the traffic composition
has changed and whether this will have further effect in the future. Finally, you

rank the problems by the severity of accident rate, number of accidents and
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severity of injuries sustained. Worst case problems are then attended to as top

priority.

Australia employs a similar system for data capture of its road networks. Road
Crash 11 1s a database maintained by the Department of Main Roads and contains
detailed descriptions of accidents, the number of vehicles involved and the
severity and location of each accident. Police provide descriptions of the most
likely cause of the accident and any obvious conditions or circumstances that

may contribute to the accident.

However Stamtiadis, Jones & Aultman-Hall (1999) believe that due to high crash
frequencies in low volume roads in the US we need to examine casual factors
and determine whether crash characteristics are similar on other low volume
highways. This study examines the relationship between the driver, roadway and
environmental conditions causing crashes on a low volume road linking
Kentucky and North Carolina. Some important results show that low volume
roads present similar road crashes to other roads and large vehicles have the

highest percentage of two vehicle crashes on low volumes roads.

The United Kingdom Department for Transport (2004) indicates that even
though only 31% of its road crashes occur on rural roads, 44% account for the
total cost of injuries due to severity of injuries compared to urban roads. The
website also describes its justification for funding based on economic return for
its safety improvements; that is, they compare the benefits gained over the year

following the improvement and correlate this with the cost of the scheme.

Another important issue was raised by Calvert and Wilson (1999) who describe
that the increasing need to improve geometric deficient rural roads cannot be
funded to attain the road authority guidelines. A solution was suggested that
incremental road improvements were to be completed on the worst case

horizontal alignment and this would allow sufficient improvement to roadway
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safety. This view is supported by manuals generated by the Department of Main

Roads in Townsville for the use on low volume roads in North Queensland.

3.4 Previous Project

In 1991 Associate Professor Lal Wadhwa and BHP engineer Brian Handy
undertook a project titled Identification and Evaluation of Engineering Solutions
to Accident Reduction in North Queensland through James Cook University
(Wadha and Handy 1991). The project aim was to establish the most significant
factors causing accidents on rural roads in North Queensland and to determine

economical engineering solutions to reduce accident frequency.

An accident database called PHYLAK was used to identify accident frequency,
severity and circumstances for rural roads in the districts of Townsville, Cairns
and Mackay. Sections of these roads were analysed with the view to determine
above average accident concentrations by using a measure of accidents per
kilometre. Each accident had a Road User Movement (RUM) number assigned

to allow a description of the accident type.

The location of above average accident concentrations was examined and the
PHYLAK database provided information on the most likely factors contributing

to accidents which was represented by RUM numbers.

Engineering solutions were proposed to improve the road condition and to reduce
the likelihood of accidents. A cost benefit analysis was performed on each
engineering solution and the order of priority determined by the highest accident

per kilometre and the correlating cost benefit.

A similar strategy has been employed to the Gregory Developmental Road. The
current Main Roads database, Road Crash II, was used for data collection and

analysed to establish black spots on the link. This project uses cost of crashes by
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‘accident type’ to establish ‘critical’ sections. This analysis has enabled the
identification of contributing factors to these accidents and allows evaluation to
possible engineering solutions with the assistance of the Austroads publication
Treatment of Crash Locations (2004). Furthermore, the results for the GDR have
been compared with two sections of the KDR. This has allowed identification to

benefits gained from improved asset conditions and increased funding.
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Chapter 4  Current Main Roads Practices

4.1 Regional Roads Investment Strategy

4.1.1 Introduction

The Regional Roads Investment Strategy (RRIS) aim is to provide a strong long
term plan for the regional road network in Queensland. The Queensland

Department of Main Roads seeks to achieve this by providing:

e An endorsed road user driven strategy to maximise benefits across the
whole road network within realistic funding levels, taking account of

external impacts on the wider community.

e A strong, consistent approach to standards and equity of investment

across the State, and stretch the road dollar to its greatest potential.
e A network solution, and not simply an aggregation of one-off projects
(Draft Regional Roads Investment Strategy 2000, p. ii)
It is envisaged that compliance with these visions will produce broader
consistency of roadway standard for roads categorised within its function. The

goal is to improve road assets to acceptable standards and to coordinate suitable

road maintenance procedures in the investment process.
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4.1.2 Planning Process

The investment strategies provide the first step towards the planning process.
Detailed link strategies are developed and plans for a suitable Road
Implementation Program (RIP) completed.

The overall planning process is summarised below:

e The Road Network Strategy (RNS) is used to interpret community and

government objectives.

e The long term (20 year) visions and objectives are defined through

investment strategies.

e The prioritisation and refinement of works on individual link sections

through link strategies (up to 20 years).

e Finally, a short term (1 to 5 years) program of road works projects

identified in the RIP.

(Draft Regional Roads Investment Strategy 2000, p. ii)

Figure 4.1 shows the relationship between the above stages in the planning

process.
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RNS

l

Investment Strategies

l

Link Strategies

l

Detailed Planning
and RIP

Figure 4.1 Planning Process

4.1.3 Strategy for Rural Regional Roads

The draft of the current RRIS recommends that $3670 million over 20 years be
invested into 11432 kilometres of rural regional roads in Queensland. This

length of road is estimated at 35% of the total state controlled network.

e $1990 million in capital works and rehabilitation, consisting of:

e $430 million in shoulder resealing.

e $210 million in widening.

e $420 million in rehabilitation.

e $500 million in additional enhancement projects such as duplications,
bridges, realignments and intersection improvements.

e $150 million for initial construction to sealed standard.

e $160 million for initial construction to form and pave.

e $120 million for overtaking lanes and overtaking opportunities

including the provision of sealed sections on unsealed roads.
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e $770 million in routine maintenance.
e $230 million for contingency and minor works.

e $680 million in programmed maintenance.

(Draft Regional Roads Investment Strategy 2000, p. ii).

This funding of $3670 million will improve vision widths and surface condition
across the network over a 20 year design life. Furthermore, the strategy seeks to

increase overtaking opportunities and flood immunity on these road networks.

The strategy aims for all rural regional roads with traffic volumes greater than
250 vehicles per day to be sealed, with only 16% remaining below two lane
width ( < 6 metres ) over a 20 year design life. In order to achieve this goal,
more shoulder resealing is planned for ‘interim seal widths’ within existing
formation and alignment. Main Roads’ vision maintains $210 million over 20
years of formation widening to vision seal widths greater than seven metres.
Interim seal widths can be defined as seal widths which are close to vision

widths.

In addition, the strategy strives to increase the emphasis on programmed
maintenance on these rural roads. It is planned that rehabilitation will be
increased to an annual rate of 1.25% of sealed network length per year over the
next 20 years to address the current backlog of poorly maintained asset

conditions.

For rural regional roads with traffic volumes less than 250 vehicles per day, the
aim is to provide new formation and running coarse, providing sealed sections
(20% or 5 kilometres out of 25 kilometres) to enable overtaking opportunities
and to implement sufficient maintenance practice to maintain improved roadway

conditions. For existing single lane roads, widening is planned (10% or 2
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kilometres out of 20 kilometres) to allow increased overtaking opportunities

(Draft Regional Roads Investment Strategy 2000, p. iv).

In summary, the primary aims for the regional road investment for a 20 year
design period is improvements to vision widths, surface condition (roughness),

overtaking opportunities and flood immunity.

4.1.4 Application of Strategy

The RRIS seeks to ensure that all significant attributes such as formation width,
seal width, overtaking opportunities and roughness condition of the overall
standard across the links of the network that should be achieved over the next 20

years.

It is important to note that the RRIS is strategic in nature and does not identify
detailed design elements or suitable programme of works to improve asset
conditions. Best use of available funding is through innovative ‘engineering’
solutions by utilising and improving existing asset conditions. For the GDR, the
strategy uses shoulder resealing on a strengthened outer pavement to achieve
eight metre seal width on an existing eight metre wide formation. This strategy
can then be implemented to treat the ‘critical’ sections first and improve the

overall asset condition.

The design detail and programme of works is formulated within the link
strategies phase of the planning process. Possible asset management strategies
for individual links within overall investment strategies are proposed and

evaluated as well (Draft Regional Roads Investment Strategy 2000, p. v).
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4.1.5 Higher Levels of Funding

The vision assumes that future funding levels for regional roads remain
constrained at current funding levels. Main Roads’ philosophy is to concentrate
its resources on basic improvements to achieve minimum standard across the
whole network. In the event of any increased funding, this may affect the
programming of works but not the standards to be achieved (Draft Regional

Roads Investment Strategy 2000, pg vi).

The following issues should be considered in the event of increased funding:

Completing the sealing program earlier on a priority basis.

e Improving vision standards on unsealed roads.

e Targeting particular deficiencies.

e Performing accelerate rehabilitation of the network.

e Attainment of medium vision on priority routes.

(Draft Regional Roads Investment Strategy 2000, p. vi)

Any increase in funding needs to consider the economic, social and

environmental impacts that this has on the surrounding community.

4.1.6 Consultation with the Stakeholders

The Regions and Districts discuss specific link issues with stakeholders in light

of the funding of investment strategies. Workshops are often held with the local
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community as these allow the determination of link investment factors and their

relative weights for analysis of both rural and urban roads.

External stakeholders describe factors such as safety, access to essential services
and industry access as the highest order priority across the state. These factors
are all considered strategic in nature. Emergency access, freight efficient
vehicles and environmental sustainability are considered to be satisfied by
strategic factors. Stakeholders also expressed that the most common issue raised
in relation to safety was the traffic composition involving heavy vehicles and
tourists on narrow and poorly maintained rural roads. Finally, Benefit Cost
analysis should only be considered when all the above conditions are met, only
then can a decision on the investment be made (Draft Regional Roads Investment

Strategy 2000, p. 6).

For rural communities who are likely to be exposed to low volume roads,
suitable road width was considered more important than roughness and flood
immunity. In far north Queensland, people have come to accept flooding in
tropical regions and therefore believe increased road width services the

community with increased safety and overtaking opportunities.

4.2 Road Implementation Program

The RIP is a budgeting and planning tool employed by the Department of Main
Roads. This tool identifies projects which need to be completed over the next
five years and ensures that the goals of Roads Connecting Queenslanders are
met. Project funding is approved on the basis that years one and two are firm,
with indicative allocations for planning purposes in years three to five (QDMR
2004). There is continual consultation with stakeholders as future RIP’s are

produced to attend to the most critical work for the next five year vision.
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The main priority for the GDR is the widening of this link to achieve a two lane
seal width as this is expected to improve the overall safety of the road. The
current RIP 2003/04-2007/08 plans to establish sections of two lane overtaking
opportunity at regular intervals of approximately 20 kilometres. These
overtaking opportunities are only relatively short (approximately 1 kilometre in
length) and are not sufficient to allow passing of road trains. Individual
improvement projects to the current asset condition have been identified and
prioritised to ensure an alliance with the RRIS. These projects are summarised in
Appendix E. In addition, the estimated costs of these improvements have been
determined using quantitative and qualitative information of the proposed

strategy improvements.

4.2.1 Existing Projects (RIP 2003/04 — 2007/08)

The current RIP 2003/04—2007/08 for the GDR can be seen in Table 4.1
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Project Description Work Chainage Indicative Estimated
Number Timing Cost
42/98C/306 Widening sections of  201.2km - Early 2004 $
existing pavement at ~ 203.1km and 1,500,000
Gray Creek (1.9km 220.2km —
length) and East 224.1km
Paddy Creek (3.9km
length).
42/98C/900 Miscellaneous works  6.8km - 2003 - $ 40,000
allowance, 8.9km 2004
unspecified.
Dalrymple Shire
Boundary to Urdera
Road (2.1km length).
42/98C/310 Widening and sealing ~ Various 2004 — $
variousm sections unspecified 2006 2,737,000
between Charters
Towers and Hervey’s
Range Developmental
Road.
42/98C/311 Widening and sealing  Various 2005 - $
various sections unspecified 2007 7,000,000
between Hervey’s
Range Developmental
Road and the District
boundary.
TOTAL $11,277,000

Table 4.1 RIP 2003/04 — 2007/08 Planned Projects
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4.3 The Gregory Developmental Road and the RRIS

The aim of the strategy employed by the consultant is to link with the visions of
the RRIS. The current emphasis has been directed at increasing pavement width
to a Main Roads vision standard, reducing roughness and providing suitable
overtaking opportunities. As the GDR is located in the tropics, flood immunity
has been considered in the Maunsell strategy but with a view to only reducing its
impact. The three primary goals of increased seal width, formation width and
overtaking outlined by the RRIS and stakeholders will most likely be achieved

by implementation of the consultant’s strategy.
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Chapter S  Road Crash Background

5.1 What is a Road Crash?

The road traffic system is described as containing the interaction of three

components, namely:

e the human;
e the vehicle; and

e the road.

A break down in the traffic system by one of these components can lead to a
crash or accident. The UK Department of Transport (1986) defines an accident
as ‘rare, random, multifactor event always preceded by a situation in which one
or more persons have failed to cope with their environment’ (Treatment of Crash

Locations 2004, p. 10).

The Venn diagram (RTANSW 1996) shown in Figure 5.1 illustrates the

interaction and importance of these factors which contribute to road crashes:

Road
environment
factors

(28%)

Figure 5.1 Three Factors Which Contribute to Road Crashes
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It can be seen that human factors have the highest contribution to accidents.
Austroads expresses that even if this is the case, ‘it is very often more effective to
apply road safety engineering treatments to the road environment, so that the
interaction of human factors and road environment factors is modified than
address human factors directly’ (Treatment of Crash Locations 2004, p.10). This
is because it is considered easier to change road environment which affects

human behaviour, rather than attempting to change the behaviour of drivers.

5.2 Components of the Traffic System

5.2.1 The Road User

When designing roads engineers need to have an understanding of the human
performance, capabilities and behaviour of the road user. The aim is to provide a
network environment for the road user which allows good decisions to be made

in the traffic system.

Information processing is essential in allowing the road user to make correct
decisions whilst on the network. Austroads describes driving as having three
essential tasks:

e navigation: trip planning and route following;

e guidance: following the road and maintaining a safe path in response to

traffic conditions; and

e control: steering and speed control.
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These tasks require the driver to:

e receive inputs (most of which are visual);

e process the inputs;

e make predictions about alternative actions;

e decide which is the most appropriate alternative actions;

e execute the actions; and

e observe their effects through the reception and processing of new

information.

(Treatment of Crash Locations 2004, p. 13).

Engineers need to design roads which allow visual information to be processed
by the driver easily. This can be achieved by providing a ‘suitable layout of the
road and the features which are designed into the road’ (Treatment of Crash

Locations 2004, p. 15).

Austroads describes ‘about 90 percent of the information used by the driver is
visual (Lay 1986, p. 321) and ‘vision is the only way information from traffic
signs, signals, pavement markings and delineation devices gets to the driver’

(Treatment of Crash Locations 2004, p. 16).
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5.2.2 The Vehicle

When designing rural roads it is important to consider the likely traffic
composition, as this can affect manoeuvrability, visibility, cornering and braking.
Manoeuvrability considers the vehicle’s dimensions and mass. Visibility of the
road is ‘dependent on the vehicle design as well as the road design, positioning

of road furniture etc’ (Gardner 1996, p. 22).

5.2.3 The Road Environment

To provide a safe road environment the design needs to consider the limitations

of human decision making. The road environment must be suitable for users of

all driving abilities and not place greater demands than expected on the driver.

Austroads describes a safe road as one which is designed and managed so that it:

e warns the driver of any substandard or unusual feature;

e informs the driver of conditions to be encountered;

e guides the driver through unusual sections;

e controls the driver’s passage through conflict points or conflict sections;

and

e forgives a driver’s errant or inappropriate behaviour.
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It should:

e provide no surprises in road design or traffic control (the design matches

expectation);

e provide controlled release of relevant information (the design matches

information processing abilities); and

e provide repeated information, where pertinent, to emphasise danger.

(Treatment of Crash Locations 2004, p. 19)

It is important to understand that if a road is ‘built to standard’ it does not
necessarily provide a safe road environment. Therefore, it is essential that the
design and safety standards for a road environment are integrated to establish a

safe route for traffic.

5.3 What is Road Crash 11?

Road Crash II is an information database maintained by the Queensland
Department of Main Roads. Information of the current asset and traffic
conditions is regularly updated. Asset condition data includes rutting, roughness,
cracking, seal width and construction performed along sections of road. Traffic
data provides the average annual daily traffic (AADT), trends in traffic flow and

traffic composition.

For this project, Road Crash II provides information of accidents on low volume
roads in North Queensland. An accident number is assigned to each accident

location along the link.
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For Example:

Road Crash: 20010026545
The first four digits indicate the year: 2001
The last 5 digits show the accident number: 26545

Detailed Crash Summary reports can be used to provide more extensive

information of the road crash in interest. In particular these reports show:

The vehicles involved and their direction of travel.

e The current road conditions.

e The time and location of the crash.

e Police reports detailing the contributing factors and violations.

e A DCA Code for the accident location.

An accident DCA Code represents the road user movement which most likely
contributed to the road accident. It can be seen in Appendix G that the codes are
grouped according to similar factors. For example, first ‘00’ column shows
accidents involving pedestrians, whilst column ‘80’ shows accidents caused by
vehicles moving off the path on curve. These DCA codes were used in my
project to identify any patterns in accident types and their likely contributing

factors.
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Chapter 6  Research Methodology

6.1 Step 1 — Gather Accident Data from Road Crash II Database.

The Northern, Peninsula and North Western Main Roads District Offices were
contacted and road crash data was requested for three low volume roads in North
Queensland. These roads were the Gregory (98C) and the Kennedy (99B, 99C)
Developmental Roads. I have chosen these roads as they have similar asset and
traffic attributes. In particular, the Gregory (98C) and Kennedy (99C) roads have
low volumes of traffic with varying bitumen seal width along the link. The
Kennedy (99B) is also a low volume road but has very limited sections of
bitumen seal. 99B has been useful in comparing accident rates and their

corresponding severities with the varying seal widths of links 98C and 99C.

The output received from Road Crash II database provided a graphical
comparison from 1991 to 2003 of:

e Construction performed;

e Accident number and location;
e Seal width; and

e AADT.

I have chosen to analyse the period of 1991 — 2003 as there were only records /
data of limited quantities of crash details for low volume roads in North

Queensland.
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6.2 Step 2 — Identify the Crash Locations

6.2.1 Define the Locations

Only sections with low volume traffic and narrow pavement width were
considered for crash location treatment of each link. For the GDR (98C),
analysis was only considered between chainage 8 to 259 kilometres as the first
eight kilometres from Charters Towers was interpreted as high traffic volume
with constant pavement width of eight metres. For the KDR, 99B and 99C were
analysed for the entire link (chainage 0 to — 214 kilometres) and between

chainage 1.5 to 260 kilometres respectively.

6.2.2 Decide on the Time Period

Austroads recommends a time period of five years as this usually provides
statistically reliable accident data for the link being considered. Due to low
volumes of accident data available for all three links, I have made the assumption
to use accident data for the past 13 years (1991 — 2003). I have also considered
that due to minimal construction undertaken over the study period, traffic
conditions would be reasonably consistent over the time period. The consultant’s
report outlines that traffic growth over the past five years has not steadily
increased and that it is not anticipated to increase greatly even with the
consideration of greater use by tourists in the future. Therefore, I have assumed

that using the past 13 years will provide a suitable analysis period for these links.

6.2.3 Criteria for Selecting Locations to Investigate for Treatment

These narrow sections were then divided into 10 kilometre blocks in an attempt

to identify black spot locations. This assumption was made as only low
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quantities of accident data were available for such long stretches of pavement for
the GDR and KDR. This restricted more specific identification of critical
sections. The following procedure was used to determine the most critical

sections requiring remedial treatment:

e Apply the cost of crashes by ‘accident type’ to all accidents within the 10

kilometre block with low volume traffic and narrow pavement width.

e Calculate the accidents per kilometre within the 10 kilometre block.

‘Critical’ 10 kilometre sections were then established based on cost of crashes by

‘accident type’, followed by accidents per kilometre.

In addition, detailed crash summaries were requested from the Road Crash 11
database for critical sections along each link. This was used to consider the
contributing factors causing these accidents and allow determination of suitable
remedial works in the future. Copies of these crash summaries are provided in

Appendix H.

6.3 Step 3 — Diagnosing the Crash Problems

6.3.1 The Process of Diagnosis

This step considers the possible road environment factors which may have led to
the accident and, therefore, the design of suitable countermeasures for these
incidents. All data obtained in Step 2 was then organised into a format which
allowed analysis and comparisons between each of the 10 kilometre sections and
each of the roads. In addition, a site inspection was conducted in January 2004

and pictures taken of current asset conditions and black spots along the GDR.
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These pictures can be viewed in Appendix I. The KDR 99B and 99C were not

inspected visually.

6.3.2 Analyse the Data for Clustering and Common Factors

To identify any clustering of accident-type or other common factors, Austroads

recommends the following presentations:

e Construct a factor matrix for each ‘critical’ ten kilometre section.

e Draw collision diagram from the descriptions provided from Road Crash

11
e Produce a histogram of DCA Code sub-groups for the entire link.
6.3.2.1 Factor Matrix
The Road Crash II data was then placed into a format called a ‘factor matrix’.
This table allows the combination of the DCA code and ‘key direction’ to be

analysed in conjunction with accident attributes. Furthermore, this table allows a

visual check for the following accident issues:

The number of accidents in any particular year.

The identification of common directions of vehicle travel.

The particular types of road users involved in accidents.

The condition of the road surface.
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e The high frequency of accidents on any particular day.

Another table was then constructed outlining the common contributing factors
for each accident identified in the road crash summary reports. These tables can
be found in Appendix K, L and M. Trends within these factors were also

considered for future remedial treatment.

6.3.2.2 Collision Diagram

A collision diagram has not been drawn for each accident as the detailed crash
summary reports provide enough information for analysis of the 10 kilometre
blocks along the links. No collision diagrams were available from authorities as

the only ones available were of fatalities and therefore off limits.

6.3.2.3 Frequency Histogram of DCA Code sub-groups

As discussed earlier, DCA codes describe the vehicle movements which have
been involved in accidents. Following the Austroads guidelines ‘Dominant DCA
types often provide the most reliable guide to the remedial action, since they are
likely to be indicative of the future crash patterns at the site, if it is not treated’
(Treatment of Crash Locations 2003, p. 51). Therefore, DCA codes were
grouped according to their DCA Code Sub-groups as this will assist in
identifying common contributing factors. Further reference was then made with

the detailed crash report.

6.3.3 Finalise the Assessment and Draw Conclusions

Conclusions were then made about the most pertinent factors causing accidents
for the given volume of traffic and pavement. These were used in the next

section: Selecting the Countermeasures.
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6.4 Step 4 — Selecting the Countermeasures

The aim of the countermeasure is to reduce the number of accidents at the black
spot locations determined in Step 2. Countermeasures were selected based on
the underlying contributing factors determined in Step 3. An Austroads
publication, Treatment of Road Crash Locations, was used to identify suitable
remedial measures for common contributing factors. Considerations were made

from the following Austroads recommendations:

e Select a solution and ensure the adopted countermeasure is suitable for all

aspects.

e Ensure the remedial treatment is economically viable.

6.5 Step S — Designing a Safe Remedial Treatment

Using Step 4, suggestions for remedial treatment were provided by the Austroads
manual, Treatment of Crash Locations. These solutions aim to satisfy the goals

of reducing accident rates and their severities.

6.6 Step 6 — Justifying the Expenditure

6.6.1 Conduct an Economic Appraisal

The following steps were undertaken to establish the justification for remedial

works determined in Step 5:

e Identify and calculate all benefits and costs for the remedial treatment.
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e ‘Reduce’ all future benefits and costs to their present day values using

standard present value approaches based on compound interest.

e Compare the present day values of benefits and costs according to an

explicit decision criterion (Austroads 2004).

It was assumed that all net present value calculations are calculated for the

design life of 20 years for the Gregory Developmental Road.

6.6.2 Identify the Costs and Benefits

For this analysis the only costs considered were the initial capital cost only.
Benefits were established for each remedial treatment. It was anticipated that the
investment will provide savings in crash costs and a reduction in the number and

severity of crashes. The assumed appraisal period is to be 20 years.

6.6.3 Determine value for Costs and Benefits

The next step applied the Austroads recommended method of ‘using information
about percentage effectiveness of particular treatments in reducing particular
accident types, to estimate the effect of the proposed treatment’ (Treatment of
Crash Locations 2004, p. 89). The effectiveness of countermeasures can be
found Appendix J. The reduction in crash costs by accident type for each
included accident was then calculated. This allows the calculation of the crash

reduction benefit per year for the treatment.

Estimation from consultant’s strategy for maintenance costs were deducted from
the annual benefit to give the net annual benefit. For the analysis, I made the
assumption that maintenance and other agency (Main Roads cost) are similar for
the other options. However, the analysis has not considered user costs other than

cost of crashes.
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6.6.4 Reducing all Future Benefits and Costs to their Present Day Value

To perform discounting, future dollar amounts are reduced to present day values.
I have used a common discounting rate of 7 percent as this is recommended by
Austroads and is commonly used in government analysis. I have also applied a
discounting rate of 5 percent as | have assumed that this be more reasonable as it
takes inflation into account. Using the net annual benefits, present worth factors

were used to determine net present value over an appraisal period of 20 years.

6.6.5 Select a Decision Criterion

I have used the Net Present Value (NPV) and the Benefit/cost ratio (BCR) as a

method for justifying expenditure for works along the link.

6.6.5.1 Net Present Value

The NPV was calculated by subtracting the present value of costs from the
present value of benefits. A positive NPV indicates a treatment which is
economic and beneficial to the community.

6.6.5.2 Benefit / Cost Ratio

This is calculated by dividing the benefits by the costs.

6.7 Step 7 — Conduct Sensitivity Tests

As there are many assumptions made during the accident analysis, Austroads

recommends a range of accident reduction percentages be applied and assessed
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for each 10 kilometre section. By using accident reduction percentage values
both higher and lower than original Austroads estimates, further assessment was
can be undertaken into the likely benefits gained and the wvalidity of
corresponding assumptions. Due to the results of the original accident
percentage savings indicating a BCR considerably less than 1 ( <<I) and a

negative NPV, this step was not undertaken.

6.8 Step 8- Present the Results

The above results are presented in Chapter 7 and include detailed summaries of

the findings from the above procedure.
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Chapter 7  Results

7.1 Introduction

This project concentrates on investigating accident data for sections of narrow
pavement and low volume traffic. The following roads were investigated from

the North Queensland Region:

e (Gregory Developmental Road (98C)
e Kennedy Developmental Road (99B)
e Kennedy Developmental Road (99C)

The Road Crash II data for each of these roads can be viewed in Appendix L,M
and N. The output from Road Crash II illustrates the job details and completion
dates of all works. Accidents are shown with a coloured circle and their
positions along the link can be located using chainages along the horizontal axis.
All these accidents contain a corresponding crash number which is used to
further analyse the crash situation. These graphs allow an easy interpretation of
accident locations on narrow sections for 98C, 99B and 99C. Due to minimal
works being completed on these roads, the accident were analysed over the

whole data capture period of 13 years.

7.2 Establishing the Critical Sections for Treatment

All accidents occurring on narrow sections of pavement were then split up into
10 kilometre blocks. To achieve this, estimated costs per crash by ‘accident
type’ were applied to each DCA Code Sub-group. These tables are tables are
illustrated in Appendix K,L and M. The DCA Code Sub-group, the DCA codes,
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their descriptions and their corresponding estimated cost per crash can be seen in

Appendix N.

Figure 7.1 shows the scatter graph for each cost of crash by ‘accident type’ that
were plotted to allow establishment of the critical sections. The GDR (98C) is

illustrated below:

Cost of Crashes by 'Accident Type' 1991-2003 on 98C
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Figure 7.1 Cost of Crashes by ‘accident type’ (98C)

In addition, Figure 7.2 shows a cumulative cost of crashes for each 10 kilometre
section. This bar graph allows easier interpretation for determining ‘critical’

sections on the GDR.
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Cumulative Cost of Crashes by 'Accident Type' 1991-2003 on 98C
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Figure 7.2 Cumulative Cost of Crashes by ‘accident type’ (98C)

Figure 7.3 portrays the scatter graph for each cost of crash by ‘accident type’ for
the KDR (99B).

Cost of Crashes by 'Accident Type' 1991-2003 for 99B
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Figure 7.4 shows the cumulative cost of crashes for each 10 kilometre section on

the KDR (99B).

Cumulative Cost of Crashes by 'Accident Type' 1991 -2003 for 99B
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Figure 7.4 Cumulative Cost of Crashes by ‘accident type’ (99B)

Finally, a scatter graph for the cost of crash by ‘accident type’ was produced for
another section of the Kennedy Developmental Road (99C). This graph can be

seen in Figure 7.5.
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Cost of Crashes by 'Accident Type' 1991-2003 for 99C
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Figure 7.5 Cost of Crashes by ‘accident type’ (99C)

Figure 7.6 shows the cumulative cost of crashes for each ten kilometre section

for the KDR (99C).
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Figure 7.6 Cumulative Cost of Crashes by ‘accident type’ (99C)
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A detailed summary of the cumulative cost of crashes by ‘accident type’ for each
developmental road can be found in Appendix K, L and M. In addition, these
summaries calculated the accidents per kilometre for both the entire 10 kilometre
section and for the proportion of narrow lengths within the 10 kilometre section.
This has provided an indication for sections with the highest accident per
kilometre ratio. The highest accidents per kilometre sections correlated directly
with the highest cumulative cost of crashes for each ‘critical’ 10 kilometre
section. The following sections were termed ‘critical’ and considered highest

priority for upgrades in the future:
Gregory Developmental Road (98C)

e Section 1: CH 38 —48

e Section 2: CH 128 — 138

e Section 3: CH 208 — 218
Kennedy Developmental Road (99B)

e Section 1: CH 10-20

e Section 2: CH 70 - 80

e Section 3: CH 90 — 100

Kennedy Developmental Road (99C)

e Section 1: CH 10-20

7.3 Determining the Contributing Factors

To establish the most common contributing factors for causes of accidents on

both the GDR and KDR, the following two presentations were made:
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1. Construction of a factor matrix for each ‘critical’ 10 kilometre section.

2. Creation of a DCA Code Sub-group histogram for all accidents occurring

on narrow pavements for the entire length.

The factor matrixes for each 10 kilometre section deemed ‘critical’ and of

highest priority for the GDR and KDR can be found in Appendix K, L and M.

A brief summary of the results obtained from these factor matrixes are as

follows:

Road: Gregory Developmental Road (98C)

Section 1: CH 38 — 48

The accidents are scattered over numerous years.

e Crashes involve a variety of vehicles.

e Accidents which are related to the road environment are primarily single

vehicle accidents, ‘run off the road’ type crashes.

e More than half of the accidents occurred in the day time with 87%

occurring on a weekday.

e There was no correlation between the contributing factors for this section.
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Section 2: CH 118 — 128

All accidents have occurred over the past eight years.

Three out of five accidents were single vehicle, ‘run of the road’ type

accidents.

A wide variety of contributing factors influenced these accidents.

MORE INFO TO GO IN HERE

Section 3: CH 208 — 218

A majority of accidents were single vehicle, ‘run off the road’ type

accidents.

Half the road users involved in accidents were cars, whilst the other half,

were a combination of road trains, trucks and vans.

Accidents were scattered over the 13 year analysis period.

A majority of accidents occurred during day time.

All accidents occurred on a weekday.

The factor matrix shows a wide variety of contributing factors which

could be related to the driver itself, the road environment or the vehicle.
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The histogram seen in Figure 7.7 indicates the distribution of DCA Code Sub-
groups for the entire link of the Gregory Developmental Road (98C).

Histogram, showing the number of crashes by DCA Code
Subgroups on 98C for 1991 - 2003
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Figure 7.7 Gregory Developmental Road DCA Histogram

This distribution confirms that the highest proportion of accidents were ‘run off
the road’ type accidents. Appendix G illustrates the DCA Code Diagram used to
describe ‘run off the road’ type accidents. A description of the DCA Code Sub-
groups 15, 16, 17, 18, 19 and 20 can be seen in Appendix N. For remedial
treatment, the engineer needs to consider why such a high proportion of
accidents are caused by vehicles ‘running off the road’ pavement. Furthermore,
investigation into the contributing factors is needed as it allows an understanding

of what road environment improvements are needed in the future.
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Table 7.1 shows the number of accidents and percentage of DCA Code Sub-

groups for the entire link of 98C over 13 years of analysis:

DCA Code DCA Number of Percentage

Group Codes Accidents (%)
1 100 - 109 2 3%

2 201, 501 4 6%
15 502, 701, 702, 13 20%

706, 707
14 609, 905 9 14%
16 703, 704 6 9%
17 705 6 9%
18 801, 802 4 6%
19 803, 804 4 6%
20 805 2 3%
21 400, 500, 607, 610, 16 24%
700, 800, 900
66 100%

Table 7.1 DCA Code Sub-groups for GDR (98C)

This can be more easily interpreted with the pie graph shown in Figure 7.8:

Pie Chart, showing percentage of DCA Code Sub-groups on 98C
between 1%91 -2003
2

6%

Figure 7.8 Percentages of DCA Code Sub-groups for GDR (98C)
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Kennedy Developmental Road (99B)

Section 1: CH 10 - 20

All accidents were related to ‘run off the road’ type crashes.

All accidents have occurred over the past five years.

The vehicles involved in accidents were road trains, vans and trucks.

A high majority of accidents occurred in the day time and on a weekday.

The most pertinent contributing factor was the wet / slippery road

conditions.

Section 2: CH 70 — 80

The majority of accidents were single vehicle, ‘run off the road’ type

accidents.

A high proportion of cars were involved in the accidents.

All accidents occurred in day time and on a weekday.

Half the accidents were related to gravel / dirt and rough surface on the

unsealed road.

Section 3: CH 90 - 100

All accidents occurred over the past five years and were single vehicle

crashes, with ‘run off the road’ type accidents being most common.
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e Two thirds of the road users involved in accidents were vans. The

remaining one third involved cars.

e All accidents occurred in day time and are evenly distributed between the

week days and weekends.

e A wide variety of factors have contributed to these accidents. Half were

caused by tyre blowouts.

The histogram in Figure 7.9 indicates the distribution of DCA Code Sub-groups
for the KDR (99B).

Histogram, Showing the Number of Crashes by DCA Code Sub-groups
on 99B for 1991 - 2003)
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Figure 7.9 Kennedy Developmental Road DCA Histogram

The graph indicates that ‘run off the road’ type DCA Code Sub-groups were the
highest proportion of accidents. DCA Code Sub-group 17 had the highest

number of crashes. This accident is described as ‘out of control, on straight’.
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Table 7.2 shows the number of accidents and percentage of DCA Code Sub-

groups for the entire link of 99B over 13 years of analysis:

DCA Code Group DCA Codes Number of Accidents | Percentage
13 605 1 3%
14 609, 905 2 5%
15 502, 701, 702, 2 5%

706, 707

16 703, 704 3 8%
17 705 14 36%
18 801, 802 3 8%
19 803, 804 3 8%
20 805 6 16%
21 400, 500, 600, 607, 4 11%

610, 700, 800, 900 38 100%

Table 7.2 DCA Code Sub-groups for KDR (99B)

This can be more easily interpreted with the pie shown in Figure 7.10.

Pie Chart, Showing Percentage of DCA Code Sub-groups on 99B
between 1991 - 2003

21 13 14
1% 3% 5% 15

8% 36%

Figure 7.10 Percentages of DCA Code Sub-groups for KDR (99B)
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The pie chart shows that 36% of accidents on the Kennedy Developmental Road
(99B) were represented by DCA Code Sub-group 17. Appendix N shows that
DCA Code 705 is the only vehicle movement represented within this Sub-group.
These findings indicate that the most common accident movement on this

unsealed pavement was ‘out of control on straight’.

Road: Kennedy Developmental Road (99C)

Section 1: CH 10 - 20

Over half the accidents were involved in ‘run off the road’ type accidents.

e Accidents were spread over the 13 year analysis period.

e The most common road users involved in accidents were cars.

e All accidents occurred in the day time.

e Nearly half of the accidents occurred in wet conditions.

e Most accidents occurred on a weekday.

e The majority of contributing factors were related to road conditions such

as roughness, gravel / dirt and wet / slippery pavements.
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The histogram as seen in Figure 7.11 indicates the distribution of DCA Code
Sub-groups for the entire link of the KDR (99C).

Histogram, Showing the Number of Crashes by DCA Code Sub-
groups on 99C for 1991 - 2003
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Figure 7.11 Kennedy Developmental Road DCA Histogram

The highest number of accidents correlated with DCA Code Sub-group 15. A
high proportion of DCA codes within this Sub-group were described as vehicle

‘off carriageway, on straight’.

Table 7.3 shows the number of accidents and percentage of DCA Code Groups

for the entire link over a 13 year analysis period:
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DCA Code DCA Number of Percentage
Group Codes Accidents (%)
1 100 - 109 1 3%
2 201, 501 1 3%
4 301 - 303 2 6%
13 605 1 3%
15 502, 701, 702, 8 26%
706, 707
16 703, 704 5 16%
17 705 6 19%
18 801, 802 2 6%
21 400, 500, 607, 610, 5 16%
700, 800, 900
31 100%

Table 7.3 DCA Code Sub-groups for KDR (99C)

This can be more easily interpreted with the pie graph shown in Figure 7.12:

between 1991 - 2003

16%

Pie Chart, Showing Percentage of DCA Code Sub-groups on 99C

15
27%

Figure 7.12 Percentages of DCA Code Sub-groups for KDR (99C)
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The pie chart illustrates that 69% of DCA Code Sub-groups are related to ‘run
off the road’ type accidents.

In summary, it can be seen that there are a high number of single vehicle crashes
on these narrow sections. In general, the crash summaries describe single
vehicles running off the carriageway on narrow pavements. All these incidents
can be termed as ‘run off the road’ type accidents. The data indicates a high
percentage of the road users involved in these accidents were cars. Only a low
number of accidents occurred with road trains, trucks and vans within these
critical sections. The contributing factors are difficult to assess, but it can be
anticipated that these trends in driver violations will continue to occur in the
future, but changes to the road environment could curb the accident potential

caused by poor asset conditions.

The following points outlined by Austroads (Treatment of Crash Locations 2004)

describe possible contributing factors for ‘run off the road’ type accidents:

The current asset has narrow lanes or narrow seal.

e The severity of curve cannot be judged.

e The edge of road is not evident.

e The gravel shoulders do not allow recovery and control.

e The alignment of road is deceptive.

e The pavement has inadequate skid resistance or drainage.

In addition, the Austroads publication indicates that possible contributing factors

for head-on collisions include:
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e The lanes are too narrow (for traffic composition, speed or curvature of

road).

e The centreline is not visible.

e The severity of curve cannot be judged.

e There are insufficient overtaking opportunities.

The road surface has deficiencies.

All these suggestions were considered when deciding on the most suitable

remedial treatments for each link.

7.4 Selecting the Solutions

This step took into consideration the findings that there were a high proportion of
‘run off the road’ type accidents and some high accident cost, head on collision
type accidents. The following recommendations, as sited from the Austroads

manual (Treatment of Crash Locations 2004, p. 67), were considered:

e Consider improved delineation, including post mounted delineators,

RRPMs, edge lines, tactile edge lines and chevron alignment markers.

e [f an isolated curve, consider adequacy of alignment design and

superelevation.

e Widen the lanes or seal the shoulders.
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If at critical curves, consider warning signs and advisory curve speed

signing.

e Widen the edgeline of curves.

e If there is a high incidence of wet weather crashes, check surface texture,

skid resistance and pavement drainage.

e Check the speed limit is appropriate.

o Consider increasing the number of overtaking opportunities by

duplication of overtaking lanes.

The Gregory and Kennedy Developmental Roads current pavement conditions
strive to be aligned with the Regional Roads Implementation Strategy and are
considered to have another five years of adequate performance remaining. The
GDRs horizontal and vertical alignment abides by rural road standards except for
the section between chainage 45.3 and 46.2 kilometres. This section has recently

been realigned by the Queensland Department of Main Roads.

It was outlined in earlier analysis that the factor matrix indicates a high
proportion of accidents occurring in the day time, and most commonly on a
weekday. Therefore delineation through the use of post mounted markers was
not considered a high priority. As the GDR and KDRs are low volume rural
roads, the road users expect to travel safely at the current speed limit of 110
kilometres per hour. The analysis of the current asset condition demonstrates
that the current horizontal and vertical alignment allows for this. The Austroads
publication, Treatment of Crash Locations (2004) outlines the importance of
choosing a countermeasure which is suitable for all aspects and which is
economically viable for the funding available. Therefore, for the GDR (98C) and

KDR (99C) the most suitable remedial treatment would be to increase the
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pavement seal. This treatment would allow improved overtaking opportunities,
reduce the sections of unsealed shoulders and improve the overall standard of the

road.

7.5 Design of Selected Countermeasures

It is anticipated that accident rates and their severity will be reduced by sealing
the shoulders on these narrow sections with the highest accident cost. The
treatment should be implemented on these ‘critical’ sections first, as they ensure
improvement to the overall standard for the asset. In addition, the treatment
makes use of the existing pavement as it is still in reasonable condition and can
provide suitable running coarse.  This treatment would also be most

economically viable for the existing links condition.

7.6 Justification for Funding

Accident cost savings were determined using the accidents corresponding crash
cost determined in Step 2. These costs had their estimated percentage of savings
applied for the proposed remedial treatment on the GDR. This table can be
found in Appendix O. Each accident cost was multiplied by its corresponding
percentage for crash reduction or increase and all accident savings were

combined to find the total crash savings.

Appendix F was used to estimate the cost of remedial treatment for existing
pavement widths. The total cost for upgrading the ‘critical’ narrow sections of
pavement were found by multiplying the cost per kilometre of remedial treatment

with the length of narrow section. This table is shown in Appendix O.

The next step was to calculate the NPV for the total accident savings over a

design year design life of 20 years. A discount rate of five, six, seven, eight and
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nine percent were applied to give a range of results. These results can be seen in

Appendix O.

Finally, the Benefit Cost Ratio (BCR) and Net Present Value (NPV) for each
discount rate were determined. These results are shown in Appendix O. The
findings for all sections along the GDR indicated a BCR less than 1 (< 1) and a
negative NPV. It is anticipated that other benefits such as social, community and
environmental issues need to be considered further in this analysis to justify

expenditure in the future.

Table 7.4 summarises the findings for the BCR for each proposed remedial
treatment on the GDR (98C):

Critical Savings | Initial Capital NPV BCR NPV BCR
Section $lyear Cost (9) 5% 7%

CH 38-48 |-$20,206] $466,213 |-$251,813]0.54 |-$214,064| 0.46

CH 128-138] -$19,437] $1,488,703 |-$242,227] 0.16 | -$205,915] 0.14

CH 208-218] -$16,265] $1,098,025 |-$202,693] 0.18 | -$172,308] 0.16

Table 7.4 Benefit Cost Analysis for the GDR (98C)

Furthermore, Table 7.5 illustrates the NPV for each proposed remedial treatment

for the critical sections on the GDR.
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Critical |Savings]|Initial Capital NPV NPV NPV NPV
Section | $/year Cost ($) 0.05 |(NPV-Costs)] 0.07 |(NPV-Costs)
CH 38-48 |-$20,206 $466,213 -$251,813| -$214,399 |-$214,064] -$252,148
CH 128-138|-$19,437| $1,488,703 |-$242,227] -$1,246,476 |-$205,915| -$1,282,788
CH 208-218]-$16,265| $1,098,025 [-$202,693| -$895,332 |-$172,308] -$925,718

Table 7.5 Net Present Value for the GDR (98C)
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Chapter 8  Discussion of Results

8.1 Gregory Developmental Road

8.1.1 Section 1: Chainage 38 - 48

Section 1 had the second highest total accident cost along the link. Over the past
13 years, seven accidents were experienced on 3.1 kilometres of narrow
pavement. These accidents can be seen in Appendix K. The total accident cost
was $656,700 and the accident per kilometre ratio was 2.2 for narrow sections.
Further analysis for this section indicates that four accidents corresponded to
DCA Code Sub-group 21 and therefore do not contribute to crash savings, as
causes for these accidents are unlikely to be related to the road environment. For
the remaining three accidents, two were caused by ‘run off the road’ type vehicle
movements and one by a ‘head on’ incident. These accidents attract high
accident cost savings and therefore these critical sections should be treated as

early as possible.

The factor matrix does not show any correlation for any particular make of the
eight vehicles involved in these accidents. These incidents included three cars,
one road train and four vans. Over half the accidents occurred during day time
and seven out of eight accidents on a week day. The contributing factors were
varied and the results from the factor matrix table indicate three were related to
the driver, one to an uncontrolled animal, one to driver conditions, one to
excessive speed, and four to road conditions. The description of the road and its
condition indicated accidents were caused by wet, slippery and narrow pavement
conditions. It is difficult to assess the most important contributing factors due to
low correlation, but as the wet and narrow seals are the only factors relating to

the asset, it is anticipated that road widening is a suitable remedial treatment.
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Road widening over a 3.1 kilometre length would provide more overtaking

opportunities and remove the dangers of the gravel shoulders.

8.1.2 Section 2: Chainage 128 - 138

Section 2 experienced four accidents over the past eight years. There was no
correlation between the DCA codes involved in these accidents. Furthermore,
the contributing factors were varied and did not provide any direct evidence that

narrow pavement seal was the primary contributing factor for accidents.

8.1.3 Section 3: Chainage 208 - 218

This section contained the highest total cost of accidents for the link. A total of
seven accidents have occurred during the 13 year analysis period with the total
cost being $731,500. Two accidents were associated with DCA Code Group 15
which is described as a vehicle accident movement ‘off carriageway on straight’.
There were also two other accidents which are related to vehicles running off the
pavement which are described as ‘off carriageway, on straight hit object’ and
‘out of control on straight’. In addition there was also one accident which
involved a hit animal and another ‘run off the road type’ accident. Both vehicle
movements were deemed not related to the road environment. The seventh
accident occurred at an intersection and is therefore not considered as suitable for

use as justification for widening the road.

In summary, a high majority of the accidents were related to ‘run off the road’
type accidents which would confirm the importance of widening this section.
The vehicles involved ranged from cars to road trains, vans and trucks, and it is
therefore difficult to identify any relationship between the accident type and the
vehicle. All accidents occurred on a week day and the majority were in the day

time. Therefore, fatigue is not considered an influencing issue. For all “critical’
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sections on the GDR, the factor matrix indicates a wide variety of the

contributing factors for road accidents.

8.1.4 The Overall Link

The DCA Code Sub-group histogram illustrated in the results indicates the
problems that the GDR is currently facing with regards to ‘run off the road’ type
accidents. The critical sections established by cost of crashes by ‘accident type’
supports this. The accidents were described as DCA Code Sub-groups 15, 16,
17, 18, 19 and 20. These vehicle movements contribute to 67% of the total
accidents for the entire link. Therefore the alliance with the Rural Roads
Investment Strategy (RRIS) is of critical importance for the GDR. The RRIS
visions include increasing pavement widths, providing sufficient overtaking

opportunities and improving the level of surface condition.

Choosing the ‘critical’ sections based on cost of crashes by ‘accident type’ has
provided a means for establishing the reasons for common accidents. In
addition, it has attempted to determine the significant contributing issues. In
regards to the main contributing factor, the analysis did not provide any direct
evidence for poor road condition. However, analysis for the whole link outlines
the major issue of reducing the number of ‘run off the road’ type accidents. It is
anticipated that by providing wider pavements at regular intervals, drivers will
not be forced to pull over onto gravel shoulders or be tempted to challenge
passing manoeuvres on narrow sections of pavement. This remedial treatment
would most likely reduce the chance of vehicles loosing control on the gravel,
slipping in wet conditions or being motivated to attempt unsafe passing
manoeuvres. The results from the methodology indicate ‘run off the road’ type
accidents as the main focus for designing future remedial. = However
consideration into the funding for improvements and there likely benefits are
required to justify their expenditure. Further analysis into the justification for

this funding will now be described in the Benefit Cost analysis.
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8.1.5 Benefit Cost Analysis

The summary for the accident cost savings and the cost for remedial treatment of
the 10 kilometre sections were illustrated in the results and a detailed explanation
can be found in Appendix O. All critical sections indicated a BCR less than one
( <1 ) and a negative NPV. Due to the low volumes of traffic and a long analysis
period, accident savings are much less than the investment required for widening

the road.

For the ‘critical’ section between chainage 208 to 218 kilometres, on average,
only one accident is occurring every two years. Therefore, for a low volume
road, with an AADT of 200, a total of 292,000 vehicles are travelling over this
section between accident incidents. It would be difficult to support the
justification for funding for the GDR purely on an economic basis, or, by the
current correlation between accidents and narrow pavements.  Further

considerations such as social and environmental issues need to be considered:

The anticipated social considerations are outlined below:

Reducing the number and severity of accidents along the link.

e Removal of possible contributing factors to ‘run off the road’ type

accidents.

e Users will make savings in travel time and have a better ability to access

all services along the link.

e Rechabilitation along sections may enable the reduction of flooding along

the link.
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The road would become more user friendly for tourists and would

therefore provide an alternate means for tourist traffic.
Savings in maintenance of vehicles would be experienced. Vehicles
would not have to pull off onto the gravel shoulder which could reduce

suspension damage, fuel consumption and tyre blow outs.

The improved asset condition may reduce the number of violations

experienced along the link.

Issues such as driver impatience may be directly linked to violations such

as undue care and attention.

The link would provide a more comfortable journey for all commuters.

User costs are typically several times those of agency costs, thus

justifying the expenditure.

The environmental issues include:

Reduction in pollution in rural areas of North Queensland. Vehicles will
not have to pull off the sealed narrow sections, slow down and accelerate
once they have passed another vehicle. This would reduce the quantities

of carbon dioxide released into the atmosphere.

The reduced need for maintenance by having a sealed pavement would

reduce the demand on natural building materials.

How can we justify the economic costs for the investment of a low volume road

with the visions of the RRIS and the social and environmental issues?
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The most important consideration when dealing with limited funding is to treat
the ‘critical’ sections first. This ensures that the overall asset condition is
improved and that the funding is distributed evenly over the link. It is believed
that accidents is one method of determining ‘critical’ sections, but further
analysis into the above issues would need to considered when outlining a suitable

strategy for the GDR.

8.2 Cost of Crashes and the Consultants Strategy

8.2.1 Introduction

The Maunsell strategy is outlined in Appendix E. These plans indicate the
proposed project priorities which need to be treated. The following descriptions

are provided on the plans:

e P1: Priority 1, treat this section as highest priority.

e P2: Priority 2, treat this section once P1 has been completed.

e P3: Priority 3, treat this section once P1 and P2 are completed.

In addition, the current asset condition is summarised in a tabular format below
the proposed strategy. Furthermore, accidents and their severities are illustrated
below this table. This strategy allows a comparison between the accident
locations, current asset conditions and the corresponding sections that have been
deemed as most important in the view of the consultant. Assessments of this
strategy with the ‘critical’ sections established by cost of crashes were used to

determine the effectiveness of the two strategies.
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8.2.2 Agreements and Disagreements Between Strategies

The first critical section established by cost of crashes by ‘accident type’
correlates reasonably with the consultants’ strategy. Since undertaking this
study, chainages 38 to 45 kilometres, have been widened to a seal width of 7.5
metres. This section contained no accident history but provided an introduction
into a horizontal curve which is located between chainages 45.3 and 46.2
kilometres. Previous studies conducted by the consultant established that this
curve (chainage 45.3-46.2 kilometres) did not align with rural road standards and
has since been denoted as priority one. The remaining section spanning from
chainage 46.2 to 48 kilometres has been proposed as priority three. This is a
little unexpected considering three accidents have occurred over these two
kilometres. It could be presumed that the consultants have prioritised the road

geometry as one and then considered accidents as a second consideration.

Chainages 128 through to 138 kilometres were deemed as priority two by the
consultant strategy but were ranked one by cost of crashes. This section has
endured five accidents over its 13 year history, and has provided the second
highest total cost of crashes by ‘accident type’. It was expected that the
consultant strategy has taken into consideration the number of high cost
accidents endured over this section. The possible reasons for denoting the
remedial treatment as priority two could be due to the 10 kilometre section
between chainage 118 to 128 currently having a pavement width of 7.9 metres
and providing some overtaking opportunities. It is also suspected that the
consultant has followed the visions of improving the worst sections first to

improve the value of the overall asset.

The final critical section was compared with the consultants’ strategy between
road sections 208 to 218 kilometres. The consultants have proposed the section
as priority three and they have only considered treatment between chainages 212

to 218 kilometres. This seems reasonable as five out of the seven accidents
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recorded were experienced over this section and contribute to the majority of the
accident crash costs. The level of priority is seen to be a little low considering
this section had the highest accident cost. However, it is expected that due to
seven metre wide pavement leading into this section, the consultants considered

and provided for sufficient overtaking opportunities.

8.2.3 Considerations in the Future

The establishment of prioritising ‘critical’ sections on low volume roads such as
the GDR require full analysis of the current asset conditions, the funding
available and the history of accident rates. Using cost of crashes by ‘accident
type’ has identified the usefulness that road crash information can provide when

determining ‘critical’ sections for remedial treatment.

8.3 Comparisons with Other Low Volume Roads

8.3.1 Low Volume Traffic with Variable Pavement Width

The KDR (99C) was chosen for comparison with the GDR (98C) as both links
experience low volumes of traffic and sealed pavements of varying widths. The
cost of crashes by ‘accident type’ was applied to the KDR and a ‘critical’ section
was determined from chainage 10 to 20 kilometres. Analysis of this ‘critical’
section indicated over half of its accidents were related to ‘run off the road’ type
vehicle movements. Details of the current asset and traffic conditions

experienced on the GDR and KDR can be found in Appendix K and M.

The factor matrix illustrates six out of seven accidents were related to poor road
asset conditions on the KDR. The factor matrix for KDR (99C) can be found in
Appendix M. The Road Crash Il summaries describe road surface factors such

as gravel / dirt pavements, wet / slippery seal and rough surface conditions as

76



Chapter 8 Discussion of Results

being the primary causes to these accidents. Details of the crash summaries for

99C can be found in Appendix H.

The DCA Code Sub-group histogram outlines 70% of accidents were involved in
‘run off the road’ type vehicle movements. These findings reflect similar results

for the GDR, emphasising the importance of widening these links in the future.

8.3.2 Sealed Vs Unsealed Roads

The KDR (99B) was another link used to investigate the relationship between
accident types and road asset conditions. The current asset condition of the KDR
(99B) consists predominately of unsealed pavement. The methodology, cost of
crashes by ‘accident type’ was applied to the KDR (99C) The ‘critical’ sections
determined, using this methodology, indicate sections 10 to 20, 70 to 80 and 90
to 100 kilometres were the highest priority for remedial treatment. Closer
analysis indicated the first section, chainage 10 to 20 kilometres; involved
accident movements described as ‘Out of control, on straight’. The contributing
factors from the factor matrix indicate that three out of five accidents were
related to wet or slippery conditions on the pavement. This factor matrix can be
seen in Appendix L. These factors emphasise unsafe driving conditions

experienced on unsealed sections in wet conditions.

The next critical section, chainage 70 to 80 kilometres, describes five out of six
accidents were related to ‘run off the road’ type accidents. In addition, the four
out of the five contributing factors were related to asset condition, such as rough
surface or gravel / dirt carriageways. For the final critical section, chainage 90 to
100 kilometres, all six accidents were related to ‘run off the road’ type vehicle
movements. The contributing factors were varied and do not allow for

identification of any predominate problem for this section.
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For the overall link, 50% of DCA Code Sub-groups were related to ‘run off the
road’ type accident movements. This low volume road illustrates the problems
endured by users when the asset conditions are only narrow in width and remain
as unsealed carriageways. Due to these high accident rates, caused by vehicles
running off the road, a priority of providing sealed pavements and suitable

overtaking opportunities is necessary in the future.

Is it better justified to use limited funding on unsealed links or sealed links with

varying pavement widths?

Evidence needs to be provided to justify expenditure on unsealed roads such as
99B. Current traffic volumes, traffic composition and future use, all need to be
assessed to determine which link has highest priority for asset improvements.
The comparisons between sealed and unsealed low volume roads have identified
the advantages in providing pavement seal and staging asset upgrades to a seal
width of eight metres. The high proportion of accidents on 99B, relating to the
vehicle movement ‘out of control, on straight” highlights the importance of
providing a minimum single lane seal. The goal for future work on links such as
99B would be to provide single lane seal, with a vision for future upgrades to an
eight metre seal width. It is expected that these improvements would reduce the
number accidents and their severity on unsealed pavements. It will always be
difficult to assess whether unsealed roads are more worthy of funding compared
to a partly sealed roads. Engineers must ensure that all social, economic and
environmental factors are taken into consideration as the decision process will

most likely be open to conjecture.
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Chapter 9  Conclusion

The project has shown that cost of crashes by ‘accident type’ is a suitable method
for establishing critical sections for treatment on low volume roads in North
Queensland. The methodology also provides a system whereby remedial
treatment can be designed to countermeasure common accidents and ensure
maximum crash savings are achieved. However, accidents and their predicted
savings can not solely provide justification for funding of these roads. Some
further considerations include the anticipated future traffic volume, traffic
composition, desired asset conditions, vision for the link and the social and
environmental impacts. Discussions with stakeholders should continue in the
future as they provide valuable feedback on common issues for low volume
roads. Strategies should also continue to strive to align with Regional Roads
Investment Strategy and provide improved asset conditions. The limited funding
available should continue to be ‘stretched’ by treating the ‘critical’ sections of

the link first and therefore improving the overall asset condition.

9.1 Achievement of Objectives

An extensive literature review was conducted using journal articles from the Low
Volume Roads Conferences held in 1999 and 2003. These papers provided up to
date information on low volume road practices through global, national and local
levels. Industry professionals provided detailed information on issues such as
management, planning, finance, best practice and safety. These articles provide
an excellent source of information, which could be explored in more detail if this

project was to be undertaken at a later date.

The Main Roads website provided detailed descriptions of the current strategies

employed for rural roads. A draft copy of the Regional Road Investment
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Strategy was sourced through a contact at the Roma Main Roads office. This
document outlines the visions, goals, funding and procedures used in rural

Queensland.

The internet was accessed to source other international methods used to prioritise
and treat rural roads of low volume. Previous research indicated that accident
rates and improved safety was of high priority on all road networks and that this

should apply to rural links where needed.

Using the contacts from Main Roads in the Toowoomba office, access to the
Road Crash II database was obtained. This provided sufficient details of the
current asset conditions, traffic volume and accidents along the GDR. A
methodology from the publication Treatment of Crash Locations (2004) was
applied to narrow sections of the link. A cost of crash by ‘accident type’ was
applied to establish critical sections along the link. In addition, DCA Code Sub-
groups were evaluated using a DCA Code Sub-group histogram and number of
accidents per kilometre for each section was calculated. A factor matrix was
produced for critical sections using crash summaries provided by the Road Crash
1I database. This allowed evaluation of similarities between accidents and the
contributing factors. These factors were used to determine suitable remedial
treatments. This tool is appropriate for use on all low volume roads and was
successfully applied to the Gregory Developmental Road (98C), Kennedy
Developmental Road (99B) and another section of the Kennedy Developmental
Road (99C).

Analysis of the data showed that ‘run off the road’ type accidents were the most
common accident endured on critical sections. Unsealed pavements had a higher
quantity, of ‘run of the road’ type accidents compared to the sealed sections with
varying pavements widths. This result indicates that a narrow seal with the
potential for widening the sections of the road will provide suitable overtaking

opportunities for vehicles. This will therefore reduce the ‘run off the road’ type

80



List of References

accidents and their severities. It was established that widening the narrow
sections is the most effective remedial treatment and should be employed at

regular intervals along the link over the 20 year design life.

The methodology applied to Gregory Developmental Road shows a high
correlation between the established ‘critical” sections with the Maunsell strategy.
This indicates that the cost of crashes by ‘accident type’ will allow a suitable
method for establishing critical sections for rehabilitation. However, the highest
priorities for the methodology did not directly correspond with the priorities of
P1, P2 and P3 indicated by Maunsell. It is anticipated that the differences
between strategies is a result of ensuring regular overtaking opportunities and
implementation of remedial treatments carried out on the road during the

undertaking of this project.

The benefit cost analysis did not provide suitable justification for funding for the
Gregory Developmental Road. Nevertheless, it is critical that engineering
designs prioritise rehabilitation to ensure funding is used adequately over the
design life. It was also found that further investigations into other benefits were
needed as these were not accounted for and this project only considered the
percentage of accident cost savings. In addition, social and environmental issues

need to be considered when justifying expenditure for low volume roads.

9.2 Recommendations

The following areas have been identified in which further work can be carried

out with regards to the justification of funding of low volume roads:

e Analyse accidents, their crash costs and contributing factors for other low

volume roads.
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e Consider establishing justification for funding through the use of social

impacts.

e (Consider establishing justification for funding through the use of

environmental impacts.

9.3 Further Work

e Use the current strategies for low volume roads to establish a new system

for prioritising and justifying expenditure in the future
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University of Southern Queensland
FACULTY OF ENGINEERING AND SURVEYING

ENG 4111/2 Research Project
PROJECT SPECIFICATION

FOR: Chris MACKENZIE
TOPIC: Evaluation of funding justification for low volume roads in
North Queensland

SUPERVISORS: 1. Dr. David Thorpe (USQ)

PROJECT AIM: The aim of this project is to investigate and evaluate the

justification for funding of low volume roads in North
Queensland.

BACKGROUND:  The Gregory Developmental Road is a developing route in

North Queensland. The Queensland Department of Main
Roads (Townsville) is interested in establishing the
strategic function of the road, determining an appropriate
geometric and performance standard and to establish an
investment strategy.

PROGRAMME: Issue B, October 2004

1.

2.

e

Undertake a literature review of low volume road funding and
management practices in Australia and overseas.

Review the current practices of Main Roads and local councils for
funding and management of low volume roads.

Investigate the accident, performance, condition and other relevant data
provided by Queensland Main Roads databases.

Evaluate the proposed strategy for upgrading and managing the Gregory
Developmental Road, using similar roads for comparison.

Undertake a cost — benefit analysis of the implementation of this strategy.
Report findings to peer group via oral presentations and in the required
written format.

AGREED: (Student) (Supervisor)
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Map of the Gregory Developmental Road
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RURAL ROAD DESIGN:
PAVEMENT WIDTH
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Table 4.1 Traffic Lane Widths for Undivided Sealed Roads

Design Traffic

Volumes (AADT) 1-150 150-500 500-1000  Over 1000
(veh/day)

Normal Lane 1 Lane 2 Lanes 2 Lanes 2 Lanes
Widths (m) 3.5 3.0 3.0-35 3.5
Notes

(a) Design traffic volume is that expected to be using the road at the end of the design
period. This should be taken as a period in the range of 10 to 20 years. Where the
construction of aroad may lead to considerable commercial development, this mustbe
taken into account in predicting traffic volumes. ,

(b) Where design speeds are over 80 kmn/h (mountainous country), or 100 km/h (undulat-
ing country), or where the heavy vehicle content is high, the adoption of a 3.5m traffic
lane width is desirable (refer to Section 4.1.2).

(c) Refer to Section 4.5 for the adoption of standards in restricted areas.

(d) Forlow volume roads with single lane carriageways, refer to Section 4.3.

Table 4.2 Width of Shoulders on Undivided Sealed Roads

Design Traffic Volume Normal Widths
AADT (veh/day)? (m)
Single lane roads® 1.5-25

Two lane roads
1-500 10015
500-1000 10°-20
Over 1000 1.0°-30°

Notes

(a) SeeNote to Table 4.1.

(b) Where 1.0 m shoulders are used, provision should be made for vehicles to stop clear of
the traffic lanes wherever possible on low fills and at transitions from cut to fill. Thisis
more important for volumes above 500 vehicles/day.

(c) Shoulders of 2.5 mto 3.0 m allow commercial vehicles to stop clear of the traffic lanes.
Where the route carries a high absolute volume of commercial vehicles, is a major
trucking route, and the incidence of trucks stopping is high, 3.0 m shoulders should be
considered
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Rural Road Design: Overtaking Opportunities

Phase 1

Table 6.4
Overtaking Sight Distances (1.15 mto 1.15 m) For
Determination of Start and Finish of Overtaking Zones

Phase 2 | Phase 3 ’l

Figure 6.2 Overtaking Manoeuvre

Establishment | Continuation
Overtaken
Design Vehicle | Time Sight | Time Sight
Speed  Speed Gap Distance [ Gap Distance
(km/t) (km/h) | (sec)  (m) | (sec)  (m)*
50 43 128 330 4.5 165
60 51 13.6 420 5.0 205
70 60 144 520 54 245
80 69 155 640 6.0 300
90 77 166 770 6.5 360
100 86 178 920 2 430
110 94 194 1100 7.9 500
120 103 21.0 1300 8.7 600
130 111 224 1500 9.5 700

* Including 50 m to 60 m clearance at completion.

Note: Time gaps used in derivation of distances also shown.
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Appendix J

Percentage Effectiveness of Remedial Treatment

Table 9.5 Effectiveness of Countermeasures for Intersection Crashes

(based on the revised tables for FORS, 1996 - prepared by Dr David Andreassen for the Australian Transport Safety Bureau)
Accident-type 101- - 202- 301-| 305- 308, 001- 706, 601, 401,
[DCA Code] 109 201 206 304 307 309 003 707 402

Parallel  Vehicle Loss of  Hit parked/
Adjacent Head Opposing Rear Lane lanes- hits control, parking

Description approach  on turns end change turning pedestrian LorRTums  vehicle
Treatm e Estimated Percentage: Crash Reduction (-) or Increase (+)
Code Type
K1  Roundabout | -70 +20 +20  +30 +60
K2  New traffic signals

(notum arrows)  -70 +90 -30
K3  New traffic signals

with turn arrows -70 -5 -30
K4  Remodel signals -50 -60 -30
K5  Grade separation -100 -50 -20 -70 -50
K6 Improve sightlines  -30 -30 -30 -20
K7  Street closure (one

leg of cross int.) -50 -50 -50 -10
K8  Street closure

(close stem of Tee)  -100 -100 -50 -100
K9  Non-skid surface | 40 | el
K10 Stagger cross inter- |

section (right-left) ~ -50 30 | +30 | +10
K11 Improve/reinforce

priority (eg add a

control sign] =0 V
K 12 Ban right turns -50 -50 -50
K13 BanleftorU turns - Note1  -50 -50 -50
K14 Improve lighting 30
K 15 Traffic islands on

approaches 20 -20 -10 -10
K16 Indented right

turn island 30 -20 -20
K 17 Painted turn lane -20 | -20
K18 Ban parking

adjacent to

intersection -10 -20 -20 -30 -50
K19 Extend median | | |

through intersection -100 -100 -100 -50
K20 Reduce radius on :

left turn slip lane .
K21 Protected left turn |

lane in crossing street -10
Cost per
casualty ~ Metro | 107.0 2306 111 -3 b5.0 833 735 1447  86.9 107.8
crash ($1000) Rural = 227.0 408.3§ 187.4 1289 209.5 1652 253.9 181.4 183.8
Note 1: For treatment code K13, banning U turns is a relevant treatment for accident-type 207, with an estimated 50% reduction

[costs for 207: $104.8K (Metro) and $190.1K (Rural)]. Banning left turns is a relevant treatment for accident-types 203, 205

and 206 with a 50% reduction.
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Percentage Effectiveness of Remedial Treatment

Table 9.6 (a) Effectiveness of Countermeasures for Non-Intersection Crashes, Part A

(based on the revised tables for FORS, 1996 - prepared by Dr David Andreassen for the Australian Transport Safety Bureau)

Accident-type - 601,401,
[DCA Code] 201 202-206 301-304 305-307 001-003 402
Opposing  Vehicle hits  Hit parked/

Description Head-on  turns Rearend Lane change pedestrian parking vehicle
_Treatment Estimated Percentage:‘ Crash Reduction (-) or Increase (+)

Code Type i i

S1  Median on existing
_ cmiany -90 -50

S2  Pedestrian refuge =50

S3  Pedestrian (Zebra) crossing -40

S4  Pedestrian overpass -90

S5  Pedestrian signals -70

S6  Pedestrian crossing lighting -60

57  Impovediaticlichtmse = = |« == | - -30

S8  Clearway, parking bans -20 -30 -50

S9  Indented right turn island -30 -40

S 10  Painted turn lanes -20 -20

S 11 Roadside hazards - remove | Note 2

S 12 Roadside hazards —

guard fence

S 13  Non-skid surface -40

S14  Seal shoulders -40

S 15  Advisory speed signs on curves|  -30

S 16  Delineation

S17 Edge lines

S 18 Reconstruct superelevation

. on curve -50
S19 Climbing/overtaking lanes -30 . ,
Note 3 +10

S$20 Signs (railway level crossing) -

S21 Flashing lights
‘ (railway level crossing)

S22 Barriers or gates

(railway level crossing)

523 Bridge or overpass

~ (railway level crossing)

S24 Frangible posts, poles

Cost per casualty Metro | 2306 1113 550 83.3 1447 @ 1078

crash ($1000) Rural 14083 187.4 128.9 209.5 2539 183.8

Note 2: For treatment code S1 1‘, the effect of removing the objects which were hit after the vehicle left the carriageway is to reduce

~ accidents that relate to hitting objects (i.e. accident types 703-704, 803-804), but the reduction in these accidents will be matched
by an increase in accident types 701-702 and 801-802, as vehicles will continue to leave the carriageway but now will not be
hitting objects (all else being equal). The net benefit will be a reduction in crash severity.

Note 3: For treatment code 519, accident typek 501 (head on,ovértaking) is also relevant [use DAC 201 cost].
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Table 9.6 (b): Effectiveness of Countermeasures for Non-Intersection Crashes, Part B

(based on the revised tables for FORS, 1996 - prepared by Dr David Andreassen for the Australian Transport Safety Bureau)

Accident-type ~ Onstraight On Curve ‘
- [DCA Code] 701-702 703,704 705 801,802 803, 804 805 903
[ L
; Loss of Loss of
1 Off road, | control, § Off road, control,
. Description Off road hit object onroad Off road hit object onroad Hittrain
: ! | | ; |
e Estimated Percentage: Crash Reduction (-) or Increase (+) ‘
Code Type

51 Median on existing carriageway

$2  Pedestrian refuge
S3  Pedestrian (Zebra) crossing

S4  Pedestrian overpass

S5  Pedestrian signals

S6  Pedestrian crossing lighting
S7  Improved route lighting

S8  Clearway, parking bans
S9  Indented right turn island
S10 Painted turn lanes

S11 Roadside hazards — remove ~ +80 80 | . +80 -80
S12 Roadside hazards — guard fence, -30 ~ -30 = +30 -30 30 +30
S 13  Non-skid surface L -10 -10 -10 -10 10 -10
514 Seal shoulders - =40 A Y e
S 15 Advisory speed signs on curves . 3 -30 -30
516  Delineation ot L B 18§ 15 | 1D 18
S17 Edge lines -30 a0 30 | 30
S 18 Reconstruct superelevation
on curve -50 -50 -50
S19 Climbing/overtaking lanes
S20 Signs (railway level crossing) -15
S21 Flashing lights _
(railway level crossing) ! -50
S22 Barriers or gates
(railway level crossing) | -80
S23 Bridge or overpass
_ (mibvay leve| clossing) . -100
S24 Frangible posts, poles Note 4 Note 4
Cost per casualty ~ Metro 82.5 1685 869  129.8 199.7 92.0 388.7
crash ($1000) _ Rural 161.2 279.3 1814 250.0 310.9 165.6 573.8

Note 4: For treatment code S 24, the number of " off road hit object” crashes is not expected to change, however, the severity
outcome of these crashes will be reduced.
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Gregory Developmental Road 98C - Factor Matrix CH 208 - 218
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Kennedy Developmental Road (99B) Results

Gregory Developmental Road 99B - Factor Matrix
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Kennedy Developmental Road (99B) Results
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Kennedy Developmental Road (99B) Results

Gregory Developmental Road 98C - Contributing Factor Matrix
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Gregory Developmental Road 98C - Factor Matrix
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Estimated Costs Per Crash by ‘Accident Type’
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Appendix N

Estimated Costs Per Crash by ‘Accident Type’

Crash Costs for Queensland - Estimated costs per crash by crash type (2001)

1 Costs are in 2001 dollars
2 Costs are based on the costs contained in "Crash costs 200: cost by accident type"
produced by Dr David Andreassen of Data Capture and Analysis

DCA, DCA Codes |[Description
Code Low Speed | High Speed
Group < 80km/ih 80 km/h +
b b
Two Vehicle Crashes
1 100 - 109 |Intersection, from adjacent approaches 367,000 $154,900
2 201, 501 |Head on 31564,700 3270,500
3 202 - 206 |Opposing vehicles, turning 567,100 $133.400
4 301-303 |Rear end 533,700 565,200
5 305 - 307, 504]Lane change 552,600 $161,900
G 308, 309 |Parallel lanes, turning 547,000 $132,400
7 207,304 U turn 564,300 $136,200
8 401, 406-408 |Entering roadway 347,600 566,500
g 503, 505, 506 |Overtaking, same direction 563,700 5101,300
10 402, 404, 601, |Hit parked vehicle 347,700 107,200
602, 604, 608
11 903 Hit railway train $188,000 $379,000
Single Vehicle Crashes
12 001-009 |Pedestrian 5142,800 5252,000
13 605 Permanent ohstruction on carriageway 565,000 5110,000
14 609, 905 |Hit animal 535,000 539,000
16 502, 701, 702,|Off carriageway, on straight 552,600 107,200
706, 707
16 703, 704, 904 | Off carriageway, on straight, hit object $100,800 $182,300
17 705 Out of control, on straight 573,200 $140,900
18 801, 802 |Of carriageway, on curve $89.100 5157,300
19 603, 804 | Off carriageway, on curve, hit object $119,400 5203,900
20 805, 806, 807 |Out of control, on curve 576,100 5104000
Exceptions
21 000, 200, 300,|Crashes which are unlikely to be attributable to any road
400, 500, 600, [environment factor, and which are therefore unlikely to be
700, 800, 900, |addressed by any road based remedial treatment
901, 906, 907,
403, 405, 606, |Crashes in this DCA code group will not be used in crash
607, 610 |rates or BCR calculations or reports.
Motes:
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Appendix O Net Present Value and Benefit Cost Analysis
ACCIDENT COST SAVINGS
Project No. Gregory Developmental Road

CH SECTION: 38 -48
High Speed Environment: 100km/h

Accident Base: 13 years
Analysis Period: 20 years

Annual Crash Reduction Savings

Accident $ Cost/ No of Crashes | Likely Crash Reduction
Type Crash per year % $lyear
803 203,900 0.08 -40 6,274
703 182,300 0.08 -40 -5,603
201 270,500 0.08 -40 -8,323
Total $20,206
Mote: 1 accident in 13 years = 0.08
INITIAL CAPITAL COST
Narrow Seal Type Amount Cost of
Length (km) Width {m) Section (per km) Upgrade
3.125 34 3C $149,188 $466,213
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Appendix O

Net Present Value and Benefit Cost Analysis

Net Present Value (20 vear Design Life)

Project No. Gregory Developmental Road

CH SECTION: 38 - 48

High Speed Environment: 100km/h

Accident Base: 13 years
Analysis Period: 20 years

Discount Rate (i%)
Year 2 B 7 8 9
1 -19244 -19062 -185884 -18709 -18538
2 -18328 -17983 -17649 17324 -17007
3 -17455 -16965 -16494 -16040 -15603
4 -16624 -16005 -15415 -14852 -14315
5 -15832 -15099 -14407 -13752 -13133
6 -15078 -14245 -13464 12733 -12048
T -14360 -13438 -12583 -11790 -11053
8 -13676 -12678 -11760 10917 -10141
9 -13025 -11960 -10991 -10108 -9303
10 -12405 -11283 -10272 -9359 8535
11 -11814 -10644 -9600 -B666 -7831
12 -11252 -10042 -8972 -B024 -7184
13 -10716 -9473 -8385 -1430 6591
14 -10205 -8937 -T836 -B&79 6047
15 9720 -8431 7324 5370 5547
16 -9257 -7954 6845 -5898 -5089
17 -6816 7504 5397 -5461 -4669
18 -6396 -T079 5978 5057 4284
19 -7996 6678 5587 -4682 -3930
20 -TB15 6300 -5222 4335 -3605
Total $251,813 $231,763 $214,064 | -$198,387 | -$184,453
BCR = Met Present Value
Cost of Upgrade
BCR = $251.813 $231.763 5214 064 5198.387  $184.453
466,213 5466.213 466,213 $466,213 466,213
BCR = 054 0.50 0.46 0.43 0.40
NPV = Met Present Value - Cost of Upgrade
NPV = 5251.813 5214064
¥ - 5466213 - 5466,213

$214,400

-$252,149




Appendix O

Net Present Value and Benefit Cost Analysis

ACCIDENT COST SAVINGS

Project No.

CH SECTION: 128 - 138

High Speed Environment: 100km/h

Accident Base: 13 years
Analysis Period: 20 years

Annual Crash Reduction Savings

Gregory Developmental Road

Accident $ Cost/ No of Crashes| Likely Crash Reduction
Type Crash per year % $lyear
i 801 157300 0.08 -40 4,840
i 201 270500 0.08 -40 -8,323
i 803 203900 0.08 -40 6,274
i 609 39000 0.08 0 0
Total -$19,437
Mote: 1 accident in 13 years = 0.08
INITIAL CAPITAL COST
Narrow Seal Type Amount Cost of
Length (km) Width {m) Section (per km) Upgrade
8.9 a7 1E $167.270 | $1,488,703
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Appendix O

Net Present Value and Benefit Cost Analysis

Net Present Value (20 year Design Life)

Project No.

CHSECTION: 128 -138

High Speed Environment: 100km/h

Accident Base: 13 years
Analysis Period: 20 years

Gregory Developmental Road

Discount Rate (i%)

Year 5 6 [ (i 9
1 -18511 -18337 -18165 -17997 -17832
2 -17630 -17299 -16977 -16664 -16360
3 -16790 -16320 -15866 -15430 -15009
4 -15991 -15396 -14828 14287 -13770
5 -15229 14524 -13858 -13228 -12633
6 -14504 -13702 -12952 -12249 -11590
[ -13813 -12927 -12104 -11341 -10633
8 -13156 12195 -11312 -10501 9755
9 -12529 -11505 -10572 9723 -8949
10 -11933 -10853 -9881 -9003 -8210
11 -11364 -10239 -9234 -5336 -T532
12 -10823 -9660 -8630 1719 6911
13 -10308 -9113 -B066 -1147 6340
14 9817 -89V -7538 -6618 5816
15 -9349 -8110 1045 5127 5336
16 -6904 1651 5584 5673 4596
17 -8480 -1218 5153 5253 4491
18 -8076 6810 5751 -1864 121
19 -T692 5424 5374 4504 -3780
20 -1326 5061 5023 4170 -3468
Total $242 227 -$222,940 $205,915 | -$190,835 | -$177.431
BCR = MNet Present Value
Cost of Upgrade
BCR = 5242 227 $22.940 5205.915 $190.835 $177.431
51,488,703 $1.,488,703 $1.488.703 51,488,703 $1.488.703
BCR 0.16 0.15 0.14 013 012
MNPW = Met Present Value - Cost of Upgrade
NPV = $242 227 5205,915
- $1,488,703 - $1.488.703
$1,246,476 -$1,282,788
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CH SECTION: 208 - 218

High Speed Environment: 100km/h

Accident Base: 13 years
Analysis Period: 20 years

Annual Crash Reduction Savings

Appendix O Net Present Value and Benefit Cost Analysis
ACCIDENT COST SAVINGS
Project No. Gregory Developmental Road

Accident $ Cost/ No of Crashes| Likely Crash Reduction
Type Crash per year % $lyear
701 102,700 0.08 40 -3.160
702 102700 0.08 40 -3.160
703 182,300 0.08 -40 -5.608
705 140,900 0.08 -40 4,335
609 39,000 0.08 0 0
Total -$16,265
Mote: Mo savings for DCA 609
Mote: 1 accident in 13 years = 0.08
INITIAL CAPITAL COST
Narrow Seal Type Amount Cost of
Length (km) Width {m) Section (per km) Upgrade
1 55 1E $167.270 167,270
47 34 1A $198,033 5930755
$1,098,025
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Appendix O

Net Present Value and Benefit Cost Analysis

Net Present Value (20 vear Design Life)

Project No. Gregory Developmental Road

CH SECTION: 208 - 218

High Speed Environment: 100km/h

Accident Base: 13 years
Analysis Period: 20 years

Discount Rate (i%)
Year 5 6 T 8 9
1 -15490 -15344 -15201 -15060 -14922
2 -14752 -14475 -14206 -13944 -13650
3 -14050 -13656 13277 12911 -12558
4 -13381 -12883 -12408 -11955 -11522
5 -12744 -12154 -11596 -11069 -10571
6 12137 -11466 -10838 -10249 -9698
[ -11558 10817 -10129 -8490 -8897
8 -11008 -10205 -9466 8787 -8163
9 -10484 -9627 -8847 -8136 -7489
10 -9985 -9082 -8268 -75634 -6870
11 -9510 -8568 -T727 -6976 -6303
12 -8057 -8083 1222 -6459 -5783
13 -8625 -T625 6749 -5980 -5305
14 -8215 -7194 -6308 -5537 -4867
15 -7824 -6787 -5895 5127 4465
16 -T451 -6403 -5509 4747 -4097
17 -7096 -6040 -5148 -4396 -3758
18 6758 -5698 4812 4070 -3448
19 -5436 -5376 4497 -3769 -3163
20 -5130 -5071 -4203 -3490 -2902
Total -$202,693 -$186,554 $172,308 | -$159,688 | -$148,472
BCR = Met Present Value
Cost of Upgrade
BCR= $202.693 5186.554 $172.308 5159688  §148.472
31,098,025 $1.098.025 $1.096,025 §1.098,025 51,098,025
BCR 0.18 017 0.16 0.15 0.14
NPW = Met Present Walue - Cost of Upgrade
NPV = 5202693 $172,308
" -$1.098,025 " - $1.098.025

-$895,332 -$925717
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