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Abstract
The unsealed road network is vital in maintaining community access to rural and
isolated locations however is typified by the high operating cost associated. This document
covers the key initiatives undertaken with respect to obtaining value for money benefits
through implementing better maintenance management practices on the gravel road network
within Toowoomba Regional Council (TRC) in Queensland, Australia. It could be envisaged
that revised strategies will surely offer optimum financial and service level benefits.
The primary aim of this strategic level exercise was to identify pavement profile
including layer thicknesses and respective material types, whilst also covering geometric
profile, existing pavement condition and drainage/shoulder status. Pavement Management
Services (PMS, formally known as FUGRO-PMS) carried out these assessment using Ground
Penetrating Radar survey and Visual imagery.
Collected and processed data will be analysed by TRC’s strategic asset engineers to
develop and introduce robust maintenance & renewal strategies, and also to develop short,
medium and long term forward work programmes.
Key Words: Unsealed Road Network, Pavement Management, Visual Assessment,
Pavement Defects, Ground Penetrating Radar, Pavement Profile.
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INTRODUCTION AND BACKGROUND
The Toowoomba regional road network is comprised of two general road types, (a)
the sealed road network and (b) the unsealed road network. Both networks combined totalise
approximately 9650km of roads. The methodology, findings and further investigation
presented in this document are strictly related to the unsealed network within Toowoomba
Regional Council (TRC).
Effective and sustainable management of the unsealed road is essential for the safe
provision of access to rural communities. However, it is typified by the high operating cost
associated (1). TRC has identified an alarmingly high ratio between the level of investment
involved in the maintenance and renewal of gravel roads, compared to the resulting level of
service. As a result, Council began the development of a new unsealed road network
management strategy with the aim to create a more positive cost benefit ratio between
investment and return and, in turn, optimise the road networks serviceability standard.
The first step to developing the new management system was the identification of the
characteristics and condition of the current road network. On this basis, TRC engaged
Pavement Management Services (PMS, formerly Fugro-PMS) to accomplish the data
collection of pavement defects, road assets, pavement materials types, thickness of the
pavement layer, and condition of the shoulder and drainage of 3200km of the Toowoomba’s
unsealed road Network.
The Toowoomba’s unsealed road network comprised of approximately 3000km of
gravel roads and 200km of formed unsealed roads. The data collection was achieved by a
post-survey visual assessment and the use of a Ground Penetrating Radar (GPR). The
proposed survey system was mounted to a suitable and rugged host vehicle. Five cameras
were fitted on the survey unit facing the front, left and right side to cover all road assets, so
these can be extracted for future references. In addition to the camera system; a Ground
Penetrating Radar (GPR) was integrated to the host vehicle to determine the existing
pavement layer(s) and thickness(s).
The overall objective of this assessment was to allow the TRC Assets Management
Team to produce more accurate and efficient work programs as well as robust maintenance &
renewal strategies, based on the pavement profile and the condition of individual road
section.
1.1

Objective
The objective of this paper is to show the initial steps undertaken by TRC for
unsealed road network management. It will allow the Council to obtain a better value for
money solution with respect to maintaining and operating the unsealed road network. In
addition, this document shows the methodology applied and the parameters considered for
the data collection.
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METHODOLOGY
Toowoomba region is located in South-East Queensland in Australia. The area under
study comprised of 3200km of unsealed roads. Figure 2-1 shows the area under analysis.

FIGURE 2-1 Area under study (3200km Unsealed Network)
The following information was required to be collected on each section that comprises
the network:
a) type of the gravel layer(s) classified as per Council’s request;
b) condition of the pavement;
c) condition of the shoulders and drains;
d) road assets;
e) length and width of the roads;
f) pavement profile data from an integrated Ground Penetrating Radar (GPR), and
g) GIS coordinates of all sections surveyed.
In order to accomplish the required data collection, PMS proposed a four wheel drive
vehicle, fitted with five cameras facing the front, left and right side, to cover all road assets.
The information from the videos was extracted for post-survey visual assessment of the
existing road condition. In addition, the host vehicle was integrated with the GPR equipment
in order to determine existing pavement profile. The description of the equipment and
methodology that has been used is detailed in the following section. Figure 2-2 shows the
components of the survey equipment:
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Ground Penetrating Radar:
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Type of Materials
Pavement Defects
Embedded Stones)
Cross Section Profile
Drainage
Shoulder Level
Road Side Asset

(Potholes,

Corrugation,

FIGURE 2-2 Survey Equipment
2.1

Pavement Condition Assessment, Roadside Assets Rating and Shoulders
The pavement condition assessment, roadside assets and shoulder ratings were
conducted based on the captured videos using the LINSEVO software that has been
developed by PMS.
The post rating of pavement defects was based on the Standard Visual Assessment
Manual for Unsealed Roads (2000) prepared by Jones, D & Paige G (2). Table 2-1 identifies
the road condition defects that have been selected from the manual, considering the
limitations of conducting a visual assessment based on video and the time and financial
constraints of the project.
TABLE 2-1 Distresses considered
Degree 3
Degree 1

Degree 5

Cross
Sectional
Profile

Very good

Flat

Very uneven

Drainage

Well above ground

Level with ground

Water flows along road
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Potholes

< 10mm deep

20 – 50mm deep

> 75mm deep

Corrugation

Not felt or heard in a
vehicle

Felt and heard, Speed
reduction necessary

Felt and heard, must drive
very slow

Embedded
stones

Not felt or heard in a
vehicle

Felt and heard. Speed
reduction necessary

Felt and heard; must drive
very slow

To be consistent with the TMH12 Manual; the distresses should be rated by
determining the degree of severity. The degree of severity is associated with the extent of an
individual occurrence and the level of reoccurrence. Table 2-2 gives additional detail for the
general description of the degree classification. This was used in conjunction with Table 2-1
for the purposes of the visual assessment.

Degree
0
1
3

5

TABLE 2-2 General Description of Degree Classification
Severity
Description
None
No distress visible
Slight
Distress difficult to discern. Only the first signs of distress are
visible.
Warning
Distress is distinct. Start of secondary defects. (Distress
notable with respect to possible consequences. Maintenance
might be required in near future e.g. potholes can be removed
by blading)
Severe
Distress is extreme. Secondary defects are well-developed
(high degree of secondary defects) and/or extreme severity of
primary defect. (Urgent attention required e.g. potholes
require manual repair).

Degree 2 and degree 4 have not been specified as these were used as intermediate
values when the condition fall between two degrees.
The ‘degree’ for potholes was assessed considering: 1) slight evidence of potholes
(small size potholes), 3) medium size potholes (intervention/maintenance level might be
required) and, 5) large size potholes (severe potholes, urgent attention is required). The
degree 2 or 4 was assigned when there is doubt between 1 and 3 or 3 and 5, respectively.
Degree 0 or “none” was post rated where no defect is founded.
The roadside assets rating were performed by inspecting the recorded videos. The
roadside assets were referenced using chainage and GIS coordinates.
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The data for the following roadside assets was collected to be rated at a later date:
a) Bridges;
b) Cattle Grids;
c) Creeks;
b) Culvert;
c) Floodways;
d) Intersections, and e) Turn out drains.
Similar to the roadside assets, the existence of shoulders and their length was recorded
on each side of the road (left and right).
2.2 Surface Material Type
The surface material type was also assessed & determined, matching the surface
images from the recorded videos and the material type specified by Toowoomba Regional
Council. There are four predominant types of gravel material within the region; soft rock,
basalt gravel, ridge gravel and decomposed granite. The physical properties of these are
detailed in
Table 2-3 below. Where a material is a combination of two types; both materials are
listed with a slash (‘/’) separating the material names.
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TABLE 2-3 SPECIFIED MATERIAL TYPES
Description

Picture

Decomposed Granite
Colour: Pink - Yellow – Grey
Type: Igneous
Road Surface Characteristics:
Homogeneous grain, small.
Soft Rock*
Colour: White - Orange
Type: Sedimentary
Road surface characteristics:
1. Fine grained/ argillaceous; comprising of fine
grains with fine texture. When weathered becomes
mainly silts and clay minerals. Rock types include
siltstones, shales and mudstones.
2. Coarse grained/ arenaceous; comprising of silica
grains that are usually cemented together by other
minerals. Medium to course texture. Rock types
include sandstone, conglomerate, tillite and breccia.
Basalt Gravel
Colour: Grey – black with brown – red fines
Type: Igneous
Road surface characteristics: angular, medium-large
particles size, well graded, mixed composition.
Ridge Gravel*
Colour: Red - Grey
Type: Residual rocks – weathered sedimentary or
metamorphic rocks
Road Surface Characteristics: Angular fragments,
mixed composition, have an association with clay
binders.

2.2

Ground Penetrating Radar (GPR)
The Ground Penetrating Radar (GPR) is an echo-sounding method where a transducer
(transmitter/receiver) is passed over the surface. Short duration pulses of radio energy are
transmitted into the pavement and reflections from material boundaries, and embedded
features, are detected by the receiver. Sampling is so rapid that the collected data are
effectively a continuous cross section, enabling rapid assessment of thickness and condition
over large areas. By assessing the travel-time, strength, phase and the scatter of signals; it is
often possible to find changes in structure or material type (3)(4).
This method involves the collection of a large body of information, not all of which is
of engineering significance. Analysis involves identifying the main elements of the structure
under investigation and establishing the characteristics of its base condition. Variations in
construction and condition can then be identified and compared with other similar structures
investigated elsewhere enabling significant features to be mapped.
The arrangement and condition of structural components can be identified by
analysing a combination of three main variables in the GPR data (5):
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a) the amplitude, phase and velocity of signals from within the material and from the
material boundaries which give an idea of material type;
b) the continuity of the signal which gives an idea of the shape and extent of the
component or layer, and
c) the travel time of radio pulses through the material gives an indication of the layer
thickness or depth to embedded features.
The survey was carried out using a GSSI SIR30 digital GPR system connected to
antennae operating at centre frequencies of 2.2 GHz, 1.5 GHz, 900 MHz and 400 MHz.
These frequencies were selected to provide the best combination of thin layer resolution and
depth penetration, resulting in information on materials 20mm thick at the surface and
penetration to a depth of approximately 2m below ground level. The combination of the
different antennae frequencies also allowed a better understanding of the boundary between
gravel materials and the subgrade.
The 2.2 GHz antenna was mounted to the rear of the vehicle on a 2m long nonmetallic arm positioned roughly 500 mm above the nominal ground surface. A sled
containing the three remaining antennae was attached to the base of the vehicle, sitting
approximately 50 mm above the nominal ground surface.
Data were collected at a density of 10 scans per metre at normal traffic speeds, to
gather a detailed dataset. The GPR system was connected to a hub encoder and dGPS to
provide both linear offset and coordinate based relocation systems.
Video data was collected simultaneously to the GPR collection. For the GPR survey,
the video was used to solve relocation issues and as an aid to borehole targeting, as well as
assisting with the GPR data interpretation, for material identification and pinpointing features
of interest in the road. It should be noted that the GPR and the cameras are two different
systems linked by the GIS coordinates.
2.3

GPR Calibration
Following the collection of initial GPR data, a number of sites were chosen for
intrusive testing. Thirty boreholes were targeted across the Toowoomba region in a
geographically representative manner. Sites were chosen for their GPR data quality and
location within the region, with the use of video data to get a representative sample of road
construction and material types.
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RESULTS
The collected data was tabulated using the TRC code per section. Different tables
have been developed summarising all attributes considered for data collection. The following
Figure 3-1 and Figure 3-2 show an example of the pavement profile that was delivered (6).
Because of the limited amount of boreholes, not all roads had boreholes for dielectric
constant calibration. The calibration was conducted per material and then extrapolated to the
whole network.

FIGURE 3-1 Pavement Profile - Lavelle Rd Section 8C

FIGURE 3-2 Pavement Profile - French Road Section 1B
The following Table 3-1 shows some photos of the visual assessment that was
conducted comparing the different pavement distresses and the severity rating.
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TABLE 3-1 Visual Assessment Results
Visual
Assessment

Rating

1.0

Potholes

1.0

Embedded
Stones

1.0

Drainage

1.0

Cross
Sectional
Profile

1.0

Corrugation

Visual
Assessment

0001010A – Aberdein
Road from New
England Hwy to Mount
Luke Chainage
0.785km

0001010A – Aberdein
Road from New
England Hwy to Mount
Luke Chainage
0.085km

Rating

3.0

Potholes

3.0

Embedded
Stones

3.0

Drainage

3.0

Cross
Sectional
Profile

3.0

Corrugation

Visual
Assessment

00201070D – (Rd No
21, Sec 70) Bergen
Road from Campbell to
Dearling Road
Chainage 4.982km

Rating

5.0

Drainage

5.0

Cross
Sectional
Profile

5.0

Corrugation

4.0 - 5.0

Potholes

4.0 - 5.0

Embedded
Stones

0095040D (Rd No 95,
Sec 40) – Gilgai Lane
from Unnamed Road to
Fysh Road Chainage
3.995km

0053030D – (Rd No 53,
Sec 30) – Macqueen
Road from Unnamed to
Unnamed Road
Chainage 3.798km
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The following Error! Not a valid bookmark self-reference. and Table 3-3 show the assets and the
shoulder level reports that were delivered.

TABLE 3-2 Assets Report

TABLE 3-3 Shoulder Level Report
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TOOWOOMBA REGIONAL COUNCIL OUTCOMES APPLICATION
Toowoomba Regional Council (TRC) intends to utilise the analytical findings in a
three stage program that will be executed in the short, intermediate and long term.
The first stage involves identification of roads/sections that require urgent
maintenance & improvement needs (due to extremely low current service standards, where
one or more KPI’s fall way below minimum). This will enable assessment of the
effectiveness of TRC’s current maintenance strategy, where it is lacking and program
maintenance relevant to priority of works. The stage 1 will cover immediate rectification
work on identified deficient sections, in the interim.
The intermediate stage (stage 2) spanning 1-3 years involves the development of a
robust maintenance strategy that is dependent on road characteristics, such as traffic volumes,
composition and geometry, to optimise the outcome and increase the overall level of service
of the unsealed road network. The strategy will be developed by assessing and recording the
longevity of unsealed road pavement condition following maintenance and/or renewal.
Long term (beyond 3 years) in stage 3, TRC intends to implement a more robust &
holistic approach with respect to renew, maintain & operate the gravel road network. TRC’s
pavement asset management team is currently looking at a number of different options in this
regard, including suitability of materials for respective situations.
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CONCLUSION AND RECOMMENDATIONS
Toowoomba Regional Council (TRC) has identified an alarmingly high cost benefit
ratio associated with the unsealed road network. As a result, TRC was taking steps to
optimize this ratio by developing a new unsealed road network management strategy. Prior to
commencement, adequate knowledge of the current condition of the network was required,
inclusive of existing pavement material type(s) and respective thickness(s), geometric profile,
presence of pavement defects and current condition status of the pavement/drainage.
On this basis, the methodology for collecting data and the relevance of the data
collected was considered adequate to establish the current condition of the network. This
condition will allow the TRC Assets Management Team to review and improve gravel
network maintenance strategy, inclusive of drainage and profile maintenance, short and
medium term renewal program and specification of the revised intervention levels. In
association, these results will provide Council an overview of the current condition of the
network, works required in the renewal of the network to an adequate serviceability and
identification of maintenance requirements specific to the material, environment, traffic
volume and geography. This will be forward programmed accordingly.
The survey equipment and the methodology that has been applied, allowed PMS to
collect the pavement condition data with a reasonable degree of accuracy for a network level
pavement investigation.
Material types were largely as predicted across the unsealed network, with the
majority of road surfaces consisting of gravel in various forms, with small sections of bare
subgrade and others of sealed materials.
Although there was great variability in the depth of gravel present on the unsealed
road surfaces, the vast majority of gravel measured had a thickness of less than 0.5 metre. A
large quantity of gravel road sections comprised of more than one layer of the material,
potentially denoting areas where resurfacing or repairs have taken place.
Although bedrock was not visible at the majority of locations, where present, it was
situated within a metre of the road surface. This may suggest that bedrock is mostly
positioned well over a meter below the surface and likely deep enough to evade GPR
detection or there is a lack of electrical distinction between gravel layers and bedrock strata
resulting in a lack of signal change at boundaries.
Regarding the borehole investigation, there are limitations experienced with the
number of borehole compared to the network length.
To Sum up, Toowoomba Regional Council has established a reliable base line of the
current condition of the unsealed network and it is considered a very good initial step for the
Asset Management Team to set up the stage 1 of the routine maintenance. In addition, the
data collected will allow TRC to move forward to a more robust & holistic approach with
respect to renew, maintain & operate the gravel road network.
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