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ABSTRACT 

Regardless of material types used (ie. flexible or rigid), pavement structures typically consist of a 

wearing surface, a base layer and a subbase layer to protect the subgrade from damage caused by 

traffic loads. Local government roads in Australia, particularly in urban environments often only have a 

flexible base layer sitting directly on the subgrade. When the thickness of the existing granular base 

layer is deemed too thin to satisfy rehabilitation design requirements, the base and subgrade layers 

are insitu stabilised in a single process. This is termed Basegrade Stabilisation (Young, 2020). 

 

This process has been used infrequently due to a lack of recognition and fear of substandard 

performance when the subgrade is considered to form part of a rehabilitated pavement structure. 

National and international literature supports the use of basegrade stabilisation, however no clear mix 

design procedure exists to guide practitioners when considering the process. The objective of this 

research was to develop a procedure to enable optimisation of trial mix designs that would satisfy the 

requirements of a lightly bound basecourse for application in lightly trafficked local government roads. 

 

Through laboratory experimental research, nine pavement types were examined. They consisted of 

three subgrade materials of medium to high plasticity and subgrade proportions of 20%, 35% and 

50% in the pavement structure. Three binder categories were added to the nine pavement types at 

various application rates. These were lime/cement/flyash triple blends, slag/lime blends and 

cement/flyash blends after lime pre-treatment. Unconfined compressive strength testing was the 

principal test used with 72 tests conducted after 28 days of curing. The target strength was 1MPa to 

2MPa which resembles a lightly bound material which has been used successfully in lightly trafficked 

roads since the 1970’s. 

 

86% of the experimental research results exceeded 1MPa. The lowest result was 0.3MPa and the 

highest result was 3.3MPa. For the stabilised materials, Atterberg Limits were also assessed. The 10th 

to 90th percentile range was 2.6% to 6.4% for linear shrinkage and 2.8% to 7.8% for plasticity index. 

The average change in UCS regardless of binder type was 0.25-0.5MPa for a +/-1% change in binder 

application rate. The sensitivity of subgrade type within the basegrade stabilised materials was low. 

The average change in UCS regardless of binder type or application rate was approximately 0.5MPa 

for every +/- 15% absolute change in the amount of subgrade included in the pavement. 

 

A mix design procedure has subsequently been developed. It consists of ten mix design trials being 

made available, based on preliminary assessment of the untreated basegrade structure. Elements for 

evaluation include percent fines, linear shrinkage, plasticity index and proportion of subgrade. 

 

Multiple recommendations have been presented for further research which will refine the indicative 

mix design procedure recommended from this research. The identified further work revolves around 

additional laboratory testing, using additional raw materials, trialling different stabilisation binders and 

field validation. 
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1. INTRODUCTION 

This research focussed on the development of mix design procedures for an insitu stabilisation 

process that has already been implemented for many decades in Australia, albeit without a 

recognised design approach. The process is termed basegrade stabilisation which is defined in 

section 1.2. The sub sections listed below describe more about basegrade stabilisation as well as an 

outline of the research approach adopted to quantify the mix design procedures that have been 

developed. 

 

o Pavement Structures 

o Basegrade Stabilisation Defined 

o Applications for Basegrade Stabilisation 

o Research Objectives 

o Research Methods 

 

1.1 Pavement Structures 

This research evolved from the necessity of local government authorities in Australia to depart from 

theoretical standard flexible pavement structures (refer Figure 1), as a way to explore smarter and 

more cost effective methods of pavement rehabilitation in the local government sector.  

 

 

Figure 1. Typical Flexible Pavement Structure (Austroads, 2017) 

 

The ‘necessity’ was based on the fact that not all road pavements in Australia were originally built with 

the standard structure shown in Figure 1. Specifically, the subbase layer was often omitted and thin 

layers of granular base course quality materials were built directly on top of the subgrade in lightly 

trafficked urban environments, as this was all that was required to support traffic loads of the time. 

Figure 2 illustrates this notion. 

 

 

Figure 2. Common Flexible Pavement Structure in Lightly Trafficked Roads 
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There are many methods of pavement rehabilitation available to asset owners and insitu stabilisation 

of typical and common pavement structures is one such method that has historically been performed 

in existing granular base and/or subbase materials or subgrade materials such as clays and/or silts 

(RTA, 2004). There are well documented design (Austroads, 2017), construction (Austroads, 2019a) 

and performance (Hodgkinson, 1996) publications covering these processes, albeit only as 

independent functions where any one of these layers is treated independently of the other. Figure 3 

illustrates this ‘singular’ concept where multiple pavement structure alternatives are presented in this 

Austroads publication for the application of a stabilised layer as a base course, subbase or subgrade 

treatment. 

 

 

Figure 3. Application of Stabilised Materials (Austroads, 2019a) 

 

Often when common pavement structures are identified for rehabilitation, the absence of a subbase 

layer results in the base layer having inadequate thickness to recycle using insitu stabilisation based 

on the requirements to satisfy structural design requirements (eg. a 20 year design life). This 

challenge however can be overcome by adopting the process of Basegrade Stabilisation in lieu of 

other more expensive renewal treatments, such as complete removal of all pavement materials and 

replacement with new imported materials. 

 

1.2 Basegrade Stabilisation Defined 

Basegrade stabilisation (Young, 2020) is the process of insitu stabilising existing granular pavement 

materials that are mixed with subgrade materials and a suitable binder to improve the engineering 

properties of the combined layers. Basegrade stabilisation occurs when the existing pavement gravels 

comprising a base course (and/or subbase course) are not thick enough and subgrade materials are 

incorporated into the granular materials to satisfy the required depth of stabilisation (refer Figure 4 

and Figure 5). 
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Figure 4. The ‘Basegrade Stabilisation’ Concept (Young, 2020) 

 

This form of insitu stabilisation is not a common method of pavement rehabilitation, largely due to the 

lack of published mix design guidance and lack of recognition of the process. 

 

1.3 Applications for Basegrade Stabilisation 

There is some evidence from the stabilisation industry (AustStab, 2020) to advocate the mixing of 

subgrade materials into existing pavement gravels on lightly trafficked roads in the local government 

sector. However there is no documented protocol to enable mix design optimisation based on the 

blended properties of the pavement and subgrade materials. This form of multi-layer insitu 

stabilisation and the gap in mix design protocol forms the basis of this research. The process will be 

identified as basegrade stabilisation in this research. 

 

The predominant application for basegrade stabilisation in local government is existing roads that 

have inadequate granular thickness and have been evaluated through structural analysis as requiring 

a thicker treatment at the time of intervention. Therefore when a site evaluation identifies the 

deficiency in existing pavement thickness, basegrade stabilisation can be considered. Figure 5 

illustrates this where the design thickness exceeds the available thickness of existing pavement 

material. 

 

 

Figure 5. Basegrade Stabilisation Composition (image ref: AustStab, 2020) 

 

The process of selecting of a suitable mix design to satisfy the structural design strength requirements 

for a basegrade stabilisation treatment have not been specifically documented (Austroads, 2019a). 

This current gap in the industry means that when a mix design is undertaken with the knowledge that 
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the subgrade will be incorporated into the pavement gravels, the mix design may not produce an 

optimum outcome in the first instance. This has the risk of one or more of the following 

consequences: 

 

i) The mix design process takes longer; 

ii) Commencement of projects may be delayed; 

iii) The mix design process cost increases; 

iv) The mix design process does not provide an optimised recommendation, resulting in 

potentially the incorrect selection of binder type and/or binder application rate; 

v) Strength gains achieved during and after construction are too variable which affect the long 

term performance; 

vi) The asset owner does not have faith in the concept of basegrade stabilisation. 

 

The stabilisation industry will benefit from having access to an indicative mix design procedure that 

considers pavements comprising a variety of subgrade material types as well as variations in 

proportions of subgrade materials being incorporated into the pavement gravels. 

 

This research will benefit local government engineers, consultants and geotechnical engineers across 

Australia by providing evidence that blending subgrade materials with pavement granular materials 

can achieve desired strength outcomes with the application of suitable mix design protocol. 

 

Further, optimisation of the construction process for a basegrade stabilisation treatment using these 

research outcomes can be determined to specify either a single day or multiple day process. This 

decision will depend on the properties of the subgrade material and the proportion of the subgrade 

material being blended into the granular pavement. There is anecdotal evidence from the stabilisation 

industry that hypothesizes incorporation of some binders in a single day can achieve the desired 

strength gain (ie. general blend cements typically comprising two individual binder types and triple 

blends which typically comprise three individual binder types). This is in contrast to other basegrade 

pavements that due to the higher proportion of subgrade being incorporated and/or the properties of 

the subgrade being incorporated (eg. highly plastic where the liquid limit exceeds 50%), the 

construction process requires the lime component of a triple blend to be applied first to ameliorate and 

flocculate the clay components. This occurs prior to being treated with cementitious general blends, 

usually the following day. 

 

Subject to implementation of further identified work, a mix design procedure developed for basegrade 

stabilisation treatments has the potential to be published by relevant industry bodies such as the 

Pavement Recycling and Stabilisation Association (AustStab), the Australian Road Research Board 

(ARRB), the Institute of Public Works Engineering Australasia (IPWEA) and Austroads. 
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1.4 Research Objectives 

The research project’s main objective is: 

 

o To develop a mix design procedure for basegrade stabilisation treatments on local government 

pavement rehabilitation projects identified in lightly trafficked environments. 

 

This will enable pavement engineers and practitioners to systematically select a trial mix design 

(or designs) for laboratory validation prior to commencement of a project. This procedure will 

optimise the binder type, binder application rate and the construction procedure based on the 

properties and proportion of subgrade materials proposed to be mixed into existing granular 

pavement materials using insitu stabilisation. 

 

Development of a mix design procedure will consider outcomes from experimental laboratory 

testing on nine pavement types based on their ability to achieve a target Unconfined Compressive 

Strength (UCS) of 1-2MPa at 28 days moist curing (TMR, 2020c). The target UCS imitates the 

current Austroads definition of a lightly bound cemented material (Austroads, 2017) which is a 

common strength target in the rehabilitation of local government lightly trafficked roads using 

insitu stabilisation historically (Ritchie, 1993) and in today’s pavement rehabilitation environment 

(AustStab, 2015). 

 

The supporting sub-objective is:  

 

o To optimise the construction timing strategy based on single or multiple day treatment of 

basegrade stabilisation treatments. Currently in Australia the decision to carry out insitu 

stabilisation of granular pavement materials that incorporate various proportions of subgrade over 

one or two days has not been quantified. It is hypothesized that the proportion of subgrade being 

blended into the base, combined with the consistency limits of the subgrade will dictate this 

decision. This hypothesis is based on the 24 hour time period that has been adopted to 

ameliorate the clay particles prior to being treated with a strengthening cementitious binder in 

order to achieve the target UCS of 1-2MPa. 
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1.5 Research Methods 

The research methods that were used to satisfy the above objectives are set out below. 

 

1.5.1 Literature Review 

Background information and a literature review covering international and Australian content has been 

presented. The literature review focusses on gathering and exploring information on stabilisation 

categories and stabilisation binders and how they relate to basegrade stabilisation. The importance of 

establishing a stabilisation mix design and examples where others have carried out basegrade 

stabilisation with or without mix design protocol to guide them are also examined. The overarching 

aim in the literature review is to justify the need to develop mix design procedures for practitioners to 

follow when adopting a basegrade stabilisation treatment. Consideration of other learnings obtained 

from previous research and/or experiences has also been introduced. 

 

1.5.2 Case Studies 

Three case studies from Queensland, New South Wales and Tasmania have been presented that 

illustrate the current and ongoing use of basegrade stabilisation in local government. The various 

levels of mix design protocol are detailed which support the demand for mix design protocol to be 

established. 

 

1.5.3 Experimental Research 

A series of laboratory experimental tests have been performed on nine different pavement types, 

representing variations in subgrade quality and subgrade proportions blended with a single source of 

granular material, selected to represent an existing base course gravel in a lightly trafficked road. All 

nine are indicative of basegrade stabilisation practices that could and do occur in the field (Wilmot, 

2020). 

 

The primary test was the unconfined compressive strength (UCS) test. The target strength was 1MPa-

2MPa measured after 28 days of controlled temperature curing conditions. All testing was conducted 

in accordance with test methods published by the Queensland Department of Transport and Main 

Roads. The results obtained were analysed using simple methods of comparing strengths achieved to 

strength targets as well as comparing strengths achieved to various other properties of the nine 

pavement types in the untreated and treated condition (ie. with and without addition of stabilising 

binders).  

 

Development of an indicative mix design procedure for basegrade stabilisation was formed on the 

basis of the experimental research outcomes. In particular, where trends were identified as being 

reliable with an acceptable degree of confidence, specific material properties and tests were defined 

as criteria within the mix design procedure.  
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2. BACKGROUND INFORMATION AND LITERATURE REVIEW 

Information presented in this part of the thesis underpins the justification for the development of mix 

design procedures for basegrade stabilisation technology. Seven areas have been investigated, 

being: 

 

o Australia’s Local Government Network 

o History of Stabilisation in Australia 

o Stabilisation Categories 

o Lightly Bound Materials in Local Government 

o Stabilisation Binders 

o Mix Design Procedures 

o Basegrade Stabilisation 

 

Each of the above sections have a specific relationship with the research objective. 

 

2.1 Australia’s Local Government Road Network 

With the total road network in Australia being approximately 900,000 kilometres in length (White, 

2006), roads managed by local government comprise around 75% of this, or 662,999km (Australian 

Local Government Association, 2019). These are the most valuable assets for local councils to 

manage, being more than double the value of the next valuable asset classes of buildings, stormwater 

and wastewater (Australian Local Government Association, 2019). Yet as a mature society we 

continually observe quantitative evidence published in magazines, engineering journals and 

presented at industry conferences, detailing the ongoing shortfall of funding available to local 

government to adequately maintain this asset class. A 2012 New South Wales Institute of Public 

Works Engineering Conference (NSW IPWEA) paper reported 70% of urban councils did not have 

enough funding to renew or upgrade their assets (Young, 2012). In 2019 it was reported that of all 

taxation revenue collection by Australian governments, only 3.6% is allocated to roads in the local 

government sector (Australian Local Government Association, 2019). 

 

In recent years there has been a significant focus on improving the construction industry’s sustainable 

footprint through the increased use of recycled materials in road making materials, not only to reduce 

our carbon footprint, but ultimately to reduce costs. LinkedIn (LinkedIn, 2020) is a rapidly growing 

digital platform with an exceptionally high reach to business professionals (Iqbal, 2020). An extract 

from a recent LinkedIn post by QLD TMR’s Director General is shown in Figure 6 to demonstrate this 

sustainability focus. 




