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Abstract 

Transport for NSW and other road authorities manage roads within their allocated maintenance budgets. 

Significant funding is provided each year to rehabilitate pavements that have reached the end of their 

service life. Transport for NSW is obligated as the state road authority in NSW to complete pavement 

rehabilitations using the most efficient and sustainable techniques available. Insitu stabilisation of 

existing pavements is a sustainable method of recycling an existing pavement with minimal addition of 

new materials to achieve a design life comparable with other rehabilitation techniques. There are 

however, a number of factors that significantly impact the achievable life of stabilised pavements. To 

ensure that stabilisation remains a viable rehabilitation method, it is essential that the influence of these 

detrimental factors on the life and cost of the pavement are understood. 

This report has completed a review of the available literature providing a background to stabilisation, 

different binders available, their effects and factors that cause this type of pavement to exhibit signs of 

distress and fail. The thickness and the density of the stabilised layer have been identified through the 

review of the literature as factors that can significantly impact the properties of a stabilised pavement, 

however the effect on the life and cost of the pavement has not been examined. 

This report has examined two case study projects and three theoretical pavements typical of the existing 

pavements found in northern NSW on rural State Highways. The impacts of thickness and relative 

compaction nonconformances have been examined and discussed through theoretical sensitivity 

analysis. The analysis has presented that construction of a stabilised pavement with thickness of 10 mm 

less than required to achieve the expected design life, can result in a reduction of the pavement life of 

45 %. The relative compaction has also been demonstrated to reduce the life of stabilised pavements of 

up to 28 %, even when within the tolerances allowed for in current specifications.  Additionally, a 

density gradient resulting in lower density in the lower half of a layer has been shown to reduce the life 

of up to 37 % which is currently permitted under TfNSW specifications. 

Whole of life cost analysis has been completed for stabilised pavements with nonconforming thickness 

and relative compaction to determine the financial impact to TfNSW of accepting a nonconforming 

pavement and whether payment deductions could be applied to recover the cost of increased 

maintenance required to extend the life of these pavements out to the 20-year design period. It was 

determined that a payment deduction of 30 % could be applied for thickness nonconformances up to 10 

mm below the design thickness and confirmed that the deductions applied by TfNSW for relative 

compaction are suitable. The impacts beyond the financial cost are also raised, such as the reputational 

damage a road authority may suffer as a result of major maintenance required on a recently completed 

stabilisation project. 
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1 Introduction 

The road network in New South Wales (NSW) extends for approximately 185,000 km (Transport for 

NSW 2022). Transport for New South Wales (TfNSW) is responsible for the management and funding 

of 18,036 km of classified State Roads in NSW (Transport for New South Wales 2020a). State Roads 

are the primary arterial roads between major regional centers, towns and interstate. TfNSW is 

responsible for managing these State Roads which includes determining priorities, providing funding 

and completing maintenance and construction work (Roads and Traffic Authority 2008). State Roads 

in NSW have flexible and rigid pavement types depending on their location, traffic volume and required 

service life. State Highway pavements in NSW under the management of TfNSW in the North Region 

are generally designed to have a design life of 20 years before rehabilitation or replacement is required.  

Pavements deteriorate over their life and the design life can be considerably reduced due to a range of 

factors such as increased traffic volume and loading, drainage issues, construction issues and subgrade 

strength. As pavements deteriorate, they are required to be maintained to extend their useful life. The 

greater the severity of factors affecting a pavement, the greater the level of maintenance and therefore 

cost is required. 

1.1 Road Pavement 

Natural ground surfaces do not possess the required strength and durability characteristics for traffic 

loading and therefore need to be built up to provide a structural formation for traffic to travel on. Where 

the road formation refers to the entire road structure, the pavement serves two specific purposes as set 

out in Austroads (2018c);  

1. To perform as an engineering structure capable of supporting traffic loading over a designed 

period of time, and 

2. To provide a good quality riding surface to provide the road user with comfortable travel, 

appropriate drainage for the terrain and adequate skid resistance. 

A pavement must possess characteristics that provide resistance to traffic loading. These characteristics 

are provided by the materials used and the construction methods used to place the materials. Austroads 

(2018c) separates pavement into two types;  

1. Flexible pavement and rigid pavement. Flexible pavements include unbound granular 

pavements and bound pavements which may be either stabilised granular materials or asphalt 

over compacted subgrade. 

2. Rigid pavements that consist of a concrete base and subbase of granular material, bound 

material or lean mix concrete over compacted subgrade.  
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Figure 2. 1 Typical formation and flexible pavement structure 

(Source: Austroads 2018c) 

 

 

1.1.1 Flexible Pavements 

In contrast to rigid pavements, Yoder & Witczak (1991) describe the load carrying capacity of flexible 

pavements as being due to the load distributing properties of the multi-layered pavement. Flexible 

pavements are constructed with materials of increasing quality in each layer above subgrade, and it is 

this structure of layers of increasing strength that distribute the traffic loadings to the subgrade. The 

thickness of the flexible pavement is therefore determined by the strength of the underlying subgrade 

(Yoder & Witczak 1991). Flexible pavements comprising of unbound granular materials with thin 

bituminous surfacing are designed empirically, while flexible pavements with bound or deep lift asphalt 

layers are designed using a mechanistic method (Austroads 2018c).  

1.1.2 Rigid Pavements 

Rigid pavements have a high modulus of elasticity and as a result, distribute loads from traffic over a 

wide area of subgrade. The strength of the concrete used in rigid pavements is the critical factor 

considered in design as most of the structural support is provided by the concrete base course, causing 

variations in subgrade strength to be less of a concern than for flexible pavements (Yoder & Witczak 

1991).  
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Figure 2. 2 - Typical flexible and rigid pavement structure 

(Source: Austroads 2018c) 

 

1.1.2.1 Subgrade 

The subgrade is the existing soil that a pavement is constructed over. Subgrade materials are generally 

variable in quality depending on the location, topography, soil type and drainage in the surrounding 

area. Its characteristics are determined through testing to inform the design of the overlying pavement 

layers (Austroads 2018c). The pavement layers provide a covering thickness over the subgrade which 

is generally low strength existing soil. The pavement layers distribute traffic loadings so that the lower 

strength subgrade can support the load (Austroads 2017).  

1.1.2.2 Subbase 

The subbase in a flexible pavement is made up of lower quality materials, often with a larger particle 

size distribution. The purpose of the subbase layer is to provides support to the base layer and reduce 

the stresses and strains on the subgrade. The subbase experiences lower stress levels than the base layer, 

which allows for lower quality and less expensive materials to be used for its construction (Austroads 

2018c).  
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1.1.2.3 Base 

Flexible pavements contain a base course which is made up of the highest quality materials in the 

pavement. The base course provides the majority of load carrying support for the pavement. Unbound 

granular base courses perform under traffic loading as if the particles are not bound together (Austroads 

2018c). Base layers can be stabilised with a binder to improve the material characteristics. The changes 

to characteristics depend on the type of binder used and the content used (Austroads 2018a). The 

changes to pavements based on binder type will be discussed further in section 1.3. 

1.1.2.4 Wearing Surface 

Wearing surfaces placed over flexible pavement base courses in Australia are generally sprayed seals 

or asphalt. Bituminous sprayed seals consist of a single size stone placed over a film of sprayed hot 

bitumen as a cost-effective method of increasing functional performance by providing driving surface 

with adequate skid resistance and a moisture barrier to keep water out of the pavement. Spray seals 

don’t provide any structural performance gains to a flexible pavement (Austroads 2018c).  

If structural performance gains are required from the wearing course, asphalt is used. While thin layers 

of asphalt less than 50 mm are not generally considered as adding structural performance, they do 

provide functional performance similar to sprayed seals with the added benefit of improving rideability 

(Austroads 2018c). To gain structural performance thicker layers of asphalt are required, which are 

modelled mechanistically (Austroads 2017). 

1.2 Pavement Rehabilitation 

Pavements serve two main functions as part of a road: structural performance and functional 

performance. To satisfy the structural performance requirements the pavement must be constructed of 

materials of appropriate quality to resist the traffic loads that particular road services. The functional 

performance requirements are met by the pavement providing ride quality suitable the level of service 

required for the particular road (Austroads 2018c). 

Pavements have a limited life before work is required to improve the pavement condition. When a 

pavement reaches the end of its life, it will exhibit signs of distress and failure that reduce the ride 

quality and road user safety. To rectify the pavement distress the road authority must either invest in 

considerable ongoing maintenance or rehabilitation of the pavement. A number of methods for 

rehabilitating a pavement at the end of its life are available to road authorities which are discussed in 

the following sections. 

1.2.1 Pavement Overlay 

A pavement can be overlayed with additional pavement material to improve the structural capacity of 

the pavement. The overlay can be constructed from a range of materials, from crushed granular 
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materials, asphalt, or bound materials. The increased thickness of the pavement provides additional 

height over the subgrade which reduces rutting of the pavement caused by subgrade deformation 

(Austroads 2019a).  

1.2.2 Pavement Reconstruction 

Reconstruction of a pavement requires the complete excavation and replacement of the pavement layers. 

The existing pavement is excavated and disposed of, allowing for the construction of new pavement 

layers to meet current design requirements. The cost of complete pavement reconstruction is high and 

is the most environmentally unsustainable method of rehabilitation.  

1.2.3 Pavement Stabilisation 

Stabilisation is a common practice when rehabilitating existing road pavements. The following benefits 

can be achieved by stabilising existing granular pavements: 

• particle size distribution and plasticity issues can be corrected through granular and/ or lime 

stabilisation  

• The strength of pavement materials 

• The bearing capacity of pavement materials 

• The permeability and/or moisture sensitivity, which can result in a loss of strength, of the 

material can be reduced through lime or cementitious stabilisation 

• Provide cost-effective pavement configurations through the provision of stabilised pavement 

rather than reconstruction 

• Existing pavements can be recycled, resulting in reduced costs and improved sustainability 

(Austroads 2019b) 

Rehabilitation of a granular pavement through stabilisation is widely accepted as a cost-effective 

rehabilitation option. Stabilisation of existing pavements is most often completed through in situ 

stabilisation techniques. In situ stabilisation is completed by adding a binding agent to the pavement 

and mechanically incorporating into the pavement with a road recycler/pulverisor (Austroads 2019b). 

The mixed pavement is compacted and cured to form a bound layer with considerable tensile strength 

(Austroads 2018c). There are a number of methods available to rehabilitate a granular pavement using 

stabilisation techniques depending on the thickness of the existing pavement, the quality of pavement 

materials, the strength of the subgrade, the traffic loading, available equipment for construction, the 

climate and the whole of life costs (Austroads 2019b).  

Stabilisation is achieved through mechanical mixing of pavement materials with a binder and/or gravel. 

The mixing may be achieved through the use of a stationary pugmill or in situ stabilisation on site with 

mobile plant. Commonly used binders include lime, cement, blends of cement and/or lime with ground 
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granulated blast furnace slag and/or fly ash (Austroads 2018a). The type of binder used depends on the 

existing material properties and the outcome required from the stabilisation process. Stabilisation of 

existing pavements is generally accepted as a cost effective treatment to rehabilitate a pavement, 

increase its performance and reduce maintenance costs on highly trafficked main roads such as state 

highways (Austroads 2019b). 

1.3 Binders 

Binders are additives used in combination with mechanical mixing of pavement materials to improve 

the qualities of the materials. Binders used in pavement stabilisation are manufactured to standards 

provided as Australian Standards or to the specification of road authorities (Austroads 2018a). Binders 

commonly used in Australia to stabilise pavements materials are discussed further in this section. 

1.3.1 Lime 

The variants of lime used as a binder in pavement stabilisation are quicklime and hydrated lime. Both 

quicklime and hydrated lime variants are produced form limestone. Limestone is a sedimentary rock 

made up of calcium carbonate.  Quicklime is calcium oxide and hydrated lime is calcium hydroxide 

(AustStab 2010). Other forms of lime are available such as dolomite lime and agricultural lime but these 

are not suitable for pavement stabilisation (Austroads 2019b) and will not be discussed further. 

1.3.1.1 Quicklime 

Quicklime is produced by heating limestone to temperatures over 900 degrees Celsius which removes 

the carbon dioxide and produces calcium oxide. Quicklime is available as a dry product and reacts 

rapidly with water which produces hydrated lime and heat (Austroads 2019b). When used on site 

quicklime must be hydrated before incorporation into the pavement. Hydration of quicklime for use is 

referred to as slaking (Austroads 2018a). Quicklime has approximately 30% more effective lime than 

hydrated lime which makes the cost per tonne cheaper but must be considered when mix design is 

calculated to avoid higher strength gain than required (Austroads 2018a). 

1.3.1.2 Hydrated Lime 

In order to manufacture hydrated lime, quicklime must be hydrated with water. Pure calcium oxide 

requires 320 litres of water per tonne of calcium oxide to be slaked (Austroads 2018a). The mass of 

water in hydrated lime makes it more expensive per tonne than quicklime. The advantages to using 

hydrated lime are the need for less water on site and increased productivity due to being able to 

immediately mix with the pavement (AustStab 2010).  
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1.3.2 Cement 

The cements typically used as a binder in pavement stabilisation are general purpose cements. The two 

types of general purpose cements used in stabilisation are Portland cement and blended cement. 

Portland cement is a mixture of Portland cement clinker and calcium sulphate. Blended cement is 

Portland cement combined with fly ash, ground granulated blast furnace slag and/or silica flume. 

Blended cement has a longer working time than Portland cement and is therefore used more frequently 

in pavement stabilisation that Portland cement (Austroads 2019b). 

1.3.3 Cementitious Binders 

Cementitious binders are combinations of pozzolanic materials that react with the calcium hydroxide 

produced from the hydration of lime or cement to form cementitious materials. The pozzolanic materials 

used are generally ground granulated bast furnace slag and fly ash. Cementitious binders are generally 

more economical than using cement as a binder and provide a longer working time which reduces risk 

of the binder curing prior to adequate compaction (Austroads 2018a). 

1.3.4 Chemical Binders 

Chemical binders used in pavement stabilisation can be in the form of synthetic polymers, organic 

compounds, ionic compounds and salts. Chemical binders are typically very dependent on the existing 

pavement materials therefore the type of chemical binder selected must be carefully considered 

(Austroads 2018a). Chemical binders are often used as compaction aids and for their water repelling 

properties (Das 2003). 

1.3.5 Bituminous Binders 

Bituminous stabilisation can be completed using either foamed bitumen or bitumen emulsion either 

with a secondary binder such as lime or cement to increase the stiffness of the bound pavement or 

without (Austroads 2018a). Using bitumen to stabilise a pavement increases cohesion between non-

plastic materials and reduces moisture sensitivity in materials that would otherwise experience a loss of 

stability when the moisture content increases (Austroads 2019b). 

1.4 Pavement Stabilisation with Slow Setting Binders 

Rehabilitation of existing flexible pavements through in situ stabilisation using slow setting binders is 

a process used by TfNSW to re-cycle a pavement at the end of its life. Pavement stabilisation is defined 

as “a process by which the intrinsic properties of pavement materials or earthworks materials are altered 

by the addition of a stabilisation binder or granular material to meet performance expectations in its 

operating, geological and climatic environment” (Austroads 2019b). Pavement stabilisation provides a 

range of benefits including increasing pavement strength, increasing modulus of materials and reducing 

moisture sensitivity (Austroads 2019b).  
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TfNSW defines slow setting binders as “A binder that is expected to give a Working Time greater than 

6 hours” (Roads and Maritime Services 2012). The increased working time provided by slow setting 

binders is beneficial for compaction and trimming of stabilised pavements. Where a binder such as GP 

cement is used the working time is limited to 2-3 hours (Serruto & Pardo 2001) making construction 

difficult and inefficient by limiting the area that can be mixed in a single operation, slow setting binders 

providing at least 6 hours of working time increase efficiency of construction by allowing for greater 

area to be mixed in a single operation. The increased efficiency of using slow setting binders improves 

the likelihood that the stabilisation will meet compaction requirements and reduces the cost of the 

stabilising operation. Using slow setting binders also provides longer term benefits over other binders. 

The risk of shrinkage cracking is reduced when slow setting binders are used provided appropriate 

trafficking, curing and sealing is completed (Serruto & Pardo 2001). Slow setting binders produce 

smaller, closer spaced cracks than other binders that are faster setting. The type of cracking produced 

by slow setting binders reduces the potential for the cracks to reflect through the bituminous surfacing 

(Austroads 2017). 

1.4.1 Granular Stabilisation 

Granular stabilisation is the improvement of a pavement by the addition of granular materials to alter 

the particle size distribution and plasticity. Granular stabilisation can be completed in-situ to rehabilitate 

an existing pavement. It is a method often used for the improvement of existing pavements that are 

poorly graded or have excess fines particles due to the original source of the pavement gravel. Granular 

stabilisation improves the strength of an existing pavement by increasing the internal friction created 

by the particle size distribution and altering cohesion through the clay fraction (Austroads 2019b). 

Granular stabilisation is often combined with other forms of stabilisation using slow setting binders as 

a combination treatment. The addition of additional granular material in this manner also allows for 

minor surface shape correction to an existing pavement with unsatisfactory crossfall or superelevation. 

1.4.2 Lime Stabilisation 

Quicklime or hydrated lime may be used for a binder with comparable effects providing the difference 

in free lime is accounted for in the mix design and the construction process differences are factored in 

to the cost (Austroads 2019b).  Lime is used as a binder as it improves the properties of pavement 

materials by increasing strength, reducing swell, improving durability and workability. The benefits 

that lime provides for pavement stabilisation allow for improved construction processes and increased 

performance of pavements (Mallela et al. 2004). Lime stabilisation is used to improve pavement 

materials that have higher than desired plasticity index values, provide an increase in strength, reduce 

the  reactivity to moisture and increase workability by changing clay particles from plastic to friable in 

nature (Austroads 2018c). 
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Pavement material with large quantity of fine particles and high plasticity can be improved by stabilising 

with lime. The immediate effect of the lime stabilisation is flocculation of the clay particles which 

improves the workability, reduces the plasticity and increases the strength of the pavement due to 

internal friction (Mallela et al. 2004).  

If the pavement material being treated contains pozzolans such as silica and alumina, a pozzolanic 

reaction will occur between the pozzolans and calcium hydroxide that has cementitious properties. The 

pozzolanic reaction results in additional increase in strength and durability (Mallela et al. 2004). A 

pozzolanic additive can be added to lime to force this reaction when mixed with pavement materials 

which will be covered in section 2.4.3 Cementitious Stabilisation. 

When used in small quantities less than 2% by mass, improvements in workability, strength and 

moisture susceptibility are gained without considerable tensile strength gain. This is often referred to as 

modification. When used in larger quantities lime will increase the modulus and tensile strength of the 

pavement materials. This is referred to as a bound pavement (Austroads 2006).  

1.4.3 Cementitious Stabilisation 

Cementitious stabilisation is the stabilisation of a pavement with a cement or other cementitious 

product. The other cementitious products used are combinations of lime and a pozzolanic material such 

as fly ash or ground granulated blast furnace slag (Austroads 2019b). The pozzolanic materials are not 

self-cementing and require lime or cement to activate (Little et al. 2000).  

Cementitious stabilisation can be used on a wide range of pavement materials. The reaction caused by 

cementitious stabilisation is between the binder and water and will occur regardless of the pavement 

material (Austroads 2019b). The reactions caused by pozzolanic materials are generally slow and 

continue for long time in the presence of moisture and suitable temperatures (Austroads 2018a). The 

main benefits provided by cementitious stabilisation are reduction of moisture sensitivity and the 

creation of bonds between pavement particles. The reduction is susceptibility to moisture increases the 

stability of the stabilized pavement even when the moisture conditions fluctuate. The development of 

bonds between particles increases the tensile strength and elastic modulus of the pavement (Austroads 

2019b). 

Cement stabilisation is more susceptible to issues caused by poor construction due to the short working 

time and is not considered a slow setting binder. Failure to properly compact the pavement prior to 

curing will result in a lower strength than expected. Using a higher percentage of binder than specified 

can cause large block cracking induced by rapid curing and shrinkage (Austroads 2018a). The best 

results are provided by using a supplementary cementitious material chosen based on laboratory testing 

of varying binder types with samples of the pavement to be stabilised (Austroads 2018a). The use of 
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supplementary cementitious materials such as lime and fly ash or ground granulated blast furnace slag 

provides the benefits of cementitious stabilisation as well as those from slow setting binders. 

1.5 The Problem 

TfNSW North region extends from the Hunter region to the Queensland border and west to Gunnedah. 

Stabilised pavements constructed in the North region are exhibiting signs of distress requiring additional 

maintenance over the standard routine maintenance requirements in the early stages of life. The signs 

of distress that these rehabilitated sections of pavement are exhibiting suggest that these pavements will 

not meet the expected design service life without additional maintenance and may need to be 

rehabilitated earlier than desired. The additional maintenance and shortened life have a financial 

implication for TfNSW’ funding profile. The additional operational expense of increased maintenance 

is funded by reducing planned maintenance in other areas. The capital expenditure of rehabilitating the 

pavement earlier than designed is funded by pushing the rehabilitation of a different section of pavement 

out to a future year, which in turn increases the operational maintenance of the delayed pavement.  

TfNSW has developed specifications for the rehabilitation of existing pavements by stabilisation with 

slow setting binders. TfNSW requires that stabilisation of granular pavements meet the requirements of 

its specifications that have been developed to ensure pavements perform as designed. Construction of 

pavement with non-conforming parameters risk reducing life and increasing maintenance costs. 

Significant increases to maintenance costs over the life of a pavement can detrimentally affect the whole 

of life cost of the asset. This will in turn impact the viability of stabilisation as a pavement rehabilitation 

option when considered against other rehabilitation options as part of a whole of life comparison. 

When a pavement is not rehabilitated to the standard required, the design life may not be achieved. 

Assessing the financial impacts of nonconforming pavement rehabilitation will provide a basis for 

reviewing current construction specifications. TfNSW specifications R75 and R73 set out the 

requirements for pavement stabilisation using slow setting binders including layer thickness, 

compaction requirements and unconfined compressive strength (UCS). TfNSW R75 and R73 include 

payment deductions for nonconforming relative compaction but not for nonconforming thickness 

(Transport for New South Wales 2020b). This dissertation will review the impact to design life of 

constructing nonconforming stabilised pavement, the financial costs resulting from the additional 

maintenance required to maintain an acceptable level of service to determine if the deductions currently 

applied in the specification are sufficient to recover costs incurred by TfNSW. The financial 

implications of accepting non-conforming pavements will be examined through a whole of life cost 

analysis using unit rates for maintenance activities in TfNSW’ North region. 
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1.6 Project Aims 

The aims of this project are: 

i. This project aims to review effects of nonconforming compaction and layer thickness on the 

life of stabilised pavements; and 

ii. To investigate the cost implications due to reduced life and increased maintenance requirements 

of stabilised pavements constructed with non-conforming compaction and layer thickness; and 

iii. To propose methods of improving conformance with specification requirements to ensure 

design life is achieved. 

1.7 Project Objectives 

In order to achieve the aims of this project, the report will: 

• Conduct literature review into stabilised pavements and the issues that impact their 

performance. 

• Complete a desktop review of the pavement design, layer thickness and compaction records 

from construction of two stabilised pavements in TfNSW’ northern region to determine areas 

with non-compliant parameters that may impact the life of the pavement. 

• Use mechanistic pavement design software CIRCLY to model non-conforming sections of the 

case study projects to determine theoretical changes to design life. 

• Model three theoretical stabilised pavements with varying subgrade CBR in CIRCLY with 

pavement profiles indicative of those found in the northern region of NSW to review the 

impacts of varying layer thickness and compaction on design life. 

• Complete visual investigations at the two case study sites to determine current pavement 

condition. 

• Calculate the expected life of the case study stabilised pavement projects and compare to the 

design life of these projects to understand the financial implications of construction non-

conformances to TfNSW. 

• Complete whole of life cost analysis of the case study projects to compare costs of completing 

the projects in line with the pavement design and specification against projects with non-

conforming thickness and compaction. 

• Propose methods to improve TfNSW specifications to ensure design life is achieved.  
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1.8 Project Outline 

Literature Review 

Chapter 2 is a thorough review of the literature available regarding stabilisation of granular pavements 

with a focus on the use of slow setting binders. It examines the factors that impact the performance of 

stabilised pavements throughout the service life ranging from initial investigation through to 

maintenance. 

Methodology 

Following on from the literature review, Chapter 3 provides a summary of the methods that were used 

throughout the project. It outlines and explains the techniques and resources that were used to achieve 

the project objectives. 

Case Study Project Review 

Two case study projects were examined. The style background information for each of the case study 

projects is discussed in this chapter. 

Results 

The results obtained through completion of the tasks set out in the methodology are explained in Chapter 

4. Summaries of the data used and produced during the project are provided and analysed to achieve 

project objectives. 

Discussion 

An analysis and discussion on the results presented in Chapter 4 are presented. The outcomes of the 

analysis completed are presented to tie in with the literature and expand the current knowledge in the 

areas identified in the literature review. 

Conclusion 

The work completed throughout the project is summarised the work completed during the project, the 

aims that were met and the objectives that were used to achieve them. Potential areas further work to 

expand on this project are suggested.
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2 Literature Review 

An introduction to binders used in granular pavement stabilisation and methods of stabilisation was 

provided in the previous chapter. This literature review will research the factors that affect the 

effectiveness of stabilisation as a pavement treatment, the maintenance required for stabilised 

pavements and the pavement lifecycle. The information contained in this literature review will identify 

knowledge gaps in the literature and guide the research in the remainder of this dissertation. 

2.1 Issues Affecting Stabilised Granular Pavement Performance 

Pavements are designed and constructed to withstand traffic loadings and to provide safe and 

comfortable travel for road users over a specified design life. Pavements often perform in a manner that 

does not match the intent of the design, require additional maintenance, and need to be rehabilitated 

earlier than expected due to a range of factors. These factors fall into two categories: 

1. Design issues relating to insufficient investigation and the use of incorrect material 

characteristics. 

2. Construction issues such as compaction, thickness and drainage. 

 

 

Figure 2. 3 - Factors affecting pavement performance 

(Source: Austroads 2017) 

  

2.1.1 Design Issues 

The design of a pavement is critical to ensuring the required service life is achieved and funds are not 

wasted on a pavement that will be short lived or require maintenance above acceptable levels. 

Rehabilitation of an existing pavement through stabilisation with slow setting binders is considered to 
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be a cost-effective treatment, but certain factors need to be considered when designing and constructing 

stabilised pavements to ensure their viability over the entire service life. Investigation must be 

completed to provide information regarding the existing pavement materials including their depth and 

quality, the subgrade conditions and local climate conditions including determining periods of typical 

high rainfall (Austroads 2019c). 

2.1.1.1 Pavement Investigation Deficiencies  

To begin the pavement design process the existing pavement and surrounding site must be investigated. 

The existing pavement needs to be examined for signs of distress and their causes, identify areas of past 

maintenance and the cause, existing layer thickness and material types (Austroads 2017).  

Signs of distress and evidence of previously completed maintenance such as patching work may indicate 

lack of thickness in the pavement, insufficient compaction during construction, or low quality materials 

that will all need to be addressed in the design of the new pavement. Failure to identify and account for 

these issues may lead to a reduced pavement life and therefore increased costs due to maintenance or 

early reconstruction/rehabilitation (Austroads 2017).  

The climate of the region must also be considered. Wet climates may cause increases to construction 

costs due to lost time and the need to rework wet pavement (Austroads 2017). In dry climates the 

availability of water for construction may be minimal causing increased costs due to haulage of water.  

The design traffic of the road must be accommodated to ensure that the pavement is structurally capable 

of withstanding the loads from the repeated passage of vehicles. Vehicles are classified by Austroads 

into 12 classes based on axle groups. The pavement must be designed to handle the cumulative loading 

from all axle groups, their type and load traversing the pavement (Austroads 2017). 

2.1.1.2 Mix Design 

A mix design for a stabilised pavement is completed to calculate the ideal quantity of binder that is 

required to form a pavement with the desired characteristics. Samples of the pavement materials 

combined with varying quantity of binder are prepared and tested using the unconfined compressive 

strength (UCS) test method which allows for the optimum binder content to be selected based on the 

strength of test samples (Austroads 2019b).  

A successful stabilised pavement mix design must account for a range of factors that will affect the 

pavement performance. The material characteristics are the most controllable factors during the mix 

design process including the binder type and content, the existing pavement material to be stabilised 

and the moisture content of the mix (White 2007). 
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2.1.1.2.1 Existing Pavement Material 

The existing pavement materials that will be stabilised will impact the performance of a stabilised 

pavement over its service life. It is critical to review the characteristics of the host pavement materials 

as not all binders are suited to all host materials (White & Gnanendran 2002).  

The existing pavement depth should be examined to determine the layer depth to ensure that the mixing 

process does not extend deeper than the existing pavement and incorporate poor quality materials from 

the subgrade into the bound layer (White 2007). Subgrade materials are unlikely to contain adequate 

strength and mechanical properties to benefit the bound layer and will likely reduce the life of the 

pavement.  

Testing should be carried out on the host materials that are being considered for stabilisation to 

determine the particle size distribution and plasticity. The base material should be well graded with a 

plasticity index not greater than 20% (White 2007). If the host materials are not adequately graded, 

granular stabilisation should be considered to improve the particle size distribution as part of the mix 

design (Gray 2017).  

The testing completed to determine the particle size distribution and plasticity can be used as guide to 

determine which binders are most likely to be effective, reducing the cost of testing mix designs 

unnecessarily with binders that are not likely to provide the desired results. 

2.1.1.2.2 Binder Type and Content 

The binder type selected for a stabilised pavement is selected based on host material properties and 

testing with samples of the host material. Table 2.1 provides a guide to preliminary binder selection 

based on the host materials. 



 

16 

 

 

Table 2. 1 - Preliminary binder selection guide 

(Source: Austroads 2019) 

Slow setting binders such as lime and cementitious blends are primarily used in pavement rehabilitation 

through stabilisation. The use of slow setting binders is required to allow for adequate compaction of 

deep lift stabilised layers before the excessive curing had occurred (White & Gnanendran 2002).  

The percentage of binder used to stabilise pavement materials is selected through laboratory testing of 

samples of the host material with a binder of varying percentage by mass of granular pavement material. 

The required binder content will vary depending on the characteristics required from the pavement and 

the material being stabilised (Gray 2017).  

Using a higher binder content than required will result in strength gain over the requirement leading to 

shrinkage cracking and reduced service life. Pavements that exhibit block cracking will require crack 

sealing to prevent moisture infiltration to the pavement and underlying subgrade (Austroads 2009). 

Applying less than the design binder content result in a pavement with a strength lower than required 

to provide the service life expected. Additional patching is likely to be required in this instance 

(Austroads 2009). 

2.1.1.3 Subgrade California Bearing Ratio 

Determining the California bearing ratio (CBR) of a subgrade is essential to the structural design of a 

pavement. The subgrade provides support to road pavement and is regarded as one of the most critical 

factors in determining the pavement materials, thickness and design life (Austroads 2017). The higher 

the bearing capacity of a subgrade, the lower the thickness of overlying pavement required to achieve 

a desired design life (Austroads 2018b).   
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Determining a design CBR can be completed through field testing and laboratory testing. Care needs to 

be taken when design CBR is adopted from field testing. Results from field testing provide the CBR at 

the time of testing and do not account for increased moisture in the subgrade. This method should be 

limited to conditions that are expected to remain the same for the service life of the pavement being 

designed. Laboratory testing can be used in the situation described above and in situations where the 

subgrade conditions such as moisture and density are likely to change as these changes can be replicated 

in the laboratory (Austroads 2017).  

In situations where testing methods are unavailable or not warranted due to the cost, presumptive CBR 

values can be adopted, however care needs to be taken to ensure that previous experience from subgrade 

testing and/or pavement performance is taken in to account (Austroads 2017). Adoption of presumptive 

subgrade CBR values may cause the structural design of the pavement to be insufficient and therefore 

require increased maintenance or lead to the construction of a pavement that is over designed and cause 

the intimal construction cost to be higher than necessary. Table 2.2 shows typical presumptive values 

for subgrade CBR. 

 

Table 2. 2 - Typical presumptive subgrade CBR values 

(Source: Austroads 2017) 

 

2.1.1.4 Structural Design 

Structural design of flexible pavements is completed using empirical design, mechanistic design or a 

combination of both methods depending on the type of pavement. Empirical design relies on the use of 

design charts to determine minimum cover required over subgrade. Structural design of cemented 

pavements is predominately completed using mechanistic design software such as CIRCLY in 

combination with empirical design charts and pavement material properties (Gray 2017). Bound 

materials are considered to be isotropic and linear elastic. Mechanistic design software such as CIRCLY 

assess pavement design by calculating the horizontal tensile strain at the bottom of the bound layer and 

the vertical compressive strain at the top of the subgrade layer (Austroads 2019b).  

The mechanistic pavement software CIRCLY calculates a cumulative damage factor (CDF) for each 

layer in the pavement structure. The CDF can be converted to years of life by dividing by the number 

of years used as the design period. Alternatively, organisations such as TfNSW have created add on 
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applications for use with CIRCLY that complete the calculation necessary to provide the achievable 

life of each pavement layer.  

The structural design process can be the direct cause of early pavement distress or unnecessarily 

increased construction cost if not completed correctly. The use of inaccurate data in the design process 

such as material properties or design traffic can result in a pavement design that is not suitable for the 

location. 

2.1.1.5 Design Traffic 

A pavement must have sufficient structural capacity to withstand the heaviest vehicles as well as the 

cumulative traffic load imposed over the designed life. Austroads (2017) classifies vehicles commonly 

using Australian roads into 12 classes based on vehicle length, axles, the number of axle groups and the 

load applied to the road by these axle groups. The passage of light vehicles over a pavement has been 

documented to have little impact of the deterioration of a pavement, negating the need to include light 

vehicles in the design of a pavement (Austroads 2017).  

Stabilised pavement design relies on the mechanistic-empirical design process which uses the modulus 

of the bound layers to determine the axle repetitions required to cause failure in the pavement structure. 

The typical design period for a pavement rehabilitation ranges from 10 to 20 years and is used in the 

calculation of the cumulative axle repetitions (Austroads 2019a). To calculate the expected axle 

repetitions over the life of a pavement Austroads (2017) provides the process shown in Figure 2.4. 

 



 

19 

 

 

Figure 2. 4 - Procedure for determining design traffic 

(Source: Austroads 2017) 

 

To calculate the life of a proposed pavement design through the mechanistic-empirical design method 

a calculation of the estimated total number of axle repetitions over the life of the pavement based on 

the current traffic data is required which is referred to in Austorads (2017) as the design traffic. 

Mechanistic-empirical design calculates the axle repetitions that a pavement structure can withstand 

during its life otherwise referred to as the allowable traffic. The calculated axle repetitions over the life 

of the pavement are compared with the axle repetitions required to cause failure in the pavement to 

provide a design life in years.  

For flexible pavements the equivalent standard axles (ESA) per axle group are calculated followed by 

the cumulate number of loads applied by each axle group type and axle load. ESA is the term generally 

used to refer to the design traffic loading in the mechanistic-empirical design method (Austroads 2017). 

Austroads (2017) defines the standard axle as “a single axle with dual tyres (SADT) applying a load of 

80 kN to the pavement”.  

The mechanistic-empirical design method for the design of stabilised pavements also requires the 

cumulative heavy vehicle axle groups (HVAG) over the design period which is defined as the design 

traffic (NDT). Design traffic calculation is completed as determined by Austroads (2017) is shown in 

equation 2.1. 
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𝑁𝐷𝑇 = 365 ∗ 𝐶𝐺𝐹 ∗ 𝐴𝐴𝐷𝑇 ∗ 𝐷𝐹 ∗ %
𝐻𝑉

100
∗ 𝐿𝐷𝐹 ∗ 𝑁𝐻𝑉𝐴𝐺 

Equation 2. 1 

Where; 

𝐶𝐺𝐹   = cumulative growth factor 

𝐴𝐴𝐷𝑇 = annual average daily traffic 

𝐷𝐹     = direction factor 

%𝐻𝑉 = average percentage of heavy vehicles 

𝐿𝐷𝐹   = lane distribution factor 

𝑁𝐻𝑉𝐴𝐺 = average number of axle groups per heavy vehicle 

The impact that traffic loading has on the performance of stabilised pavements is well documented and 

discussed in the literature such as Austroads (2017) that outlines the procedure for determining the 

design traffic over a design period shown in equation 2.1. Preparing a pavement design based on traffic 

assumptions or incorrect traffic data may lead to an under designed pavement that will not meet the 

required traffic loading before failure. The pavement may be designed thinner than required to meet the 

fatigue requirements for the actual traffic loading over the design period. The inadequate design will 

cause increased maintenance costs to be incurred by the road authority due to the early fatigue of the 

pavement. 

2.1.1.6 Flexural Modulus 

The primary design input for a stabilised pavement mechanistic-empirical design is the flexural 

modulus of the stabilised layers. The modulus of a stabilised pavement increases with binder content 

which is usually greater than 3% by mass, but is limited by the increased likelihood of shrinkage 

cracking which decreases the modulus. (Austroads 2017). Shrinkage cracking can be limited through 

control over the spread rate, mixing depth and quality of mixing to ensure the target mix design is 

achieved (Louw & Jones 2015). Factors that affect the modulus of stabilised pavements are shown in 

Table 2.3. 
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Table 2. 3 - Factors affecting modulus of stabilised materials 

(Source: Austroads 2017) 

When completing pavement design the appropriate modulus for the stabilised materials must be 

adopted. The value of the cemented modulus is taken as an estimate of the in-situ flexural modulus after 

curing for 90 days. This method is adopted based on the assumption that stabilised materials will be 

cured to a point where there will be minimal change in properties after this period (Austroads 2017).  

TfNSW requires that in-situ stabilised pavements designed in accordance with Austroads Guide to 

Pavement Technology: Part 5 (2019a) that are over 300mm thick are modelled as two separate layers 

for design purposes. The two layers are modelled with separate modulus with the lower layer having a 

reduced modulus compared to the upper layer to account for reduced compaction in the lower two thirds 

of the deep lift stabilised pavement (Transport for NSW 2021b). Pavements that are designed in 

accordance with Austroads Guide to Pavement Technology: Part 2 (2017) and RMS supplement (2018) 

are modelled as a single layer with uniform modulus for the full depth of the layer. 

Flexural modulus can be calculated by means of laboratory testing of test slabs prepared using the 

material to be stabilised mixed with the design binder content. Test beams are cut from the slabs and 

moist cured for 90 days before they are tested for modulus. This method while the most accurate may 

not be used due to the lead time required, availability of testing equipment and personnel in some 

regions. Another method used method of calculating the flexural modulus of bound materials is by 

using developed relationships between unconfined compressive strength (UCS) and modulus where the 

UCS is multiplied by a factor “kUCS” between 1150 and 1400 (Austroads 2017).   

This method is often used as it is relatively cost effective, more readily accessible and takes less time 

to complete the UCS testing compared to laboratory testing of prepared slab samples making it the 

preferred method of testing and determining modulus (White 2007). When modelled in mechanistic-

empirical software the bound layers are assigned a modulus. The assigned value for the modulus is then 

used to determine the strain at the bottom of the bound layers and the vertical strain at the top of 
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subgrade caused by axle movement. The strains are used to calculate the number of load repetitions that 

the bound pavement can withstand before failure (White 2007).  

2.1.1.7 Fatigue 

Stabilised pavements crack as a result of continuous repetitions of tensile strain in the pavement that 

exceeds the capacity of the bound layer. This cracking is known as fatigue cracking and its prevention 

is the main criteria for structural design of bound pavements. Fatigue service life can be estimated from 

the measured flexural strength and modulus (Austroads 2019b).  

Fatigue is the failure criteria modelled in CIRCLY for bound pavements as it is generally the failure 

criterion that defines the fatigue life of this pavement type (White 2007). Austroads (2012) defined the 

in-service fatigue relationship as: 

𝑁 = 𝑅𝐹 (
(
113000
𝐸0.804 + 191)

µ𝜀
)

12

 

Equation 2. 2 

Where; 

𝑁 = the number of allowable repetitions of the load induced strain 

𝑅𝐹 = the reliability factor for cemented material fatigue 

𝐸 =  cemented material modulus (MPa) 

µ𝜀 = load induced tensile strain at the bottom of the bound layer  

Further research in this area led Austroads (2017) to replace the above method shown in equation 2.2 

for determining fatigue in the earlier version of Austroads (2012) based on the recommendations 

proposed by (Geoffrey Jameson 2014) to determine the in-service fatigue relationship for cemented 

materials with the equation 2.3.  

𝑁 = 𝑅𝐹 (
𝐾

µ𝜀
)

12

 

Equation 2. 3 

The methodology for calculating the fatigue relationship was updated to provide for more 

conservative fatigue characteristics of stabilised layers. Using equation 2.3, the value for K, the in-

service fatigue constant is determined by multiplying the fatigue constant k, determined through 

laboratory fatigue data by the laboratory to field shift factor which has a presumptive value of 1.55 

(Austroads 2017). To ensure that the value for the in-service fatigue constant does not allow for 

calculation of stabilised layers that are thinner than a layer of lean mix concrete, a maximum value of 
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in-service fatigue constant is determined using equation 2.4, where E is the design modulus, or in the 

case of cemented materials the flexural modulus.  

𝐾𝑚𝑎𝑥 =
18880

√𝐸
 

Equation 2. 4 

Jameson (2013) has summarised that the exponent used in the fatigue relationship varies depending 

on the region or country and has been accepted to be as high as 32 by some countries. Austroads 

(2017) accepts the exponent as 12 to ensure that the fatigue relationship for allowable repetitions of 

strain are conservative. Adoption of the exponent as 12 reduces the likelihood of cemented pavements 

failing earlier in their design life than intended (Jameson 2013). 

2.1.2 Construction Issues 

The construction of a stabilised pavement is critical to ensuring that the design characteristics are 

achieved. Meeting the requirements of the pavement structural design will provide the highest 

likelihood that the pavement will achieve the expected design life with minimal maintenance 

requirements. Non-conformances in stabilised pavement construction may lead to increased 

maintenance requirements and reduced service life, causing the pavement to be rehabilitated early.  

2.1.2.1 Thickness 

The thickness of stabilised pavements is determined based on the subgrade CBR and the depth of cover 

required over the subgrade as well as the design traffic. The total thickness of cover required subgrade 

increases as subgrade CBR decreases (Austroads 2017).  Design traffic is factored into the calculation 

of thickness with CBR. As the design traffic increases, the depth of pavement must also increase to 

account for the increased traffic loading (Austroads 2017). TfNSW requires an additional 10 mm to be 

applied to the bound layer thickness as the critical layer as a construction tolerance (Transport for NSW 

2021b).  

The review of literature appears to show a lack of research into the effects bound layer thickness changes 

have on pavement life. This is likely due to the fact that thickness of stabilised layers is considered to 

be isotropic in modulus throughout the layer (Austroads 2017). However, it has been determined that 

as a bound layer increases in depth, the greater the variation in density and binder distribution (White 

2007). Constructing a stabilised pavement at a thickness other than the designed thickness will vary the 

binder content by mass of pavement. A thinner insitu stabilised pavement than designed will have more 

binder mixed through the pavement material resulting greater strength gain than desired, which 

combined with the reduced traffic loading capacity of the thinner pavement will cause a shorter than 

desired life before major maintenance or rehabilitation is required. Care also needs to be taken not to 

construct a stabilised pavement thicker than designed. A thicker pavement will contain less binder than 

designed in the mix, therefore creating a pavement with a lower modulus which will decrease the life 
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of the pavement. This variation in binder content as the thickness of cemented layers bound through 

insitu stabilisation increase or decrease appears to have not been examined in the literature.  

The impact of variability in modulus values has been reported by Jameson (2014) as major challenge 

in calculating the life of a stabilised pavement. As varying the thickness of a stabilised pavement while 

maintaining constant binder application rate will vary the modulus of the pavement, the impact on the 

life of pavements constructed with varying thickness could be analysed to close this gap in the current 

knowledge.  

2.1.2.2 Mixing 

Adequate mixing of stabilised pavements is important to guarantee that the mixed pavement on site will 

perform as designed in the laboratory. Uniform distribution of the binder through the pavement 

materials is critical to achieve the designed strength and modulus (Gray 2017). Austroads (2017) 

describes how inefficient mixing may leave areas of pavement material with insufficient binder which 

will create a weaker area than the surrounding pavement. These areas of lower strength will create stress 

concentrations which reduces the fatigue life of the pavement (Austroads 2017). Use of appropriate 

deep lift stabilisation equipment with sufficient power is necessary to achieve uniformity in the 

pavement (White 2007). 

2.1.2.3 Compaction and Moisture 

The compactive effort applied to stabilised pavements is an important factor to consider as compaction 

increases the density of pavement materials which in turn increases the modulus of stabilised materials 

(White 2007). The moisture of the pavement mix affects the density achievable. Varying from optimum 

moisture will usually result in decreased density for a given compactive effort (Austroads 2017) which 

Holtz is due to the surrounding of individual particles with moisture, preventing the mechanical 

interlock that densification depends on (Holtz & Kovacs 1981). During the pavement design, standard 

compaction is used to confirm the optimum density of the design materials to ensure that the design 

modulus can be achieved (G Vorobieff & R Yeo 2002). During the construction process, equivalent 

compaction must be achieved to ensure that the same modulus achieved in the laboratory during the 

design stage in achieved on site. 

Compaction needs to be completed within the working time of the binder used (Austroads 2019c) and 

as soon as possible after the mixing of the binder and water to ensure that the hydration process does 

not cure the pavement before the required compaction has been achieved (Austroads 2017). The longer 

the delay between mixing and compaction, the more the binder will strengthen the pavement mix and 

reduce workability (White 2007). White (2007) reported that increased delay in compaction after 

addition of binder resulted in decreased density which in turn resulted in reduced modulus.  



 

25 

 

Another factor to be considered when constructing deep lift bound pavement over 200 mm in depth, the 

lower portion of the layer may achieve a lower density than the higher portion of the layer. This effect 

is referred to as a density gradient or profile in the literature. Transport for NSW (2021) requires that 

bound layers over 300mm in depth be sub layered when modelled in CIRCLY to account for the lower 

third of the pavement having a reduced modulus resulting from the reduced density. Despite the density 

gradient, constructing deep lift bound pavements is preferred over multiple thin layers due to the risk 

of debonding between the layers significantly reducing pavement performance (Austroads 2012). 

Appropriate compactive equipment relative to the depth of layer is required to achieve the required 

density and minimize the density gradient in deep lift pavements. For deep-lift stabilised pavements 18 

tonne vibratory padfoot and smooth drum rollers are required as a minimum (Austroads 2019c). Heavier 

rollers up to 30 tonnes are available which can provide the maximum dry density at full depth of deep 

lift stabilised layers providing site conditions allow for the heavier equipment and increased loads. 

It is generally accepted that as the density of pavement materials increase, so too does the modulus up 

to an optimum point as reported by Austroads (2017). As modulus is primary material parameter for 

mechanistic pavement design software CIRCLY that is widely used in Australia, the relationship 

between density and modulus is of relevance. White (2007) reported that Foley, et al (2001) conducted 

research that found the UCS increased by approximately 15 % per 1 % increase in dry density ratio 

(DDR), equal to 0.4 MPa. White (2007) additionally discussed research by Transport South Australia 

(1998) that found that an increase in DDR of 1 % resulted in an increase in UCS of 0.2 MPa. Andrews 

(1998) investigated the relationship between dry density ratio and unconfined compressive strength as 

shown in Figure 2.5 which presents an increase in unconfined compressive strength of 0.1811 MPa per 

1 % increase in dry density ratio. 

 

Figure 2. 5 - Dry density ratio vs Unconfined compressive strength 

(Source: Andrews (1998)) 
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While the literature generally accepts that the flexural modulus of cemented materials increase with 

the density of the material, the research to date has focused on the relationship between density and 

unconfined compressive strength. Relationships between the flexural modulus and the relative density 

of a stabilised pavements appear to not have been examined in any detail. Jameson (2014) reported 

that variation in density of a stabilised pavement impact the accuracy of calculating the life of a 

stabilised pavement but a relationship was not defined. The gap in the current knowledge could be 

improved through the analysis of the relationship between compaction and design life over a range of 

pavement conditions. This would allow for a broad approach to quickly determine the impact of 

accepting nonconforming compaction during construction in terms of lost years of pavement life. 

2.1.2.4 Curing 

Stabilised pavements gain strength through curing. Curing is the process where the binder hydrates with 

water within the pavement materials, leading to the formation of cementitious materials in the case of 

cementitious stabilisation (White 2007). The hydration of the binder begins immediately after the binder 

comes in contact with water in the mixing process. If cement is used in the binder the initial strength 

gain will be rapid within the first day. If the binder is a slow setting blend without cement the reactions 

are pozzolanic, which are slow but continue for a long period of time if moisture is present (Austroads 

2019b).  

2.2 Stabilised Pavement Maintenance 

As a pavement ages, fatigue will present in varying ways due to the underlying cause. Regular 

maintenance of pavement is required to limit defects and ensure conditions are suitable for traffic. It is 

essential to identify the cause of pavement distress to prevent completing maintenance activities that 

will not address the cause of the distress (Austroads 2009).   

2.2.1 Heavy Patching 

Heavy patching is the process of completing deep repairs to selected areas of pavement using 

stabilisation methods. Heavy patching is often used when a stabilised pavement exhibits localised 

failures such as rutting, shoving and crocodile cracking. Heavy patching is a suitable repair method for 

these types of failures due to the nature and cause of the failures. Crocodile cracking is often caused by 

lack of compaction and fatigue which can be repaired through the targeted patching. Shoving and rutting 

are often caused by inadequate compaction and insufficient pavement thickness that can be addressed 

through localised heavy patching to sufficient depth (Austroads 2019a). Patching a granular pavement 

in this manner is generally used to provide a repair to a targeted section of pavement with the aim of 

delivering an increase in life for the failed area in line with the surrounding pavement. 
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2.2.2 Crack Sealing 

Stabilised pavements are susceptible to shrinkage and fatigue cracking. Pavements with higher binder 

content produce larger sized blocks than pavement that a lightly bound due to the higher strength of the 

pavement materials (Austroads 2019b). Other factors such as late trafficking of pavement, insufficient 

compaction, errors in binder application rate can add to crack formation. Pavement cracking needs to 

be addressed to prevent moisture infiltration into the pavement which will lead to additional failures. 

Crack sealing is used to treat cracked stabilised pavements. The material used for crack sealing may be 

polymer or rubber modified bitumen products that are used at high temperatures to fill cracks while 

maintaining flexibility. The flexibility of the crack sealant is essential to allow for movement of the 

cracked pavement. Due to the continual movement of the cracked pavement the crack sealing will fail 

after a few years and need to be re-applied (Austroads 2019a).  

Crack sealing may also be used to treat asphalt wearing courses where the underlying pavement 

condition has caused cracking to occur. Crack sealing of asphalt wearing courses provides the same 

benefit as sealing of bound pavements by preventing the infiltration of moisture into the pavement. 

2.2.3 Resealing 

Sprayed seals are applied to flexible pavements including stabilised pavements to provide a range of 

benefits over an unsealed pavement. Benefits provided by sealing a pavement include providing skid 

resistance, protecting the pavement from moisture ingress, minimize dust generation by traffic and 

minimize wear on the pavement and therefore increase the life of the pavement (Austroads 2018d). 

Sprayed seals deteriorate over time and their effectiveness decreases. A pavement should be resealed 

when one or more of the benefits provided by a sprayed seal have deteriorated to a point where the 

underlying pavement is put at risk or level of service provided by the seal is no longer sufficient. 

Applying a reseal restores the waterproofing of the pavement and provides new aggregate wearing 

surface for traffic (Austroads 2018d).  

2.3 Pavement Lifecycle 

Life cycle costing is defined as “assessing the cost of a product over its life cycle” (Transport for NSW 

2018). The lifecycle of a pavement asset includes the following stages as outlined in Figure 2.6 

(Transport for NSW 2018): 

• The determination of the need for the asset.  

• Planning for the use of the asset including specification of design. 

• Acquisition of the pavement through construction/ rehabilitation. 

• Operation and maintenance of the pavement asset. 
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• Disposal of the asset at the end of its useful life. 

 

Figure 2. 6 - Life Cycle Phases (Transport for NSW 2018) 

When roads authorities review pavement construction and/or rehabilitation methods the cost of 

construction is always considered to ensure planned works are within budget constraints. Different 

pavement types have varying maintenance requirements therefore it is critical that the life cycle cost is 

also considered as part of the options analysis to ensure the minimum costs over the life of the pavement. 

A pavement design that requires additional and/or more expensive maintenance throughout its life may 

offset an initial cost saving at construction reducing its viability as a treatment (AustStab 1996). 

The cost of pavement maintenance and rehabilitation are continually increasing. It is important that 

roads authorities such as TfNSW utilize processes that consider the economic impact of selected 

pavement rehabilitation techniques. Life Cycle Cost Analysis (LCCA) is such a process that facilitates 

the investigation of economic viability of different pavement rehabilitation options (Babashamsi et al. 

2016). 

2.3.1 Environmental and Social Expectations 

The Australian public expects that government agencies such as TfNSW manage road networks and 

associated activities in a sustainable and economically viable manner. It is expected that government 

undertake road maintenance and construction practices that result in minimal delays to traffic and 

community by adopting rehabilitation methods based on efficiency and cost effectiveness (White & 

Gnanendran 2002).  

Environmental sustainability is a key consideration for roads authorities when planning for pavement 

works. Recycling existing products and using by-products of other industries prevents waste from 

entering landfills, saving communities valuable space and resources. Considerations for environmental 

sustainability will continue to guide government planning to implement practices that reduce waste and 

re-use  by-products of other industries such as ground granulated blast furnace slag and fly ash used in 

cementitious stabilisation (White & Gnanendran 2002).  

The NSW Government has implemented policy to guide its agencies including TfNSW in environment 

and sustainability management. The intent of this policy is to drive continual improvement in the 

management of TfNSW’ infrastructure to ensure the greatest possible efficiency is achieved. Whole of 

life benefits and impacts must be considered alongside, environmental protection and sustainability 

(Transport for NSW 2020).  
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2.3.2 Sustainability and Ethics 

A duty of care is assumed by all people undertaking work. The responsibility for ensuring that research 

completed will aid in the progression of sustainable practices and that the research itself will be 

completed in a sustainable and ethical manner is held by those completing the research. This research 

project will examine the practice of stabilising pavement materials using slow setting binders and the 

issues that affect the performance of this practice.  

The practice of stabilisation of an existing pavement re-uses the existing pavement materials in the new 

pavement rather than removing and disposing of thousands of tonnes of materials. Slow setting binder 

also contain by-products from other industries that are used to add and/or increase the pozzolanic 

reactions within the pavement materials to increase the strength. Combining the recycling of existing 

materials with the use of by-products from other industries into a single project provides great 

environmental benefits in terms of reduced waste, haulage costs and fuel consumption.  

2.4 Life Cycle Cost Analysis 

When examining the cost of pavement rehabilitation, the design options need to be considered from a 

whole of life perspective. The costs throughout the pavement service life from design, construction, 

maintenance through to future rehabilitation must be evaluated in order to determine the most cost-

effective option available. Life Cycle Cost Analysis (LCCA) is a method that can be used to compare 

different pavement rehabilitation options based on the Net Present Value (NPV) (Babashamsi et al. 

2016). LCCA is especially useful when comparing alternative options that provide equivalent level of 

service and design life but differ in terms of initial cost and level of maintenance required to maintain 

the required level of service (Fuller 2010). 

When considering pavement rehabilitation, the life of the pavement is considered to include the length 

of time from construction through to rehabilitation. The initial construction may be a rehabilitation of a 

previous pavement or construction of completely new pavement. The costs incurred when investigating 

different pavement types can be considered to be construction and maintenance. The rehabilitation at 

the end of service life is considered in the subsequent LCCA.  

In order to accurately compare alternative pavement costs the present value must be calculated. The 

present value of life cycle costs over a given analysis period defined by desired service life includes the 

initial construction cost, costs associated with maintenance and at what point during the analysis period 

they are incurred and the salvage value at the end of service life (Austroads 2018c). 

LCCA relies on the NPV of future costs such as maintenance. Future costs within the analysis period 

need to be discounted back to their present value to allow for direct comparison of pavement options in 

terms of current value. All future cash flow, whether positive or negative is to be discounted using the 

appropriate discount rate and then summed (Žižlavský 2014). Inflation is excluded from NPV 
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calculations used in the life cycle costing of pavements, allowing all future costs associated with the 

assessed option to be considered as present day costs (Austroads 2018c). 

2.5 TfNSW Pavement Stabilisation Specifications 

Pavement rehabilitation completed by TfNSW on the North Region is most commonly completed using 

insitu stabilisation methods. The rehabilitation of pavements in this manner is managed through the 

TfNSW specification “R75 Insitu Pavement Stabilisation Using Slow Setting Binders” (2020b). While 

not as common as insitu stabilisation, imported plant mixed stabilised materials are used and are 

constructed under TfNSW specification “R73 Plant Mixed Heavily Bound Pavement Course” 

(Transport for NSW 2021a). 

2.5.1 Compaction 

Transport for NSW (2020a) sets out the requirements for compaction on pavement rehabilitation 

projects using insitu stabilisation. Compaction is required to be completed immediately after the 

addition of the binder into the pavement material and must be completed in a continuous operation. 

These standards are required to ensure that the pavement is as homogenous as possible allowing for 

uniform compaction and reduced possibility of failing to meet compaction requirements caused by 

compaction delay. Each lot is sampled for insitu density and the material tested is removed for testing 

in the laboratory to determine the relative compaction. For non-cohesive materials such as granular 

pavement materials in a base course, relative compaction or dry density ratio (DDR) is determined by 

TfNSW in accordance with TfNSW Test Method T166 (2012) as shown below: 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐶𝑜𝑚𝑝𝑎𝑐𝑡𝑖𝑜𝑛 =
𝐹𝐷𝐷

𝑀𝐷𝐷
∗ 100% 

Equation 2. 5 

Where: 

FDD = Field dry density 

MDD = Maximum dry density 

TfNSW (2020a) requires that relative compaction for bound layers less than 250 mm thick must be 

greater 102 %. Bound layers greater than 250 mm thick must have a characteristic valuer for relative 

compaction at 300 mm greater than or equal to 100 %. The lower third of the layer may have an 

individual relative compaction of greater than or equal to 95 %. In the circumstance where the bound 

layer will be greater than 250 mm, the design should allow for this reduced compaction the lower third 

of the layer. TfNSW requires that his is modelled in CIRCLY by reducing the modulus in the lower 

third of the layer to 3200 MPa (Transport for NSW 2021b). This reduction in modulus required by 

TfNSW implies a decrease in modulus of 7 % per 1 % of relative compaction below maximum dry 

density which is similar to the reported research by White (2007), and Transport South Australia (1998). 
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TfNSW (2020a) allows for acceptance of stabilised pavements with non-conforming compaction with 

a payment deduction for the stabilised pavement pay item. The deductions are dependent on the degree 

of non-conformity as shown in Table 3.1. The specification also allows for acceptance of a lot with a 

thickness greater than 250 mm where the relative compaction is lower than 95 % in the lower third of 

the layer with a deduction of 20 % to the pavement pay item for the nonconforming section. 

 

Table 3. 1 - Deductions for relative compaction 

(Source: Transport for NSW 2020) 

2.5.2 Thickness 

TfNSW (2020b) requires that the thickness of insitu stabilised pavement layers be a minimum of 10mm 

greater than the design thickness and up to a maximum of 30mm greater than the design thickness. 

There are currently no deductions available to accept nonconforming pavement thickness. 

Nonconformances of this type are intended to be managed through the standard nonconformance 

process in the specification that specifies that nonconforming lots not accepted with a pay item 

deduction must be replaced or rectified at the expense of the contractor (Transport for New South Wales 

2020b). Complete replacement of a bound pavement is prohibitively expensive often leading to the 

rectification process. Rectification of stabilised pavement must consider the binder already incorporated 

into the pavement materials along with the effects of re-mixing the pavement and adding additional 

binder. Even with the completion of the rectification process according to the specification, construction 

of a homogenous pavement using this method is unlikely to be achieved. Differential curing and distress 

is likely to present as early failures requiring additional maintenance. Minor nonconformances due to 

thickness are often accepted as is to reduce the risk associated with re-working a recently bound 

pavement. Without a deduction process for thickness, the cost of the nonconformance must be borne by 

TfNSW. 

2.6 Summary 

The literature review has examined the available written sources regarding stabilised pavement and the 

factors that affect its performance over time. A review was completed of techniques used for 

stabilisation of granular pavements, different binders available and circumstances that stabilisation is 

accepted as a viable rehabilitation method. Research and technical material is available and well 

documented for pavement issues and maintenance techniques required for remediation of pavement 
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defects. Three key issues that were identified as lacking in research outcomes and suitable for additional 

investigation are: 

• There is minimal research regarding the impact of non-conforming thickness of stabilised 

pavements on performance over time. The thickness of a pavement bound through insitu 

stabilisation will cause a variation in the application rate of the binder, which will in turn drive 

an increase in strength of the pavement materials. The strength of pavement materials has been 

linked to modulus through an established relationship that will be explored in the following 

chapters through modelling in CIRCLY to establish a relationship between thickness and design 

life. 

• Research into the impact of non-conforming compaction of stabilised pavements on the 

performance over time is broad in nature. The research appears to focus on the impacts to 

unconfined compressive strength and not on the modulus of the stabilised materials. The 

variation in modulus caused by variation in density will be examined in the following chapters. 

This analysis will allow for modelling in CIRCLY to determine a relationship between 

compaction and design life. 

• The financial impacts of increased maintenance requirements due to a pavement failing to meet 

the design life expected does not appear to have been examined in the literature. While 

increased maintenance is known to come at increased cost, a relationship between 

nonconformances for thickness or compaction and the lost life and increased maintenance has 

not been established. The cost incurred by roads authorities for maintenance is considerable 

and will be examined through whole of life cost analysis. 
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3 Methodology 

3.1 Introduction 

Study of available literature and research in Chapter 2 of this project has been completed to determine 

the extent of knowledge regarding the design, construction and performance of stabilised pavements. 

The research has identified that stabilised pavements with insufficient modulus will result in a reduced 

pavement life. Research has been reviewed that examined the relationship between compaction and 

unconfined compressive strength which can then be related to modulus.  

While thickness is a factor examined in the research, the impact of constructing a non-conforming 

stabilised pavement layer is not examined in terms of the impact on pavement life. The literature review 

has also identified that there is a knowledge gap when considering the consequences of insufficient 

compaction and its effect on modulus and in turn, the life of the pavement.  Expanding on these issues, 

the financial impact that construction of a bound pavement with nonconforming thickness or 

compaction has for the asset owner in terms of increased maintenance and/or early rehabilitation has 

not been found to be examined.  

To increase the body of knowledge relating to stabilised pavements this project has examined the 

theoretical impacts of thickness and relative compaction on the life of stabilised pavements and from 

there, the incurred cost of nonconformance. The costs of increased pavement maintenance impact the 

viability of the selected pavement type and must be funded by the road authority or asset owner and are 

therefore of interest. 

3.2 Pavement Analysis Methodology 

The financial impact of constructing a bound pavement with thickness or compaction nonconformances 

over the life of a bound pavement was the focus of the remaining sections in this project. To enable the 

examination of financial impact, pavements with varying thickness and pavements with varying 

compaction were modelled in CIRCLY to determine relationships between design life, varying bound 

layer thickness and varying compaction.  

The impact on the life of the pavement was used to calculate the financial implications of 

nonconforming pavement according to the calculated relationships. Whole of life calculations were 

completed for bound pavements of varying thickness and compaction to calculate a cost per square 

meter over the design life of the pavement. The unit rate determined was used to assess the suitability 

of specifications currently in use to recover the cost of non-conforming pavement from the construction 

contractor. 
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3.3 Review of Granular Pavement Stabilisation Projects 

TfNSW manages the classified roads in the NSW classed as State Roads. State Roads are the primary 

arterial links between major urban areas and are the principal traffic and freight carrying routes for 

NSW. TfNSW is responsible for the management of State Roads including funding, maintenance, 

construction and reconstruction of road assets (Roads and Traffic Authority 2008). Under this 

responsibility, TfNSW rehabilitates pavements of State Roads when they reach the end of their useful 

life which is determined by a reduction in service level to a point where TfNSW considers the life to be 

complete. Rehabilitating a pavement through stabilisation to create a heavily bound pavement is a 

common treatment implemented by TfNSW.  

Two heavily bound stabilised pavement projects were examined by review of the pavement design 

reports that contain examinations of the pavement conditions, traffic volumes and site conditions used 

to prepare the pavement rehabilitation design. A review of the completed pavement stabilisation 

projects’ quality assurance records was completed to identify any nonconformances in the thickness or 

compaction. The current condition of these pavements was examined through visual field investigations 

to record pavement defects and signs of previous maintenance completed. A comparison of the 

construction nonconformances and current pavement condition was completed to determine if the 

observed defects in the pavement were likely to have been caused by the construction. 

3.4 Pavement Modelling in CIRCLY 

In order to examine the impact of pavement nonconformances caused by construction, the case study 

projects and three theoretical pavements were modelled in CIRCLY. The case study pavements were 

analysed using the original pavement designs to create a base line for design life, followed by variations 

to the thickness and compaction of the bound layer. The original pavement design was completed using 

RMS’ software FPD2 which was not compatible with CIRCLY 7.0 at the time the modelling was 

completed for this research causing the results vary slightly from the original design. 

The analysis in CIRCLY was completed using the design traffic calculated at the time of design for the 

case study projects with the RMS presumptive traffic load distribution (TLD) included in Roads and 

Maritime Services (2018). The theoretical pavements used the RMS presumptive TLD and the average 

design traffic of the two case study projects.  

The theoretical pavements were designed based on a common pavement structure within the North 

region in NSW being 200 mm of base quality material and 200 mm of subbase quality material over 

subgrade of varying CBR subgrade. This often requires the overlay of additional base quality material 

prior to stabilisation to maintain at least 100 mm of granular subbase depending on the stabilised layer 

thickness required. The three theoretical pavements contained the same pavement structure but ranged 

in subgrade strength using 3 %, 5 % and 7 % CBR to predict the impact of non-conforming construction 
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over a range of conditions. The existing subbase layer was modelled with a modulus of 250 MPa to 

comply with Roads and Maritime Services supplement to Austroads (2018) maximum presumptive 

modulus.  

Each material used to create a layer in CIRCLY requires definition of the modulus, Poisson’s ratio and 

fatigue constant. Calculation of the modulus was completed using equation 8 from Austroads (2017) 

shown below as equation 3.1. 

𝐸𝑓𝑙𝑒𝑥 = 𝑘𝑈𝐶𝑆 ∗ 𝑈𝐶𝑆 

Equation 3. 1 

 

The value for kUCS adopted for this project depends on the circumstance of its use. For the case study 

projects, kUCS was back calculated from the design UCS and modulus which is explained as each project 

is discussed. For the three theoretical pavements the average value from the range recommended by 

Austroads (2017) of 1275 was adopted to be conservative. 

The Poisson’s ratio adopted for this project was the typical value of Poisson’s ratio for cemented 

materials recommended by Austroads (2017) and required by Roads and Maritime Services (2018) of 

0.2.  

The fatigue constant used in the CIRCLY analysis was calculated using a linear relationship between 

the upper and lower values for fatigue constant and flexural modulus provided by TfNSW (2021b) for 

cemented materials. The values provided for fatigue constant corresponding to cemented modulus at 

5000 MPa and 3200 MPa are 263 and 312 respectively (Transport for NSW 2021b).  

The relationship between flexural modulus and fatigue constant adopted is shown in equation 3.2. 

𝐾 =  −0.0272𝐸 + 399.11 

Equation 3. 2 

 

While the actual values of the fatigue constant would not form a linear relationship, it was considered 

acceptable for the purposes of this project as the intent was to relate the results back to the TfNSW 

specification for stabilised pavements using a postulated model for fatigue constant and flexural 

modulus. To confirm that the values adopted for fatigue constant were suitable for the purposes of this 

theoretical analysis, a comparison was made with the maximum value recommended by Austroads 

(2017) to ensure that stabilised granular pavements are thicker than lean mix concrete pavements which 

showed that the postulated values remained under the maximum values for fatigue constant and were 

within 1 % to 8 % of the limit as presented in Figure 3.1. This relationship becomes less accurate as the 

modulus increases or decreases away from the design modulus of 5000 MPa and outside the bounds of 
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3000 to 6000 MPa would be unsuitable. The equation for kmax that was used in Figure 3.1 is presented 

in equation 2.4.  

 

 

Figure 3. 1 – Modulus vs fatigue constant determined from modulus and fatigue constant provided by TfNSW 

(Source: TfNSW (2021b)) 

 

To further verify the postulated method of calculating the theoretical fatigue constant, the flexural 

strength was calculated using the modulus and fatigue constant from the postulated method and the Kmax 

method from Austroads (2017). Figure 3.2 presents the results of flexural strength calculations that were 

determined using equation 3.3 derived from Austroads (2017). The postulated method is shown to 

provide a flexural strength that follows a similar curve to those determined using Kmax while remaining 

under the limit, ensuring that the values adopted will not provide thicknesses less than would be required 

for a corresponding layer of lean mix concrete.  
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Figure 3. 2 – Comparison of flexural strength and modulus calculated for the postulated method for fatigue constant and 

maximum fatigue constant 

 

𝐹𝑆 =
(𝐾 + 285)𝐸 − 919300

240𝐸
 

Equation 3. 3 

Where: 

FS = Flexural strength (MPa) 

E = Modulus (MPa) 

K = Fatigue constant 

 

CIRCLY calculates the cumulative damage factor for each pavement layer using equation 3.4. The 

pavement is limited by the layer with the highest CDF and therefore lowest capability to withstand 

traffic loading applied through the strain distribution mechanism of each material. 

𝐶𝐷𝐹 =
𝑛

𝑁
 

Equation 3. 4 

 

Where n is the number of repetitions of the load and N is the allowable repetitions of the load that are 

calculated to cause the pavement to fail. A CDF of 1 indicates that the pavement layer has reached the 

design period, while a CDF of greater than 1 indicates early failure of the layer and a CDF of less than 

1 indicates excess life over the required design period. Cemented layers distribute the stress from traffic 

loading as tensile strain at the bottom of the cemented layer. CIRCLY determines the tensile strain at 
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the bottom of the stabilised layer and displays in a report which was saved for inclusion in the 

appendices for each material modelled. 

The pavement life in years was back calculated from the cumulative damage factor (CDF) CIRCLY 

produces using the method in equation 3.5. 

𝐷𝑒𝑠𝑖𝑔𝑛 𝐿𝑖𝑓𝑒 =
𝐶𝐷𝐹

𝐷𝑒𝑠𝑖𝑔𝑛 𝑃𝑒𝑟𝑖𝑜𝑑
 

Equation 3. 5 

 

 

3.4.1.1 Thickness with Uniform Characteristics 

The case study projects, and the theoretical pavements were modelled in CIRCLY over a range of 

pavement thicknesses. The thickness was varied in 10 mm increments to calculate the cumulative 

damage factor which was then converted to years of design life. The optimum thickness for each 

pavement over a 20 year design period was calculated using CIRCLY’s automated process for 

thickness. The modulus used for this process was the modulus used for the original pavement designs 

completed by TfNSW. TfNSW used a modulus of 5000 MPa as required in RMS Supplement to 

Austroads Guide to Pavement Technology Part 2: Structural Design. RMS (2018) also provides the 

Poisson’s ratio of 0.2 and fatigue constant of 263 which was adopted for this process. Modelling the 

pavements in CIRCLY with uniform characteristics regardless of constructed thickness replicated the 

performance of a stabilised pavement constructed with plant mixed stabilised materials as would be 

required under TfNSW R73 Specification: Construction of Plant Mixed Heavily Bound Pavement 

(Transport for NSW 2021a).  

This process provided a design life for each thickness analysed at each of the two case study projects 

as well as the three theoretical pavements. The variation in design life was used to calculate the impact 

of failing to construct to the design thickness in terms of years by decreasing the design period to the 

achievable life.  

3.4.1.2 Thickness with Variable Characteristics 

Secondary analysis was completed for the two case study projects and the three theoretical pavements 

to reproduce results that as closely resembled site conditions as possible when working under TfNSW 

R75 Specification for insitu stabilisation (Transport for New South Wales 2020b). The stabilised layer 

thickness was varied as it was in the previous process detailed in section 3.4.1.1. The thickness of the 

underlying layer was also varied in line with the stabilised layer to replicate the effect of raising or 

lowering the mixer in the pavement. As thickness of the stabilised layer was reduced in CIRCLY, the 

underlying granular subbase layer thickness was increased. The opposite was modelled for increasing 
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thickness by decreasing the thickness of the granular subbase layer. The subbase thickness was 

modelled at 100 mm thickness for the optimum design thickness and the thickness varied with the 

corresponding stabilised base thickness for all other thicknesses analysed in CIRCLY. The thickness of 

each layer as well as other characteristics can be found in Appendix C. 

In order to replicate the construction implications of variable thickness when using insitu stabilisation, 

the percentage of binder in the mix was varied to suit the depth of the stabilised layer. The binder spread 

rate was kept constant which caused a variation depending on the thickness. A thicker layer had less 

binder and a thinner layer had more binder by mass of pavement materials. Figure 3.3 demonstrates this 

for the two case study projects and equation 3.6 provides the method used to determine the binder 

percentage for each thickness that was analysed in CIRCLY. 

 

Figure 3. 3 – Variation in binder content as stabilised layer thickness is changed during insitu stabilisation 

 

𝐵𝑖𝑛𝑑𝑒𝑟 % =
𝑆𝑅

𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 ∗ 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
 

Equation 3. 6 

Where: 

SR = spread rate (kg/m2) 

 

Using the relationship between binder percentage and thickness presented in equation 3.6, the UCS was 

calculated for each thickness using the results from the original pavement investigation UCS testing 

discussed in sections 4.1.2 and 4.2.2 and then the modulus for each thickness was calculated from the 

UCS using equation 3.1. The UCS for the theoretical pavements was calculated by combining all the 
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test results from the two case study projects to create a linear relationship between binder percentage 

and UCS. The fatigue constant for each thickness was calculated using equation 3.2 and then a new 

cemented material was created in CIRCLY for each thickness analysed. Figure 3.9 illustrates this 

process for a stabilised layer thickness of 290 mm and design modulus of 5066 MPa. 

 

Figure 3. 4 – CIRCLY 7.0 Analysis of the Boree Project with 290 mm stabilised layer thickness 

3.4.1.3 Compaction 

Analysis of the case study projects and the theoretical pavements for variable compaction was 

completed by adopting the relationship determined by Andrews (1998). According to Andrews (1998) 

the UCS will increase with the dry density ratio as shown in equation 3.7. 

 

𝑈𝐶𝑆 = 0.1811𝐷𝐷𝑅 − 14.095 

Equation 3. 7 

 

UCS values were calculated for each DDR using equation 3.7 and then converted to modulus using 

equation 3.1. The value used for the constant kUCS for the case study projects was the value adopted 

during the original pavement designs which is described in sections 4.1.2 and 4.2.2. To examine the 

theoretical pavements the middle of the range recommended by Austroads (2017) of 1150 to 1400 was 

used for the kUCS value which is 1275. The fatigue constant was calculated using the same process used 

for the pavement modelling for thickness using equation 3.2. 

Compaction was modelled in CIRCLY over a practical range of 90 % to 105 %. TfNSW R75 

specification allows for reduced compaction in the lower half of a stabilised layer thicker than 250 mm. 

To replicate this outcome, the Braemar and Boree project were also modelled with 95% compaction in 

the lower half of the layer to calculate the reduced design life. To measure the density gradient during 
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construction of the Braemar project, density testing was completed at 150 mm depth and at 300 mm 

depth in the same location for each test required.  

3.5 Economic Assessment of Nonconforming Stabilised Pavements 

A stabilised pavement not constructed according to specifications is considered to have a reduced design 

life. When a stabilised pavement has reached the end of its design life it is considered to be cracked and 

considered an unbound pavement for any further modelling as the tensile strength resulting from the 

isotropic properties of the homogeneous bound layer has greatly reduced (Austroads 2017). After the 

bound layer has reached its allowable fatigue loading, the post cracked phase can be considered by 

continuing to fatigue the other layers in the pavement structure providing that the cracking does not 

reflect to the pavement surface. If the bound layer is the base course and is only covered by a thin 

wearing course such as sprayed seal or thin asphalt the post cracked phase can’t be considered in the 

mechanistic design. For the purposes of this research, the bound layer is modelled as the base course 

making analysis of the post cracked phase unsuitable for the mechanistic design (Austroads 2017).  

The economic assessment of the stabilised pavements in this research focuses on the increased 

maintenance required to extend the life of the pavement to the end of the original design period or 

completing early rehabilitation to reset the pavement life with what would be considered a new 

pavement. The whole of life cost method will be used to allow maintenance costs to be included in the 

analysis over the life of the pavement, rather than just the initial construction cost. The whole of life 

cost method will allow for all expenditure throughout the life of the pavement to be considered at the 

present value (Transport for New South Wales 2016). 

As the stabilised pavement will be considered for future rehabilitation, the requirements set out in 

TfNSW supplement to Austroads Guide to Pavement Technology Part 5 will be followed. The residual 

salvage value of the pavement will be considered as 25 % of the initial construction cost. The real 

discount rate will be 7 % along with sensitivity tests completed for 4 % and 10 %. The analysis period 

will be 20 years to align with the design period for rehabilitated pavements on state highways in the 

northern region of NSW.
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4 Case Study Project Review 

4.1 Braemar Pavement Rehabilitation Project Case Study 

One of the State Roads managed by TfNSW North Region is the Summerland Way. The Summerland 

Way is 198km in length and connects the towns of Grafton, Casino and Kyogle to the Queensland 

Border where it joins the Mount Lindesay Highway. The Summerland Way pavement is predominantly 

flexible granular pavement, made up of both unbound and bound sections. TfNSW often considers 

stabilisation of the pavement on the Summerland Way when reviewing potential rehabilitation options 

due to the existing pavement thicknesses and subgrade CBR presenting as suitable. A project that has 

been recently completed on this road is the Braemar Pavement Rehabilitation between Grafton and 

Casino. 

 

Figure 4. 1- Map showing Summerland Way between Grafton and Casino, NSW 

(Source: NSW Spatial Services) 

 

4.1.1 Project Background 

The Braemar project was completed in 2020. The existing pavement consisted of 30 mm of sprayed 

seals, 250 mm of stabilised granular base, 150 mm unbound granular subbase, 200 mm of select material 

over a subgrade with CBR of 4%. The pavement was 19 years old at the time of pavement investigation 

and was exhibiting block cracking and slight rutting in the wheel paths indicating fatigue of stabilised 
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base layer. The failures in the pavement were determined to be the result of inadequate pavement 

stabilisation depth and variable material qualities within the pavement.  

 

Figure 4. 2– Test pit in existing pavement at the Braemar project 

(Source: Roads and Maritime Services 2019) 

 

4.1.2 Pavement Design 

The average annual daily traffic was calculated from sample traffic classifiers placed on Summerland 

Way from 1995 to 2007. 1266 vehicles per day were projected to use the road in 2019, of which heavy 

vehicles made up 18.9% and the road was experiencing 1.3% growth (Roads and Maritime Services 

2019a). The AADT and growth factor were used to calculate the design traffic for the project of 2.68 x 

106 cumulative heavy vehicle axle groups in design lane over design period of 20 years. 

UCS trials were conducted using samples of the existing pavement materials to determine the 

appropriate binder type and quantity to be used for the stabilisation. Trials were completed at 1.5 % and 

3.0 % of binder to develop a relationship between binder content and unconfined compressive strength. 

Two binder types were trialed, hydrated lime and a mix of hydrated lime and ground granulated blast 

furnace slag. Using the results from the UCS trials, a binder content of 2.5 % by mass of 70:30 ground 

granulated blast furnace slag to hydrated lime was adopted to achieve the desired UCS. An average 

UCS of 3.3MPa was achieved which was intended to provide a flexural modulus of 5000MPa. Using 
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Austroads (2017) equation 8 shown in section 2.7.1.6 of a k value of 1515 was used which is higher 

than the range recommended by Austroads (2017). This relationship equates to a k value range of 1429 

to 1667 which is outside the recommended range provided by Austroads (2017) but accepted by TfNSW 

for this project. 

A cemented layer depth of 330 mm including a 10 mm construction tolerance was adopted incorporating 

50 mm of material to be bound (MB20). The addition of the MB20 to the pavement prior to mixing was 

added to aid in prevention of mixing in gravel from the underlying subbase layer to reduce early strength 

gain and the resulting shrinkage cracks as well as to improve the quality of the base layer through 

mechanical stabilisation. The pavement design was modeled in CIRCLY using TfNSW add on FPD2 

and calculated to have a design life of 20.5 years which can be viewed in Appendix C. 

4.2 Boree Pavement Rehabilitation Project Case Study 

Another example of the State Roads managed by TfNSW North Region is the Oxley Highway. The 

Oxley Highway connects the towns of Port Macquarie, Wauchope, Walcha and Bendemeer where it 

joins the New England Highway. The Oxley Highway pavement is predominantly flexible granular 

pavement, made up of both unbound and bound sections. TfNSW often considers stabilisation of the 

pavement on the Oxley Highway when reviewing potential rehabilitation options due to the existing 

pavement thicknesses and subgrade CBR presenting as suitable. A project that has been recently 

completed on this road is the Boree Pavement Rehabilitation in the Walcha Local Government Area. 

4.2.1 Project Background 

The Braemar project was completed in 2019. The existing pavement consisted of 30 mm of sprayed 

seals, 150 mm of stabilised granular base, 150 mm stabilised granular subbase, and 300 mm of marginal 

select quality material over a subgrade with CBR of 7 %. The pavement was 26 years old at the time of 

pavement investigation and was exhibiting transverse cracks indicating shrinkage of the bound layers 

as well as block cracking, minor rutting, shoving and flushing in the wheel paths indicating fatigue of 

stabilised base layers (Regional Geotechnical Solutions 2019).  

4.2.2 Pavement Design 

The average annual daily traffic was calculated from sample traffic classifiers placed on the Oxley 

Highway. The AADT was 1266 vehicles per day were projected to use the road in 2019, of which heavy 

vehicles made up 9 % and the road was experiencing 1.3% growth which provided a design traffic in 

NDT of 1.29E+06 (Regional Geotechnical Solutions 2019). The AADT and growth factor were used to 

calculate the design traffic for the project of 1.29 x 106 cumulative heavy vehicle axle groups in design 

lane over design period of 20 years. 
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Figure 4. 3 – Stabilisation of the Boree project 

(Source: Shaun Perkins 2020) 

 

The pavement adopted for design was a 300 mm stabilisation of the existing base and subbase layers to 

form a single stabilised layer. The existing select layer was retained in the reconstructed pavement 

(Roads and Maritime Services 2019b). Trials were completed at 1.5 % and 3.0 % of binder to develop 

a relationship between binder content and unconfined compressive strength. Two binder types were 

trialed, hydrated lime and a mix of hydrated lime and ground granulated blast furnace slag. The binder 

selected for use was a 70:30 blend of ground granulated blast furnace slag and hydrated lime. A binder 

percentage of 3 % by mass of pavement was adopted to provide a UCS of 3.9 MPa to achieve the 

modulus of 5000 MPa used in the structural pavement design. According to Austroads (2017) equation 

8, a UCS of 3.9 MPa and modulus of 5000 MPa provide a kUCS of 1299 which is within the range 

recommended by Austroads (2017). The pavement design was modeled in CIRCLY using TfNSW add 

on FPD2 and calculated to have a design life of over 50 years which can be viewed in Appendix C. 

4.3 Visual Inspection of Case Study Projects 

Visual inspection of the Braemar and Boree pavement rehabilitation projects were completed based on 

Austroads (2019a) section 3.3 Field Survey. Inspection was completed by recording pavement defects 

on a copy of the construction plans as a mapping sheet. Photographs of pavement defects were taken 

with GPS positioning to ensure correlation between construction records and field inspection records. 

A measuring wheel was also used to record the chainage of the defects relative to the construction 

drawings to ensure thew accuracy of the GPS records.  

The visual condition inspection recorded pavement defects in line with the recommendations in 

Austroads (2019a) including the distress type, distress severity, distress extent and the location of 
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distress. The assessment was completed to identify the areas of distress that may be linked to 

construction non-conformances and included assessment for: 

• Wearing surface deterioration 

• Pavement deformation 

• Pavement cracking reflecting through the wearing surface 

• Potholes in the pavement, either present or repaired 

• Previous patching of the pavement 

4.4 Project Quality Assurance Records 

The Braemar and Boree pavement rehabilitation projects were completed under TfNSW specification 

R75 Insitu Pavement Stabilisation Using Slow Setting Binders. R75 is used for major rehabilitation of 

existing granular pavements to a maximum depth of 400mm. Quality assurance records for the project 

were maintained as required by TfNSW R75. Lot records were examined for each day’s production 

which included the compaction and moisture records, survey records for thickness and surface levels, 

binder spread and mixing records and the UCS results. 

 

Figure 4. 4 - Stabilisation of the Braemar project 

(Source: Shaun Perkins 2020) 

 

4.4.1.1 Thickness of Bound Layer 

The thickness of the bound layer at the Braemar project was 320 mm with a construction tolerance of 

10 mm as the bound layer was the critical layer in the pavement structure, providing a total thickness 

of 330 mm. Actual thickness of the bound layer was determined through survey. During the mixing 
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process, the bottom of the bound pavement was surveyed. After compaction and trimming of the bound 

layer the final surface was surveyed at the same locations as the previous survey to determine thickness 

at given intervals. Survey conformance reports were provided for each day’s production which were 

used to identify areas of non-complying thickness. 

The Boree project was designed with a 300 mm stabilised layer which did not include a construction 

tolerance. Actual thickness of the bound layer was determined manually by digging holes in the mixed 

layer and measuring from string lines set to offset pegs at design finish surface level plus 100 mm at 

25-meter intervals. After final trimming the final surface was surveyed to allow for thickness 

calculations. The thickness records were intended to be used to cross reference with pavement defects 

identified during the visual inspection. 

4.4.1.2 Compaction Records 

Compaction of the bound layer was completed as required by TfNSW (2020b) R75 Specification. 

Compaction was completed immediately after mixing the binder into the granular pavement material 

and was completed as a continuous operation for each lot. For both the Braemar project and the Boree 

project, the bound layer was constructed with a thickness over 250 mm, therefore the relative 

compaction required for conformance under TfNSW R75 was 100 % for the upper 150 mm of the layer 

and at least 95 % for the lower 150 mm of the layer with a characteristic value for the entire layer of 

not less than 100 %. The Braemar project was tested for compaction as required however the Boree 

project was only tested at full layer depth. Density tests were completed to allow for the relative 

compaction calculations to be completed and reported. The reports provided for the relative compaction 

in each lot were used to model the pavement in CIRCLY. 
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Figure 4. 5 – Density testing at the Braemar project 

(Source: Shaun Perkins 2020)
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5 Results 

5.1 Braemar Project Review 

A thorough review of the Braemar project was completed as part of this research. The pavement was 

inspected visually to identify defects, and through examination of the construction records available to 

identify any non-conforming areas that may not provide the expected design life.  

5.1.1 Thickness Records 

TfNSW R75 specification requires that the thickness of the stabilised layer must be within 10 mm to 

30 mm above the design thickness. The design thickness for this project was 330 mm including a 10 

mm construction tolerance. Therefore, the range of acceptable thickness for the Braemar project is 330 

mm to 360 mm. Figure 5.1 presents an overview of the survey results for thickness, revealing that 93 

% of the project was constructed within tolerance, 6 % of the project was below the target thickness 

and 1 % was over the thickness tolerance.  

 

 

Figure 5. 1 - Summary of thickness conformance at the Braemar project 
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Figure 5.2 presents a histogram of the thickness survey results in 10 mm bins to show the distribution 

of the stabilised layer thickness over the length of the project. Of the area that provided inadequate 

thickness, 4 % was within 1 mm to 10 mm low, 1 % was between 11 mm to 20 mm low and 1 % was 

more than 20 mm below the required thickness.  

 

Figure 5. 2 - Thickness survey histogram presenting distribution of thickness for Braemar project 

 

The Braemar project had a surface area of 12,606 m2 that was rehabilitated through insitu stabilisation. 

Using the data presented in figure 5.1, 781 m2 was recorded as being constructed with inadequate 

thickness that is likely to result in reduced life for these sections as can be seen in the CIRCLY analysis 

of varying thicknesses for the Braemar project in Section 5.3. 

5.1.2 Compaction Records 

The characteristic value of the relative compaction required for the Braemar project was 100% at the 

full depth of stabilisation as the layer was greater than 250 mm thick. The stabilisation was completed 

in 12 lots, with each lot tested using standard compaction with five tests completed per lot. The 

characteristic value of the tests is calculated as described in TfNSW Q4 Specification (2021c). 

𝑄 = 𝑥 − 𝑘𝑠 

Equation 5. 1 

Where;  

x = mean of test results 

s = standard deviation of test results 

k = a constant which depends on the number of samples used 
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The results from the compaction testing are provided in Table 5.1 showing that all lots were constructed 

with conforming compaction at the Braemar project. Analysis in CIRCLY to review the impact of 

nonconforming compaction is discussed in section 5.3. 

 

Table 5. 1 - Relative compaction results from the Braemar project 

 

5.1.3 Unconfined Strength Records 

One UCS test was completed for each lot of the Braemar project. Each test was completed in pairs with 

the average for each pair reported in Table 5.2. The average of all UCS tests completed at the Braemar 

project was 3.2 MPa, 0.2 MPa lower than the average UCS of 3.3 MPa used in the original pavement 

design to achieve a modulus of 5000 MPa for the stabilised layer. Unconfined compressive strength is 

not defined through TfNSW R75 specification as a requirement. It is used solely for the pavement 

design process to calculate the required binder and content to achieve the desired cemented modulus. 

Table 5. 2 Braemar UCS results 
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5.1.4 Visual Inspection 

The visual inspection of the Braemar project was completed by walking through the length of the project 

examining the pavement for any issues or defects. The pavement was considered to be in good condition 

with only few minor defects requiring maintenance. Table 5.3 summarises the pavement issues 

identified during the visual inspection, their location, and the corresponding lot from the construction 

records. 

Table 5. 3 – Braemar project visual inspection summary 

 

The rutting identified from chainage 78610 to chainage 78650 is a typical failure expected from 

insufficient thickness however the construction records from this section show that the required 

thickness was achieved at this location indicating that the failure was likely caused by different 

factors. The shoves at chainages 77930 and 78325 were likely caused by factors other than 

compaction or thickness as the construction records for both sections are conforming. 

 

Figure 5. 3 - Shoving on the centerline of the Braemar project 

(Source: Shaun Perkins 2022)
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A final seal using rubber modified bitumen SR45 with 10 mm aggregate was completed in December 

2021 as a preventative treatment for possible shrinkage cracking of the stabilised pavement experienced 

on other projects in the region.    

  

Figure 5. 4 - S45R final seal of Braemar project as preventative maintenance 

(Source: Shaun Perkins 2022
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5.2 Boree Project Review 

5.2.1 Thickness Records 

Record for thickness from the Boree project were not available for review at the time that this research 

was completed. The project quality assurance handover from the construction contractor does not 

appear to have been completed for thickness records. The compaction records show that the density 

gauge probe was driven to 300 mm and in the absence of other records, the thickness was considered 

to be as designed for the purpose of this research.  

5.2.2 Compaction Records 

The characteristic value of the relative compaction required for the Boree project was 100% at the full 

depth of stabilisation as the layer was greater than 250 mm thick. No testing at 150 mm was completed 

as required by TfNSW R75 specification. The stabilisation was completed in 9 lots, with each lot tested 

using standard compaction with five tests completed per lot. The characteristic value of the tests is 

calculated as described in TfNSW Q4 Specification (2021c) and shown in Table 5.4. 

The results from the compaction testing are provided in Table 5.4 showing that all lots were constructed 

with conforming compaction at the Boree project when considered as full depth testing. Given the 

conforming compaction results, there is no evidence to suggest compaction would be a cause for 

pavement distress at the Boree project. 

Table 5. 4 – Relative compaction results from the Boree project 

 

5.2.3 Unconfined Strength Records 

Five UCS tests were completed for each lot of the Boree project. Each test was completed in pairs with 

the average for each pair reported in Table 5.5. The average of all UCS tests completed at the Boree 

project was 4.0 MPa, 0.1 MPa higher than the average of 3.9 MPa used in the original pavement design 

to achieve a modulus of 5000 MPa for the stabilised layer. 
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Table 5. 5 – Unconfined compressive strength test results from the Boree project 

 

5.2.4 Visual Inspection 

The visual inspection of the Boree project was completed by walking through the length of the project 

examining the pavement for any issues or defects. The pavement was considered to be in relatively 

good condition with only few minor defects requiring maintenance. Transverse shrinkage cracking 

extending the full width of the pavement was identified at regular intervals of approximately 10 m over 

the entire length of the pavement rehabilitation. The shrinkage cracking may have been due to improper 

curing prior to the primer seal application. The pavement was trafficked immediately after the 

compaction and trimming which would be expected to cause microcracking in the pavement, limiting 

the shrinkage cracking but that does not appear to have occurred. No potholes or shoves were identified. 

A summary of the visual inspection, the issues identified, their location and the corresponding lot from 

the construction records are presented in Table 5.6. Given the lack of thickness records and the 

conforming compaction and strength records, it is not evident that construction nonconformances 

caused the issues the pavement at the Boree project is experiencing. 

Table 5. 6 - Boree project visual inspection summary 
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Figure 5. 5 – Transverse shrinkage cracking at the Boree project 

(Source: Shaun Perkins 2022)
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At both ends of the pavement where the stabilised pavement tapers down to join the existing pavement, 

a longitudinal crack was identified along the centerline at the joint between two construction lots as 

well as transverse cracking at the interface with the existing pavement. At the western end of the 

pavement crocodile cracking was identified between the two tapered lots and the existing pavement. 

These failures were likely caused by insufficient thickness caused by a combination of the mixer 

maintaining thickness to the end of the lot and the surface being trimmed down to tie in with the existing 

pavement.  

 

Figure 5. 6 – Cracking at western pavement interface of the Boree project 

(Source: Shaun Perkins 2022)
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5.3 Pavement Modelling 

5.3.1 Thickness with Constant Modulus 

Pavement modelling was completed in CIRCLY using the pavement structure and traffic details used 

in the original pavement design. Roads and Maritime Services modelled the stabilised layer in the two 

case study projects as a single layer with a modulus of 5000 MPa and a fatigue constant of 263 which 

was replicated for this analysis. The optimum thickness was determined in CIRCLY to set a reference 

thickness. The thickness was also varied in increments of 10 mm to replicate useable pavement design 

process and the design life in years calculated for each thickness. 

CIRCLY indicated that the optimum thickness for the Braemar project was 322 mm which was 2 mm 

thicker than the original design. A reduction of thickness of 10 mm to 312 mm for the Braemar project 

resulted in a loss of pavement life of 42 % while an increase of thickness of 10 mm to 332 mm resulted 

in an increased life of 70 %. Table 5.7 provides a summary of the CIRCLY analysis completed for 

varying thickness of the stabilised layer at the Braemar project with a constant modulus for each 

thickness considered. 

Table 5. 7 - Braemar Project with varying thickness of stabilised layer 

 

Analysis in CIRCLY summarised in Table 5.8 indicated that the optimum thickness for the Boree 

project was 282 mm which was 18 mm thinner than the original design, however the bound layer in the 

original design needed to be at least 300 mm thick to avoid leaving a thin residual bound layer from the 

previously bound subbase. The original design achieved a design life of over 50 years which is 

consistent with this analysis which achieved a design life of 59 years at 300 mm thick. A reduction of 

thickness from the optimum thickness of 282 mm of 10mm to 272 mm for the Boree project resulted in 

a loss of pavement life of 45 % while an increase of thickness to 292 mm resulted in an increased life 

of 80 %. Using the minimum thickness of 300 mm adopted for the original design to incorporate all 

existing stabilised materials, a loss of thickness of 10 mm would result in a loss of life of 25.8 years or 

44 %. 
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Table 5. 8 - Boree Project with varying thickness of stabilised layer 

 

 

CIRCLY indicated that the optimum thickness for the theoretical pavement with constant cemented 

modulus of 5000 MPa and subgrade CBR of 3 % was 342 mm which provided a design life of 21 years. 

A reduction of thickness to 332 mm resulted in a loss of pavement life of 8.8 years or 42 % while an 

increase of thickness to 352 mm resulted in an increased life of 35.9 years or 71 %. A summary of the 

CIRCLY results modelling the design life for varying thicknesses with constant modulus for the 

theoretical pavement with subgrade CBR of 3 % is provided in Table 5.9 

Table 5. 9 - Theoretical pavement with subgrade CBR of 3 % with varying thickness of stabilised layer 

 

CIRCLY indicated that the optimum thickness for the theoretical pavement with constant cemented 

modulus of 5000 MPa and subgrade CBR of 5 % was 315 mm which provided a design life of 20 years. 

A reduction of thickness to 305 mm resulted in a loss of pavement life of 8.7 years or 25 % while an 

increase of thickness to 325 mm resulted in an increased life of 14.9 years or 74 %. A summary of the 

CIRCLY results modelling the design life for varying thicknesses with constant modulus for the 

theoretical pavement with subgrade CBR of 5 % is provided in Table 5.10 
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Table 5. 10 - Theoretical pavement with subgrade CBR of 5 % with varying thickness of stabilised layer 

 

CIRCLY indicated that the optimum thickness for the theoretical pavement with constant cemented 

modulus of 5000 MPa and subgrade CBR of 7 % was 298 mm which provided a design life of 20.9 

years. A reduction of thickness to 288 mm resulted in a loss of pavement life of 9.4 years or 38 % while 

an increase of thickness to 308 mm resulted in an increased life of 16.4 years or 79 %. A summary of 

the CIRCLY results modelling the design life for varying thicknesses with constant modulus for the 

theoretical pavement with subgrade CBR of 3 % is provided in Table 5.11. 

Table 5. 11 - Theoretical pavement with subgrade CBR of 7 % with varying thickness of stabilised layer 

 

 

Figure 5.7 provides a summary of the design life achieved in CIRCLY for the two case study projects 

and three theoretical pavements when a constant cemented modulus is applied. The figure shows that 

the theoretical pavement with subgrade CBR of 3 % requires a bound layer over 340 mm thick to 

achieve the 20 year design life. This result aligns with the recommendation in TfNSW (2021b) that 

granular pavements less than 400 mm thick should not be stabilised unless the subgrade has a CBR 

greater than 5 %. Insufficient granular material remains after the stabilisation process to form a layer of 

any benefit to the pavement.  
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Figure 5. 7 – Design life for varying thickness over a range of subgrade strengths 

 

5.3.2 Thickness with Adjusted Modulus 

Using the target spread rate for the binder on the Braemar project, an actual application rate in tonnes 

per square meter was calculated for each thickness modelled in CIRCLY. The actual application rate 

was used to calculate the unconfined compressive strength based on the UCS trials completed for the 

project’s original pavement design. The UCS was then converted to cemented modulus using equation 

8 from Austroads (2017) and the kUCS value of 1515 adopted by TfNSW for the UCS trials. As well as 

varying the thickness of the stabilised layer, the underlying subbase layer was adjusted to replicate the 

effect of the mixer running deeper or shallower during a pavement rehabilitation. The results from the 

thickness modelling in CIRCLY are presented in Table 5.12.  

Table 5. 12 – Braemar project with varying thickness of the stabilised base layer, adjusted subbase layer thickness and 

cemented modulus 

 

Figure 5.8 plots the results from the CIRCLY analysis of varying thickness while keeping the modulus 

constant and varying thickness while also adjusting the modulus based on the actual binder applied in 

the mix. The CIRCLY modelling shows that the pavements constructed with thinner cemented layers 
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than the design requires, they perform slightly better due to the higher modulus created by the addition 

of additional binder. Stabilised pavements constructed thicker than the design requires result in less life 

than analysis with constant modulus provides, but still meet the required design life. Table 5.13 presents 

the increase or decrease in design life achieved by adjusting the modulus with thickness in both years 

and percentage of the life achieved against the results when calculated with constant modulus.  

 

Figure 5. 8 – Comparison of design life provided by varying thickness of stabilised base layer 
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Table 5. 13 – Comparison of design life achieved on the Braemar project with constant modulus and adjusted modulus 

 

Using the target spread rate for the binder on the Boree project, an actual application rate in tonnes per 

square meter was calculated for each thickness modelled in CIRCLY. The actual application rate was 

used to calculate the unconfined compressive strength based on the UCS trials completed for the 

project’s original pavement design. The UCS was then converted to cemented modulus using equation 

8 from Austroads (2017) and the kUCS value of 1298.7 adopted by TfNSW for the UCS trials. As well 

as varying the thickness of the stabilised layer, the underlying selected layer was adjusted to replicate 

the effect of the mixer running deeper or shallower during a pavement rehabilitation. The results from 

the thickness modelling in CIRCLY are presented in Table 5.14.  

Table 5. 14 - Boree Project with varying thickness of the stabilised base layer, adjusted select layer thickness and cemented 

modulus 

 

Figure 5.9 plots the results from the CIRCLY analysis of varying thickness while keeping the modulus 

constant and varying thickness while also adjusting the modulus based on the actual binder applied in 

the mix. The CIRCLY modelling for the Boree project validates the modelling for the Braemar project 

and shows that the pavements constructed with thinner cemented layers than the design requires, they 

perform slightly better due to the higher modulus created by the addition of additional binder. Stabilised 
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pavements constructed thicker than the design requires result in less life than analysis with constant 

modulus provides, but still meet the required design life. Table 5.15 presents the increase or decrease 

in design life achieved by adjusting the modulus with thickness in both years and percentage of the life 

achieved when compared with the results from the same analysis completed with constant modulus.  

 

Figure 5. 9 – Comparison of design life provided by varying thickness of stabilised base layer 

 

Table 5. 15 - Comparison of design life achieved on the Boree project with constant modulus and adjusted modulus 

 

Using a target spread rate of 3 % for the binder on the three theoretical pavements, an actual 

application rate in tonnes per square meter was calculated for each thickness modelled in CIRCLY. 

The actual application rate was used to calculate the unconfined compressive strength based on the 

UCS trials completed for the project’s original pavement design. The UCS was then converted to 
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cemented modulus using equation 3.1 and the kUCS value of 1284 back calculated from the modulus 

and UCS at the optimum design thickness. As well as varying the thickness of the stabilised layer, the 

underlying selected layer was adjusted to replicate the effect of the mixer running deeper or shallower 

during a pavement rehabilitation. The results from the thickness modelling in CIRCLY are presented 

in Tables 5.16, 5.17 and 5.18 for each of the three theoretical pavements. Figure 5.10 plots the results 

from Tables 5.16, 5.17 and 5.18 showing the impact of thickness on the design life when the variation 
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in binder as a percentage of the dry mass of pavement created by varying the stabilisation depth is 

accounted for. 

Table 5. 16 – CBR3 pavement with varying thickness of the stabilised base layer, adjusted subbase layer thickness and 

cemented modulus 

 

Table 5. 17 – CBR5 pavement with varying thickness of the stabilised base layer, adjusted subbase layer thickness and 

cemented modulus 

 

Table 5. 18 – CBR7 pavement with varying thickness of the stabilised base layer, adjusted subbase layer thickness and 

cemented modulus 

 



 

67 

 

 

Figure 5. 10 – Theoretical pavements modelled with characteristics that vary with thickness 

 

5.3.3 Variable Compaction 

The Braemar project was modelled in CIRCLY over a range of compaction using Andrews (1998) 

relationship. The unconfined compressive strength was calculated using equation 3.7 using the dry 

density ratio which then allowed for the calculation of the corresponding modulus for analysis in 

CIRCLY using equation 3.1. The thickness of the pavement used was the optimum design thickness of 

322 mm calculated in section 5.3.1 of this paper which achieved a design life of 20.4 years with a 

modulus of 5000 MPa. Table 5.19 presents the design life calculated in CIRCLY by adjusting the 

stabilised layer modulus with the dry density ratio at the Braemar project while keeping the pavement 

structure the same as the original pavement design and assuming the same compaction was achieved 

throughout the full layer depth. 
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Table 5. 19  – Braemar project with modulus adjusted based on dry density ratio 

 

  

Further analysis in CIRCLY was completed to examine the impact of compaction with a density 

gradient throughout the layer. The top half of the stabilised layer was modelled with 100 % compaction 

and the lower half of the layer was modelled at 95 % to replicate a scenario allowed for in TfNSW R75 

specification. Table 5.20 presents the results showing that the lower half of the layer is the critical layer 

in the design and limits the life of the pavement to 12.4 years. CIRCLY calculates an inaccurate design 

life for the upper half of the cemented layer in this case. Analysis of the same structure during the post 

cracked phase of the lower half of the cemented layer using a vertical modulus of 500 MPa for the 

cracked portion provides a design life of 0.02 years, confirming that the lower portion of the layer with 

the lower compaction does become the critical layer and reduce the expected life of the pavement. 

Table 5. 20 – Braemar project with modulus adjusted with density for lower half of cemented layer 

 

The Boree project pavement was analysed in CIRCLY using the same methodology as the Braemar 

project. The modulus of the stabilised layer was adjusted with the corresponding dry density ratio and 

analysed to determine the design life. The results of this analysis are summarised in Table 5.21. 
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Table 5. 21 – Boree project with modulus adjusted based on dry density ratio 

 

Analysing the density gradient allowed for TfNSW R75 specification for the Boree project was 

completed in CIRCLY. The results are shown in Table 5.22. As with the same analysis completed for 

the Braemar project CIRCLY calculated an unrealistic life for the upper portion of the stabilised layer. 

For the Boree project, the density gradient did not result in shorter life than the design period of 20 

years as the pavement structure over delivered originally and provided a life of greater than 50 years. It 

did however, make the lower half of the layer the critical layer in the pavement structure. 

Table 5. 22 - Boree project with modulus adjusted with density for lower half of cemented layer 

 

It has been determined through analysis in CIRCLY based on Andrews (1998) relationship between 

compaction and UCS of stabilised materials that the design life of a stabilised layer decreased with 

compaction. Figure 5.11 displays the relationship between dry density ratio and design life modelled in 

CIRCLY for the two case study projects and the three theoretical pavements. The Boree project follows 

a similar relationship to the other four pavements analysed for compaction but has a significantly higher 

design life due to the original design providing a life greater than 50 years. It highlights that the design 

life depends on more than just the compaction and corresponding modulus. The Boree project was 

modelled with lower design traffic than the other pavements and 200 mm additional cover between the 

stabilised layer and the subgrade which results in a longer design life. 
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Figure 5. 11 – Impact of dry density ratio on design life on case study and theoretical pavements 

 

Table 5.23 presents a summary of the compaction analysis completed in CIRCLY for the case study 

projects and the theoretical pavements. The data suggests that as pavements are designed with a certain 

cemented modulus based on the 100 % relative compaction of the particular material being stabilised, 

a loss of compaction will result in a loss of modulus.  

Table 5. 23 – Effect of compaction on case study projects and theoretical pavements 
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5.4 Whole of Life Cost Analysis 

Whole of life cost analysis was completed to model a number of scenarios in order to determine if the 

current requirements of TfNSW R75 Specification are accurate or if amendments should be considered 

to more accurately recover cost of nonconforming construction. Initially a stabilised pavement 

constructed to conform with the design requirements was analysed with a discount rate of 7%. 

Sensitivity tests were completed at 4% and 10%.  

To complete the cost analysis rates per square meter were adopted based on the experience of the 

Northern Project Development team at TfNSW. Costs included in the analysis relate solely to the 

pavement as all other maintenance activities for traffic facilities, drainage and vegetation were 

considered to be equal regardless of pavement type. The whole of life cost analysis tables are included 

in Appendix D. 

5.4.1 Pavement Thickness 

To analyse the pavement thickness over the life of the pavement, the defects likely to be experienced 

were considered in the increased maintenance regime. As the pavement reduces in thickness, the 

modulus is expected to rise due to the increased binder content by mass of pavement materials. The 

distress expected to occur is increased shrinkage cracking initially followed by large scale block and 

crocodile cracking as the stabilised layer fatigues due to applied strain the bottom of the layer. The 

cracking will allow moisture into the pavement and cause shoving and rutting to occur. The maintenance 

required was expected to be crack sealing and patching. 

The conforming pavement analysis initial construction cost of $150/m2 was applied in year 0, final seal 

applied in year 1 at $7/m2, routine maintenance at $0.50/m2 in all years and salvage in the form of 

pavement rehabilitation at -$37.50/m2 or 25% of the construction value. Patching of 5% of the pavement 

area at year 9 in preparation for resealing, a reseal in year 10 and another 5% of the surface area to be 

patched in year 15. The cost analysis provided a net present value of the conforming stabilised pavement 

as $159.56/m2 at 7% discount rate. The 4 % sensitivity analysis returned a cost of $156.49/m2 and the 

10% sensitivity analysis returned a cost of $160.56/m2. 

Using the relationships developed between thickness and design life in section 4.3 of this paper, a 

scenario where the stabilised pavement was constructed to at 10 mm below the design thickness was 

analysed. The average pavement loss for a reduction in thickness of 10 mm was found to be 45 % or 9 

years out of the 20-year design period for a stabilised pavement with uniform characteristics regardless 

of layer thickness such as a plant mixed pavement constructed under TfNSW R73 specification. To 

analyse a pavement constructed in this manner, the analysis included additional maintenance of the 

stabilised pavement leading up to the end of life and after the 11-year point, when the pavement was 

considered to be cracked. Crack sealing was added every third year of 10 % of the pavement, patching 



 

72 

 

of 10 % of the pavement in year 5, patching of 35% of the pavement in year 9 in preparation for 

resealing, resealing with a rubber modified bitumen and geotextile in year 10 to limit cracking through 

the wearing course and patching of a further 35 % of the pavement in year 15. The salvage value of the 

pavement in this option was reduced to 15 % of the original construction value as the pavement was 

considered to be unsuitable for an asphalt overlay as it had been in the post cracked phase for 11 years 

prior to the salvage year. The cost analysis provided a net present value of the nonconforming stabilised 

pavement as $202.97/m2 at 7% discount rate. The 4 % sensitivity analysis returned a cost of $215.91/m2, 

and the 10 % sensitivity analysis returned a cost of $193.11/m2. 

The average pavement loss for a reduction in thickness of 10 mm was found to be 36 % or 7 years out 

of the 20-year design period for a stabilised pavement with varying characteristics depending on the 

layer thickness such as a insitu stabilised pavement constructed under TfNSW R75 specification. To 

analyse a pavement constructed in this manner, the analysis included additional maintenance of the 

stabilised pavement leading up to the end of life and after the 13-year point, when the pavement was 

considered to be cracked. Crack sealing was added every third year of 10 % of the pavement, patching 

of 7.5 % of the pavement in year 5, patching of 35% of the pavement in year 9 in preparation for 

resealing, resealing with a rubber modified bitumen and geotextile in year 10 to limit cracking through 

the wearing course and patching of a further 35 % of the pavement in year 15. The salvage value of the 

pavement in this option was reduced to 15 % of the original construction value as the pavement was 

considered to be unsuitable for an asphalt overlay as it had been in the post cracked phase for 7 years 

prior to the salvage year. The cost analysis provided a net present value of the nonconforming stabilised 

pavement as $201.46/m2 at 7% discount rate. The 4 % sensitivity analysis returned a cost of $214.16/m2 

and the 10 % sensitivity analysis returned a cost of $191.56/m2. 

5.4.2 Pavement Compaction 

The base line used for the compaction analysis was the same cost analysis developed for the conforming 

thickness analysis as the conforming thickness was modelled at 100 % relative compaction. Using the 

same analysis as completed for the conforming thickness model, the net present value of the conforming 

compaction analysis was calculated to be $159.56/m2.  

Two scenarios were modelled through cost analysis. The first scenario was of a stabilised pavement 

constructed with a relative compaction of 98 %.  The second scenario was a pavement constructed at 

95 % relative compaction. The failures in the pavement expected to occur from lack of compaction were 

rutting of the stabilised layer, crocodile cracking as the pavement fatigues which would allow moisture 

into the pavement. This would induce deformation of the subgrade and allow shoving to occur. The 

maintenance required to remediate the above failures was increased pothole repairs and patching of the 

pavement to rectify cracked areas and shoves. 
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The analysis completed in CIRCLY provides an average loss of pavement life for 98 % relative 

compaction of 29 % or 6 years, resulting in a pavement life of 14 years. As with the thickness analysis, 

the salvage value for the nonconforming pavement was reduced to 15 % of the construction value. 

Patching of 5 % of the pavement was included in year 5, 10% of the pavement in year 9 and 15 % of 

the pavement in year 14. The reseal in year 10 was changed to a rubber modified bitumen to limit 

cracking of the wearing course. Increased pothole patching was allowed for by increasing the routine 

maintenance cost by 5 % each year. The cost analysis provided a net present value of the nonconforming 

stabilised pavement as $175.76/m2 at 7% discount rate. The 4 % sensitivity analysis returned a cost of 

$179.92/m2 and the 10 % sensitivity analysis returned a cost of $172.15/m2.  

The analysis completed in CIRCLY, provides an average loss of pavement life for 95 % relative 

compaction of 64 % or 13 years, resulting in a pavement life of 7 years. As with the thickness analysis, 

the salvage value for the nonconforming pavement was reduced to 15 % of the construction value. 

Patching of 10 % of the pavement was included in years 3 and 6, 30% of the pavement in year 9 in 

preparation for resealing, 10 % of the pavement in year 12, 15% in year 15 and 20 % in year 18. The 

reseal in year 10 was changed to a rubber modified bitumen to limit cracking of the wearing course. 

Increased pothole patching was allowed for by increasing the routine maintenance cost by 5 % each 

year. The net present value of the nonconforming pavement was calculated as $203.06/m2 with a 

discount rate of 7 %. The 4 % sensitivity analysis returned a cost of $216.06/m2, and the 10 % sensitivity 

analysis returned a cost of $193.36/m2. 
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6 Discussion 

6.1 Thickness 

The analysis completed in Chapter 5 shows that the thickness of stabilised pavement has a significant 

impact on the life of the pavement. The results from the analysis of the two case study projects and the 

three theoretical pavements using uniform modulus for the entire depth of the stabilised layer show an 

average loss of pavement life of 45 % from the loss of 10 mm of stabilised layer thickness which is 

presented in Table 6.1. The analysis completed for varying the modulus with thickness to replicate 

insitu stabilisation provided a loss of 37 % of the design life when the pavement thickness was reduced 

by 10 mm from the optimum thickness which is shown in Table 6.2. The difference between the two 

methods of determining pavement life demonstrate the effect of modulus and the fatigue constant on 

the calculated life of stabilise pavements. The impact is reduced using the insitu stabilisation process 

but is still considerable and will result in a unacceptable outcome. This demonstrates the importance of 

ensuring the 10 mm construction tolerance applied to the stabilised base layer is included in the design 

drawings and is constructed accordingly. If the construction tolerance is included, a nonconformance 

of 10 mm will only result in the design life being achieved rather than a loss of pavement life of the 

design thickness is targeted.  

Table 6. 1 – Impact on design life of constructing a stabilised pavement with thickness reduced by 10mm and uniform 

modulus 

 

Table 6. 2 - Impact on design life of constructing a stabilised pavement with thickness reduced by 10mm and modulus varied 

with thickness 

 

The modelling in CIRCLY of the variation in modulus of the stabilised layer as the thickness of the 

layer changes supports the importance of ensuring the design thickness is achieved. TfNSW R75 

specification requires a thickness of +10 mm to +30 mm for thickness which was supported by this 

modelling. While the binder percentage by mass reduces in a thicker layer stabilised with the same 

binder quantity as the design thickness, the life of the layer was shown to not be adversely affected. The 
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modulus of the stabilised layer reduces when the layer is constructed thicker than designed but due to 

the increased thickness, the life of the pavement is still increased. 

The review of the case study project records provided evidence that the thickness of the Braemar project 

did not meet specification in a number of areas. Thye thickness required on this project was 330 mm 

including the 10 mm construction tolerance. 4 % of the pavement was up to 10 mm below the thickness 

required, which will likely result in a reduced life of 18.3 years. 1 % of the pavement was up to 20 mm 

below the required thickness, which may lead to a reduced life of 9.8 years and a further 1 % was greater 

than 20 mm thinner than required which will likely result in a life of 3.8 years. Increased maintenance 

is expected to be required for these areas. The thinner pavement in these areas will have a higher binder 

content and therefore modulus which is likely to cause increased strength gain and therefore shrinkage 

cracking, allowing moisture into the pavement. The maintenance required will be crack sealing and 

heavy patching of the stabilised layer.  

The review of the Boree case study project revealed that the thickness records had not been handed over 

to the TfNSW Asset branch by the construction team. As there were no records for thickness, the 

possible pavement distress arising from any nonconformances could not be reviewed. The site 

inspection did however identify that the pavement is exhibiting shrinkage cracking for the full length 

of the project. This may be the result of the pavement being constructed thinner than required and 

causing increased strength gain but the UCS results from the construction records do not seem to support 

this. In any case, crack sealing is required to limit moisture infiltrating the pavement. A rubber modified 

reseal may need to be considered when the spray seal reaches the end of its useful life.  

The whole of life cost analysis completed to examine the financial impact of constructing a pavement 

with nonconforming thickness was completed to determine if a payment deduction could be applied 

when thickness is not achieved rather than rejecting the affected lot. The cost analysis identified that 

for a loss of 10 mm, a roads authority would need to apply a payment deduction of 30 % to the pavement 

pay item to recover the cost of the increased maintenance over the 20-year design life. TfNSW R75 

Specification allows for maximum payment deduction of 30 % for other areas before the affected lot is 

rejected. If the same principle was adopted for thickness, then a deduction could be applied for 

pavements constructed with up to 10 mm less than the design thickness at 30 % of the cost of the 

pavement in the affected lot. Deductions for thickness greater than 10 mm below the design thickness 

are not recommended to be accepted as the required maintenance cost would be too high to justify the 

deduction.  

6.2 Compaction 

The impacts that failing to meet the compaction requirements have on the life of stabilised pavements 

was examined in Chapter 4 through relationships identified in previous research that were able to relate 
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compaction to UCS and then to modulus using the relationship provided in Austroads (2017).  

Compaction was found to have a significant impact on the life of stabilised pavements by modifying 

the achieved modulus in the stabilised layer. The CIRCLY analysis calculated that a reduction of 

compaction to 98 % will reduce the life of the pavement by 28 % while a compaction of 95 % reduces 

the life by 64 % which is presented in Table 6.3.  

Table 6. 3 – Impact of relative compaction on design life of stabilised pavements 

 

The review of the case study projects construction records for compaction demonstrated that both 

achieved the 100 % relative compaction required for stabilised layers greater than 250 mm thick. The 

characteristic values for compaction at the Braemar project ranged from 101 % to 105 % which may 

cause an increase in life of 16 % to 39 % according to the modelling in CIRCLY. The characteristic 

values for compaction at the Boree project ranged from 102 % to 104 % which may cause an increase 

in life of 12 % to 31 % according to the modelling in CIRCLY. 

Whole of life cost analysis was completed for varying compaction results to identify the financial impact 

of constructing stabilised pavements with nonconforming compaction. TfNSW R75 Specification 

includes deductions for nonconforming compaction which this analysis aimed to test. The cost analysis 

identified that relative compaction of 98 % would require a payment deduction of 11 % to the pavement 

pay item for the affected lot. TfNSW R75 specification requires a pay item deduction of 10 % for 

compaction between 98 % and less than 100 %. The cost analysis completed appears to verify the 

deduction in the specification.  

The cost analysis identified that relative compaction of 95 % would require a payment deduction of 29 

% to the pavement pay item for the affected lot which supports the TfNSW R75 specification 

requirement to impose a pay item deduction of 30 % for compaction between 95 % and less than 98 %. 

The cost analysis completed appears to verify the deduction in the specification, however it is important 

to consider the reputational damage associated with a nonconformance this severe as the loss of 

pavement life will result in excessive maintenance requirements and disturbance for the road users.  

Stabilised pavements with compaction nonconformances are expected to exhibit distress in the form of 

rutting, crocodile cracking and shoving. Patching would be required to remediate failures caused by 

compaction nonconformances.   
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6.3 Recommendations for Compliance 

The project quality control plans should be adequately detailed to allow the construction team to ensure 

that the pavement constructed meets the requirements for thickness and compaction.  The methods for 

survey for thickness and trimming of compacted surface should be appropriately detailed. The same 

should apply to compaction including the size of the compaction equipment required and timing of 

compactive effort. The quality plans should be sufficiently detailed to give the project the highest 

likelihood of achieving the required thickness and compaction. The quality plans should be reviewed 

by an appropriately qualified person at the roads authority to ensure completeness. Ensuring the road 

authority review and acceptance of the contractors’ plans is essential to ensuring compliance and 

benefits both parties.  

6.3.1 Payment Deduction for Thickness 

Back calculation from the whole of life cost analysis was completed to calculate pay item deductions 

that would be required to offset the cost of nonconforming thickness or compaction. The unit rate 

required to recover the cost of additional maintenance likely to be required was $106.59/m2. When 

converted to a pay item deduction, the road authority would need to apply a 29% deduction of the 

pavement pay item to accept the pavement rather than rejecting the affected area. The calculation for 

the payment deduction is shown in Appendix D, Uniform Modulus - Nonconforming Thickness -10mm. 

The same process applied to a pavement with modulus that varies with the thickness of the stabilised 

layer resulted in a required unit rate for construction of the stabilised layer of $108.10/m2, creating the 

need for a pay item deduction of 28 %. The calculation for the payment deduction is shown in Appendix 

D, Variable Modulus - Nonconforming Thickness -10mm. 

6.3.2 Payment Deduction for Compaction 

To recover the costs of increased maintenance resulting from only achieving a relative compaction of 

98 % the construction rate would need to be reduced to $133.80/m2, a deduction of 11 % to the pavement 

pay item. If considering relative compaction of 95%, the construction rate would need to be reduced to 

$106.50/m2, a deduction of 29 % to the pavement pay item. The calculation for the payment deduction 

is shown in Appendix D, Nonconforming Compaction = 98% and Nonconforming Compaction = 95%. 

6.3.3 Summary of Compliance Recommendations  

The payment deductions discussed in sections 6.3.1 and 6.3.2 could be implemented by the road 

authority such as TfNSW if construction does not meet the requirements for conformance and the 

pavement is considered to be at risk of early distress and failure. The implementation of appropriate 

quality assurance plans and payment deductions representing the threat of lost income are considered 

to be appropriate requirements in ensuring the road authority’s specifications are met.  
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Another element to consider is the reputational damage to the roads authority when considering a pay 

item deduction for nonconforming work. The public expects that road works completed by roads 

authorities be completed competently and efficiently. Returning to a rehabilitated section of road to 

complete major maintenance will negatively impact the reputation of the roads authority and should be 

considered when determining whether to amend specifications either organisation wide or locally.
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7 Conclusion 

This project aimed to review the effects of nonconforming compaction and layer thickness on the life 

of pavements stabilised with slow setting binders using insitu stabilisation. Analysis was completed 

using relationships from Austroads guides and previous published research to model varying 

thicknesses and compaction ratios in mechanistic pavement design software CIRCLY. Analysis was 

completed on two case study projects and on three theoretical pavements that are typical of existing 

pavements in the northern region of NSW. Optimum thickness was determined and compared against 

varying thicknesses in increments of 10 mm to replicate constructable layers to determine the impact 

on the achievable life for each pavement type. Compaction was modelled between 90 % and 105 % as 

a practical range of compactions that may be achieved during construction. The compaction ratios were 

converted to modulus and modelled in CIRCLY to present the impact on design life. 

 The analysis has provided evidence that the thickness of a stabilised layer and its compaction have a 

significant impact on the achievable design life of the pavement. The results from this research show 

that the life of a pavement will reduce drastically as thickness reduces from the optimum thickness. The 

impact of compaction has also been shown to drastically impact the pavement life. Both factors require 

appropriate planning and implementation to ensure that construction is completed to the specifications 

requirements to allow for the design life to be achieved. 

This project also aimed to investigate the cost implications due to reduced life and increased 

maintenance requirements of stabilised pavements constructed with non-conforming compaction and 

layer thickness. This was achieved through whole of life cost analysis of a pavement constructed in 

conforming condition and pavements constructed to reduced thickness and compaction. The whole of 

life cost analysis provided unit rates for both conforming and nonconforming pavements due to 

thickness and compaction to demonstrate the present value of stabilised pavement construction 

nonconformances. 

The final aim of this project was to use the impact on the design life and calculated cost implication of 

nonconformance to propose methods of improving compliance with the specification. This was 

achieved by back calculating the results of the whole of life cost analysis to determine the unit rate that 

would be required during construction in order to balance out the cost of nonconforming pavement with 

the cost of conforming pavement over the design period. Reducing the thickness by 10 mm from the 

optimum thickness was demonstrated to reduce the life of a stabilised pavement to a point where a 

payment deduction of 30 % would need to be applied to recover the cost of increased maintenance. Cost 

analysis of compaction confirmed the payment deductions of 10 % and 30 % in TfNSW R75 

specification are appropriate for compaction up to 2 % and 5 % below the required 100 % respectively.  
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In conclusion, this project has demonstrated the loss of pavement life resulting from constructing a 

stabilised pavement through insitu stabilisation that has nonconforming thickness or relative 

compaction of the stabilised layer. The financial impact of these nonconformances has been reviewed 

through whole of life cost analysis and methods to encourage compliance with the specification have 

been discussed such as appropriate quality management plans and payment deductions for both 

thickness and compaction. 

7.1 Further work 

Additional work could be completed expand on the results provided through this dissertation. This 

dissertation has completed desktop analysis using pavement software CIRCLY to examine the 

theoretical impacts of pavement nonconformances on design life and the corresponding financial 

impact. As this analysis was based on theoretical parameters for the stabilised materials, a number of 

assumptions were made and conversions between parameters were required to model the materials in 

CIRCLY. The fatigue constant was adopted based on a linear relationship between two accepted values 

for fatigue constant set out in TfNSW (2021b). This relationship was used to ensure that the stabilised 

materials reacted in a similar way to the materials used in the original TfNSW designs for the case study 

projects and to ensure that the thickness remained greater than a lean mix concrete layer would be if 

designed as the same layer in a pavement (Austroads 2017). Ideally the fatigue constant would be 

calculated using the fatigue constant would be calculated by flexure beam testing of prepared beams of 

stabilised materials but this was unfortunately not achievable within the scope of this project. 

To expand on this research non-destructive testing could be completed at the case study projects in the 

form of falling weight deflectometer (FWD) testing to determine the insitu modulus of the stabilised 

pavements. The data collected from the FWD testing could be used to compare with the theoretical 

modulus adopted in this dissertation and the relationship TfNSW adopted to select the original design 

UCS which was calculated to achieve the required modulus. The insitu modulus could then be used for 

modelling in CIRCLY to predict the expected life of the pavement and to determine how the design life 

varied from the theoretical analysis in this project. 

In this dissertation thickness and compaction were examined independently. In future research they 

could be analysed together the calculate a relationship to define their combined impact on stabilised 

pavement life. Samples could be prepared in a laboratory at a range of relative compaction to determine 

the actual modulus achieved which could then be modelled in CIRCLY to determine the expected life. 

The samples could also be prepared with varying binder types and at varying percentages to determine 

a relationship between binder content and modulus directly. This dissertation relied on a relationship 

between dry density ratio and unconfined compressive strength to calculate modulus for the compaction 

analysis. Future research could test beams in the laboratory to determine a relationship between relative 

compaction and modulus directly for certain materials. 
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ENG4111/4112 Research Project 

Project Specification 

For:  Shaun Perkins 

Title:  Evaluation of Issues Affecting Stabilised Granular Pavements 

Major:   Civil 

Supervisors: Dr Andreas Nataatmadja 

Enrollment: ENG4111 – EXT S1, 2022 

  ENG4112 – EXT S2, 2022 

Project Aims: 

i. This project aims to review effects of nonconforming compaction and layer thickness on the 

life of stabilised pavements; and 

ii. To investigate the cost implications due to reduced life and increased maintenance requirements 

of stabilised pavements constructed with non-conforming compaction and layer thickness; and 

iii. To propose methods of improving conformance with specification requirements to ensure 

design life is achieved. 

Programme: Version 1, 15th March 2022  

1. Conduct literature review into stabilised pavements and specifications for construction. 

2. Complete a desktop review of the pavement design, layer thickness and compaction records 

from construction of two stabilised pavements in TfNSW North to determine areas with non-

compliant parameters that may impact the life of the pavement.  

3. Use CIRCLY to model non-conforming sections of the case study projects to determine 

theoretical changes to design life. 

4. Model three theoretical stabilised pavements in CIRCLY with pavement profiles indicative of 

those found in the North region with varying subgrade CBR.  

5. Complete visual investigations in line with Austroads Guide to Pavement Technology Part 5: 

Pavement Evaluation and Treatment Design at the identified project sites to determine current 

pavement condition with emphasis on the areas of non-conforming construction parameters.  

6. Calculate the expected life of the case study stabilised pavement projects and compare to the 

design life of these projects to understand the financial implications of construction non-

conformances to TfNSW. Complete whole of life cost analysis of the case study projects to 

compare costs of completing the projects in line with the pavement design and specification 

against projects with non-conforming thickness and compaction. 

7. Propose methods to improve TfNSW specifications to ensure design life is achieved. 
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Appendix B – Risk Assessment
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All persons conducting a business or undertaking in Australia are required to manage the safety of the 

personnel involved in the business or undertaking. The Australian Government has produced the Work 

Health and Safety Act 2011 with the main objective of providing “balanced and nationally consistent 

framework to secure the health and safety of workers and workplaces”. 

All work practices involve hazards that have the potential to put the personnel and equipment involved 

at risk. In order to manage the risk, those responsible are required to complete risk assessments and to 

implement controls to manage and reduce the risks identified.  

As part of this dissertation a risk assessment has been completed to identify and manage risk. The risk 

assessment has been completed in line with USQ’s Risk Management System using the Risk 

Management Plan. 
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Appendix C – CIRCLY Results
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Braemar Project 

Original Pavement Design 
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Analysis of Original Pavement Design in CIRCLY 7.0 
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Braemar Project with Uniform Characteristics – 350 mm Thick 
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Braemar Project with Uniform Characteristics – 340 mm Thick 
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Braemar Project with Uniform Characteristics – 330 mm Thick 
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Braemar Project with Uniform Characteristics – 320 mm Thick 
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Braemar Project with Uniform Characteristics – 310 mm Thick 
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Braemar Project with Uniform Characteristics – 300 mm Thick 
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Braemar Project with Uniform Characteristics – 290 mm Thick 
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Braemar Project with Uniform Characteristics – 280 mm Thick 
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Braemar Project with Uniform Characteristics – 270 mm Thick 
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Braemar Project with Variable Characteristics – 350 mm Thick 
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Braemar Project with Variable Characteristics – 340 mm Thick 
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Braemar Project with Variable Characteristics – 330 mm Thick 
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Braemar Project with Variable Characteristics – 320 mm Thick 
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Braemar Project with Variable Characteristics – 310 mm Thick 
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Braemar Project with Variable Characteristics – 300 mm Thick 
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Braemar Project with Variable Characteristics – 290 mm Thick 
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Braemar Project with Variable Characteristics – 280 mm Thick 
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Braemar Project with Variable Characteristics – 270 mm Thick 
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Braemar Project with 105% Compaction 
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Braemar Project with 104% Compaction 
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Braemar Project with 103% Compaction 
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Braemar Project with 102% Compaction 
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Braemar Project with 101% Compaction 
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Braemar Project with 100% Compaction 
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Braemar Project with 99% Compaction 
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Braemar Project with 98% Compaction 
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Braemar Project with 97% Compaction 
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Braemar Project with 96% Compaction 
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Braemar Project with 95% Compaction 
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Braemar Project with 94% Compaction 
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Braemar Project with 93% Compaction 
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Braemar Project with 92% Compaction 
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Braemar Project with 91% Compaction 
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Braemar Project with 90% Compaction 
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Boree Project 

Original Pavement Design Analysis 
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Analysis of Original Pavement Design in CIRCLY 7.0 
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Boree Project with Uniform Characteristics – 350 mm Thick 
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Boree Project with Uniform Characteristics – 340 mm Thick 
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Boree Project with Uniform Characteristics – 330 mm Thick 
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Boree Project with Uniform Characteristics – 320 mm Thick 
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Boree Project with Uniform Characteristics – 310 mm Thick 
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Boree Project with Uniform Characteristics – 300 mm Thick 
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Boree Project with Uniform Characteristics – 290 mm Thick 
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Boree Project with Uniform Characteristics – 280 mm Thick 
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Boree Project with Uniform Characteristics – 270 mm Thick 
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Boree Project with Variable Characteristics – 350 mm Thick 
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Boree Project with Variable Characteristics – 340 mm Thick 
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Boree Project with Variable Characteristics – 330 mm Thick 
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Boree Project with Variable Characteristics – 320 mm Thick 
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Boree Project with Variable Characteristics – 310 mm Thick 
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Boree Project with Variable Characteristics – 300 mm Thick 
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Boree Project with Variable Characteristics – 290 mm Thick 
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Boree Project with Variable Characteristics – 280 mm Thick 
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Boree Project with Variable Characteristics – 270 mm Thick 
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Boree Project with 105% Compaction 
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Boree Project with 104% Compaction 
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Boree Project with 103% Compaction 
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Boree Project with 102% Compaction 
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Boree Project with 101% Compaction 
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Boree Project with 99% Compaction 
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Boree Project with 98% Compaction 
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Boree Project with 97% Compaction 
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Boree Project with 96% Compaction  
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Boree Project with 95% Compaction 

 



 

157 

 

Boree Project with 94% Compaction 
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Boree Project with 93% Compaction 
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Boree Project with 92% Compaction 
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Boree Project with 91% Compaction 
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Boree Project with 90% Compaction 
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Theoretical Pavements 

CBR3 Pavement 20 Year Design 
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CBR3 Pavement with Uniform Characteristics – 350 mm Thick 
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CBR3 Pavement with Uniform Characteristics – 340 mm Thick 
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CBR3 Pavement with Uniform Characteristics – 330 mm Thick 
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CBR3 Pavement with Uniform Characteristics – 320 mm Thick 
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CBR3 Pavement with Uniform Characteristics – 310 mm Thick 
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CBR3 Pavement with Uniform Characteristics – 300 mm Thick 
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CBR3 Pavement with Uniform Characteristics – 290 mm Thick 
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CBR3 Pavement with Uniform Characteristics – 280 mm Thick 
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CBR3 Pavement with Uniform Characteristics – 270 mm Thick 
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CBR3 Pavement with Variable Characteristics – 350 mm Thick 
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CBR3 Pavement with Variable Characteristics – 340 mm Thick 
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CBR3 Pavement with Variable Characteristics – 330 mm Thick 
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CBR3 Pavement with Variable Characteristics – 320 mm Thick 
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CBR3 Pavement with Variable Characteristics – 310 mm Thick 
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CBR3 Pavement with Variable Characteristics – 300 mm Thick 
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CBR3 Pavement with Variable Characteristics – 290 mm Thick 
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CBR3 Pavement with Variable Characteristics – 280 mm Thick 
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CBR3 Pavement with Variable Characteristics – 270 mm Thick 
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CBR 3 Pavement with 105 % Compaction 
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CBR 3 Pavement with 104 % Compaction 
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CBR 3 Pavement with 103 % Compaction 
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CBR 3 Pavement with 102 % Compaction 
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CBR 3 Pavement with 101 % Compaction 
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CBR 3 Pavement with 100 % Compaction 
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CBR 3 Pavement with 99 % Compaction 
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CBR 3 Pavement with 98 % Compaction 
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CBR 3 Pavement with 97 % Compaction 
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CBR 3 Pavement with 96 % Compaction 
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CBR 3 Pavement with 95 % Compaction 
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CBR 3 Pavement with 94 % Compaction 
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CBR 3 Pavement with 93 % Compaction 
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CBR 3 Pavement with 92 % Compaction 
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CBR 3 Pavement with 91 % Compaction 

 



 

196 

 

CBR 3 Pavement with 90 % Compaction 
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CBR5 Pavement 20 Year Design 
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CBR5 Pavement with Uniform Characteristics – 350 mm Thick 
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CBR5 Pavement with Uniform Characteristics – 340 mm Thick 
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CBR5 Pavement with Uniform Characteristics – 330 mm Thick 
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CBR5 Pavement with Uniform Characteristics – 320 mm Thick 
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CBR5 Pavement with Uniform Characteristics – 310 mm Thick 
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CBR5 Pavement with Uniform Characteristics – 300 mm Thick 
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CBR5 Pavement with Uniform Characteristics – 290 mm Thick 
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CBR5 Pavement with Uniform Characteristics – 280 mm Thick 
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CBR5 Pavement with Uniform Characteristics – 270 mm Thick 
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CBR5 Pavement with Variable Characteristics – 350 mm Thick 
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CBR5 Pavement with Variable Characteristics – 340 mm Thick 
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CBR5 Pavement with Variable Characteristics – 330 mm Thick 

 



 

210 
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CBR5 Pavement with Variable Characteristics – 310 mm Thick 
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CBR5 Pavement with Variable Characteristics – 300 mm Thick 
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CBR5 Pavement with Variable Characteristics – 290 mm Thick 
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CBR5 Pavement with Variable Characteristics – 280 mm Thick 
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CBR5 Pavement with Variable Characteristics – 270 mm Thick 
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CBR 5 Pavement with 105 % Compaction 
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CBR 5 Pavement with 104 % Compaction 
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CBR 5 Pavement with 103 % Compaction 
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CBR 5 Pavement with 102 % Compaction 
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CBR 5 Pavement with 101 % Compaction 
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CBR 5 Pavement with 100 % Compaction 
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CBR 5 Pavement with 99 % Compaction 
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CBR 5 Pavement with 98 % Compaction 
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CBR 5 Pavement with 97 % Compaction 
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CBR 5 Pavement with 96 % Compaction 
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CBR 5 Pavement with 95 % Compaction 
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CBR 5 Pavement with 94 % Compaction 
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CBR 5 Pavement with 93 % Compaction 
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CBR 5 Pavement with 92 % Compaction 
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CBR 5 Pavement with 91 % Compaction 
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CBR 5 Pavement with 90 % Compaction 
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CBR7 Pavement 20 Year Design with Constant Modulus 
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CBR7 Pavement with Uniform Characteristics – 350 mm Thick 
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CBR7 Pavement with Uniform Characteristics – 340 mm Thick 

 



 

235 

 

CBR7 Pavement with Uniform Characteristics – 330 mm Thick 
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CBR7 Pavement with Uniform Characteristics – 320 mm Thick 
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CBR7 Pavement with Uniform Characteristics – 310 mm Thick 
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CBR7 Pavement with Uniform Characteristics – 300 mm Thick 
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CBR7 Pavement with Uniform Characteristics – 290 mm Thick 
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CBR7 Pavement with Uniform Characteristics – 280 mm Thick 
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CBR7 Pavement with Uniform Characteristics – 270 mm Thick 
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CBR7 Pavement with Variable Characteristics – 350 mm Thick 
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CBR7 Pavement with Variable Characteristics – 340 mm Thick  
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CBR7 Pavement with Variable Characteristics – 330 mm Thick 
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CBR7 Pavement with Variable Characteristics – 320 mm Thick 
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CBR7 Pavement with Variable Characteristics – 310 mm Thick 
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CBR7 Pavement with Variable Characteristics – 300 mm Thick 
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CBR7 Pavement with Variable Characteristics – 290 mm Thick  
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CBR7 Pavement with Variable Characteristics – 280 mm Thick  
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CBR7 Pavement with Variable Characteristics – 270 mm Thick 
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CBR 7 Pavement with 105 % Compaction 
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CBR 7 Pavement with 104 % Compaction 
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CBR 7 Pavement with 103 % Compaction 
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CBR 7 Pavement with 102 % Compaction 
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CBR 7 Pavement with 101 % Compaction 
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CBR 7 Pavement with 100 % Compaction 
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CBR 7 Pavement with 99 % Compaction 
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CBR 7 Pavement with 98 % Compaction 
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CBR 7 Pavement with 97 % Compaction 
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CBR 7 Pavement with 96 % Compaction 
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CBR 7 Pavement with 95 % Compaction 
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CBR 7 Pavement with 94 % Compaction 
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CBR 7 Pavement with 93 % Compaction 
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CBR 7 Pavement with 92 % Compaction 
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CBR 7 Pavement with 91 % Compaction 
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CBR 7 Pavement with 90 % Compaction 
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Appendix D – Whole of Life Cost Analysis
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Conforming Pavement 
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Uniform Modulus - Nonconforming Thickness -10mm 
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Variable Modulus – Nonconforming Thickness -10mm 
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Nonconforming Compaction = 98% 
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Nonconforming Compaction = 95% 

 




