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Abstract 

 

Expansive subgrades in the Toowoomba District have been contributing to pavement 

failures and subsequently causing increased annual maintenance expenditure. The 

Department of Main Roads Toowoomba have been unsuccessfully constructing roads 

on expansive soils, which meet the full life expectancy. Inaccurate testing procedures 

and pavement designs are believed to be the primary causes of these failures.  

 

The Department of Main Roads and other road agencies commonly use standard four 

(4) day soaked CBR tests to measure the swell potential of an expansive soil sample. 

Main Roads specifications state the use of a four (4) day test four granular material, and 

ten (10) day soaked CBR testing for more expansive materials. Many soil laboratories 

do not carry out ten days tests because of time restraints, funding restraints and the 

conception that ten day tests do not provide additional information. Forensic 

investigation into the comparison between the four day and ten day test was carried out. 

Recommendations on testing procedures and subsequent accuracy of the four day 

testing methods are discussed.  

 

Compilation of the Pavement Performance Profile required analysis of yearly data 

relating to structural, functional and other attributes.  The functional attributes of 

Rutting and Roughness were considered as they correlate well with road user 

expectations.  Structural performance assessments were based on CBR strength, 

including insitu CBR and Compressive Cylinder tests which indicated the pavements 

structural capacity to withstand current and future loadings.  Traffic Loadings and 

Maintenance costs, both historical and projected, were also integrated into the Profile. 

Forensic Investigation into the current failures included conventional methods and the 

modern technologies of Loaded Swell Testing (LST) and Hydrometer Analysis. 

 

Investigations into construction practices such as compaction, moisture addition and 

application of overburden was carried out through varied CBR test methods.  The 

Pavement Performance Profile and Forensic Investigation are reconciled to produce an 

interrelationship between performance and failure.  This interrelationship formed the 

basis for construction guidelines and design recommendations for road construction on 

expansive soil. The methodology developed for this study is reviewed and considered 

for its application to other construction projects completed by the Department of Main 

Roads. 
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1 Introduction  

1.1 Introduction to Expansive Soils 

 

Roads are vital to link our communities and sustain Queenslandôs economy and 

quality of life. Since the 1920s, road authorities have been consistently 

increasing road expenditure to maintain Queenslandôs population growth. Road 

freight in Australia has tripled since 1979, and is predicted to double in the next 

fifteen years. The increase in vehicle trafficking and excess road freight has 

placed significant pressure on the State Roads Authorities (SRAôs) to design and 

construct roads to a high standard of performance.  

 

Road pavements in Australia and New Zealand are valued at approximately 50 

billion, or around one third of total road infrastructure value.  Construction and 

maintenance works on pavements in Australia and New Zealand cost three 

billion per year, or approximately half of the total annual road expenditure 

(Austroads 2002). This highlights the need to improve road design conditions 

and as a result minimise maintenance expenditure.  

 

Expansive subgrades damage road pavement performance and quality. Poor road 

performance and quality significantly affect road service life, its load carrying 

capacity, vehicular fatigue, the safety and comfort of road users, and the amenity 

of surrounding environments.  

 

The Southern District of The Department of Main Roads Queensland is 

responsible for over 3,000 kilometres of state controlled roads and services for 

more then 150,000 permanent residents and tourists. This emphasises the 

importance of maintaining the quality of the road network throughout this region 

to ensure public safety. At present many roads in this region are failing 

prematurely due to the expansion of reactive soils underneath the roadway, 

causing safety issues and increases road maintenance costs.  
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Expansive soils cause road failures and contribute to the decline in quality of 

Australiaôs road network. Expansive soils have always posed a challenge in 

Queensland due to their variable nature and tendencies to move when exposed to 

moisture. Roads have always showed a significant vulnerability to these 

movements which have no easy solution. Engineers can find ways to minimise 

the effects of expansive soils by means of stabilisation, importing material and 

using impermeable materials but these are often only temporary solutions.  

 

Each year in Australia, expansive soils cause billions of dollars in damage to 

buildings, roads, pipelines, and other structures. The damage is more than that 

caused by floods, hurricanes, tornadoes, and earthquakes combined. Expansive 

or swelling soils, as their name implies, are soils that swell when subjected to 

moisture. Expansiveness is a property of the soil influenced by seasonal climatic 

conditions and involves a soils propensity to change in volume with moisture 

variation. Due to difficulties in simulating atmospheric climatic factors, there is 

no direct measure of this property. Therefore it is necessary to use comparative 

values of swell measured under known conditions to assess expansiveness.  

 

Expansive soils are widely distributed throughout Australia and Queensland. 

Damage caused by soil movement is normally restricted to light structures, such 

as house slabs, low embankments and drainage structures. Expansiveness is 

controlled primarily by three elements; the type of clay minerals, the change in 

moisture content (active depth), and the applied stresses (embankment loading). 

If strictly managed soil propensity to volume change can be minimised.  

 

Several methods have been trialled to minimise the effects of soil volume 

changes. Many have had minimal success with only one solution, lime 

stabilisation, being repeated regularly by Main Roads Toowoomba. Several 

trials have been completed using vertical moisture barriers, impermeable 

materials, geotextile, flexible pavements and various stabilisation techniques. 

Main Roads in South Western Queensland have developed guidelines to 

construction for low trafficked roads with some success. Several principles have 

been adopted and applied to this project.  
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1.2 The Queensland Department of Main Roads 

 

Main Roads plan is to build and maintain around 34,000 kilometers of state 

controlled roads. These roads are the major arterial roads, highways, motorways, 

freeways and bypasses throughout the State of Queensland. The Department has 

a strategic interest in the entire Queensland road network, and works closely 

with federal and local governments to manage the road network in an effective, 

socially responsible and environmentally sustainable manner.  

 

There are three funding types which categorise the roads controlled by Main 

Roads Queensland. These are National Highways (NH), Other State Controlled 

Roads (OSCR) and Local Roads of Regional Significance (LRRS). State 

controlled roads account for 20 percent of the states total road network and carry 

approximately 70 percent of the states traffic. 

 

Queensland has one of the fastest growing economies in Australia. More than 

1,000 people weekly are moving into south-east Queensland alone. Significant 

export growth, particularly in the central Queensland coal fields, is placing 

enormous demands on infrastructure. This unforeseen growth has led Main 

Roads to change its business management philosophies and meet the challenges 

ahead. Changes in recent years include a new regional structure to improve 

delivery of the state wide roads program.  

 

Management of such a large network is facilitated through the division of the 

State into 12 separate regions and 18 district offices. The district divisions can 

be seen in Figure 1.1 and details are shown in Table 1.1. The Southern District 

has been highlighted. 
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Figure 1.1 - Main Roads Districts Map 

www.mainroads.qld.gov.au 
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 Table 1.1- Main Roads Districts 

District No Region District Offices 

1 Central West Barcaldine 

2 Darling Dows Toowoomba 

3 Darling Downs Warwick 

4 Far North Cairns 

5 Fitzroy Rockhampton 

6 Fitzroy Emerald 

7 Mackay/Whitsunday Mackay 

8 Metropolitan Brisbane 

9 Metropolitan Ipswich 

10 North Coast Sunshine Coast* 

11 North Coast To be Allocated 

12 Northern Townsville 

13 North West Cloncurry 

14 South Coast Gold Coast 

15 South Coast Logan 

16 South West Roma 

17 Wide Bay/Burnett Bundaberg 

18 Wide Bay/Burnett Gympie 
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1.3 Southern District of Main Roads 

 

This project will be conducted in the Southern District where the office is 

located in Toowoomba. The main challenge of this District is to manage the 

ageing road network. Meeting growing needs of agricultural, tourist and 

industrial traffic, while interacting with the many local governments contained 

within its boundaries is of particular importance. 

 

The Southern District is now known as the Darling Downs region and is 

responsible for 3,104 kilometres of road network.  The Southern District is 

comprised of 18 local government councils: Toowoomba City, Cherbourg 

(Community) Council and the Shire Councils of Crows Nest, Cambooya, Esk, 

Gatton, Millmerran, Murgon, Jondaryan, Laidley, Kingaroy, Rosalie, Nanango, 

Wondai, Chinchilla, Wambo, Dalby Town and Pittsworth. Figure 1.2 indicates 

Toowoomba Districts regional boundary.  

 

Figure 1.2- Darling Downs Region 

www.mainroads.qld.gov.au 

http://www.mainroads.qld.gov.au/
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1.4 The Problem 

 

The Department of Main Roads Toowoomba has been experiencing difficulties 

in constructing roads on expansive clays which are both cost effective and 

structurally sound. There is a strict budget on expenditure in the region which is 

placing a strain on the ability to design roads on expansive soils which do not 

need significant maintenance repairs prematurely.  

 

After a significant rainfall event moisture seeps underneath the roadway and is 

attracted to the chemical makeup of the black clay. Organic clays (OH) with 

high plasticity have a high reactivity and swell potential. This swell often forces 

the road to rapidly deform out of shape and show significant signs of distress 

often only 1/3 into its design life. These failures are causing increasing 

maintenance expenditure, and also other effects which are cost unrelated. State 

Road Authorities such as Main Roads are concerned with the negative public 

image consequences from high profile premature pavement failures. Public 

perception of poor management of funds, evidenced by poor performance of 

road construction projects, can also lead to negative political consequences. 

 

1.5 The Impact of Pavement Failures 

 

Reeves (2001) provides information about the magnitude of pavement failure on 

roads managed by the Queensland Department of Main Roads, including the 

following; 

 

¶ The cost of pavement failures to the Queensland Department of Main 

Roads is about $10 million per year, which is a conservative estimate. 

 

¶  Of about $3 billion in funding spent on pavements in the last 10 years, 

about $300 million (10%) has not given optimum value since remedial 

treatment was necessary to allow pavement to reach its intended design 

life. 
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¶  $10 million is spent on unplanned costs each year due to design or 

Investigation inadequacies, which result in costly construction changes 

and claims. 

 

The majority of road pavement failures occurring in the Southern District of 

Main Roads are those related to expansive subgrades. A greater level of 

accuracy in relation to testing practices and design practice would be largely 

beneficial in reducing annual road pavement maintenance costs.  

 

1.6 Pavement Failure Investigations 

 

The investigation of pavement failures in the Southern District of the 

Queensland Department of Main Roads is often carried out in a relatively 

informal manner. There are specialist services for the investigation of pavement 

failures available from Road Systems and Engineering (RS&E) divisions 

although these are often unutilised. The use of these services is often unjustified 

as cost usually outweighs benefit. 

 

Many of the roads in this district exhibiting road failure are considered to be of 

minor importance, and as a result the funding for these roadways is often 

overlooked. There may also be a reluctance to spend money on a pavement 

failure investigation, instead of using these funds for rehabilitation work. 

 

Due to these considerations, there is a reliance on the past experience of 

personnel within the District in evaluating the failure, determining the testing 

required, and making a final decision regarding the appropriate rehabilitation 

treatment. This practice is sometimes inefficient as incorrect tests may be chosen 

if the investigator is inexperienced, and the failure incorrectly recognised.  

 

The development of a systematic method for investigating pavement failures 

will help to ensure that even if the investigation is carried out by inexperienced 

staff, there is a reasonable chance of success in diagnosing the problem, and 

determining the most appropriate rehabilitation treatment. 
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1.6 Aims and Objectives of the Project 

 

This project seeks to develop and apply a methodology for the benefit of 

construction of roads on expansive subgrades in the Toowoomba District. This 

will be achieved by assessing the validity of soil testing techniques used to 

determine the reactivity of expansive soils, develop a correlation between road 

failures and expansive soils, and make recommendations on road construction 

practices which may reduce the extent of expansion in these soils. Results from 

the investigations will be developed with scope for further application in the 

Queensland Department of Main Roads.  

 

The development of construction guidelines to minimise the effects of expansive 

soils consists of an amalgamation of concepts, technologies, techniques and 

methodologies adopted from a number of sources.  The methodology of this 

project does not pay particular focus to just design like many, but incorporates 

test methods, pavement failure mechanisms, design, construction and 

rehabilitation. 

 

With a broad focus on collating, analysing and reviewing information from 

many sources and technologies, this methodology attempts to gain increased 

understanding of the effects of moisture ingress into reactive clays. Increased 

understanding of expansive soils and subsequent increased ability in determining 

soil testing accuracies and design parameters will maximise learningôs from the 

investigation. 

 

The methodology outline is: 

 

¶ Identify a range of recently constructed projects on expansive sub-

grades within Toowoomba District, Queensland Department of Main 

Roads which could be used in this investigation. 

¶ Carry out performance based assessment (Roughness, Rutting and 

Maintenance Costs) of the selected pavements. 

¶ Identify major parameters associated with pavement cross sections 

which influence moisture changes and/ or volume changes in 

Toowoomba District  pavements. 
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¶ Investigate the effects of these parameters through a combination of 

background reading, examination of existing test data, field 

investigations and soil testing. 

¶ Identify and test likely pavement cross sections to minimise the 

effects of  moisture changes and/or soil volume changes. 

¶ Develop guidelines for the selection of pavement cross sections for 

Toowoomba District. 

 

Several technologies are used to investigate the severity and extremities of soil 

volume changes caused directly by moisture ingress into expansive subgrades.  

 

Listed are some of the Technologies and Methods used for the investigation: 

¶ California Bearing Ratio (CBR) and loaded Swell Tests (Main Roads 

2002) 

¶ Hydrometer & Compressive Cylinder Testing (Main Roads 2002) 

¶ Linear Rutting Progression Rate (LRPR) (Austroads 2007) 

¶ Forensic Investigation into pavement failures (Smith 2004) 

 

1.7 Background on Project 

 

The section of roadway investigated is located between chainages 50.0 to 70.0 

kilometres on the Toowoomba-Cecil Plains road. This section of road is West of 

Toowoomba and located on the black soil plains of the Darling Downs. The job 

number is 67/324/302 and was constructed in 2003. This section of road was 

constructed on expansive clays and displayed vast signs of distress 

approximately two (2) years after initial construction. The road was built with 

various trial methods in its design including lime stabilisation and geotextile 

fabric layers. These appeared to be an ineffective solution and the section of 

roadway is not expected to reach design life without severe maintenance works.   

 

The Toowoomba Cecil Plains road, resembling many of the roads currently 

being constructed in the Darling Downs region, is of a standard cross section 

(refer to figure 1.3) and does not contain any specific design features which 

attempt to minimise the effects of expansive soils.  
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As a result of this lack of specified designing the road section is failing 

prematurely after 4 years, when its design life is 10 years. Premature failure 

results in significant annual maintenance costs, low productivity and a decrease 

in efficiency. Currently (2008) designs for a new pavement overlay have been 

completed, with a project cost estimate of approximately $2.7 million. 

Immediate safety issues caused the road to have severe shoulder rehabilitation in 

early June 2008 at a cost of $62,500. This consisted of a ómill and fillô, along 

with seal and a new stone surface.  

 

A cross section showing a typical design for the Toowoomba Cecil Plains 

Project is shown as Figure 1.3. 

 

Figure 1.3 - Toowoomba Cecil Plains Road Cross Section (Main Roads Design 

Plans) 

 

 

Table 1.2- Road Configuration 
 

 

CROSS SECTION 

Formation 11 metres 

Traffic Lanes 2 by 3.5 metres 

Shoulders 1.0 metres 

PAVEMENT  

Planning Configuration Unbound granular and bitumen chip seal 

Width Full Formation 

Design Life 10 years 
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The aim of pavement design is to select the most economical pavement 

thickness and composition which will provide a satisfactory level of service for 

the anticipated traffic (Austroads 2004). 

 

The pavement design for the Toowoomba Cecil Plains Project was carried out in 

accordance with the provisions of the Main Roads Pavement Design Manual 

(1999).  Subgrade material for the project was predominantly expansive black 

soil.  

 

The pavement design included: 

 

¶ Base (type 3.2) 150mm with 1.0% plant mixed cement/fly ash mix. 

¶ Base (type 3.2) 100mm with 1.0% plant mixed cement/fly ash mix. 

¶ Cement and 2.5% fly ash treated upper sub base were also used. 

 

  

1.7.1  Maintenance Issues 

 

Small sections of pavement began to fail in late 2007 as shown in Figure 1.4 and 

Figure 1.5. As a result of these evident pavement failures, this project aims to 

resurface the cross section shoulders in June 2008 to meet the immediate safety 

issues being caused by rutting, shoving and water retention in wheel paths. This 

is only a short term solution and is predicted to need repeating in approximately 

3 to 4 years.  
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Figure 1.4 - Isolated shoving Failure on the Project, chainage 65.4 kilometres 

 

 

 

 
 

Figure 1.5 - Cracking failure on the Project, chainage 63.8 kilometres 
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Severe rutting throughout the entire project is occurring parallel to cracked 

shoulders, which indicates a relationship between rutting and moisture entering 

the pavement through cracked surfaces. The winging up of the pavement edges 

is also evident throughout the entire project and was measured to indicate the 

severity of the problem. This is a prominent failure throughout the project.  This 

is caused by rising of the subgrades, as a result of moisture entry and subgrade 

expansion. Originally the project was constructed with a consistent crossfall of   

-3.5 percent from centreline to outer shoulder, however due to the propensity of 

the subgrade to soil volume changes the pavement cross section now has cross 

falls of  >3.0 percent.  

 

Several cross sections were measured with a trundle meter at intervals, and had 

the cross fall recorded and tabulated. The cross falls were measured on both 

sides of the carriageway, with destination of Cecil Plains (WB) and Toowoomba 

(EB). The cross falls were recorded at 6 intervals; 0.5, 2.0, 2.5, 3.0, 3.5 and 4.0 

metres. This allowed for the hinge point in the rise of the pavement shoulders to 

be located.  

  

Table 1.3ïCross-falls obtained from measurements of several cross sections. 

 

Distance 

from 

Centreline 

EB 

 

Ch 57.70 

km 

WB 

 

 

EB 

 

Ch 57.90 

km 

WB EB WB EB WB 

Driveway Driveway + 10m 

0.5m -3.2 -2.4 -2.3 -2.9 -3.0 -3.3 -2.1 -3.4 

2.0m -2.1 -3.3 -1.2 -3.2 -3.3 -2.9 -0.5 -3.5 

2.5m -0.4 -1.7 -0.2 -0.9 -2.9 -2.6 +0.6 -2.7 

3.0m +0.4 +0.2 +1.3 +1.2 -2.8 -1.2 +2.0 -1.1 

3.5m +0.4 +0.5 +0.8 +0.9 -2.7 -0.8 +2.1 +0.1 
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Pavement winging up on its own is just one example of how pavements can fail 

from expansive subgrades. Due to the variability of expansive soils it has made 

it difficult to accurately predict how the pavement will exactly fail. This 

highlights the need for more accurate soil testing methods to accurately predict 

the potential shrink/swell behaviour of the soil. With results and 

recommendations from this investigation Main Roads staff with can design a 

pavement cross section which successfully minimises the effects of soil volume 

changes. 

 

 

Figure 1.6- Winging failure/ Toowoomba Cecil Plains Job, chainage 63.98 

kilometres 
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1.8 Dissertation Overview 

 

Research was firstly carried out into moisture in pavements, pavement type 

cross sections, soil testing techniques and also methodologies and technologies 

used in the determination of expansive soils susceptibility to volume change 

when exposed to moisture.  An examination into a roadway constructed on 

expansive subgrades which is currently exhibiting severe failures was used to 

acquire all soil samples. This section of roadway contained various methods 

trailed in its design to attempt to minimise failures, these methods were 

researched and their succession was assessed.  

 

The methodology for the investigation was developed and the three major 

components adopted for the study of expansive clays are: 

 

1 Investigation Into Main Roads Soil Testing Techniques 

 

Main Roads are currently designing roads based on results from soil tests 

conducted by their own soil laboratory. These roads are underperforming and are 

not designed to meet the soils propensity to change in volume with moisture 

variation. This indicates that Main Roads are underestimating the potential swell 

and shrink of soils when conducting tests. A series of loaded swell tests, and 

varied CBR tests were conducted and the compared with Main Roads current 

standard testing practices to examine the feasibility of their current practices. 

This procedure also gave an accurate depiction of the soils potential to volume 

change when exposed to simulated wet climatic conditions.   
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2   Pavement Performance Profile 

 

A Pavement Performance Profile for the Toowoomba ï Cecil Plains (TCP) Road 

was developed by assessing both structural and functional attributes of the 

pavement.   

 

Attributes included in the Pavement Performance Profile are: 

¶ Visual examination 

¶ Rutting 

¶ Roughness 

¶ Cross fall changes 

¶ Maintenance costs  

¶ Traffic loadings 

 

By assessing the failures of a road constructed on expansive clays an accurate 

depiction of the severity of the failures which are resulting from moisture 

ingress can be achieved. This section of road consisted of many previous design 

innovations which had been trialled to minimise the swell effects. By assessing 

which performed, ideas to improve failures can be seen.  

 

3 Forensic Investigation into Pavement Failures 

 

Failures have started to form within the Toowoomba-Cecil Plains Road, with the 

fi rst developing less than two years after practical completion of the project.  

The investigation of these failures follows the method: 

 

¶ Review Documents and Literature 

¶ Interview Personnel 

¶ Non-destructive Condition Survey (Cross-fall Measuring) 

¶ Destructive Materials Sampling and Testing (Trenching etc) 

¶ Determine Probable Causes of Failure 

¶ Determine Successful Design Features 
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1.9 Conclusions 

 

Results and conclusions from the three components were reconciled and 

discussed to determine interrelationships between components.  Results are 

reviewed to conclude whether soil testing techniques can be improved to achieve 

a more accurate representation of the shrink/swell potential of soils situated in 

the Toowoomba District. The viability of type cross sections used on the 

óNorwin Jobô is reviewed and related to the viability of other type cross sections 

used by the Southern District of Main Roads, and other RSAôs. The construction 

guidelines are compiled to state clearly the relative steps which should be 

followed to minimise moisture ingress into expansive subgrades.  

 

The methodology developed for this study is considered for its application to 

other new construction projects to be completed by the Department of Main 

Roads. 
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2 Background & Literature Review 

2.1 Introductory Remarks  

 

This chapter will review literature to establish the need for road pavement cross 

sections which are resistant to soil volume changes, caused by expansive 

subgrades. This literature study also provides an in depth overview of the 

practices used to test the propensity of expansive soil to soil volume changes 

when introduced to moisture. Through investigating testing procedures it will 

become evident that a technical knowledge of the potential behaviour of an 

expansive soil is needed to allow for a design which is specific to each 

individual soil strata. This minimises the chance of over designing or under 

designing a pavement and encapsulates the versatility of expansive soils, whilst 

highlighting the risk analysis which must be undertaken during road pavement 

design.  

 

In this chapter, relevant literature detailing the fundamentals behind expansive 

soils will be investigated, as well as how expansive soil behavior influences 

structure performance. To gain a thorough understanding of the fundamentals of 

expansive soils, and how expansive soils effect pavements, a particular emphasis 

will be placed on the following topics.  

 

¶ Expansive soil theory and background 

¶ Investigation of expansive clays as a subgrade for road pavement 

¶ Extent and characteristic of expansive clays on the darling downs 

¶ Testing procedures used to determine expansive soils and their 

shrink/swell behaviour 

¶ Construction methods and guidelines for construction of road 

pavements on expansive soils 

¶ Maintenance and rehabilitation methods used when problems 

develop 

¶ Risk analysis methods and their application to pavement life 
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Initially the identification of expansive soils, the climatic conditions behind 

expansive soils and how moisture affects the soil structure was investigated.  

Furthermore this literature review aims to investigate the current construction 

practices used to minimize the effects of expansive soils on road pavements, the 

testing parameters, and the damages related to moisture volume changes in 

pavements. This above mentioned can be seen in chart form in figure 2.1. 

 

 

Figure 2.1- Organisational Chart on Literature Review 
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2.2 Road Pavement Performance 

 

Australiaôs has several of the highest crash statistics of any of the Organisation 

for Economic Co-operation and Development (OECD) nations. In 2007 

Queensland recorded around 9.0 road deaths per 100, 000 registered vehicles 

with the Northern Territory recording around 27.0 deaths per 100, 000 registered 

vehicles (ATSB 2005). Although upon first observation these statistics appear 

minimal, Australiaôs Northern Territory was recorded by an Internal Road 

Safety Comparisons Report 2005 as having the highest road deaths per 100, 000 

registered vehicle worldwide out of any OECD country. Australiaôs road death 

toll indicates that it has increased an average percent change of 5.4% since 2003 

(ATSB 2008). Although evidence does not always relate these statistics to poor 

road performance characteristics, it is in the opinion of many professionals a 

contributing factor.  RACQ annually releases reports demeaning roadways 

across Queensland. These reports are often listed as Queenslandôs top 100 most 

dangerous roads and referred to as a black list. This is based solely on road crash 

statistics and is further evidence of popular opinion that poor road standards 

contribute to road crash fatalities.  

 

Each year Australian State Road Authorities (SRAôs) conduct tests to gather 

statistics on road performance. The Queensland Department of Transport in 

2002 conducted several monitored rapid braking road tests, which indicate that 

there is a greater likelihood of a vehicle traversing of the roadway during 

instantaneous braking, if there is severe surface rutting and other pavement 

defects. Many of these defects can be related to pavement failure caused by 

underlying base, sub-base and subgrade failures. Expansive soils in South 

Western Queensland are related to over 70% of subgrade failures, and 

subsequent pavement failures (Austroads 2002).   

 

Road pavements in Australia and New Zealand are valued at approximately 

A$50 Billion, or one third of the total value of all road infrastructure. Yearly 

pavement works expenditure is around A$3 Billion per year, or nearly half of 

the total annual road expenditure (Austroads, 2002a). Queensland is one of 

Australiaôs leading freighting states and is host to many large coal mines which 

freight to overseas countries.  
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Road performance plays a key role in the economic growth and community 

relations. Australiaôs economy depends heavily on the performance of our roads.  

 

Road pavements are designed to provide structural adequacy as well as a smooth 

and comforting ride quality. The aim of State Road Authorities is to design a 

road cross section which upholds it structural performance requirements as well 

as provide a level of adequate ride quality throughout its design lifetime. Ride 

quality, measured in terms of roughness, is an important road condition indicator 

for road users in terms of transport costs and driver comfort and for road 

agencies in terms of its effect on road maintenance costs. To achieve good ride 

quality consideration must be given to design, environmental, construction, 

specification and maintenance issues (GeoPave 2004). 

 

In road pavement design a compromise must be reached between quality, 

performance and cost. The differentiation between design selection methods 

must be made through reasoned engineering judgment and understanding of all 

factors which can affect change, and should not be based solely on short term 

cost considerations. Evidently although there is an apparent increased cost of 

using a preventative design approach, the cost of remedial work may be 

considerably higher (Gourley et al, 1993). If this compromise is achieved, road 

pavement designed should be functional at its highest level for majority of its 

design life, without the need for rehabilitation (Robinson 1999). 

 

Performance of road pavements impacts on safety and comfort of the road user, 

load capacity, amenity of the surrounding environment, adequate direction of 

traffic, management of the road traffic, and the extent of impact to vehicles 

travelling on the road.  
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2.3 Expansive Soils 

 

Reactive soils, often referred to as swelling soils, are characterised by their 

shrink swell behaviour as a result of changes in their moisture content. These 

soils shrink in dry periods and swell in a wet period, that is, they ñreactò to 

changes in moisture. This often results in a periodic rise and fall in the ground 

surface. The effects on buildings constructed on such soils with inadequate 

footings can be dramatic (Smith R, 2004). Road subgrades can be viewed as the 

footings/ foundations for road pavements, and if these footings are not adequate, 

structural damage can occur.  

 

 All structures have underlying foundations which largely influence structural 

performance. Damage can occur if the underlying soil expands contracts, slides 

or moves. There are three basic particle size components of naturally occurring 

soil: sand, silt and clay. Plastic clays termed as expansive soils or active soils 

exhibit volume change when subjected to moisture variations (He-Ping Yang et 

al, 2007).Swelling or expansive clay soils are those that contain swelling clay 

minerals (such as montmorillonite and smectite) and can often be scientifically 

referred to as Vertosols. Vertosols are soils that contain clay minerals which, 

because of their natural physiochemical properties, posses a net negative 

electrical charge imbalance that attracts the positive pole of dipolar water 

molecules and cations (Snethen, 1980). In addition, expansive soils have high 

degree of shrink-swell reversibility with change in moisture content. 

 

A large number of structures, specifically those with low self weight, have met 

with widespread problems associated with serviceability performance mainly in 

the form of cracks or permanent deformation. 

 

Expansive soils and bedrock underlie more that one-third of the Earths land 

surface. In Australia these soils are prevalent in most low lying country where 

deposition can occur, and in particular the focus of this dissertation, the Darling 

Downs area of Toowoomba.   
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Types of structures that are most often damaged from reactive soils are 

roads/highways, building foundations, residential buildings of small scale, 

retaining walls and pavements. Pavements are particularly vulnerable to 

movement and damage as their self weight is often small and unable to suppress 

the differential heave, like multi storey high rises.   

 

The problem of expansive soils throughout the world results from a wide range 

of factors; 

 

¶ Shrinking and swelling of clay soils resulting from moisture change 

¶ Compression of the soil strata resulting from applied loads 

¶ The type of clay size particles 

¶ Drainage, from the rise of ground water tables or poor surface 

¶ drainage 

¶ Inadequate construction practices 

 

(Eiji  Y et al, 1998) states other minor factors such as; 

 

¶ Pressure of the backfill soil 

¶ Weathering and erosion 

¶ Lack of vegetation  

¶ Soil ageing 

¶ Incorrect use of materials 

 

All of the above parameters should be considered when choosing the appropriate 

design criteria, construction materials and processes, for all structures and in 

particular road pavements.  With educated knowledge of the above parameters, 

the potential for structural damage of road pavements should be minimised.  
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2.4 Expansive Soil Structure and Characteristics 

 

Expansive soils have a lattice network throughout their microstructure which 

consists mainly of three (3) layers, octahedral sheet, usually occupied by 

aluminum or magnesium sandwiched between two sheets of tetrahedral silicon 

sites to give a two (2) to one (1) lattice structure (Chen F, 1988). This network 

typically allows water to enter to the centre of the soil particle and be retained 

for long periods of time. This retention is responsible for the movement 

associated with expansive subgrades in roads.  Soils with a large percentage of 

swelling clays have a very high water attraction, partly because of their smaller 

particle size and partly because of their positive ions (Day, R. W., 1999).  

During extreme heats this water can become evaporative. As a result of this 

there is extreme differential movement between warm and wet summer months, 

and cold and dry winter months.  

 

The engineering performance of a soil, whether tropical or temperate, residual or 

transported, will depend on at least all of the following: 

 

¶ Mineralogy and composition (from index tests/grading), 

¶ Fabric and structure (from visual/microscopic study), 

¶ Stress history (from geology/laboratory tests), and 

¶ Applied stress changes (from design, construction and climate) 

(Gourley et al, 1993) 

 

Expansive soils are extremely variable and this has caused issues when 

differentiating between active clays, although many attempts have been made. 

Richards 1984 states that expansive soils can be categorized based on their soil 

suction parameters, Instability index (a measurement of vertical strain) and itôs 

potential to retain water through shrink and swell tests.  
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Many professional bodies believe that there are essential tests which should be 

conducted for geotechnical purposes and are necessary for adequate construction 

and design of larger structures (Punthutaecha et al, 2006) 

 

 These are stated as follows; 

¶ Specific Gravity 

¶ California Bearing Ratio (CBR) 

¶ Liquid Limit (%) 

¶ Plastic Limit (%) 

¶ Plasticity Index (%) 

¶ USC (Ultimate Strength Capacity) Classification 

¶ Free Swell Index (FSI) 

 

All results display similar outcomes, that is, expansive soils have increased pore 

water pressure and as a result have a severe propensity to movement when under 

wetted conditions.  

 

2.5 Factors Influencing Performance of Pavements on Expansive 

Clays 

 

Expansiveness is a property of soil influenced by seasonal climatic conditions, 

which describes a soil's propensity to change in volume with moisture variation. 

There is no direct measure of this property due to difficulties in simulating 

atmospheric climatic factors, and so it is necessary to use comparative values of 

swell measured under known conditions to assess expansiveness (Main Roads, 

2008).  

 

Expansive soils are widely distributed throughout Australia and Queensland. 

Damage caused by soil movement is normally restricted to light structures, such 

as house slabs, low embankments and drainage structures. Expansiveness is 

controlled by three elements: the type of clay minerals, the change in moisture 

content (active depth), and the applied stresses (embankment loading).  
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2.5.1 Type of Clay Mineral 

 

The type of clay mineral is largely responsible for determining the intrinsic 

expansiveness of the soil. Kaolinitic clays are relatively non-expansive whilst 

the more expansive clays are smectite clays, also known as montmorillonite 

clays. Expansive clay swell potential can be viewed as a direct measurement of 

Cation Exchange Capacity (CEC). Smecite and montmorillonite clays have a 

CEC from 80-150, highly expansive, whereas Kaolinite have a CEC of 3-15 and 

are relatively non expansive. The type of clay mineral can be indirectly assessed 

through measurement of Linear Shrinkage and Weighted Plasticity Index, as 

well as to the activity of the clay fraction (PI/% passing 0.075mm sieve). X-ray 

diffraction and Hydrometer testing are a direct method of identifying the type of 

clay mineral. The shrink/swell index test is used to capture the volumetric 

movement due to swell and shrink.  

 

2.5.2 Active Depth 

 

Expansive soils will only react if there is a change in moisture content, to cause 

either shrinking or swelling. The change in moisture content (or suction) 

controls the actual amount of swell that a particular soil will exhibit under a 

particular applied stress. This change in moisture content is brought about by 

climatic extremes. The climatic influence is measured by the suction change and 

the active depth of the site.  

 

The active depth is the depth over which seasonal moisture changes are 

observed. Below this depth, the soil moisture is relatively stable and therefore 

volumetrically stable. The active depth can be estimated by the measurement of 

soil suction with depth over time. Pore water suction in soil samples is a more 

fundamental and reliable indicator of the degree of desiccation in an expansive 

clay profile than the measurement of moisture content (Crilly and Chandler, 

1993). Figure 2.2 indicates the potential active zone of a reactive soil.  
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Figure 2.2- Active Depth (Nelson and Miller, 1992) 

 

Active depth can be influenced by external factors that are unrelated to rainfall 

and runoff. Influential objects such as trees and urban drainage can cause 

changes in the active depth profile, and consequently result in pavement 

deformation.  

 

Trees cause deep drying of the clay profile by suction, well beyond the design 

depth (Hs). In addition, trees produce increased soil moisture changes 

throughout the clay profile. This drying often causes significant clay shrinkage 

and cracking of road pavements. This is exacerbated by drought as the tree roots 

seek moisture from the clay soils. Climatic variations cause natural variations in 

ground moisture, which highlights the need to remove vegetation within Main 

Roads specifications of nine (9) metres, either side of the carriageway.  

 

Other factors such as water, sewer or storm water pipes which leak, cause 

wetting of soil and swelling (heave). This is often localized and can distort the 

shoulders causing settlement and failures. (Smith et al, 2004). 
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Climate and rainfall patterns are inputs to the Thornthwaite Index. This index 

measures the movement potential of expansive subgrades that can cause 

pavement distress (OôConnell and Gourley 1993; Fox 2000). About 85% of 

Queensland falls into dry temperate, semi-arid or arid categories (Fox 2000). 

Depending on the region in which the road pavement is located, the likelihood 

of its exposure to rainfall intensity changes, along with its active depth. 

 

Table 2.1 indicates the active depth likelihood, depending upon which area of 

Queensland the road pavement is located. The breakdown structure of the 

Queensland climate zones can be found in figure 2.3. Toowoomba is located in 

region four (4), which has a dry temperate climatic condition and activd depth of 

three (3) metres.  

 

Table 2.1- Active Depth 

 

 

Climatic Zone Description Active Depth, Hs, 

(metres) 

1 Alpine / wet coastal 1.5 

2 Wet temperate 1.8 

3 Temperate 2.3 

4 Dry temperate 3.0 

5 Semi-arid 4.0 

6 Arid >4.0 
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Figure 2.3- Queensland Climatic Zones 

  


