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Abstract

The objectives of this project were to find correlations between the ‘tidal flow’ of traffic
and the frequency of road crashes, as well as between various broad scale road
environment factors and the frequency of road crashes. This was achieved through an in
depth examination of crash data for the Southern District, as well as the combined data
of the areas covered by the Toowoomba City Council and the Gatton Shire Council.
When examining the data for correlations, the traffic flow and crash rate along with

various road environment characteristics were considered.

It was found that a greater traffic flow did not mean a greater crash rate would result
with the time periods with lower traffic flow having higher crash rates. However,
correlations were established between various road environment factors and the
frequency of road crashes. Road environment characteristics that were found to
influence the amount of road crashes included the seal width, pavement width,
formation width, the speed limit zones and the AADT of the road. These correlations

can now be used in the prediction of the likelihood of crash zones of roads.
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Chapter 1

Introduction

1.1 Aims of Project

This project is a result of Mal Mcllwaith from Queensland Transport and his interest in
the road environment and its involvement of road crashes. He is also interested in
whether or not it plays a larger role than is currently thought in crashes. This project has

then, in turn, evolved from this query.

The usual approach to investigating road crashes is to report on the characteristics that
are specifically related to the drivers of the vehicles involved in the accident. This
project investigates if certain road environments play a larger role in accidents than is

currently understood.



The initial aim of this project was to find a correlation between the ‘tidal flow’ of traffic
and the frequency of road crashes. The percentage of heavy vehicles in this ‘tidal flow’

also had to be considered.

The major aim was to find correlations between various broad scale road environment
factors and the frequency of road crashes. These correlations were then used to predict

the likely crash zones of roads.

1.2 Dissertation Overview

The second chapter of this dissertation gives a background on the project undertaken
and also uses a literature review. This review reveals information gained in previous
studies relating to the issues of crash data analyses and the correlation of crash rates

with influencing parameters.

The third chapter gives an explanation of Southern District and the features of the
district such as the size, towns and local government areas included within the
boundaries. It also incorporates the road types that are examined with specific examples

of these roads.

The fourth chapter describes the three types of data that were required to be analysed in
this project. These three data sets were the crash data, road data and the Southern
District traffic census. The methodology used to complete the project is also outlined,

explaining how each stage was completed.



The fifth chapter reports on the analysis of the factors relating to the ‘tidal flow’ of
traffic and the crash rate. The crash rate, crashes per one million vehicles, for time
periods of four hours on certain roads in each area was found. Then it was compared to

the other roads and the tidal flow of traffic during these periods

The sixth chapter reports on the analysis of the factors relating to the road environment
and the frequency of road crashes. The factors that were analysed as part of the road
environment included the seal width, pavement width, formation width, speed limit

zones and the AADT vs. Width.

Chapter seven discusses the results gained from the previous two chapters. Each section
compares the results of the analyses for each study area. They then go on to report on

any correlations that were found concerning the factor that is discussed in each section.

Chapter eight includes conclusions and recommendations from the analysis of the data
as well as any further work that could be continued on with as a continuation of this

project.



Chapter 2

Background Studies

2.1 Introduction

This chapter gives a background on the project undertaken and how it started. It then
goes on to a use a literature review. This review reveals information gained in previous
studies relating to the issues of crash data analyses and the correlation of crash rates
with influencing parameters. It also looks at the similarities and differences between

past studies and how they relate to the aims of the present study.



2.2 Background

The usual approach to investigating road crashes is to report on the characteristics that
are specifically related to the drivers of the vehicles involved in the accident. This
project investigates if certain road environments play a larger role in accidents than is

currently understood.

This project is a result of Mal Mcllwaith from Queensland Transport and his interest in
the road environment and its involvement of road crashes. He is also interested in
whether or not it plays a larger role than is currently thought in crashes. This project has

then, in turn, evolved from this query.

2.3 Literature

Before any work could commence on this project, there was a need for a review of
literature. This literature is in two specific areas: the analysis of crash data and the
correlation of crash rates with influencing parameters. These two issues are

comprehensively examined below through the use of a literature review.

2.3.1 Crash Data

Crash data describing accidents occurring on Australian roads, has been collected since
1911 (NAASRA, 1988). The Bureau of Transport and Communications Economics
(1995) report that in Queensland, the Australian Bureau of Statistics recorded this crash

5



data until early 1989 when this responsibility was transferred to the Statistics

department of Queensland Transport.

In Austroads (2004) it is noted that if the data recorded is to be considered good, and
therefore useful to users of this data, it must be able to achieve various factors. These

factors are as follows:

e crash sites can be located accurately,

e the succession of events occurring throughout the accident sequence are able to
be determined,

e contributing factors to the crash can be established; and

e common factors relating a number of crashes can be ascertained.

These are considered important so that when the data is analysed for various reasons, it
is as complete as possible to be able to determine, for example, if a certain section of
road is a problem area or “a black spot”. NAASRA (1988) has a recommended road

crash report form, which can be seen in Figure 2.1, as used by South Australia.
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In NAASRA (1988) there are several suggested potential sources that crash data can be
obtained from. However, the most commonly accepted and used source from the given
range of choices are the Police Road Crash Reports. It is important to understand that
not all crashes are reported and there are specific requirements for reporting accidents.

NAASRA (1988, p.13) explain that these guidelines in Queensland are,

“all casualty crashes, and property damage crashes where the estimated cost

of damage exceeds $1000.”

The minimum figure stated above (damage exceeding $1000) for reporting an accident
was raised in December 1991 to an amount of $2500 (Bureau of Transport and
Communications Economics, 1995). The crash data is recorded from reported accidents

that meet the criteria established above.

Austroads (2004) have stated that a road crash is made up of three components that
interact. These components are listed as the human factor, the vehicle factor and the

road factor. Austroads have defined that

“a crash or accident may be considered as a ‘failure’ in the system”

(Austroads, 2004, p.10).

In general, road crash data is analysed using factors that influence the accident, which
are then recorded. According to Queensland Transport (2002) and the Victorian
Transport Accident Commission (2004), the common factors that are used by these two
organizations are the age and gender of involved parties, the type of transport in the

accident, and if pedestrians are also involved, the characteristics of the crash and the



factors contributing to the crash. Characteristics of crashes concern information
regarding the number of vehicles involved in the accident, the time of day and week
when the accident happened and if the accident occurred in a metropolitan or rural area.
According to Queensland Transport (2002), the major factors contributing to crashes are

alcohol involvement, speed, fatigue and seat belt usage.

Symmons, Haworth and Johnston (2004), also used the above statistics when analysing
road crashes but also extended these factors to include a limited investigation of the
road characteristics of the accident site. These extended factors include if the location
was an intersection or not, the road alignment (i.e. if the road was a straight or part of a
curve etc.) and if it was a divided or undivided carriageway. The factors included by
Symmons, et al. involving the road characteristics will be analysed when the Southern
District data is analysed. However these factors will be increased to include more
information about the road environment. These increased factors will include such

information as road width, seal type etc. as recommended by NAASRA (1988).

Although NAASRA (1988) also suggests that when investigating accidents, the above
human or driver influencing factors be used, they also recommend that the investigation
be taken further by using relevant site conditions including those described in the
previous paragraph. In particular, the most important of these conditions are road,
lighting, road surface and visibility. The road factor is the most detailed including
features such as width, number of lanes, markings, camber and gradient. Lighting and
visibility are as they imply, with lighting describing the illumination of a section of
pavement at nighttime and visibility referring to the distance and quality of a drivers
view. Finally the road surface factor concerns the type of surface, condition of the

surface and the roughness of this surface. Symmons, et al. (2004) used some road



characteristics in their analysis and NAASRA (1988) recommended that a number of
road environment details that can and will be analysed in more depth. These factors
relating to the road environment will be included in the investigation of the influence of

the physical road characteristics on road crashes.

Hutchinson (1987) suggests that Great Britain, South Australia, Western Australia and
most states of U.S.A also only collect the information that both Queensland and
Victorian departments use to analyse crash data. Although the information from
Hutchinson appears to be outdated, it can be seen through recent literature from
Queensland and Victoria transport departments, that government departments do not use
any data concerning the road environment when analysing road crashes. This project,
will therefore attempt to develop a correlation between road environments, many factors

of which are rarely considered by government departments, and road crashes.

2.3.2 Correlation of Influencing Parameters

The first and often the most examined characteristics are the age and gender
characteristics of drivers. According to Queensland Transport (2002) the age category,
of three year intervals, that is involved in the most amounts of road crashes is the 17 to
20 year old bracket. Expanding to this category it can also be seen that the group of 17
to 24 year olds, males make up about 85% of the total. Symmons et al. (2004) found
that those under the age of 25 years old were the largest group involved in accidents but
were mostly passengers. However the drivers that were most involved were in the 25 to
39 year old category. It was agreed that males made up the greatest amount of road

users involved in road crashes.
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Contrary to the results above was the amount of higher age (above 35) drivers involved
in accidents in rural Victoria. Symmons et al. (2004) discovered that in rural Victoria
accidents at intersections accounted for 37% of crashes. It was also found that only
21% of crashes occurred on curves. The accidents at intersections were the least severe
and accidents on curves were the most severe. However, there were a low percentage of

accidents taking place on curves.

Of the factors contributing to crashes alcohol was the most common factor according to
Queensland Transport (2002), with disobeying traffic following narrowly behind.

Trailing these were inexperience, speed and then a lack of concentration.

The correlations discussed above are mostly about accidents where the human factors
causing accidents are analysed. The remainder of this section details studies that
investigated the impact of the road environment on accidents. The Bureau of Transport
and Communications Economics (1995) stated that the demands that the road
environment places on a driver are dependent on the flow of traffic, geometric design
features of the road and also the type of road being used. The Bureau of Transport and
Communications Economics Bureau (1995) also believes that the performance of the
driver needs to increase as the demands of the road environment, which is put on the
driver, also increases. Hence, it is when the performance off the driver does not meet

the demand of the road environment that road crashes occur.

The Road and Traffic Authority (1996) illustrate how each of the three components of
the transport system contributes to road crashes. The Human Factors causing a crash is
95%, the Road Environment contributing 28% of the time and various Vehicle factors

being at fault 8% of the time. From Figure 2.2 it can be seen that the Road Environment
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is the sole cause in 4% of accidents and is a contributing factor when combined with

Human factors 24% of the time.

Road
ehvironment
factoers

28%

Human factors
95%

Yehicle
factors
8%

Figure 2.2: Involvement of Factors in Accidents

(Source: Road and Traffic Authority (1996))

The road environment features above were found to be influenced by:

¢ Road and road side engineering,
¢ Traffic management; and

e Transport and land use.

Of these factors it can be seen from the Haddon Matrix, Figure 2.3 that before an

accident occurs the factors affecting the probability of a crash are:

¢ Road Engineering factors,
e Traffic Engineering factors,

e [Land Use,
12



e Road Network Features; and

e External factors.

Of these factors, roadside factors and traffic engineering are still factors at work when

an accident is occurring.

As mentioned earlier, road side engineering is a consideration included in the road
environment. A report by Kloeden, McLean, Baldock and Cockington (1999), on road
side hazards, concluded that in 39% of accidents between 1985 and 1996, a road side
hazard played a part in fatal accidents. It was also concluded that 38% of
hospitalizations between 1994 and 1996 involved an accident involving a road side

hazard.

From these conclusions it was recommended by Kloeden et al. (1999) that as the road
environment plays a large role in keeping motorists from running off the road, a number
of improvements should undertaken with respect to the road environment to assist in
this. The aspects of the road environment that were recommended to be improved were
the horizontal alignment of the road, an upgrade of the road surface condition and

sealed shoulders that incorporate appropriate edge lines.
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Haddon Matrix

BEFORE DURING

1 Road Engineering Roadside Factors

| Factors Trees, Poles,
Alignment, Grade, Culverts, Bridges,
Shoulders, Fences, Posts,
| Pavement, Drainage | Safety Barriers,
7 Drop-offs,
------- Traffic Engineering | Embankments
Factors
| Delineation, Signs, Traffic Engineering
| Traffic Control Factors
| Devices, Speed Speed Limits

| Limits, Stopping
- | Distances, Sight
| Distances, Gap
Opportunities

Land Use

| Type of Land Use
Traffic/Activity

| Generated

Road Network
Factors
- 1 Type of Road
| Travel Time

1 External Factors
Day, Night, Rain,
| Snow, Fog,

| Sun Glare, Wind

(LT, SRR Y

Age of Road User, Age

Type of Road User, Type

Alcohol or Drug Restraint Use
Impairment, Speed, | Helmet Use, Speed
Response/Reaction
Time, Perception

ehicle Type, Road | Vehicle Type .
Worthiness | Crashworthiness |
R | ResiraintiType o0

Factors affecting the probability of a crash

Factors affecting the exposure to a crash

Factors affecting the outcome of a crash

Figure 2.3: The Adapted Haddon Matrix for Road Crashes

(Source: Road and Transport Authority (1996))
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24 Chapter Summary

This chapter has given a background on this project and how it began. After the
background had been established the literature review revealed information gained from
past studies on the issues of the analysis of crash data and the correlation of crash rates

with influencing parameters.

From the literature review, it was seen previous studies have been undertaken showing
that various road environments can be contributing factors to a crash. In spite of these
findings very few, if not any, state or federal authorities examine any road data relating

to accident sites when analysing crash data and gathering statistics.
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Chapter 3

Southern District

3.1 Introduction

As the area of investigation for this project is the Southern District of Main Roads, an
explanation of this area is necessary to fully understand the results found. This chapter
includes the features of the district such as the size, towns and local government areas
included within the boundaries. It also incorporates the road types that are examined

with specific examples of these roads.
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3.2 Size

The area that is classified as the Southern District by Main Roads is a parcel of land
that is located on the western edge of South East Queensland, district number three in
Figure 3.1. The most western point of the Western boundary is positioned
approximately twenty-five kilometres to the west of Chinchilla and the corresponding
point to the East is situated approximately twenty kilometres North of Ipswich. The

distance that spans between these points is roughly 250 kilometres.

4,
|

DISTRICT BOUNDARIES
DISTRICT QFALCES &

—

10

* CLOMCUREY

MNerthera Terribory

Avstralio

Figure 3.1: Location of Southern District in Queensland

(Source: Main Roads (19/10/2004))
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In the North-South direction, the span is almost 300 kilometres with the most Southerly
part of the boundary being thirty-five kilometres South of Millmerran and to the North

this point is about 125 kilometres North of Chinchilla (Figure 3.2).
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Figure 3.2: Detailed View of the Southern District

(Source: Main Roads Administrative Boundaries)
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3.3 Towns and Local Government Areas

3.3.1 Towns

With the Southern District being as large as it is, it is obvious that there are numerous
towns in this area. Most towns are only small rural centres but there are a few larger
towns of note. These are Murgon, Kingaroy and Nanango to the North, Chinchilla and
Dalby to the West, Gatton, Laidley and Esk to the East and Millmerran and Pittsworth.
The largest and perhaps most important town in the District, which can be classed as a
city, is found centrally in the investigated area. This city is Toowoomba and it is also

found along with the one other centrally located town of Crows Nest.

These towns discussed above are considered small rural towns when compared to

centres such as Brisbane. The only exception in the entire district is Toowoomba,

being much larger than the other towns. Most of the towns above are the principal

towns of the shires listed below.

3.3.2 Local Government Areas

Within the southern District there are seventeen different Local Government Areas, as

seen in Figure 3.2. Working from North to South they are:

e Chinchilla,

e Wondai,
e Murgon,
e Kingaroy,

19



¢ Nanango,

e Wambo,

e Rosalie,

e Dalby Town,

e (Crows Nest,

e Egk,
e (atton,
e Laidley,

e Toowoomba City,
e (Cambooya,

¢ Jondaryn,

e Pittsworth; and

e Millmerran

Most of these shires are rural shires that have to service large areas which contain
substantial amounts of roads. More often than not, these shires have restricted budgets
that need to be used with careful consideration. However, roads are not the only
consideration that these councils need to acknowledge when determining where the
funds from their respective budgets are to be spent. As a result, roads can often fall into
a below satisfactory condition. The only local authority, from the list above, that has a
large budget is the Toowoomba City Council. However, the Toowoomba City Council
has a minimal amount of roads that are considered throughout this study, and as a

result, minimal maintenance is required.

As a comparison of budgets that councils have available to spend on roads the

Kingaroy Shire budget for roads and the Toowoomba City Council budget have been
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compared. In the Financial year of 2002/2003 Kingaroy Shire Council had an
expenditure of approximately $2.272 Million on maintenance and construction
(http://kingaroy.qld.gov.au, 2004) and the Toowoomba City Council, in the same
financial year, spent $11.04 Million (http://www.toowoomba.qld.gov.au, 2004). This
demonstrates the different levels of funds available for expenditure on roads that exists

between the rural shires and city councils.

3.4 Road Types

There are three different types of roads that are examined in the Southern District of
Main Roads for the purposes of this project. These are state highways, main roads and

secondary roads, all of which are described in more detail below.

3.4.1 State Highways

State highways according to the NAASRA Road Classification System (refer to

Appendix C1) is a Class 1 road which is described as:

“those roads which form the principal avenue for communications between
major regions of Australia, including direct connections between capital

cities.” (Bureau of Transport and Regional Economics, 2003)

in the road data, these road classifications range from national highways to state

strategic to regional roads. The Main Roads categorisation system, as seen in Appendix
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B, classifies roads as state highways with numbers 10 — 49. These numbers are usually
followed by a letter ‘A’, then successively progressing through the alphabet. These
letters represent a particular section of the road as the highways pass through many
towns. In the case of 18A, the Warrego Highway, the ‘A’ represents the section of
highway between Ipswich and Toowoomba then 18B is the section from Toowoomba

to Dalby.

Examples of these roads are, as mentioned above, the Warrego Highway, which travels
between Brisbane and Miles. Another example is the New England Highway which
starts in Yarraman and travels to Warwick and a final example is the Gore Highway,
running from Toowoomba to Goond