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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. TINSW 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.



property property
boundary footpath boundary

nature

stri
| «— portion traversed by vehicle traffic — e
hinge point / /—'
:5:1:-::‘13 natural surface —— 1/\ < . abutting
or batter y . ’ \ D — : property
' et riatural surface
"—\/~J— or batter
g A " OTWAY
BORDER TOADWAY OR FOOTWA
CARRIAGEWAY
BORDER
PAVEMENT -
VERGE SHOUEDER SHOULDER
FORMATION
ROADSIDE ROADSIDE

ROAD
or RIGHT OF WAY

road surface P
i

PAVEMENT STRUCTURE
BASE

trimmed or prepared surface SUBBASE

SUil'(HNJE

Figure 2. 1 Typical formation and flexible pavement structure
(Source: Austroads 2018c)
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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).



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).



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



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:

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

e The strength of pavement materials

e The bearing capacity of pavement materials

e 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

e Provide cost-effective pavement configurations through the provision of stabilised pavement
rather than reconstruction

e 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



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 2019Db).

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).



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).



TINSW 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).



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



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 TEINSW” 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. TENSW 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). TINSW 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 TEINSW’ North region.
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1.6 Project Aims

The aims of this project are:

This project aims to review effects of nonconforming compaction and layer thickness on the
life of stabilised pavements; and

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
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 TFINSW’ 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 TINSW 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.
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Plasticity index Pl<10 10<Pl<20

Pl > 20 Pl<6 Pl <10 PI> 10

(P1) &Pl x
Y% passing
75 pm = 60

Cement and
s Usually Usually Usually Usually Usually
;\;};‘:ﬁ:}g?us Pl not suitable suitable suitable suitable
Lime Usually Usually Usually Usually
Bl suitable suitable not suitable i suitable
Bitumen Usually EEY Usually Usually
Fla B not suitable suitable not suitable
Bitumen/ Usually Usually Usually Usually
lime blends Lt not suitable suitable suitable S
ranular sua sua sually sua e
G la Usually Usually Usuall Usually Usuall Doubtful
suitable not suitable not suitable suitable suitable
ry powder sua sua sually sua sually sual
D wd Usually Usually Usuall Usually Usuall Usually
polymers suitable suitable unsuitable suitable suitable not suitable
m&?ﬂﬁemw Usually Usually Usually Usually Doubtful Usually
products® not suitable suitable suitable not suitable suitable

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).



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.

Description of subgrade Typical CBR values (%)
. Unified Soil Excellent to good . .
Material Classification drainage Fair to poor drainage
Highly plastic clay CH 5 2-3
Silt ML 4 2
Silty-clay CL
Sandy-clay CL ik =
Sand SW, SP 10-18 10-18

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 TINSW have created add on

17



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

equation 2.1.
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HV
Npr = 365 * CGF * AADT * DF * %

* LDF * Nyy a6

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

Nyvac = 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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Factor

Proportion of coarse angular particles
Density

Compaction moisture content
Stress level

Cementitious binder content
In-service moisture content
Age

Extent of cracking

Efficiency of mixing
Temperature

Rate of loading

Effect of increasing factor
Increase

Increase

Increase up to an optimum value and then decrease
No change

Increase

Slight decrease

Increase

Decrease

Increase

No change

No change

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:

113000 12

ne

N =RF

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)

ue = 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.

K 12
N =RF (—)

VE:

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.

18880
Kmax = ———

VE

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.
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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.
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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):

e The determination of the need for the asset.
¢ Planning for the use of the asset including specification of design.
e Acquisition of the pavement through construction/ rehabilitation.

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

Demand/Need Plan Acquire Operate / Maintain Dispose

A\ =
Proct ® Design Ie Accept Evolve

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 TINSW 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 TEINSW” 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 (Zizlavsky 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 TEINSW 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
TINSW 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:

D 100w
Mpp 7

Relative Compaction =

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. TINSW 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.

Pavement Course Thickness £ 250 mm Pavement Course Thickness > 250 mm
Relative Compaction ' Deduction " Relative Compaction ' Deduction !
= 101 to < 102% 10%o =98 to < 100% 10%
= 100 to < 101% 30% =95 to < 98% 30%a

< 100% Reject < 95% Reject™

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 20mm
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
TENSW.

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:

e 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.

e 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.

e 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, TFINSW 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 TINSW 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.
Efiex = kycs x 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 TINSW (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 TINSW
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.

Relationship Between Fatigue Constant and Modulus

330
310 [N

290

. -

Linear K Based on RMS 2018 Values

Austroads Kmax

Fatigue Constant (K)

270
250

230
3000 3500 4000 4500 5000 5500 6000
Modulus (MPa)

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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Flexural Strength vs Modulus
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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

- (K + 285)E — 919300
N 240F

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 =2
"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.

CDF

Design Life = ——————
esignLife 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 TINSW
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.

Binder Content vs Thickness of Pavement

Braemar Project
3.3%

Boree Project

2.8%

Binder % by mass of pavement

2.3%
270 290 310 330 350

Thickness (mm)

Figure 3. 3 — Variation in binder content as stabilised layer thickness is changed during insitu stabilisation

SR

Binder % = —; .
° ™ thickness density

Equation 3. 6
Where:

SR = spread rate (kg/m?)

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.
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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 kuycs 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.
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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.
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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
10% 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 TINSW
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. TENSW 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
Nor 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 10° 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 kuycs 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:

e Wearing surface deterioration

e Pavement deformation

o Pavement cracking reflecting through the wearing surface
e Potholes in the pavement, either present or repaired

e 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 TEINSW 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 TFINSW 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.

Braemar Project Thickness Summary

1%

6%

m % witihin tolerance (+10
to +30 mm)

B % below tolerance
(=330 mm)

= % above tolerance
(=360 mm)

93%

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 m? that was rehabilitated through insitu stabilisation.
Using the data presented in figure 5.1, 781 m? 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 TINSW 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.

T e T "

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 TENSW 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

Theoretical Pavement - Subgrade CBR3 - Thickness Comparison - Constant Modulus
Base Thickness (mm) |CDF Repetitions at Failure |Life Consumed |Design Life (years) |Variance in life (years) |Variance in Life (%)
270| 6.42E+01 8.70E+01 6420% 0.3 20.7 99%
280| 3.40E+01 4.61E+01 3400% 0.6 20.4 97%
290| 1.84E+01 1.08E+05 1840% 11 19.9 95%
300| 1.01E+01 1.96E+05 1010% 2.0 19.0| 91%
310| 5.61E+00 3.54E+05 561% 3.6 17.4 83%
320 3.18E+00 6.24E+05 318% 6.3 14.7 70%
330| 1.82E+00 1.09E+06 182% 11.0 10.0 48%
332| 1.64E+00 1.21E+06 164% 12.2 8.8 42%
340| 1.06E+00 1.87E+06 106% 188 2.1 10%
342| 9.54E-01 2.0BE+06 95% 21.0 0.0 0%
350 6.26E-01 3.17E+06 63% 319 -11.0 -52%
352| 5.56E-01 3.57E+06 56% 359 -15.0 -71%

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

Theoretical Pavement - Subgrade CBR5 - Thickness Comparison - Constant Modulus
Thickness |CDF Repetitions at Failure :Life Consumed |Design Life (years) |Variance in life (years) |Variance in Life (%)
270| 1.48E+01 1.34E+05 1480% 1.4 18.7 93%
280| 7.91E+00 2.51E+05. 791% 2.5 175 87%
290| 4.29E+00 4. 63E+05 429% 4.7 15.4 77%
300| 2.37E+00 8.37E+05 237% 8.4 116 58%
305| 1.77E+00 1.12E+06 177% 11.3 8.7 44%
310| 1.33E+00 1.49E+06 133% 15.0 5.0 25%
315| 9.99E-01 1.99E+06 100% 20.0 0.0 0%
320| 7.55E-01 2.63E+06_ 76% 26.5 -6.5 -32%
325| 5.73E-01 3.46E+06_ 57% 34.9 -14.9 -74%
330| 4.36E-01 4. 55E+06 44% 459 -259 -129%
340| 2.55E-01 7.78E+06 26% 78.4 -58.4 -292%
350| 1.51E-01 1.31E+407 15% 1325 -112.4 -562%

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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Thickness vs Design Life
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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.

Braemar Project - Thickness Comparison

90.0
80.0
70.0
80.0

50.0

40.0 Modulus = 5000 MPa

Design Life (Years)

— Adjusted Modulus
30.0

20.0

10.0

0.0
260 280 300 320 340 360
Thickness (mm)

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.

Boree Project - Thickness Comparison
1000.0
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800.0
700.0
600.0
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— Adjusted Modulus
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Design Life (Years)

300.0
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100.0

0.0
260 280 300 320 340 360

Thickness (mm)

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
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Thickness vs Design Life - Variable Characteristics
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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 TENSW 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 TINSW 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 TINSW 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/m? was applied in year 0, final seal
applied in year 1 at $7/m?, routine maintenance at $0.50/m? in all years and salvage in the form of
pavement rehabilitation at -$37.50/m? 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/m? at 7% discount rate. The 4 % sensitivity analysis returned a cost of $156.49/m? and the
10% sensitivity analysis returned a cost of $160.56/m?.

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 TINSW 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
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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/m? at 7% discount rate. The 4 % sensitivity analysis returned a cost of $215.91/m?

and the 10 % sensitivity analysis returned a cost of $193.11/m?,

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 TINSW 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/m? at 7% discount rate. The 4 % sensitivity analysis returned a cost of $214.16/m?

and the 10 % sensitivity analysis returned a cost of $191.56/m?.

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/m?.

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/m? at 7% discount rate. The 4 % sensitivity analysis returned a cost of
$179.92/m? and the 10 % sensitivity analysis returned a cost of $172.15/m?,

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/m? with a
discount rate of 7 %. The 4 % sensitivity analysis returned a cost of $216.06/m? and the 10 % sensitivity

analysis returned a cost of $193.36/m>.
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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. TINSW 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 TFINSW 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. TENSW 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. TINSW 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. TEINSW 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 TINSW 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.

76



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/m?. 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/m?, 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/m?, 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/m?, 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.

80



References
Andrews, RC 1998, MTRD Report No. 94/MT/89 - 1 Mechanistic Characterisation of Cementitiously
Stabilised Pavement Materials, 19 Bridge Road Wakely Heights SA 5098.

Austroads 2006, Guide to Pavement Technology Part 4D: Stabilised Materials, Austroads Ltd., Level 9,
287 Elizabeth Street Sydney NSW 2000 Australia.

Austroads 2009, Guide to Pavement Technology Part 7 Pavement Maintenance, Austroads Ltd.

Austroads 2012, Guide to Pavement Technology Part 2: Pavement Structural Design, Austroads Ltd,
Level 9, Robell House 287 Elizabeth Street Sydney NSW 2000 Australia.

Austroads 2017, Guide to Pavement Technology Part 2: Pavement Structural Design, Austroads Ltd.,
Level 9, 287 Elizabeth Street Sydney NSW 2000 Australia.

Austroads 2018a, Guide to Pavement Technology Part 4L Stabilising Binders, Austroads Ltd, Sydney
NSW 2000 Australia.

Austroads 2018b, Guide to Pavement Technology Part 41: Earthworks Materials, Austroads Ltd., Level
9, 287 Elizabeth Street Sydney NSW 2000 Australia.

Austroads 2018c, Guide to Pavement Technology Part 1: Introduction to Pavement Technology,
Austroads Ltd, Level 9, 287 Elizabeth Street Sydney NSW 2000 Australia.

Austroads 2018d, Guide to Pavement Technology Part 4K: Selection and Design of Sprayed Seals,
Austroads Ltd., Level 9, 287 Elizabeth Street Sydney NSW 2000 Australia.

Austroads 2019a, Guide to Pavement Technology Part 5: Pavement Evaluation and Treatment Design,
Austroads Ltd., Level 9, 287 Elizabeth Street Sydney NSW 2000 Australia.

Austroads 2019b, Guide to Pavement Technology Part 4D Stabilised Materials, Austroads Ltd, Level 9,
287 Elizabeth Street Sydney NSW 2000 Australia.

Austroads 2019c, Guide to Pavement Technology Part 8: Pavement Construction, Austroads Ltd, Level
9, 287 Elizabeth Street Sydney NSW 2000 Australia.

AustStab 1996, Life Cycle Costing of Stabilised Pavements, AustStab.
AustStab 2010, AustStab Technical Note No. 4: What is Lime?, AustStab, Cherrybrook NSW 2126.

Babashamsi, P, Md Yusoff, NI, Ceylan, H, Md Nor, NG & Salarzadeh Jenatabadi, H 2016, 'Evaluation of
pavement life cycle cost analysis: Review and analysis', International Journal of Pavement Research
and Technology, vol. 9, no. 4, pp. 241-54.

Das, BM 2003, 'Chemical and mechanical stabilization', Transportation Research Board.

Fuller, S 2010, 'Life-cycle cost analysis (LCCA)', National Institute of Building Sciences, An Authoritative
Source of Innovative Solutions for the Built Environment, vol. 1090.

G Foley & Australian Stabilisation Expert Group 2001, 'Contract report - Mechanistic Design Issues for
Stabilised Pavement Materials', Austroads, vol. RC91022-3.

81



G Vorobieff & R Yeo 2002, APRG Technical Note 12, Effect of design, construction and environmental
factors for long-term performance of stabilised materials.

Geoffrey Jameson 2014, 'Improved Fatigue Characterisation of Cemented Materials', 26th ARRB
Conference - Research Driving Efficiency: Proceedings of the 26th ARRB Conference - Research Driving
Efficiency ARRB Group Ltd, Syndey NSW.

Gray, W 2017, Best practice guide for pavement stabilisation, NZ Transport Agency research report
622, NZ Transport Agency, Wellington 6141, New Zealand.

Holtz, RD & Kovacs, WD 1981, An Introdcution to Geotechnical Engineering, Prentice-Hall Inc.,
Englewood Cliffs, New Jersey 07632.

Jameson, G 2013, Technical Basis of Austroads Guide to Pavement Technology Part 2: Pavement
Structural Design, ARRB Group Ltd, Vermont South, Victoria, Australia.

Little, DN, Males, EH, Prusinski, JR & Stewart, B 2000, 'Cementitious stabilization', Transportation in
the new millennium.

Louw, S & Jones, D 2015, 'Pavement Recycling: Literature Review on Shrinkage Crack Mitigation in
Cement-Stabilized Pavement'.

Mallela, J, Quintus, HV & Smith, K 2004, 'Consideration of lime-stabilized layers in mechanistic-
empirical pavement design', The National Lime Association, vol. 200, pp. 1-40.

Regional Geotechnical Solutions 2019, Proposed Pavement Rehabilitation — Segment 3080 Boree, Port
Macquarie NSW 2444,

Roads and Maritime Services 2012, Test method T147 Working time for road construction materials
(Blended in the laboratory with slow setting binders) Roads and Maritime Services, Sydney,
https://roads-waterways.transport.nsw.gov.au/business-industry/partners-
suppliers/documents/test-methods/t147.pdf>.

Roads and Maritime Services 2018, Roads and Maritime Supplement to Austroads Guide to Pavement
Technology Part 2: Pavement Structural Design, Roads and Maritime Services.

Roads and Maritime Services 2019a, Pavement Rehabilitation MR83 Segment 3545 N2018027, Roads
and Maritime Services.

Roads and Maritime Services 2019b, HW11 Segment 3080 Boree, Grafton NSW 2460.

Roads and Traffic Authority 2008, NSW Road Management Arrangements, Roads and Traffic
Authority, Sydney NSW.

Serruto, M & Pardo, L 2001, 'Evaluation of stabilised marginal pavement materials using established
and newly developed cementitious binders', 20th ARRB Conference Melbourne.

Transport for New South Wales 2012, Test method T166 Relative compaction of road construction
materials,  TfNSW, https://roads-waterways.transport.nsw.gov.au/business-industry/partners-
suppliers/documents/test-methods/t166.pdf>.

Transport for New South Wales 2016, Principles and Guidelines for Economic Appraisal of Transport
Investment and Initiatives, Transport for NSW, Sydney NSW.

82



Transport for New South Wales 2020a, What We Do, viewed 27/03/2022, <https://roads-
waterways.transport.nsw.gov.au/about/what-we-do/index.html|>.

Transport for New South Wales 2020b, INSITU PAVEMENT STABILISATION USING SLOW SETTING
BINDERS, Transport for New South Wales, Sydney NSW.

Transport for NSW 2018, Life Cycle Costing, Transport for NSW.

Transport for NSW 2020, Transport Environment and Sustainability Policy, Transport for NSW,
Chippendale NSW 2008.

Transport for NSW 2021a, Plant Mixed Heavily Bound Pavement Course, QA Specification R73,
https://roads-waterways.transport.nsw.gov.au/business-industry/partners-
suppliers/documents/specifications/r073.pdf>.

Transport for NSW 2021b, Supplement to Austroads Guide, Supplement to Austroads Guide to
Pavement Technology Part 5: Pavement Evaluation and Treatment Design, Transport for NSW,
https://roads-waterways.transport.nsw.gov.au/business-industry/partners-suppliers/document-
types/supplements-austroads-guides/pavement-technology.html>.

Transport for NSW 2021c, QA Specification Q4, Quality Management System (Type 4), Transport for
NSW, https://roads-waterways.transport.nsw.gov.au/business-industry/partners-
suppliers/documents/specifications/q04.pdf>.

Transport for NSW 2022, NSW Road Network,
https://www.transport.nsw.gov.au/operations/logistics-network/nsw-road-network>.

Transport South Australia 1998, Mechanistic Characterisation of Cementitiously Stabilised Pavement
Materials.

White, G & Gnanendran, C 2002, 'The characterisation of cementitious insitu stabilised pavement
materials: The past, the present and the future', Road & transport research, vol. 11, no. 4, pp. 56-.

White, GW 2007, 'Laboratory characterisation of cementitiously stabilised pavement materials',
UNSW, Sydney.

Yoder, EJ & Witczak, MW 1991, Principles of pavement design, John Wiley & Sons.

Zizlavsky, O 2014, 'Net present value approach: method for economic assessment of innovation
projects', Procedia-Social and Behavioral Sciences, vol. 156, pp. 506-12.

83



Appendix A — Project Specification

84



For:
Title:

Major:

ENG4111/4112 Research Project
Project Specification

Shaun Perkins
Evaluation of Issues Affecting Stabilised Granular Pavements

Civil

Supervisors:  Dr Andreas Nataatmadija

Enrollment; ENG4111 — EXT S1, 2022

ENG4112 — EXT S2, 2022

Project Aims:

This project aims to review effects of nonconforming compaction and layer thickness on the
life of stabilised pavements; and

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
To propose methods of improving conformance with specification requirements to ensure

design life is achieved.

Programme: Version 1, 15" March 2022

Conduct literature review into stabilised pavements and specifications for construction.
Complete a desktop review of the pavement design, layer thickness and compaction records
from construction of two stabilised pavements in TEINSW North to determine areas with non-
compliant parameters that may impact the life of the pavement.

Use CIRCLY to model non-conforming sections of the case study projects to determine
theoretical changes to design life.

Model three theoretical stabilised pavements in CIRCLY with pavement profiles indicative of
those found in the North region with varying subgrade CBR.

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.
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 TINSW. 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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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.

University of Southern Queensland
UNIVERSITY

QUEENSLAND UsQ Safety Risk Management System

Nete: This is the offline version of the Safety Risk Management System (SRMS) Risk Management Plan (RMP) and is only to be used for planning

and drafting sessions, and when working in remote areas or on field activities. It must be transferred to the online SRMS at the first opportunity.

Safety Risk Management Plan — Offline Version
Aot il Engilﬁfering Research Project: Evaluation of Issues Affecting A ent Dt 24/05/2022
Stabilised Granular Pavements
Waorkplace (Division/Faculty/Section): UsQ/Civil Engineering Review Date:(5 Years Max) 31/12/2023
Context
Description:
What is the task/event/purchase/project/procedure? Research project
Why is it being conducted? Reguirement of Bachelor of Engineering
Where is it being conducted? NSW Mid Morth Coast and North Coast
Course code (if applicable) ENG4111/ENGA112 Chemical name (if applicable)
What other nominal conditions?
Personnel involved shaun Perkins
Equipment Office equipment, car, field notes
Environment Office, roadside
Other
141 ekt proe R AURE [ e :Eie;:g; project involving office research and report preparation combined with inspection of road condition at
Assessment Team - who is conducting the assessment?
Assessor(s) Shaun Perkins
Others consulted: Dr Andreas Nataatmadija

This document is uncontrelled ence printed and may not be the latest version. Access the online SRMS for the latest version. Safety Risk Management Plan V1.1
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Egl. Enter
Consequence

Consequence

. Insignificant Minor Moderate Major Catastrophic
Probability No Injury First Aid Med Treatment Serious Injuries Death
0-$5K $5K-$50K $30K-5100K $100K $250K More than $250K

Almost Certain
1in2

Likely
1in 100

Possible
1 il_110l:0

Unlikely
1in 10 000

Eg2.Enter
Probability

Rare
1in1000000

Recommended Action Guide

Eg 3. Find
Action

M=Moderate Risk — Risk Management Plan/Work Method Statement Required

Harards: Risk: Consequence: Existing Controls: Risk Assessment: Additianal controls: Risk assessment with aaditional
Fromsteptor | What can happen if exposed tothe | What is the harm that can | What are the existing controls thet areakeadyin | Consequence x Probabifity = Risk level | Enter additional controbs if required to contrals:
mare if identified|  hazard without cxistine controlsin | be coused by the hazard clace? reduce the risk level
place? without existing controls
in placa?
Probability FRislc Leval ALARPY Consequence | Probability | Risk Level | ALARP?
Yes/no Yesfna
Woring in Hear Pl REgular braaks, cNiFeg water avallanie, loose possiDie nagn nNo TempOorary shade sneiters, essential |CaTasropnic uniely maoa Yas
leading Clothing, Tztigue manzgement policy. tasks only, close supervision, buddy
over 35° C system.
B = P Selact 3 concequence o & Select a [Setect a Risk [Yes or Mo [seect a Selecta Selecta  |Yesor Mo
‘Working in |Repetetive strain ||.1Jurv/ Ergonomic desk, chair, [l Py [ R
office for  |sore back/eye strain keyboard and mouse.
long Adjustable screen
periods
Driving to_|vehicle accident Select o comsequenie Fatigue management through |2 [Gelecta Risk [Yes or No. [Brect a Sciectn [Selecia [YesorNo
2 : . |probabifity  [Level lconscquence | probobility | Risk Level
site breaks at 1 hour intervals, drive

with passenger to share driving,
use vehicle with high safety

rating
Site Worker on foot hit by =t esoremenslse spotter to watch traffic in ;“;;';‘ - E;\:‘I' sl :;::_‘;c‘w‘cc D:::v”:wlrw ;“d;‘”*” Yexor o
inspection |vehicle leading to line with Traffic control at work
serious injury/death sites manual, walk on shoulder
clear of traffic, park vehicle in
locaation =t least 3m clear of
shoulder
Working in|heat stress, heat stroke, [Fel=t2=enemens= | Hydration, regular breaks in ‘;S;::E’I o [ecatiet esnrhe e ;CD‘;‘[‘N e kb
the sun exhaustion leading to shade or air conditioning, broad
accident or death brimmed hat, long sleeve shirt,
long pants, work with buddy
system
Working  |Snake/Insect bite electzconsequence | \Wark in pairs, long sleeve shirt, ‘;E;::;W t;\'j“ ik P ::;‘; Mo :f;ni‘;m Hﬁs ;f_‘;L:I et
outdoors  |leading to long poants, leather boots,
hospitalisation or death carry first aid kit, work in areas
with adequate mobile coverage
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Step 6 - Approval

Drafter's name: Shaun Perkins Draft date: 24/05/2022
Site inspections will be completed in line with TINSW North Region SWMS for site inspections. Vehicle used for travel is
Drafter's comments: registered and comprehensively insured. PPE required is owned already. Previous experience on road works sites/ site

inspections is 15 years.

Approver’s name: Andreas Nataatmadija | Approver's title/position: | Senior Lecturer/ Project Supervisor

Approver’s comments:

| am satisfied that the risks are as low as reasonably practicable and that the resources required will be provided.

SSSS—————————————————————————.~’”

This decument is uncontrolled once printed and may not be the latest version. Access the online SRMS for the latest version. Safety Risk Management Plan V1.1
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Braemar Project

Original Pavement Design

FLEXIBLE PAVEMENT DESIGN - SUMMARY REPORT

Project Details

Project title:

MR&3 Braemar state forest Seg 3540-3550

Location:

Designer: AM

Date of design: 20 September 2019

Comments: Heavily Bound-20 years design life

Design reliability: 90%

Traffic Details

Asphalt (SARS) Subgrade (SART) Cemented (SAR12)

Design wafic

Design period: 20 years

Annual growth rate: 1.3%

Layer Details

Layer | Thickness Ev Sub- Lower % Vol

No (mm)} Description Material (MPa)| layer? I'F Bitumen
1 320 Heavily Bound Cemented 5,000 NIA Rough MN/A
2 120 Granular Sub-base Granular 250 yes Rough MN/A
3 200 Fill Sel. SIG 80 Ves Rough NIA
4 S/inf Cohesive Subgrade Subgrade 40 NIA MN/A MN/A

Load Details

HalfiFull axle model: Full

Tyre contact stress: 750 kPa

Design Details

Design filename:

CAABDULLAH\WPROJECTS PavementiN2018027 MR83 Braemar state forest seg-3540-

356012 2 Design\2.2 HB2 fpd

FPD software version: 5U (22 Apnl 2015)
CIRCLY software version: 5.0i (7 July 2006)
Results
Layer | Thickness Ev Poisson's Lower
No (mm) Description {MPa) EviEh Ratio I/F
1 320 Heavily Bound 5,000 1.0 0.20 Rough
21 24 S/L Granular 150 2.0 0.35 Rough
22 24 S/L Granular 132 2.0 0.35 Rough
2.3 24 S/L Granular "7 2.0 0.35 Rough
24 24 S/L Granular 103 2.0 0.35 Rough
25 24 S/L Granular 91 20 0.35 Rough
31 40 SiL Sel. SIG 80 20 0.35 Rough
3.2 40 SiL Sel. 5IG 70 20 0.35 Rough
33 40 SiL Sel. SIG 61 20 0.35 Rough
34 40 SiL Sel. SIG 53 20 0.35 Rough
35 40 SiL Sel. 5/G 46 20 0.35 Rough
4 S/inf Cohesive Subgrade 40 20 0.45 MN/A
Layer Failure Max. Microstrain Failure Life Pavement
No Description Criterion Hor. Vert. Reps. Consumed |Life (years)
1 Heavily Bound Fatigue -18.17 NIA 3.14E+07 97% 205
2 Granular Sub-base N/A NIA NIA NIA MN/A N/A
3 Fill Rutting NIA 155.8 2.70E+12 0% =50
4 Cohesive Subgrade Rutting NIA 200.7 4.59E+11 0% =50
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Analysis of Original Pavement Design in CIRCLY 7.0

CIRCLY - Version 7.0 {1 February 20ZZ}

Job Title: Braemar — Design

Design Method: Rustroads 2017
HDT
Traffic Load Distribution:

I NEWPresum=Bural
Hame: NSW BMS Rug 2018 - Rural Presumptive
ESA/HVAG: 1.06&8

Details of Load Groups:

{cumulative heavy wehicle axle groups over design period):

2_.6EE+0E

(Table 14}

Load Load Load
Ho. n Cat '
1 ESA750-Full ESATS0-Full
2 SRASTS3 SASTS3
Load Locations:
Location Load Gear X ¥ Th
Ho. ID

Ho.

1 1 -165.0 0.0 i
2 1 165.0 0.0 1
2 1 1€35.0 0.0 1:
4 ESA750-Full 1 1965.0 0.0 L
1 SASTS3 ] 0.0 0.0 18
2 o 0.0 1

SASTGS3 2130.

Details of Layered System:

- DOE+QD

ID: Aust2017-1 Title: Austroads 2017 — Example 1 — Unbound Granular Pavemsnt
Layer Lower Material Isotropy Modulus F_Ratio
Mo. ifface ID { Ewv) { wwh) E

1 rough Cemant 5000 Iso. 5 _00E+03 0.20

2 rough Gran 250 2 _.50E+02 0.35 1.85E+02

3 rough subsIcCaE & _00E+01 0.45 5.52EH11

4 rough Sub CER4 4 _00E+01 0.45 2_TeE+I1
Performance Relationships:
Layer Location Material Component Shiftc
Ho. 1D Factor

1 bottom Cement 5000 ETH

3 top subs1tCBE EZZ

4 top Sub CBR# EZE
Beliability Factors:

ity: Bustroads 90%
Material
Iype
Cement Stabilised

Subgrade
Subgrade

(Selected Matezial) (Rustzoads 2017}

(Buscroads 20

Lavers to be sublayered:
2: BAustroads (2004} sublayering
3: Austroads {2004} sublayering

Strains:

Haterial
In
Cement5000

Laver Thickness
Ho.
L 320.00
SADT (80} :

SAST (53} -

3 200.00 subs1tCBEA
SADT (80} :
4 0.00 Sub CER4
SADT (80} :
Resulcs:
Layer Thickness Material
Ho. I

Cement5000

2 120.00 Gran 2G50
3 200.00 subs1tCBA Total:

Sub CBR4 Total:

Unitless
Strain

L. 9524E-04

CDF

1_053EHID
5_Z44E
3_837E-01
2_01BE-+3
6_Z244E-01
3.058E-02
2. B96E-D4

n/

a
1.0Z6E-06

€.6T5E-0&
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Braemar Project with Uniform Characteristics — 350 mm Thick

CIRCLY - Version 7.0 (1 February 2022}
Jobb Title: Braemar — Design
Design Method: Austroads Z017
WDOT {cumulative heavy wvehicle axle groups over design pericd): 2.68E+De
Traffic Load Distribution:
ID: HEWPresumeRural
Hame: NEW BMS Aug 2018 - Bural Presumptive (Table 18]
ESA/HVAG: 1._068

Details of Load Groups:

Load Radius
Ko

1 L P

2 102.4
Location =1
Ho. F

1 1.

2 1

3 1.0

4 1.0

1 1.0

2 1.00E+00

Details of Layered System:

ID: AustZ017-1 Title: RAustroads 2017 — Example 1 — Unbound Granular Pavement

Layer Lower Material Isotropy Modulus P_Ratio

Ho. i/fface ID {cz vwhl F

1 rough Cement5000 L J

2 rough 0 2 B

3 rough 5.

4 rough 2
Performance Relati

Layer Location Matc Component Perform. Perform. Shift

Ko ID Constant Exponent F
1 bottom Cement5000 ETH 0.000263 1z2.000
3 top subs1tCBE EZZ
4 top Sub CBR4 EZZ

Reliability Facto

Pr ct Relizbi

ats
Mo o
1 Cement Stabilised
3 Subgrade (Selected Material) (Bustroads 2017}
4 Subgrade (Austroads 2Z0L7T)

Details of Layers to be sublayersd:

Layer no. 2: Austroads (2004} sublayering
Layer no. 3: Austroads 004} sublavering

Strains:

Layer Thickness Material Exle Unicless
Ho. ID Strain
1 350.00 Cement 5000

SADT {8B0) :
SAST(&83):

2 200,00 subsltCEE
SLDT{B0) : 1._335E-04

Sub_CER4

SLDT (B0} : 1.T765E-D4

Fesulzs:

Layer Thickness Exle CDF
Ho. Group
1 350.00 Cement5000 Total: 2.
SRST 9.
SADT: g.
TRST =
TADT: X
TRDT 6.
QDT L=
2 120.00 Gran 250 n/a
3 200.00 subslcCBEE Total: 4_0Z27E-07

Sub CER4 Total: 2.0843E-06
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Braemar Project with Uniform Characteristics — 340 mm Thick

CIRCLY - Wersion 7.0 (1 February 2022}
Job Title: Braemar — Design
Design Method: Austroads 2017
HDT {cumulative heavy wehicle axle groups over design pericd): 2.68E+0€
Traffic Load Distribution:
ID: HEWPresumeRural
Hame: NSW BMS Aug 2018 - Bural Presumptive (Table 18)
ESA/HVAG: 1_068

Details of Load Groups:

Load Load Load Load Radius DTresszure/ Exponent
Ho. In Type E=f. stress
1 Vertical Force 82.1 0.75
.4 Vertical Fozrce 102.4 0.80
Load Locations:
Location Load Gear bid 8.4 Thet=
Ho. I Ho F 3
1 1 0.0 1.00E+00 0.
2 1 0.0 1.00E+00 0.
3 1 0.0 1.00E+00 i
4 ESA'.'.:.. Full 1 0.0 1.00E+00 0.
1 SRSTS53 1 0.0 1.00E+00 0.
2 SASTS3 1 0.0 1.00E+00 0.

Details of Layersd System:

ID: BEustZ0l7-1 Title: Austroads 2017 - Example 1 - Unbound Granular Pawvement

Layer Lower Material Isotropy Modulus
Ho. ifface ID {oz Ew) E Eh wh
1 rough Cement5000 5.0
z rough Gran_250 2 1_85E+02 2 0.35
3 rough subs1tCEBS 8. 5.52E+01 4_00E+01 0.45
4 rough Sub CER4 4. 2 _T7eE+01 Z2_00E+01 0.45
Performance Relationships:
Layer Location Material Component Perform. Perform. Shift
Ho. ID Constant Exponent Factor
1 bottom Cement5000 ETH 3 0
3 top subs1ltCBE EZL
4 top Sub CER4 EZEZ

Reliabilicy Factors:

Project 1—1 ability: hustroads 50%

Layer i Material

Hao. Type

x 2.00 Cement Stabilised

3 1.00 Subgrade (Selected Material) (Rustroads Z017)
4 1.00 Subgrade (Austroads 2017)

Details of Layers to be sublayersd:
Layer no. 2: 3Rustroads (2004} sublayvering
Layer no. 3: BRABustroads (2004} sublayering

Strains:

Layer Thickness Material Exle
Ho. ID Strain
x 340.00 Cements000
SRDT {A0) - 7_.173E-05
SAST ({53} : 5.141E-05
3 200.00 subs1tzCBE

SADT{80) : 1.394E-04
4 0.00 Sub CER4
SEDT {80} : 1_B3cE-04

Layer Thickness Material Exle COF
Ho. ID Group
x 340.00 Cements000 Total:
SBST:
SLDT:
TLST:
TLDT:
TRDT:
QEDT:
F.d 120.00 Gram 250 nfa
3 200.00 subs1tzCBE Total: 5.453E-07
4 a.00 Sub CERA4 Total: 3_T50E-06

94



Braemar Project with Uniform Characteristics — 330 mm Thick

CIRCLY - Version 7.0 (1 February 2022}

Job Title: Braemar - Design

Design Method: Bustroads
HDT {cummlatiwve heavy wehicle axle groups over design pericd) : 2Z.&B8E+06

Traffic Load Distribucio

ID: HSWPresumeRural
Hame: MSW BMS Zug 2018 — Bural Presumptive (Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Radius Dressure/ Exponent
Ho. Catcegory Type FE=f. stress
X E 0-Full Vertical Force s F- N 0.5 0._00
2 5ASTS3 Wertical Force 102.4 0_80 0.00
Load Locations
Location Load Gear X T Scaling Theta
Ho. ID (=8 Factor
1 1 -165.0 LI 1} 1.00E+00
2 1 1g5.0 0.0 1.00E+
3 1 1635.0 0.0 1.00E+00
4 1 1965.0 0.0 1.00E+00
1 1 0.0 0.0 1.00E+00
2 1 2130.0 LI 1} 1.00E+00

Details of Layered System:

ID: Bust?017-1 Ticle: Bustroads 2017 - Example 1 - Unbound Granular Pavement

Lower Material

ifface In F Eh wh
rough Cementh

rough Gran_250 1.2 1.25EHIZ2 0.35
rough subsl1tCBE 5. 4.0 0.45
rough Sub CER4 FLis 2 0.45

Performance Relati

Layer Location Mas Component Perform. Shifc
Ho. ID Constant Factor
1 bottom Cement5000 ETH 0.000263
3 top subs1tCBE EZZ o
4 top Sub CER4 EZZ 0.0

ect Reliability: Austroads 90%
Reliability Material

Factor Type

2.00 Cement Stabilised

1.00 Subgrade (Selected Material) (Bustroads 2017}
1.00 Subgrade (Rustroads 2Z017)

Dezails of Layers to be sublayered:
Layer no. 2: Dhuscroads (200 sublayering
Layer no. 3: Austroads (2004} sublayering

Strains:

Layer Thickness Exle Unitless
Ho. Strain
1 230.00 Cement 5000
SADT {A0) - T7.490E-05
SAST({53): 5.398E-05
3 Z200.00 subs1tCBE
SADT (B0): 1.457E-04
4 a._0a Sub CBR4
- SADT (A0} - 1.912ZE-04
Besulzs:
Layer Thickness Material Exle CDF
Ho. ID Group
1 230.00 Cement 5000 Total: 6.
SAST: 2
SLDT: 2.
TAST: 1.1
TADT: 3.
TRDT: 1.7
QADT: 1
2 120.00 Gran 250 nfa
32 subsltCBE Total: T.44EE-07
4 Sub CER4 Total: 4.584E-06
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Braemar Project with Uniform Characteristics — 320 mm Thick

CIRCLY - Versiomn 7.0 (1 February 2022}

Job Title: Braemar - Design

Design Method: Austroads 2017

HOT {cumuzlatiwve heavy wehicle axle groups over design pericd) : 2.68E+De

Traffic Load Distribution:

ID: NSWPresumeBRural
Hame: MSW BMS Aug 2018 — Bural Presumptive {Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Badius Pressure/
Ho. Type Ref. stress
1 ull Vertical Force C
2 Vertical Force
Load Locations:
Location Load Gear X X
Ho. ID Hoo
X Full 1 -18 0.0
2 Full 1 18 0.0
3 Full 1 163 0.0
4 Full 1 158 0.0
1 1 0.0
2 1 0.0

Details of Layered System:
ID: Aust2017-1 Title: Rustroads 2017 — Example 1 - Unbound Granular Pavement

Layer Lower

Ho. ifface {
1 rough 5.
2 rough 2.
2 rough H.
4 rough 4.
Performance Relationships:
Layer Location Material Component Perform. Perform.
Ho. ID Constant Exponent
1 bottom Cement5000 ETH 0_000263 12
3 top subs1tCES EZZ 0.009150
4 top Sub CER4 EZZ 0.009150 7.

Subgrade igl} (Austroads Z017)
Subgrade )
Details of Layesrs to be sublayersd:

L r no. 2: DAustroads (2004) sublayering
r no. 3: hustroads (2004) sublayering

Axle Unitless
Strain

SADT {80} : 7.830E-05
SAST({53): 5.e75E-05

3 Z00.00 subsltCBS

SADT (B0} : 1.52GE-04
4 0. 00 Sub CBR4
SEDT {80} : 1.994E-04

Eesults:

Layer Thickness Material Rxles CDF
Ho. ID Group
1 320.00 Cement5000 Total: 1.053E+00
SAST: 5.244E-02
SADT: 3.6837E-01
TAST: 2_018E-03
TADT: £_744E-01
TRDT: 3.058E-0Z2
QADT: 2_88eE-04
2 120.00 Gran 250 n/a
3 200.00 subs1tCES Total: 1_0Z6E-0%&
4 0.00 Sub CBR4 Total: ©6.6T5E-D&
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Braemar Project with Uniform Characteristics — 310 mm Thick

CIRCLY - {1 February 2022}

Version 7.0
Job Title: Brasmar — Design
Design Method: Rustroads 2017

HDT {cumulative heavy vehicle axle groups

Traffic Load Distribution:

ID: YSWD*=5umeR1'“

Hame: NSW BMS Iug 2018 - Pural Presumpti
ESA/HVAG: 1.068
Details of Load Groups:
Load Load
Ho. ID
1 ESA750-Full
2 SRSTE3

Load Locations:

Location Lioad Gear
Ho. ID Ho

B 1

3 1

4 1

i 1

2 SASTS3 1

Details of Layered System:

: AustZ(l7-1 Title: Rustroads 2017

Layer Lower Material
Ho. i/face ID
1 rough Cement5000
2 rough Gran_250
3 rough subs1tCBE
4 rough Sukb_CBR4

Performance Relationships:
Material

Layer Location

Ho.
I bottom
3 top
4 top

_ct Beliabi : hustroads 50%

cwer design

ive

oy L oy oy

=
¥

(]
i}

Iso

Iso.

Aniso.
Eniso.
Eniso.

m

1

I

= Example 1 - Unboumn

TropyY

Component

ETH
EZZ
EZZ

period) - 2.68E+0E

{Table 18)

0.003150

Beliability Material
Factor Type
Z.00 Cement Stabilised
1.00 Subgrade (Selected Material) (Rustroads 2017}
1.00 Subgrade (Rustroads 2017
Decails of Layers to be sublayered:
Layer no 2: BRustroads (2004} sublayering
Layer no 3: BRustroads (2004} sublayering
Strains
Layer Thickness Macerial Exle Unitless
Ho. ID Straim
s 310.00 Cement 5000
SADT (B0} : 8.153E-05
SAST (53): 5.974E-05
3 subs1cCBE
SADT {B0D) : 1.5595E-04
4 0.00 Sub CER4
SADT {B0) : Z.081E-0D4
Results:
Layer Thickness Materiazal Exle CDF
Ho. I Group
s 310.00 Cement5000 Total 1.892E+00Q
SRST
SADT:
TAST
TADT
TRDT
QBDT-
2 120.00 Gran 250 n/a
3 200._00 subs1cCBE Total: 1.42cE-06
4 0.00 Sub CER4 Total: 5_013E-0&
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Load Radius
Type
Vertical Force 921 0.5
VWertical Force 02._4 0_80
5. 4 Scaling Theta
Factor
5.0 0.0 1_00E+00
5.0 0.0 1_00E+00
5.0 0.0 1_00E+00
5.0 0.0 1.00E+00
0.0 0.0 1.00E+00
0.0 0.0 1._00E+00
Granular Pavement
Modulus P._Ratioc
{ox {or wvh) F
5.0 0.20
2.5 0.35
B.0 0.45
4.0 0.45
Perform. Perform. Shift
Constant Exponent Factor
0_.000263 1z o
0.009150

Dressure/

Eh

1.25E+02
4_00E+HDL
2 _00E+HI1

Exponent




Braemar Project with Uniform Characteristics — 300 mm Thick

CIRCLY - Version 7.0 (1 February 2022}

Job Title: Braemar - Design

Design Method: Bustroads 2017

DT {cumalatiwve heavy vehicle axle groups over design pericd) : 2_&BE+0De

Traffic Load Distributi
ID: HSWPresumeRural

Hame: MSW BMS hug 2018 - Bural Presumpt
ESA/HVAG: 1.068

re {Table 18)

Details of Load Groups:

Load Load Load Load LRadius Dressure/ Exponent
Ho. In Category Type Ee=f. stress

1 ESRT750-Full ESA750-Full Vertical Force L A ) 075 0.00

2 SASTE3 SRETE3 Vertical Force 10z2.4 0.80 0.00
Load Locatiod
Location Gear X X Scaling Theta
Ho. ID No. Factor

ESATE0-Full 1 -1&5 -00E+00

c
ESRT50-Full 1 1€5.
ESRT50-Full 1 1635,

-DOE+00
-DOE+00

P = sk 0 P

s
e

[ Rl i ]

[SR= i =

EERTE0-Full 1 1965 .¢ 0 -DOE+00
SRSTE3 1 0. Q -DOE+00
SRSTE3 1 2130. 0 -DOE+00

Details of Layered System:

ID: Bust2017-1 Title: RBustroads 2017 - Unbound Granular Pavement

Layer Lower Material
ifface iDh
rough

=
W L B3O

rough 4. i 0.35
rough 5 4_00E+01 0._45
rough 2. 2_00E+01 0.45

Performance Relati

Layer Location B Component Perform.

Ro. Constant aCtor
1 bottom Cement5000 ETH 0.000263
3 top subs1tCEBSE EZZ 0.009150
4 top Sub CBH4 EZZ 0.009150

v: Austroads 90%
Materisl

Cement Stabilised
Subgrade (Selected Material) (Rustroads Z017)
Subgrade (Austroads 201

Details of Layers to be sublayersd:
Las 2: BAustroads (2004} sublayering
Layer no. 3: Austroads (2004} sublayering

Strains:

Layer Thiclkness Material Axle Unicless
Ho. ID Strain
1 300.00 Cement 5000
SA&DT (80) - 8_5B3E-05
SBST (53 6.2897E-05
3 200.00 subs1tCBE
SADT {80} : 1.879E-04
4 0.00 Sub CER4

SADT (B0} : 2.175E-D4

Besults:

Layer Thickness Material Exle CDF
Ho. ID Group
13 300.00 Cement5000 Total: 3.319E+00

SAST: 1.828E-01
SADT: 1.156E+00
TAST: 7.036E-03
TADT: )
TRDT:
QARDT:

2 120.00 Granm 250 nfa
3 200.00 subs1tCBE Total: 2.003E-06
4 0.00 Sub CER4 Total: 1_2Z2BE-05
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Braemar Project with Uniform Characteristics — 290 mm Thick

CIBCLY - Version 7.0 (1 February 2022}
Job Title: Brasmar — Design
Design Method: Iustroads 2017
KDT {cumulative heavy wehicle axle groups ower design pericd) : 2.65E+0&
Traffic Load Distribucion:
ID: HEWPresumeRural
Hame: MSW BMSE Aug 2018 - Bural Presumptiwve (Table 18)

ESE/HVARG: 1.068

Details of Load Groups:

Load Load Load Badius
Hoo Category Type
ESA750-Full WVertical Force < Pl ]
SASTS3 Vertical Force 102 .4
Geaz X g d
Ho

SRST53 1

Details of Layered System:

ID: Aust2017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement

Pressure/
ef.

Layer Lower Material
Ho. ifface ID F

iy rough Cement5000

2 rough Gran 250 1.

3 rough subs1tCBE 5.

4 rough Sub CER4 2.7
Performance Relationships:
Layer Location Material Component Perform. Berform. Shiftc
Ho. ID Cons Exponent Factor

1 bottom Cement5000 ETH o. 1z_000

3 top subs1tCBE EZZ 0 T7.000

4 top Sub CER4 EZEZ 0.0 7.000

: RBustroads 5S0%
Reliabilicy Macerial
o Type

1 2.00 Cement Stabilised

3 1.00 Subgrade (Selected Material] (Rustroads 2017}

4 1.00 Subgrade (Rustroads Z0LT)

Details of Layers to be sublayered:
Layer no. 2: BRAustroads (2004}
Layer no. 3: BAustroads (2004)

trains:

Layer Thickness Material Exle
Ho. iD
1 2590.00 Cement5000

SADT (80) :
SAST(53):
2 200.00 subsltCBE
SADT {80) :
4 Q.00 Sub CER4
= SADT (B0) :

Besulcs:

Layer Thickness hxle CDF
Ho. Group
1 2590_00 Cement 5004 Total: 5_907E+00
SAST: 3.500E-01
SADT: 2.047E+00
TAST: 1.347E-02
TADT: 3.331E+00
TRDT: 1.631E-01
QADT: 1.545E-03
F 120.00 Gran 250 n/a
3 200.00 subs1tCEE Total: 2.843E-086
4 0.00 Sub CBR4 Total: 1.eB8E-05
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Braemar Project with Uniform Characteristics — 280 mm Thick

CIRCLY - Version 7.0 (1 February 2022}

Job Title: Brasmar — Design
Design Method: Austroads 2017
HOT {cummlatiwve heavy wehicle axle groups
Traffic Load Distribution:
HEWPresumsBural

me: NEW BMS Ang 2018 — Bural Presumptive
ESA/HVAG:

1.068

Details of Load Groups:

Load Load
Ho. Cataegory
E ESATS0-Full
2 SRSTS3
Location Gear X
Ho. HNo.
13 11 1 -18
2 11 1 16
3 111 1 163
4 ESATS0-Full 1 1596
1 SRST53 1
& SRST53 1 213

Details of Layered System:

ID: Aust2017-1 Title: Bustroads 2017
Layer Lower
Ho. i/face

1 rough

2 rough

3 rough

4 rough

Performance Relationships:

Layer Location Material Component
Ho. ID

1 bottom Cement5000 ETH

3 top subs1tCBB EZ

4 top Sub_CER4 EZZ

: Bustroads 90%
abilicy Material

o Factor Type

1 2.00 Cement Stabilised
3 1.00 Subgrade (Sel ed Material)
4 1.00 Subgrade (Austroads 2017)

Details of Layers to be sublayered:

2: DBustroads (2004} sublayering
3: BRustrocads (2004} yering
Layer Thickness Materiszl Exle
Ho. ID
1 2B0.00 Cement 5000
SADT (R0} -
ERST (53} :
3 200.00 subsltCBE
SEDT {80) :
4 0.00 Sub_CER4
SEADT (R0) -
Besults:
Layer Thickness Material Exle
Mo ID Croup
I 2B0.00 Cement 5000 Total:
SRST:
SBEDT:
TRST:
TADT:
TRDT:
QADT
2 120.00 Gran_ 250
3 200.00 subs1tCBE Total:
4 Sub CER4 Total:

over design period) -

[ e s )

2 _6EE

{Table 18)

Load
Type
Vertical Force
Vertical Force

4
0.0
0.0
0.0
0.0
0.0
0.0

Modulus P _E=
{or Ev]} {ox
5.1 0.20
2 0.35
B 0.45
4. 01 0.45
Perform.

Constant

(Rustroads 2017}

5_.453E-05
7.02BE-05

1.858E-04

2_38eE-04

B3 P2 O P 0y

[}
[
s
i
=
1
=]
in

100

+0e

Eadius

-00E+00
-COE+00D
-QOE+00D
-COE+0D

- Example 1 - Unbound Granular Pavement

wwh) F

Press

15

ure,/
strass

Exponent

0.
0.

(==

L}
L}



Braemar Project with Uniform Characteristics — 270 mm Thick

CIRCLY - Version 7.0 (1 February 2022}

Job Title: Braemar — Design

Design Method: Bustroads 2017

HDT (cumulative heavy vehicle axle groups owver design period):

Traffic Load Distribution:

ID: KEWPresumeRural

Rame: MNSW RMS Rug 2018 - Bural Presumptiwve

ESR/HVAG: 1.068

Details of Load Groups:

2 .GEE+0E

[Table 12)

Load Load Load Load Badius Tressure/ Exponent
Ho. In Cacegory Eesf. strass
it ESATS0-Full 92.1 D75 0.00
2 5A5TS3 Vertical Force 102_4 0_80 0.00
Load Locations:
Location Gear ¥ Scaling Theta
Ho. Hoo Factor
& 1 0.0 1.00E+OC 0.00
2 1 0.0 1.00E+00 0.00
3 1 0.0 1.00E+00 0.00
4 1 0.0 1.00E+00 [ 0
1 SRST53 1 0.0 1_00E+00 a
2 SRST53 1 0.0 1.00E+00 0
Details of Layered System:
ID: BustZ017-1 Title: RABustroads 2017 — Example 1 - Unbound Granular Pavement
Layer Lower Material PF_Ratio
Ho. i/face ID {or wwh) F Eh vh
I rough Cement5000 0.20
2 rough Gran_250 0.356 i o% 1.25E+H02 0.35
3 rough subs1tCEB 0.45 5. 4 _00E+HI1 0.45
4 rough Sub CHR4 0.45 2. TeE 2 _00E+01 0.45
Performance Relationships:
Layer Location Material Component Perform. Perform. Shift
Ho. iDh Constant Exponent Factor
4 bottom Cements000 ETH 12,000
3 top subs1tCEB EZE T
4 top Sub CHR4 EZE i)

Beliability Facto
ocject Reliabkilicy
Reliabilic

5=
Lustroads 90%
Material

Details of Layers
Layer no. 2:
Layer no. 3:

o be sublayered:
Rustroads (20 k
Dustroads

Strains:

Layver Thickness

Ho. ID
E 270_00 Cement 5000
3 200,00 subs1tCBE

Zub CBR4

Desults:
Layer Thickness
Ho.
i

70.00 Cement 5000

a

Gran 250
subsltCBE

Sub_CER4

Factor Type
2_.00 Cement Stabilised
1.00 Subgrade (Selected Material)

Subgrade (RBustroads 2017)

Exle

SADT (84
SRST {53)

SADT {80} :

SADT{A0) :

Exle

Eroup
Tota

SRST:
SADT:
TRST:
TADT:
TRDT:
QRDT:

Total:

Total:

[Bustroads 2017}

Unitcless
Strain

1.961E-D4

2_504E-D4

CDF

1.961E+01




Braemar Project with Variable Characteristics — 350 mm Thick

CIRCLY - Versiom 7.0 (1 February 2022)
Job Title: Braemar — Design

Design Method: Bustroads 2017

WDT {cumulative heavy wvehicle axle groups ower design pericd) - 2.63E+0E
Traffic Load Distribution:
ID: HSWPresumeRural
Hame: NSW BMS Aug 2018 - Bural Presumptiwve (Table 18)
ESA/HVAG: 1.0&8
Details of Load Groups:
Load Load Load Badius Pressurs/ Exponent
Ho. 5 E=f. stress
1 92.12 0.75 0.00
2 102.4 0. 0.00
Load Locations:
Location Load Gaar X T Scaling Theta
Ho ID No. Factor
2 ESATE0-Full 1 -165.0 0.0 1_00E+00
2 ESATE0-Full 1 5.0 0.0 1.00E+00
3 ESATE0-Full 1 1635.0 0.0 1_00E+00
4 ESATA0-Full 1 1965.0 0.0 1_00E+H0D
1 SRSTS3 1 0 0.0
2 SRST53 1 il 0.0
Details of Layered System:
ID: BustZ017-1 Title: Austroads 2017 — Example 1 - Unbound Granular Pawement
Layer Lower Material Isotropy Modulus B _Ratioc
Ho. i/face ID {oxr Ewv) {or srvh) F Eh wvh
1 rough Cement4545 4 0.20
2 rough Gran_ 250 A 0_3t
3 rough subs1tCBE B_L
4 rough Sub_CBR4 4

Performance Relaticnships:

Layer Location Material Component
Ho iD

1 bottom Cement4545 ETH

3 top subs1tCBE ¥

4 top Sub CER4 EZE

Beliabilicy Factor

Bustroads 50%

Cement Stabilised
Subgrade (Sel
Subgrade (Bustroads 2017)

1.00

Details of Layers to be sublayersd:

2: Bustroads (2004}
3: Bustroads (2004}

sublayering
sublayering

Layer Thickness Material Exle
Ho ID
1 350.00 Cemsnt4s45
SRDT (80) :
SAST (53
3 200_00 subs1cCBE
SADT (80) :
4 0.00 Sub CER4
SADT (80) :
Results:
Layer Thickness Material Exls
Ho. I Group
i 350.00 Cement454s Total:
SLST:
SLDT:
TLET:
TRDT:
TRDT:
QRDT:
2 100.00 Gran 250
3 200 _00 subs1tCBE Total:
4 0.00 Sub CER4 Total:

Perform. Shift
Exponent Factor
12 _000

Perform.
Constant

ted Material) (hustroads Z017)

Unitless
Strain

7.434E-05
5_312E-05

1.413E-04

1.867E-04

CDF

3.410E-01

1.%62E-01
5.611E-03
5_101E-05

n/fa

5_.986E-07

4_220E-06
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Braemar Project with Variable Characteristics — 340 mm Thick

CIRCLY - Version 7.0 (1 February 2022}

Job Title: Braemar — Design
Design Method: Austroads 2017
RDT

{cumulative heavy wvehicle axle groups over design pericod) : 2.63E+0&

Traffic Load Distribution:

ID: HEWPresumeRural
Hame: NSW BMS Aug — Bural Presumptiwe (Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Radius Pressure/ Exponent
Koo Type E=f. stress

1 Vertical Force 221 -7 0.00

2 Vertical Force 102 4 0.00

Load Locations:
L i Load
-

Factor

Details of Layered System:

ID: Aust2017-1 Ticle: Bustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material F_Ratioc
= i/face ID wwhl F Eh wh
1 rough Cement4€57
2 rough Gran_250 L 1_25EHIZ2
3 rough subsl1tCBE 5. 4_D0E+01
4 rough Sub CBER4 FLps 2.00E+01

Performance Belaticnships:

Layer Location Macerial Component Perform. Berform. Shifc
Ho. ID Constan Exponent Factor
1 bottom Cementdes7 ETH 1 o
3 top subsl1tCBE EZZ
4 top Sub CBR4 EZZ

Beliability Factors:
Austroads 50%

Cement Stabilised

Subgrade (Selected Materiall (Rustroads 2017}

Subgrade (Austroads 20L17)
Decails of Layers to be sublayered:
Layer no. 2: DhAustroads (2004} sublayvering
Laver mo. 3: hustroads (2004} sublavering
Strains
Layer Thickness Exle Unitless
Hoo
1 240.00 Cement4des7
SADT (B0):
SAST(53):
3 200.00 subs1tCBE
SADT {A0) - 1_447E-04
4 0.00 Sub CER4
SRDT{A0): 1.902E-04
Results:
Layer Thickness Material Exle CDF
Ho. ID Group
1 340.00 Cement4657 Total: 4
SAST: Z
SADT: E K
TAST: et
TADT: -
TRDT: L i
QRDT: e
z 110.00 Gran 250 nfa
3 200.00 subs1tCBE Total: 7.072E-07
4 0.00 Sub CER4 Total: 4.810E-08
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Braemar Project with Variable Characteristics — 330 mm Thick

CIRCLY - WVersion 7.0 (1 February 2022}

Job Title: Braemar - Design

Design Method: Austroads Z017

KHDT {cumzlative heavy vehicle axle groups
Traffic Load Distributiom:
ID: NHSWPresumeRural
Nams: NSW BME Bug 2018 - Bural FPresumpt
ESA/HVAG: 1.0&8
Details of Load Groups:
Load Load Load
Ho. I Category
1 ESAT7E0-Full ESATS0-Ful
2 SHETE3 SRSTE3
Load Locations:
Location Lioad Gear
Ho. ID (=}
1 ESAT50-Full 1
2 EZAT50-Full 1
3 ESATS0-Full 1
4 Full 1
1 SRSTS3 1
z SRSTS3 1
Details of Layered System:
ID: Rust2017-1 Title: RAustroads 2017 -
Layer Lower Material
Ho ifface ID
1 rough Cementif48
2 rough Cran_250
3 rough subs1tCBSE
4 rough Sub_CBR4

Performance Relaticonships:

Layer Location Material
KRo. ID

1 bottom Cemsntdf48
3 top subsltCBE
4 top Sub CEBR4

Reliabilicy Factors:

: Bustroads 50%

over design periecd):

2 .E8E+0DE

ive (Table 18)
Load Radius Presszure/ Exponent
Type E=f. stress
1 Vertical Force L e 0.75 0._00
Force 102.4 0.80 0.00
b | b4
-165.0 0.0
165.0 0.0
1635.0 0.0
1865.40 0.0
0.0 0.0
2130.0 0.0
Example 1 - Unbound Granular Pavement
Isotropy P_Ratio
{or vwwh) F Eh wvh
0.20
0.35 1.25E+02 0.35
d.45 4_00E+01 0.45
0.45 2.00E+01 0.45
Component Perform. Parform. Shift
Constant Exponent Factor
ETH 0.000267 12_000
EZZ 0.009150
EZZ 0.009150

Subgrade (Selected Material) (Bustroads 2017}
Subgrade (Rustroads 2017)
Details of Layers to be sublayered:
no 2: DRust )} sublayering
no. 3: Aust 04} sublayering
Thickness Material Exle Unitless
ID Strain
330.00 Cemsnt4H43
SADT{AO): T.GElE-0E
SAST({53): S5.52gE-05
3 200 .00 subs1tCBE
SEDT{A0): 1.484E-04
4 0.00 Sub CER4
SADT{AD): 1l.941E-04
Results:
Layer Thickness Material hxle CDF
Ho. D Group
1 330.00 Cemsnt4H43 Total: 7
SRST: 3
SAEDT: 2
TRST: 1.2
TADT: 4.0
TRDT: 1.964E-02
QRDT: 1.860E-04
2 120.00 Gran 250 nfa
3 200 .00 subs1tCBE Total: g _464E-07
4 0.00 Sub CER4 Total: 5.543E-06
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Braemar Project with Variable Characteristics — 320 mm Thick

CIRCLY - Versiom 7.0 (1 February 2022}
Job Title: Braemar - Design
Design Method: Bustroads 2017
HOT {cumulatiwve heavy wehicle axle groups over design pericd) : 2.&6BE+0E
Traffic Load Distribution:
ID: KSWPresumeRural
Hame: NSW BMS Bug 2018 - Bural Presumptive (Table 15)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Fadius Pressure/ Exponent
Ho. In Category Tyvpe E=f. stress

1 ESATS0-Full ESAT50-Full Vertical Force L ot 075 0_00

2 SRSTS3 SASTE3 Vertical Force 2.4 o_80 0._00

Load Locat

Location Gear X L Scaling Theta
Ko, Ho. Facto,

1 1 -165.0 0.0 1.00E 0

2 1 165.0 0.0 1.1 0

3 1 1€35.0 0.0 1. ¥

4 1 19865.0 0.0 L [¥]

i 1 0.0 0.0 1.0 0

2 SRETS3 1 2130.0 0.0 1.0 [v]

Details of Layered System:

ID: Bust2017-1 Title: RBustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus P_Ratio

Ho. ifface ID 1 Eh wh
1 rough Cements000
2 rough Gran_ 250 1.2EE+02 0.35
k] rough subs1tCBE 4_00E+01 0.45
4 rough Sub CER4 2 0.45

Performance Relationships:

Layer Locatioc terial Component Perform. Perform. Shifc
Ho. ID Constant Factor
1 bottom Cement5000 ETH 0
3 top subs1tCBE EZZ
4 top Sub CER4 EZZ

Beliabilicy Factors:
Project Beliability: hustroads 50%
Beliability Material

(=} Factor Type

1 2.00 Cement Stabilised

3 1.00 Subgrade (Selected Material) (Austroads 2017}
4 1.00 Subgrade (Bustroads 2017)

ils of Layers to be sublayered:
Layer no. 2: Bustroads (2004} sublayering
Layer no. 3: BRBustroads (2004) sublayering

Strains:

Layer Thickness Material Exle Unitless
Ho. ID Strain
T 320.00 Cement 5000
SADT (80) - T7.793E-05
SRST{53}: 5.650E-05

3 200.00 subsltCES

SADT{B0): 1.525E-04
: | Q.00 Sub CER4

SADT{80): 1.5B4E-04

Results:

Layer Thickness HMaterial RExle CLF
Ho. ID Eroup
T 320.00 Cement 5000 Total: 1.034E+00
SRST: 4.970E-02
SADT: 3.628E-01
TAST: 1.913E-03
TADT: 5.903E-01
TROT: 2.891E-02
QADT: 2.738E-04
2 130.00 Gran 250 n/a
3 200.00 subs1cCBE Total: 1.024E-06

| Q.00 Sub CBR4 Total: ©.443E-06
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Braemar Project with Variable Characteristics — 310 mm Thick

CIRCLY

- Versiom 7.0

Job Title: Hraemar — Design

Design Method: Bustroads Z017

HDT {cumulatiwve heavy wehicle axle groups over design periocd):

Traffic Load Distribut:

ID: HEWPresumeRural
Kame: MSW BMS Aug 2018 - Bural Presumptive (Table 18)
ESA/HVAG: 1.068

Details of Load Gro

Load
Ho.

SASTS3

Load Locations:

Location

Ho.
1

R S P N ]

UpS:

Details of Layered System:

Performance Rel

Laver
Ko.

1

3

4

Beliability Fac
Project Beliakility
Reliahili

Resulzs:

Layer
Ho.

T

Rust

Lower
i/jface
rough
rough
rough
rough

Location
bottom

top
top

ils of Layers
no. 2: Bustcroads (20
r no. 3: Austroads (2004}

Thickness

310.00

200.00

0_00

Thickness

310.00

HMaterial
iD
Cement5152
Gran 250

oy Material

Subgrade
Subgrade

Cement5152

subs1cCES

Sub_CER4

Cement51l52

Gran_ 250
subs1cCBEE

Sub_CER4

BET53

17-1 Title: Bustroads 2017 - Example 1 - Unbound

Mustroads 50%

{Bustroads Z0

o be sublayersd:

Load
Type

Ver

[ s s

Isotropy Modulus

Component Perform.

ETH

oo
&

EZZ

sublayering
sublayering

Axle Unitless
Strain

SADT{80) :
SAST (53):

-935E-05

-TB5E-05

[ |

SADT {80} :

=

-570E-04

SLDT{B0O) : Z_030E-04

CDF

1.557E+00

n/a
Total: 1_254E-06
Total: T.579E-06
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Braemar Project with Variable Characteristics — 300 mm Thick

CIRCLY - Version 7.0 (1 February 2022}
Job Title: Hraemar — Design

Design Method: Rustroads 2017

HDT {cumulative heavy vehicle

Traffic Load Distributi:

ID: WEWPresumeRural
Hame: WSW BMS &wmg 2018 - Bural Presumptive
ESA/HV 1.068

g

Details of Load Groups:

{Table 18)

axle groups over design period): 2.68E+06

Load Load Load Load Badius
Ko, In Category Type
1 ESAT50-Full ESA750-Full Vertical Force 92.1
2 SASTE3 SRSTE3 Vertical Force 102.4
Load Locations:
Location Gear X 5 i Scaling
Ho. Ho Factor
1 1 -165.0 0.0 1.00E+D
2 1 1e5.0 0.0 1.00E+0
2 1 1€35.0 a.o 1.00E+00
4 1 1965.0 0.0 1.00E+00
1 1 0.0 0.0 1.00E+00
2 1 2130.0 0.0 1.00E+00
Details of Layered System:
ID: RustZ(1l7-1 Title: Austrocads 2017 - Example 1 - Unbound Granular Favement
Layer Lower Modulus EF.Fa
Ho. i/face {oE } {or wwh) F
s rough 5.3 0.20
2 rough 2.5 0.35
3 rough 8.0 0.45
4 rough 4. 0.45

Performance Rela

Layer Location B
Ho. iD

1 bottom Cement5303
3 top subs1tCBS
4 top Sub_CBR4

Component Perform
Constant
ETH 0.000255
EZZ 0.009150
EZZ 0.009150

: Bustroads 50%

Material

Cement Stabilised

Subgrade
Subgrades

(Selected Materiall
{tAustroads 201

Details of Layers To be sublayersd:

Layer no. 2:
Layer no. 3:

Strains:

Layer Thickness
Ho.

1 300.00

3 200.00

4 a.0d

Besults:

Layer Thiclness
KHo.

1 300.00

2 150.00

3

4 0.00

Lustroads
Lustroads

Cement5303

subs1tCBE

Sub_CBR4

Material

Cement5303

Gran 250
subs1tCBE

Sub CER4

subla

Unitless

Strain

Exle

SADT{80): 8.093E-05
SAST{53): 5.93L5E-05
SADT{80}: 1.61%E-04
SADT{80): 2.051E-04
hxle CDF
Group
Total: 2_354E+00
SAST: 1.301E-01
SADT: 5.344E-01
TAST: 5.007E-03
TADT: 1_358E+00
TRDT: €.643E-02
QADT: €.297E-04
nfa
Total: 1_556E-06
Total: 5.002E-06
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Braemar Project with Variable Characteristics — 290 mm Thick

CIRCLY - WVersion 7.0 (1 February 2022)
Job Title: Braemar - Design
Design Method: RBustroads 2017
HDT (cumzlatiwve heavy wvehicle axle groups over design pericd): 2.&3E+0€
Traffic Load Distribution:
ID: HEWPresums=Rural
Hame: NSW BMS Bug 2018 - Bural Presumptive (Table 15)
ESR/HVAG: 1_068

Details of Load Groups:

Load Load Load Badius Pressure/ Exponent
Ho. In Tyoe Ee=f. stress
1 ESRTED WVertical Force 82.1 .75 0.00
2 SASTS3 Vertical Force 102._4 0 0.0
Load Locations:
Location Gear X X Scaling Theta
Ho. Ho. Factor
1 1 -165.0 0.0 1.00E+00
2 1 165.0 0.0 1.00E+00
3 1 1635.0 0.0 1.00E+00
4 1 15965.0 0.0 1.00E+00
L 1 (1] 0.0 1.00E+00
2 1 2130.0 0.0 1.00E+00

Details of Layered System:

ID: AustZ0l7-1 Title: RBustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus
Ho. ifface ID F Eh wh
¥ rough Cement5455 Iso.
2 rough Gran_250 Eniso. i B 1._25E+02
3 rough subs1tCBE Eniso. 5. 4 _00EHI1
4 rough Sub CEBR4 Aniso. L 2_00E+01
Performance Relaticonships:
Layer Location Material Component Perform.
Ho. ID Constant
I bottom Cement5455 ETH ) 2
3 top subs1tCBS EZZ
4 toD Sub CEBR4 EZZ

Beliabilicy Factors:
Project Beliabilitcy: Bustroads 50%
Layer BReliability Material

Ho. Factor Type
1 2.00 Cement Stabilised
3 1.00 Subgrade (Selected Material) (Rustroads Z017)

4 1.00 Subgrade (hustroads Z01T)
Details of Layers to be sublayered:

Layer no. 2:
Lay

Strains:

Layer Thickness Material Exle Unitless
Ho. ID Strain
1 250._00 Cement 5455
SADT(80): 8_273E-05
SBST(53): €.097E-05
3 200_.00 subs1tCBE
SADT(A0): 1_672E-04
4 a.o0 Sub CER4

SADT{A0): 2Z2.13E5E-04

Besulzs:

Layer Thickness Material Bxle CIOF
Ho. ID Group
1 250.00 Cement 5455 Total: - T48E+00

SAET: 2. 1T4E-01
SADT: 1_301E+00
g

TAST: -36TE-03
TADT: -117E+00
TRDT: 1.037E-01
QADT: S.81lEE-04

(]

Gram 250 nfa

subs1tCBE Total: 1.951E-0&

4 Q.00 Sub CER4 Total: 1.079E-05
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Braemar Project with Variable Characteristics — 280 mm Thick

CIRCLY - Versiom 7.0

Job Title: Braemar - Design

{1 February 2022}

Design Method: Bustroads 2017
HDT {cummulatciwve heavy wehicle axle groups ower design period): Z.63E+0lE
Traffic Load Distribution:
ID: HSWPresumeRural
Hame: MSW BMS Lung 2018 — Bural Presumptive {(Takble 18]
ESA/HVAG: 1.0&8
Details of Load Groups:
Load Load Load Load Eadius Pressure/
Ho. Ion Category Type E=f. stress
3 ESAT750-Full ESA750-Full Vertical Force 2.1 0.75
2 SASTE3 SBETE3 Vertical Force 102.4 0.80
Load Locations:
Location Load Gear X . Scaling Theta
Ho. No. Factor
1 1 0.0 1.00E+00 o
2 1 0.0 1.00E+00 o
3 1 0.0 1.00E+00 o
4 ESATA0-Full 1 0.0 1.00E+00
1 SRSTS3 1 0.0 1.00E+00
2 SASTS3 1 0.0 1.00E+00
Details of Layered System:
ID: Aunst2017-1 Title: Austroads 2017 Example 1 - Unbound Granular Pavement
Layer Lower Material Isotropy Modulus
Ho. ifface ID Eh
T rough Cementh758
2 rough Gran_ 250 1 5 1._25E+02
3 rough subs1tCEE 5. 4_00EHIL
4 rough Sub CER4 4 _0Q0E+01 et 2.00E+01
Component Perform. Perform. Shifc
ID Constant Exponent Factor
bottom Cement5TE8 ETH 0.000243 12.000
top subs1tCEBB EZE 0.009150 7.000
top Sub_ CER4 EZZ 0.009150 7.000
Reliability Fac
i : Austroads 50%
Material
Type
Cement Stabili
Subgrade (Se ial) (Bustroads 2017}
Subgrade (Austroads 20

ils of Layers

w0 be sublayered:

r no. 2: Austroads (2004]) sublayering
r no. J: DRBustroads (2004) sublavering
Layer Thickness Ruls
Ho
1 280.00 Cement 5758
SADT{A0): 8.303E-05
SBST({53): &_.151E-05
3 Z00.00 subs1tCBE
SBEDT (A0} - 1.705E-04
4 0.00 Sub CER4
SADT{B0)}: Z.16BE-04
Results:
Layer Thickness Material Exle CLF
Ho. ID Group
1 280.00 Cement5758 Total:
SRST: 3
SBDT: z
TAST: 1.
TADT: 3.263E+00
TRDT: 1.55B8E-01
QRDT: 1.513E-03
2 170.00 Gran 250 n/fa
3 200.00 subs1tCBE Total: 2.231E-06
4 0.00 Sub CER4 Total: 1.1589E-05
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Braemar Project with Variable Characteristics — 270 mm Thick

CIBCLY - Versiomn 7.0 (1 February 2022}
Job Title: Brasmar — Design
Design Method: Bustroads Z017
KRDT {cumulatiwve heavy wvehicle axle groups over design pericd) : 2.63E+06
Traffic Load Distcributiom:
ID: HEWPresumsRural
Hame: NSW BMS Aug 2018 - Rural Presumptive ({Table 18]
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Radius Pressure/ Exponent
Koo Type F=f. stress
1 Vertical Force 0D-75 0.0D
2 SASTE3 SRSTS3 Vertical Force 0.80 0.00
Load Locations:
Location Load Gaar X T Scaling Theta
Koo No. Factor
3 11 1 -165.0 0.0 1.0 0.
2 211 1 165.0 0.0 1 o
3 111 1 1635.0 0.0 i 0.
4 ESATS0-Full 1 1965.0 0.0 LI 0.
E SRSTS3 1 0.0 0.0 1.0 o
2 SASTE3 1 2130.0 0.0 L. (i 0
Details of Laysred System:
ID: BustZ017-1 Title: Bustroads 2017 — Example 1 - Unbound Granular Pavement
Layer Lower Material Isotropy M P _Ratio
Ho. ifface ID { {or wvh) E Eh wh
1 rough Cement5309 5 0.20
2 rough Gran 250 i 0.35 1 0.35
3 rough subs1tCBE B 0.45 5. 0_45
4 rough Sub CER4 4.0 0.45 i 0.45

Performance Bela

Layer Location b Component Perform. Perform. Shift
Hoo Constant Exponent Factor
L bottom Cement5305 ETH 0.000238
3 top subs1tCBE EZZ 0.
4 top Sub_CER4 EZZ 0.009150

Reliabilicy Fac
= Iustroads 50%

i laterial
Factor Type
2.00 Cement Stabilised
1.00 Subgrade (Sel=cted Ma ial)} (RBustroads 2017}
1.00 Subgrade (Bustroads Z01T)

Decails of Layers to be sublayersd:
Layer no. 2: BRuscroads (2004} sublayering
Layer no. 3: BRustroads (2004} sublayeri

Strains:

Layer Thickness Material Exle Unitless
Ho. ID Strain
1 270.00 Cement5509

SADT (B0) -

o

-503E-05

SAST({E53): ©.344E-05
3 200 .00 subs1tCEE

SADT{B0): 1.76BE-D4
4 0.00 Suby_CBR4

]
&
]
=
=1
ra

-232E-D4

Layer Thickness Material Rxle CDF
Ho. ID Group
1 270.00 Cement5500 Total: 1.004E+01
SAST: &.E20E-0L1
SADT: 2.4EEE+00
TRAST: 2 _54BE-02
TADT: 5.622E+00
TRDT: 2_.753E-01
QADT: 2.€07E-03

2 180.00 Gran_ 250 nfa
3 200.00 subs1tCEE Total: 2.880E-08

4 0.00 Sub_CBR4 Total: 1.471E-05
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Braemar Project with 105% Compaction

CIRCLY - Wersion 7.0 (1 February Z0ZZ)

Job Title: Braemar - Design

Design Method: Bustroads 2017

NDOT {(cumulative heavy wehicle axle groups over design periocd): 2.6BE+0¢
Traffic Load Distribution:

ID: MEWPresumeRural
Hame: NESW BMS Bug 2018 - Rural Presumptive (Table 18}
ESA/HVAG: 1.0&8

Details of Load Groups:

Load Load Load Badius Pressure/ Exponent
Bo. Im ory Type BE=f. =tress
1 ESA750-Full ESAT50-Full rtical Force 52.1 0.75 0.00
z SRSTE3 SRSTS3 W ical Force 10z2.4 0.00
Load Locations:
Location Gear X T Scaling
Ho. Ho. Factor
1 1 -165.0 0.0 1_00E+00
z 1 15.0 0.0 1.00E+00
3 1 1g35.0 0.0 1.00E+00
4 1 1985.0 0.0 1.00E+00
1 1 0.0 0.0 1_00E+00
2 1 2130.0 0.0 1.00E+00
Details of Layersed System:
ID: BustZ017-1 Title: hustroads 2017 - Example 1 - Unbound Granular Pavement
Layer Lower Material Isotropy Hodulus P_Ratio
Ro. ifface ID {or Ew) {cr vwh) F Eh vh
1 rough cemente3T2 -3TE+03 20

-BEE+D2
-EZE+01
-TeE+01

-Z5E+02
-DDE+I1
-D0E+01

oo
oo
noon dn

z rough Gran 250
3 rough subs1cCBE
4

1]
.50E+0D2 0.35
a
rough Sub_C3R4 a

€
8. 00E+01
4. 00E+01

iy

o
B i =
P i
]

rformance Belationships:

Loca n Material Component Perform. Shift
o - IDn Constant Factor
1 bottom cemente3 T2 ETH 0.00022e
3 top subsltCBE EZZ 0.00%150
4 top Sub CER4 EZZ 0_00%9150

Beliabilicy Factors:
{ v: Bustroads 50%
HMaterial
Iype

Cement Stabilised

Subgrade (Selected Material)l (Austroads 2017}
Subgrade (Rustroads 2017

Decails of Lavers to be sublayered:
Layer no. 2: BAEustroads (2004) sublayering
no. 3: BPRustroads (2004) sublayering

Strains:

Layer Thickness Material Rxls
Ho. i
1 322 .00 cementE372

SADT (80) : €.47TOE-05
SAET(53): 4.651E-05

3 200.00 subs1tCBA

SADT (80} : 1_309E-04
4 0.00 Sub_CER4

SADT (80} : 1.740E-D4

Besulss:
Layer Thickness Material

KRo. ID
1 322 cemente372

[N N S

1.811E-04
s 128.00 Gran_250 nfa
3 200.00  subsltCEE Total: 3.520E-07

4 0.00 Sub_CBR4 Total: 2.685E-0&
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Braemar Project with 104% Compaction

CIRCLY - WVersion 7.0

Job Title: Braemar - Design

Design Method: Bustroads 2017
WDT

Traffic Load Distribution:

{cumulative heavy vehicle axle groups over design pericd): 2.638E+06

ID: NSWPresumsRural
Name: NSW BMS Bug 2018 - Rural Presumptive {(Table 18]
ESA/HVAG: 1.068
Details of Load Groups:
Load Radius Dressure/ Expon
Type= E= ETrEss
Vertical Force < L o 0.00
Vertical Force 1024 0 0.00
Gear X ¥ Scaling
Ho. Factor
1 ESATEO-Full 1 -165.0 0.0 1.00E+00
2 ESATE0-Full 1 165.0 0.0 1.00E+00
3 ESAT50-Full 1 1635.0 0.0 1.00E+00
4 ESATE0-Full 1 1965.0 0.0 1.00E+00
1 SRETE3 0.0 0.0 1.00E+00
2 SRSTE3 1 2130.0 0.0 1.00E+00
Details of Layered Systeam:
ID: AustiZ0l7-1 Title: RBustroads 2017 - Example 1 - Unbound Granular Pavement
Layer Lower Material Isotropy Modulus P_Batio
Ro. ifface ID {or wvh) F Eh wvh
it rough cementa098 I 0.20
2 rough Gran_250 0.35 1_25E+02 o
3 rough subs1tCBE 0.45 4. 00E+HI1 i
4 rough Sub CER4 0.45 Z.00E+01 0.

Performance Relaticr
Layer Location Mate

rial

Ko ID
1 bottom cement&l98
3 top subs1tCBA
4 top Sub CER4

RBeliability Facto:

: Bustroads 50%

Reliability Material
[0 Factor Type
1 2.00 Cement Stabilised

Component
ETH
EZZ
EZZ

Perform. Parform. Shift
Constant Exponent Factor
0.000233 12_000

). 009150
0.009150

3 1.00 Subgrade (Selected Material) (Rustroads 2017}
4 1.00 Subgrade (Rustroads 2
Details of Layers to be sublayered:
Layer no. 2: RAustroads (2004} sublavering
Layer no. 3: Rustroads (2004} sublavering
Strains:
Lawver Thickness Axle Unicless
Ho. Strain
1 322.00 cement&058
SADT {680} : &.eB4E-05
SAST({53): 4_B1l1E-05
3 200_00 subs1cCEE
SADT (A0} : 1.344E-04
4 Q.00 Sub CER4
SADT{A0) : 1.78BTE-D4
Besulzs:
Layer Thickness Material Bxls CDF
Ho. ID Group
1 322_00 cement 6098 Total: 6.9B1E-01
SAST: 3.0BBE-02
SADT: 2_4g0E-0L1
TAST: 1_189%E-03
TADT: 4_002E-01
TRDT: 1.960E-02
QADT: 1.85eE-04
2 128.00 Gran 250 nfa
3 200.00 subs1tCEE Total: 4.225E-07
4 Q.00 Eub CER4 Total: 3.098E-06
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Braemar Project with 103% Compaction

CIRCLY - Version 7.0 (1 February 2022}
Job Title: Brasmar - Design
Design Method: Austroads 2017
ROT {cumulative heavy vehicle axle groups over design pericd) : 2.e5E+06
Traffic Load Distribution:
ID: HSWPresumeRural
Hame: NSW BMS Bug 2018 — BRural Fresumptive (Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Eadius Presszure/ Exponsnt
Ho. In Type E=f. stress

L ESATE0-Full Vertical Force 82.1 0.375 0.00

z SRASTSE3 Vertical Force 102.4 0.80 0.00

Load Locations:

Location Load Gear X X

Ho. ID Hao.
1 ESAT50-Full 1 0.0
z ESAT50-Full 1 0.0
3 ESAT50-Full 1 0.0
4 ESAT50-Full 1 0.0
i SRSTS3 1 0.0
2 SRSTS3 1 0.0

Details of Layered System:

ID: BRustZ0l7-1 Title: Bustroads Z0Ll7 - Example 1 - Unbound Granular Pavement

Layer Lower Macerial Isotropy Modulus P_Ratioc
Ho. i/face ID ) {cr wwh) F Eh vh
1 rough cement5023 0.20
z rough Gran_250 0.35 1_BCSE+02 1.25E+HD2 0.35
3 rough subs1tCER 0.45 5.5ZE+01 4_00E+0L1 0.45
4 rough Sub CER4 0.45 2_.76E+01 2.00E+01 0.45
Performance Relati
Layer Location M Component Perform. Perform.
Ho. ID Faustanu Exponent
x bottom cement5823 ETH opoz41 12.000
2 top subs1tCBE EZZ u_’JSla; 7.000
4 top Sub CER4 EZZ 0.003150 7.000

Beliability Factors:
ect Reliabil : Bustroads 50%
r Reliabilicy Material

Factor Type

2.00 Cement Stabilised
1.00 Subgrade (Selected Material] (Bmstroads 2017}
1.00 Subgrade (Rustroads Z0L1T)

ails of Layers to be sublayeresd:
2: Hhustroads (2004} sublayering
3: DHRustroads (2004) sublayering

Layer Thickness Material Exle Unitless
Ho. ID Strain
i 322.00 cement5023
SADT (BOD): &.91€E-05
SAST(53): 4.9B84E-05
3 200.00 subs1tCBE
SADT{B0): 1.3B1E-04
4 d.0a Sub CER4

SADT (B0} - 1.82BE-04

Ezsults:

Layer Thickness Macerial Exle CDF
Ho_ ID Group
L 322.00 cement50823 Total: 7
SRST: 3
SADT: 2 _46BE-01
TAST: 1.213E-03
TADT: 4 _01eE-01
TRDT: 1.96TE-02
QADT: 1.863E-04
2 128.00 Gran 250 nfa
3 200.00 subs1tCBE Total: 5_117E-07
4 0.00 Sub CER4 Total: 3.633E-06
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Braemar Project with 102% Compaction

CIRCLY - Version 7.0 (1 February 2022}
Job Title: Braemar - Design
Design Method: ABustroads 2017
HDT {cumulatiwve heavy wvehicle axle groups ower design periocd) : 2.6BE+HDE
Traffic Load Distribution:
ID: REWPresumeRural
Name: NSW BMS Bug 2018 - Pural Presumptiwve (Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Radius Pressure/ Exponent
Ho. D Category Type F=f. stress
1 ESAT50-Full ESAT50-Full s ical Force 2.1 0.75 0.00
z SBSTEZ SRSTE3 Vertical Force 102._4 a_go 0.00
Load Locations:
Location Lioad Gear X X Scaling Theta
Ho. Ho. Factor
1 1 -165.0 1.00E+00
2 1 165.0 1.
3 1 1635.0 1.00E+00
4 1 1%65.0 1.00E+00
1 1 -0 1.00E+00
2 1 2130.0 1.00E+00

Details of Lawyered System:

ID: Aust2017-1 Title: Bustcroads 2017 - Example 1 - Unbound Granular Pawvement

Layer Lower Material Isotropy Modulus B _Ratio

Ho. ifface ID {or wvh) F Eh wh
1 rough cementh5459 Iso. 0.20
2 rough Gran_ 250 Iniso. 0.35 1 1.2EE+02 0.35
3 rough subs1tCBE Eniso 0.45 5 4. 0.45
4 rough Sub CBR4 Eniso. 0.45 2 2 0.45

Performance Relationships:

Layer Location M Component Perform. Perform. Shift
Ho. ID Constant Factor
T bottom cement5549 ETH 0.000248
3 top subs1tCBSE EZE 0.009150
4 top Sub CBR4 EZE 0.008150

: Bustroads 50%
Material

1 2.00 Cement Stabilised
3 1.00 Subgrade (Selected Mat
4 1.00 Subgrade (Austroads 20

(Austroads 2017}

ils of Layers to be sublayersd:
Layver mo. 2: BRustroads (2004} sublayering
Layer no. 3: BRAustroads (2004} sublayering

Strains
Layer Thickness Material Exles Unitless
Ho. ID Strain
I 322._00 cement5545
SRDT{A0) : EE-05
SBST{53) - 5
3 200.00 subs1tCBE
SADT{AO) - 1_4Z1E-04
4 a_od Sub CER4
SRDT{A0): 1.87ZE-04
Essulzs:
Layver Thickness Material Exle COF
Ho. in Group
E 322,00 cement5545 Total: E
SBST: 3
SBDT: 2
TAST: i
TADT: 4
TRDT: 2
QADT: 2
2 128.00 Gran 250 nfa
3 200_00 subsltCBE Total: 6_24TE-07
4 0._00 Sub CER4 Total: 4 _ZHAE-06
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Braemar Project with 101% Compaction

CIRCLY - Version 7.0 (1 February 202

[

Job Title: Braemar — Design

Design Method: Bustroads 2017

HDT {cummlatiwve heavy vehicle axle groups oV

Traffic Load Distribution:

ID: HSWPresumsRural

er design pericd):

2 .e8E+0G

Hame: MNSW BMS Aug 2018 - Bural Presumptiwve {Table 13)
ESR/HVAG: 1.062
Details of Load Groups:
Load Load Load Radius Pressure/ Exponent
Ho. Type FEs=f. stresss
1 WVertical Force 2. % 0.75 0._00
2 Vertical Force 102.4 o.eo 0.00
Load Lo
Location X i 4
KHo. ID ]
1 1 0 0.0
2 1 a 0.0
d 1 0 0.0 %
4 1 =0 0.0 0.
1 SRSTE3 1 .0 0.0 o
2 SRST53 1 -0 0.0 0.
Details of Layered Systam:
ID: RAustZ0l7-1 Title: RBustroads 2017 - Example 1 - Unbound Granular Pavement
Layer Lower Material
Ho. ifface F Eh vh
1 rough
2 rough 1. 0.35
3 rough 5.5 0.45
4 rough 2.9 0.45

Performance Relat.

Layer Location M Component
Ho. ID
ik bottom cement5274 ETH
3 top subs1tCBE EZZ
4 top Sub CER4 EZE
Factor Type
Cement Stabilised
Subgrade (5el ed Materi
Subgrade (Rustroads 2017)
Details of Layers to be sublayered:
Layer no. 2: BRBustroads (2004} sublayering
Layer no. 3: BAustroads (2004) sublayering
Strains:
Layer Thickness Exle

Ho.

1 322.00
3 200.00 subs1tCBE
4 0.00 Sub_CBR4
Besulzs:
Layer Thickness Mazeria
Ho. ID
i} 322.00 cement52T4
2 128.00 Gran 250
3 200.00 subsltCBE
4 0.00 Sub_CEBR4

Rxle
Eroup
Total:
SAST:
SADT:
TAST:
TADT:
TRDT:
QBDT:

Total:

Total:

[Austroads

Perform.

Constant
0.000256
0.009150

-005150

(=]

7.437E-05
5.37eE-05
1.465E-04

CDF

-133E-01
-TB4E-02
-B53E-01
-45eE-03
-651E-01
-2T7HE-02
-157E-04

LI O el (I S e ]

5.
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Braemar Project with 100% Compaction

CIRCLY - Version 7.0 (1 February 2022}

Job Title: Brasmar — Design

Design Method: Austroads 2017

WDT {cummlative heavy wehicle axle groups over design pericd) @ 2.68E+DE

Traffic Lioad Distribution:
ID: HEWPresumsRural

Hame: NSW BMS Aug 2018 - Rural Fresumptive
ESA/HVAG: 1.068

{(Table 12)

Details of Load Groups:

Load Lioad Load Radius Pressure/ Exponent
Hoo In Typs E=f. stress

3 ESATE0-Full Vertical Force 2.1 0.75 0.00
& SRSTS3 Vertical Force 102.4 g.80 Q.00
Load Locations:
Location Load Gear X T Scaling Theta
Ho. ID No. Factor

1 ESATS0-Full 1 -165.0 0.0 1.00E+00 0.00

2 ESAT50-Full 1 165.0 0.0 1.00E+00 0.00

3 ESRT50-Full 1 1e35.0 0.0 1.00E+00 ¥

4 ESAT50-Full 1 1965.0 0.0 1.00E+00

1 SASTS3 1 g.0 0.0 1.00E+00

z SASTS3 1 2130.0 0.0 1.00E+00

Details of Layered System:

ID: AustZ017-1 Title: Austroads 2017 - Example 1 - Unbound Granular Pavement

Lowex
i/face
rough
rough
rough
rough

A

EoN N I e e ]
ok

m

H

e

Performance Rela

Layer Location
Ho.
I bottom
3 top
4 top

Beliability Fact
ju]

Material
iD
Cements000

tionships:
Material
ID
Cement5000
subs1tCBE
Sub CER4

Isotropy

F Eh wh
Iso
Anisoc. 1 bl 0.325
Aniso. 5. 0.45
Aniso. 2 0.45

Component Perform. Shift
Constant actor

ETH 0.000263

EZZ 0.008150

EZEZ 0.0059150

vject Reliability: Bustroads 50%
Relisbility Material
Factor Type
2.00 Cement Stabilisead
1.00 Subgrade (Selected Material) (Austroads 2017)
1.00 Subgrade (Austroads 2Z017)
tails of Layers to be sublayered:
no. 2: Austroads (2004) sublayering
r no. 3: DBuscroads (2004) sublayering
Layer Thickness Material Axle Unitless
Ho ID Strain
13 32z2.00 Cement5000
SADT {80} - T7.760E-05
SRST{53) - 5.61BE-05
3 200.00 subs1tCEE
SADT {A0) - 1.51ZE-04
4 0.00 Sub CER4
- SADT (80): 1.377E-04
Results:
Layer Thickness Material xle CDF
Koo D Group
E 322.00 Cement 5000 Total: S.814E-01
SRST: 4_€44E-02
SADT: 3.447E-01
TIAST: 1.7BBE-03
TADT: 5.e0BE-01
TRDT: 2_.T4TE-02
QRDT: 2.601E-04
2 120.00 Cran 250 nfa
3 200.00 subs1tCEE Total: 5.613E-07
4 0.00 Sub CER4 Total: 6.292E-06
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Braemar Project with 99% Compaction

CIRCLY - Versiom 7.0 (1 February 2022}
Job Title: Braemar — Design

Design Method: Buscroads 2017

KDT

Traffic Load Distribution:

(cumulative heavy vehicle axle groups ower design period):

2_GE8E+0G

ID: HSWPresumeRural

Hame: NSW BMS Aug 2018 - Bural Presumptiwe (Table 18)

ESR/HVRG: 1.06%2

Details of Load Groups:

Load Load Load Load Radius Pressure/

Ho. In Cacegory Type Esf. stress
1 ESA7E50-Full ESAT750-Full Vertical Force 52.1 0.75

2 SASTE3 SLETE3 Wertical Force 102.4 0.80

Load Locations:

Location Load Gear X
Ho. IiD =
] ESAT50-Full 1 -1
z ESAT50-Full 1 16
3 ESATS50-Full 1 163
4 ESAT50-Full 1 138
1 SASTS3 1
2 SASTS3 1 213

Details of Layered System:

[SR=NORGEORG]

Scaling
Factor
-O0E+00
-D0E+00
-10E+00
-00E+00
-30E+00
-00E+00

[ sy ac s B Ry s ]
[SR =R

[y s N ]

ID: AunstZ0l7-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus F_Batic

Ho . i/face I {oxr wh) F Eh
¥ rough cementd 726 Iso. 0.20
2 rough Gran_ 250 0.35 1. 1.25E+02
3 rough subs1tCBE Q.45 5. 4 00E+H01
4 rough Sub CER4 0.45 2. 2.00E+01

Performance Rela
Layer Location
Ho.

Component

ID

z bottom cement4T2E ETH
3 top subsltCBE EZE
4 top Sub CER4 ZZ

Beliability Fack: i

Beliakility: RBustroads 90%
RBeliabilicy Material
Factor Typ=
2.00 Cement Stabilised
1.00 Subgrade (Selscted Material)
1.00 Subgrade (Rustroads 2017)

ils of Layers to be sublayersd:
no. 2: BAustroads (20

4

Perform.

Perform.
Constant

0.00027
0.009150

0.009150

[(Austrocads 2017}

I no. 3: BRustroads 63364} sublayering
Layer Thickness Material Bxle Unitless
Ho. ID Strain
fis 322.00 cement4 726
SEDT {A0) - 8_0B5E-05
SRST({53): 5.6863E-05
3 200._00 subs1tCBE
SEDT (80): 1.563E-04
4 o._oo Sub CER4
SEDT {A0) - 2_03ZE-04
Besulzs:
Layer Thickness Material Exle CDF
Ho. ID Group
pis 322.00 cement4 726 Total: 1.122E+00
SRST: 5_417E-02
SEDT: 3_.935E-01
TLST: 2 _0BBE-03
TEDT - 6_403E-01
TROT: 3_136E-02
QLDT: 2.970E-04
2 120.00 Gran 250 n/a
3 200._00 subs1tCBE Total: 1_214E-06
4 0_00 Sub CER4 Total: T_631E-06
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Braemar Project with 98% Compaction

CIRCLY - Version 7.0 (1 February 2022}
Job Title: Braemar - Design
Design Method: Bustroads 2017
KHOT {cummlatiwe heavy wehicle axle groups owver design period): 2.8
Traffic Load Distribution:
ID: NSWPresumeRural

MEW BMS Bug 2018 — Bural Presumptive {(Table 18)
HVAG: 1.0&8

Details of Load Groups:

Load Load Load
Ho. In Category
E ESAT50-Full ESA750-Full al Forc
2 SASTE3 5RSTE3 Vertical Forc
Load Locatiorn
Location Load Gear X T
Ho. D Ho.
1 1 165.0 0.0
2 1 165.0 0.0
3 1 35.0 0.0
4 ESAT50-Full 1 65.0 0.0
1 SRST53 1 0.0 0.0
& SRSTS3 1 2130.0 0.0

Details of Layered System:

ID: AustiZ01l7-1 Title: hustroads 2017 - Example 1 - Unbound Granum

E+0€

Radiu

1=}
= 1

L)
P

Scaling
Factor

-00E+0O
-0DE+D
-00E+D
-00E+0D
-00E+D
-00E+0O

O

= Drassurs/
Ref. stress

=3
-

o
o
o
o
|:.
o

lar Pavement

Layer Lower Macerial Isotropy Modulus P_Batioc
Ho. ifface ID {ox rh {or wwvh) F
1 rough cementd4sl I=o 0._20
2 rough EZran a
3 rough sub 0.45
4 rough Sub CER4 0.45
Performance Belationships:

Layer Location Material Component Perform. Perform.
Ho. ID Constant Exponent
1 bottom cement445L ETH 0.000278 12000
3 top subs1tCBB ZZ -005%150 T.000
4 top Sub CER4 EZZ 0.003150 T.000

Beliability Factors:

Project Reliability: Austroads 50%
Beliabilicy Material
Factor Type

- 00 Cement Stabilised
.00 Subgrade (Selected Material] (Austroads Z017)
oo Subgrade (RBustroads 20L7)

ils of Layers to be sublayersd:
(2004} subla

Strains:

Layer Thickness Material Exle Unitless
Ho. ID Strain
1 322.00 cement445l
SADT{A0): B.443E-05
SRST(53): &_135E-05
3 200 .00 subs1tCBS
SEDT {A0): 1.613E-04
4 Sub CER4
SADT (D) : Z_092E-04
Results:
Layer Thickness Material Exle CLDF
Ho. ID Group
1 3ZZ.00 cement44sl Total: 1.352E+00
SLST: 6.871E-02
SADT: 4.878E-01
TLET: Z2.645E-03
TADT: 7.937E-01
TRDT: _BEIE-
QADT: 3.E81E-04
2 120.00 Gran 250 nfa
3 200.00 subs1tCEE Total: 1.555E-06
4 Q.00 Sub CER4 Total: 5.359E-08
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Braemar Project with 97% Compaction

CIRCLY - Version 7.0 {1 February 2022}

Job Title: Brasmar — Design

Design Method: Bmstroads Z017

KHOT {cummlatiwve heavy wehicle axle groups owver design periocd):

Traffic Load Distribution:

ID: NEWPresumeBRural
Hame: MNSW BMS Aung 2
ESA/HVAG: 1_068

Details of Load Groups:

Load Load

Ho. ID
1 ESAT50-Full
2 SASTE3

Load Locations:

Location

Ho.
1
2 ESAT50-Full
4 ESAT50-Full
1 SRSTE3
2 SASTS3

Details of Layered System:

ID: AnstZ017-1 Ticle: Austroads 2017 — Example 1 - Unbound

Layer Lower Material
Ho. ifface ID
1 rough cement4l77
2 rough Gram 2510
3 rough subsTtCEE
4 rough Sub_CER4

Performance BRelationships:
Layer Location Material

Ho. ID
il bottom cementdl77
3 top subs1tCBE
4 top Sub CER4

Beliability Facto

Material

Subgrade
Subgrade

Details of Layers to be sublayered:

Layer no. 2: Austroads
Layer no. 3: Dhustroads

Strains:

Layver Thickness Material

Ho. ID
1l 322_00 cement4lT7
3 200.00 subs1tzCEE
4 Q.00 Sub CER4

Besulcs:

Layer Thickness Material

Ho. ID
322_00 cement4lT7
2 120.00 Gran 250
3 200_00 subs1tzCEE
4 a_00 Sub CER4

18 - Bural Presumptive

{Table 18)

Load Load
Category Type
ESATS50-Full Vertical
SRSTE3 Vertical
Gear X 2
Ho
1 -165.0 a
1 16E._0 a
1 1635.0 Q
1 1%65.0 a
1 0.0 0
1 2130.0 1]

Isoctropy

Component
ETH
EZZ
EZZ

Iustroads 50%

s
Cement Stabilised

(Selected Mat
{ABuscroads 2017)

sublayering
sublayering

SEDT{A0) :

Exle
Group
Total:
SRST:
SADT:
TAST:
TADT:
TRDT:
QADT:

Total:

Total:

Modulus

e
{or Ew)

-054E-D2
-953E-0
-T7T15E-03

R e
{

1.605E-D6

-60GE-D&

[T
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=

2 _eBE+0G

FRadius Dressures/
Ref. stress
Force 921 0_75
Force 102 _4 0.80
Scaling Theta
Factor
.0 1.00E+00 0.00
-0 1.00E+00 0.00
.0 1.00E+00 0.00
-0 1.00E+00 0.00
.0 1.00E+00 0.00
.0 1.00E+00 0.00

ranular Pawvement

P.Ratio
{or wvh)

rial) [Rustroads 2017}

-

[EROEE

Exponent

0.00
0.00




Braemar Project with 96% Compaction

CIRCLY - Version 7.0 (1 February 2022}
Job Title: Braemar — Design
Design Method: Austroads 2017
HDT {cumulatiwve heavy vehicle axle groups owver design pericd): Z._68E+06
Traffic Load Distribution:
;3: HSWPresumeRural

: HSW RMS Rug 2
1.068

§ — Rural Presumptix {(Table 18)

Load Load Load Eadius Pressure/ Exponent
Ho. ID Ref. stress
1 1 Force P 0.75 a.00
2 SRSTS3 Ver al Force 102.4 0.80 Q.00
Load Locations:
Location Load Feax X g 4 ] Theta
Ho. Ho. F
1 1 a 0.0 1.0 ¥}
2 1 a 0.0 9% o
3 1 -0 0.0 LB 0.
4 1 .a 0.0 1 o
1 1 a 0.0 LR 8]
2 1 a 0.0 1.0 o_
Details of Layered System:
ID: BustZ017-1 Title: RBustroads 2017 — Example 1 - Unbound Granular Pavement
Layer Lower Material Isotropy Modulus E_.Ra
Ho. ifface IiD F Eh wh
il rough cement3302
2 rough Gran_250
3 rough subsltCBE
4 rough Sub CER4

Performance Relati
Layer Location

Component Perform. Perform. Shifc

Ho. Exponent Factor
1 bottom cement3502 ETH 12.0
3 top subs1tCBE EZZ e
4 top Sub CER4 EZZ T

hustroads 50%
Material

Cement Stabilised
Subgrade ed Materiall (Austroads Z017)
Subgrade (Rustroads Z01T)

of Layers to be sublayered:

A

no. 2: BAustroads
Layer no. 3: BRBustroads

sublayering
sublayering

Strains:

Layer Thickness Macerizl hExle Unitless
.| I
322.00 cement3S02
SADT {B0) -
SAST (53):
3 200._.00 subs1tCBE
SADT (B0) : 1.T45E-04
4 0.00 Sub CER4

SADT{B0): 2.230E-04

Besults:

Lawyer Thickness AExle CDF
Ho. I Grougp
1 322.00 cement3902 Total: 2_307E+00
SAST: 1.159cE-01
SADT: 8.062E-01
TAST: 4.€04E-03
TADT: 1i
TRDI: 6.
QAT 6.
2 1z20.00 Gran 250 nfa
3 200.00 subsltCEE Total: 2.671E-06
4 0.00 Sub CER4 Total: 1.461E-05
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Braemar Project with 95% Compaction

CIRCLY - Versiomn 7.0 (1 February 2Z0Z2)

Job Title: Braemar — Compaction Bnalysis

Design Method: Bustroads 2017

NDT {(cumulatiwe heavy wehicle axle groups over design pericd): 2_&6BE+0&6
Traffic Load Distribution:

T -

ID: HEWPresumsBural
Hame: NSW BEMS Aug 2018 - Bural Presumptive (Table 18}
ESR/HVAG: 1.0&8

Details of Load Groups:

Load Eadius Pressurs/ Exponent
Type BEef. =tress

Vertical Force 9z.1 0.7
Vertical Force 1z.4 0.8

Load Load
Ho.

=

75

[l

[5

0.
Q.

[ 1]
Cow
[}

B

s

'
I |
Loy
T G Wy

1_00E+00D
1_00E+00

[ N O O )

=R =N RN

[ SR

=
=
e

SAETE3 1

i

ot
| fu
H

=

etails of Layered Svscem:

ID: BustZ01l7-1 Title: Austroads 2017 - Example 1 — Unbound Granular Pavement

Layer Lower HMaterial Isotropy Modulus F_Ratio
Ho. ifface ID Ev) {or wvh) E

|
2]
o
a
5

L rough CEmar E3E+03
2z rough Gran 2 _EO0E+02 1.25E+02
3 rough subs1tCBE 8 _00E+01 4_00E+01
4 rough Sub_CER4 4 _00E+01 Z.00E+01
Performance Relationships:
Layer Location Material Component Perform.
Koo 1D Constant
1 bottom cement362l ETH 0.000300
3 top subs1tCBE EZE 0.009150

4 top Sub_ CBR4 EZZ 0.0059150

eliability Factors:
ect Reliability: Austroads 50%

RBeliakbili Material
Typ=
2.00 Cement Stabilised
1.00 Subgrade (Selected Materi {Austroads 2017}
1.00 Subgrade (Bustroads 2017)

» be sublayersd:
oads (2004) sublayering
cads {2004} sublayering

Strains
Layer Thickness Material Exle Unitless
Ho. IiD
1 322.00 cement362B
SADT (840) -
SAST (23} :
3 200.00 subsltC28
SADT (80} : 1.825E-04
4 0.00 Sub C3R4

SADT (80) : Z2.309E-04

Hesults:

Layer Thickness Material COF
Ho. ID
I 3z2z.00 cement 2628 3.237E+00
1_725E-01
1.125E+00
€.641E-03
1_837EHI0
B_.993E:
8.521E-04
2z 120.00 Gran_250 nfa
3 200._00 subs1cCBA Tozal: 3_.597E-06

4 Q.00 Sub CER4 Togal: 1_865E-05
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Braemar Project with 94% Compaction

— Wersion 7.0

CIRCLY {1 February 2022}
Job Title: Braemar - Design

Design Method: Bustroads 2017

HDT
Traffic Load Distributicom:

ID: NSKPresumsRural

{cumulatiwve heavy wvehicle axle groups over design period):

2_e8E+0G

Hame: NSW BMS Aug 2018 - Rural Presumptive (Table 18)
ESA/HVAG: 1.063
Details of Load Groups:

Load Load Load Radius Pressure/

Ho. Category Type E=f. stress
s ESRA750-Full WVertical Force 92 1 0675
2 5LSTS3 Wertical Force 102 4 0._80

Load Locations:

Location Lioad Gear X L Scaling Theta

Ho. ID No Factor
1 1 0.0 1.00E+00 0.00
2 1 0.0 1_00E+00 0_00
3 1 0.0 1.00E+00 0.00
4 1 0.0 1.00E+0Q0 0.00
x 1 0.0 1.00E+00 0.00
2 1 0.0 1.00E+00 0.00

Details of Layered System:

ID: Aust2017-1 Title: Bustroads — Example 1 - Unbound Granular Pawement

Layer Lower Mazerial Isotropy

Ho. ifface ID F Eh
s rough cement33bd
2 rough Gran_250 L
3 rough subs1tCBE 5.
4 rough Sub CER4 2

Performance Relationships:

Layer Location Material Component Perform. Berform.
Ho. ID Constant Exponent
1] bottom cement335sd ETH 0.0 as 12 000
3 top sub=s1tCESB EZZ 0.009150
4 top Sub_CER4 EZZ 0.009150
Beliability
Beliskbility: Bustroads 50%
Beliability Material
F Type
Cement Stabilised
Subgrade (Selected Material) (Bustroads Z017)
Subgrade (Austroads Z0L7)
tails of Layers to be sublayered:
no. 2: d (2004} sublayering
no.. 3: (2004} sublayering
Strains:
Layer Thickmess Material hxls Unitless
Ho. I Strain
¥ 32z2_00 cementiisd
SADT(A0): 1.033E-04
SAST{53}: 7.575E-05
3 200_00 subs1zCBE
SADT {80} : 1.910E-04
4 0.00 Sub CER4
- SADT(80) : 2.3597E-04
Eesulcs:
Layer Thickmess Material hxle CDF
Ho. D Group
E 32z2.00 cement33sg Total: 4 _591E+00
SBRST: 2.823E-01
SADT: 1.593E+00
TRST: 5.T711E-03
TADT: 2.e01E+00D
TRDT: 1.274E-01
QADT: 1.206E-03
2 120.00 Gran 250 nfa
3 200.00 subs1tCEE Total: 4.5953E-06
4 Eub CER4 Total: 2_422E-05
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Braemar Project with 93% Compaction

CIRCLY - WVersiom 7.0 (1 February 2022}

Job Title: Brasemar - Design

Design Method: Rustcroads Z017
KODT

Traffic Load Distribution:

{curulatiwve heavy vehicle axle groups over design pericd) : 2_&BE+0e

ID: WSWPresumeRural
Hame: NSW RMS Rug 2018 - Pural Presumptive ({Table 18)
ESA/HVAG: 1.06%
Details of Load Groups:
Load Load Load Load Radius Dressure/
Ho. In Tyoe E=f. stress
1 EZR Vertical Force 921 0.75
2 SAST Vertical Force 102.4 0.80
Load Loca
Location X Scaling Theta
Ho. Factor
E 0.0 1.00E+00
F 0.0 1._00E+0D
3 0.0 1.00E+00
4 0.0 g B
1 0.0 1 )
2 SBST53 1 0.0 1.00E+00
Details of Layered System:
ID: AustZ01l7-1 Title: Austroads 2017 - Example 1 - Unbound Granular Pavement
Layer Lower M LEODY Modulus P_Ratio
Ho. i/face iD {cr vwh) F Eh
P rough cement3079 - 0.20
2 rough 2. 0.35 1.25E+02
3 rough B._i d.45 4 00E+01
4 rough 4 _00E+F0L 0.45 2.00E+01
Performance Relaticr
Layer Location Material Component Perform. Perform. Shifc
Ho. ID Constant Exponent Factor
1 bottom cement3079 ETH 0.000315 12_000
3 top subs1tCBS EZZ 0
4 top Sub CER4 EZE 0.009150 T.000

Lustroads 50%

Layer Reliabilicy Material
(a8 Factor Type
1 Z.00 Cement Stabilised
3 1.00 Subgrade (Selscted Ma
4 1.00 Subgrade (Rustroads 2

Details of Layers to be sublayered:

ial)
1

({Austroads 2017}

Laver mo. 2: Austroads (2004} sublayering
Layer no. 3: Austroads (2004} sublayvering
Strains:
Layver Thickness Exle Unitcless
Ho. Strain
x 322_00 cement3079
SEDT (AQ) - 1_096E-04
SRST(53): B.0&5E-05
3 Z00.00 subs1tCBE
SADT{BO): 2.00B8E-04
4 0.00 Sub CER4
SEDT(A0) : 2.456E-04
Results:
Layer Thickness Material hExle CLOF
Ho. ID Group
T 322.00 cement3079 Total: 7.188E+00
SRST: 4 _086E-01
SADT: 2 _488E+00
TLET: 1.573E-02
TADT: 4 _065E+00
TRDT: 1.951E-01
QRDT: 1.885E-03
2 120.00 Gran 250 nfa
3 Z00.00 subs1tCBE Total: 7.00cE-0&
4 0.00 Sub CER4 Total: 3.215E-05
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Braemar Project with 92% Compaction

CIRCLY - Version 7.0 (1 February 2022}
Job Title: Braemar - Design

Design Method: Bustroads Z017

HOT
Load Distribution:

HEWPresumePFural

ESR/HVAG: 1.068

Details of Load Groups:

Load Load
Ho. io

1 EZR

2 SRSTS3

Load Locat
Logation

Ho.
o] 1
3 1
4 1
1 SASTS3 1
2 SLETS3 1

Details of Layered System:

ID: BEust20l7-1 Title: Rustroads 2017
Layer Lower Material

Ho. i/face

1 rough

2 rough

3 rough

4 rough

Performance Relatic
Layer Location R

Ho.
1 bottom cementZB05
3 top subs1tCBE
4 top Sub CER4

Reliabilit

v: Austroads 90%
Material

~¥E=

Cement Stabilised

Subgrade

Subgrade

Decails of Layers to be sublayersd:
r no. 2: RBustroads (2004)
no. 3: Rustroads (2004)

Strains:

Layer Thickness
Ho.
1 322.00
32 200.00 subsltCEE
4 0.00 Sub CBR4
Besults:
Layer Thickness Materia
Ho.
1 322._00
4 120.00 Gran 250
32 200.00 subsltCEE
4 0.00 Sub CBR4

=: NSW BMS Aug 2013 - Bural Presumpt

{Selected Materiall
{Bustroads Z0L17)

{cumulative heavy vehicle axle groups over design pericd) : 2. 68E406

i {(Table 18)

Badius

X b
-165.0 0.0
165.0 0.0
1635.0 0.0
1965.0 0.0
0.0 0.0
2130.0 a.a

Example 1 - Unbound Granular Pavement

Modulus

OQE+0L

r 0.45
-00E+01

0.45

r
{

8

4

Perform.

Component
ETH
EZE
EZE

(Austroads Z017)

sublayering
sublayering

Exls Unitless
Strain
SADT (80} : 1.16SE-04
SAST(53): E8.6Z5E-05
SADT {A0) : 2_11BE-04
SADT (80): 2.e07E-D2
Exle COF
Group
Total: 1.154E+01
SAST: &_807E-01
SADT: 4_000E+00
TAST: 2_.620E-02
TADT: ©.508E+00
TRDT: 3_187E-01
QADT: 3.018E-03
n/a
Total:
Total:
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Braemar Project with 91% Compaction

CIRCLY 7.0 2 )

Z20

]

- Version {1 February 2

Job Title: Brasmar — Design
Design Method: hustroads 2017
HOT {cumuzlative heavy vehicle
Traffic Load Distribution:
ID: KSWPresumeRural
Hame: NSW BMS Aug 2018 - Fural Presumptive
ESA/HVAG: 1.065

{Table

Details of Load Groups:

Load
Ho.

Load Locations:

Location Load Gear X
Ho. ID HNo.

E

[l SRR

Details of Layered System:

ID: Bust2017-1 Title: Austroads 2017

Layer Lower Macerial Isotropy
Ho. ifface ID

1 rough cement2530 Isao.

s rough Gran 250

3 rough subsItiBE Bniso.

4 rough Sub CER4 Enis=o
Performance Relationships:
Layer Location Material Component
Ho. ID

T bottom cement2530 ETH
3 top subs1tCBE EZZ
4 top Sub CER4 EZEZ

Beliability Fact

v: Bustroads 50%
Material
Type
Cement Stabilised
Subgrade (Selected Materiall
Subgrade (Bustroads 2017)

Details of Layers to be sublayered:

2: DBhustroads (2004} sublayering
Layer no. 3: BAuscroads (2004} sublayering
Strains:
Layer Thickness Material Exle
Ho. iD
1 322 .00 cementZ530

SEDT (80) :
SAST{53):

subs1tCBE

4 0.00 Sub CER4
SADT {80) :
Results:
Layer Thickness Material hExls
Ho. ID Group
1 322.00 cementZ530 Total:
SRST
SBDT:
TBST
TADT:
TRDT:
QADT:
2 120.00 Gran 250
3 200.00 subs1tCEE Total:
4 0.00 Sub CER4 Total:

— Example 1 - Unbound

axle groups over design period): 2_68E+DE

18)

Load Fadius Pressure/
Type E=f. stress
Vertical Force N2 1 015
Vertical Force 102.4 0.80

Scaling
Factor
1.00E+00
1_00E+00
1_00E+00
1.00E+00
1.00E+00
1.00E+00

[ e e e
[t e o e

Granular Pavement
Modulus
¥

.2EE+02
-D0E+DL
_00E+01

5.52E+0
2_TcE+01

Shifc

Factor

Perform.
Exponent

Ferform.
Constant
0.000330

(Bustroads 2017)

1

IR

L5

o.
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Braemar Project with 90% Compaction

CIRCLY 7.0

Version 1 February 2
Job Title: Braemar - Design

Design Method: Austroads 2017

HDT {cumulatiwve heavy wehicle axle groups owver design peri 2 _GBE+DB
Traffic Load Distribution:
ID: HEWPrssumsRural
Hame: NSW BMS ILug 2018 - Bural Presumptiwe (Table 15)
ESR/HVAG: 1.088
Details of Load Groups:
Load Load Load Load Radius Pressure,/
Ho. In Cacegory Tyoe E=f. strass
1 ESATE0-Full EZAT750-Full Vertical Force 52.1 0.75
2 SRASTE3 SLSTE3 Vertical Force 102.4 0.80
Load Locations:
Location Gezar X X Scaling Theta
Ho. Ho. Factor
1 1 -165.0 0.0 1_00E+00
2 1 165.0 0.0 1_00E+00
3 1 1635.0 0.0 1.00E+
4 1 19e5.0 0.0 1.00E+00
1 1 0.0 0.0 1.00E+00
2 1 2130.0 0.0 1.00E+00
Details of Layered System:
ID: Aust2017-1 Title: Austroads 2017 — Example 1 - Unbound Granular Pavement
Layer Lower Material ropy Modulus F_Ratio
Ho. i/face {cx wwh) F Eh
1 rough a
2 rough 0.3 1_25E+02
3 rough Q.45 4_00E+01
4 rough 0.45 2_DOE+01
Performance Rela
Layer Location Material Component Perform. Perform. Shifc
Ho. ID Constant Exponent Factor
1 bottom  CementZZ5e6 ETH 0.000338 1Z._000
3 top subs1tCESE EZEZ 5 7. 000
4 top Sub CER4 EZEZ 0.009150 7.000

: Bustroads 90%
Material

Facto Type

2.00 Cement Stabilised

1.00 Subgrade (Selected Material)
1.00 Subgrade (Austroads 2017)

Details of Layers to be sublayered:

7

(bustroads Z017)

Layer no. 2: Bustroads (2 sublayering
Layer no. J: DAustroads (200 sublayvering
Strains:
Layer Thickness Material Exle Unitless
Ho. ID Strain
1 322.00 CementZ256
SADT{80): 1.354E-04
SAST{53): 1.00BE-04
3 200,00 subs1ltCES
SADT{80): 2.397E-04
4 Sub CER4
SADT(80): Z2.883E-04
Besulzcs:
Layer Thickness Material Exle CDFE
Ho. ID Group
1 322.00 Cement2ZEE Total: 3.93eE+01
SAST: 2 _S40E+00D
SADT: 1.35€E+01
TAST: 5_T775E-02
TADT: 2 _207E4+01
TRDT: 1_081E+00
QADT: 1.024E-02
2 120.00 Gran_ 250 n'a
3 200.00 subs1ltCES Total: 2._427E-05
4 Sub CER4 Total: 8.632E-05
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Boree Project

Original Pavement Design Analysis
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Analysis of Original Pavement Design in CIRCLY 7.0

CIRCLY - Version 7.0 (1 February 2022}
Job Title: Boree
Design Method: Bustroads 2017
NOT {cumulatiwve heavy wehicle axle groups owver design periocd): 1.2%E+06
Traffic Load Distribution:
ID: MSWPresumeRural
Hame: WSW BMS Bug 2018 - Bural Presumptiwve (Table 18}
ESA/HVAG: 1.068
Details of Load Groups:

Load Load Load Loa Radius Eresssurse/ Exponent
Ho. In Category B=f. stress
0.

1 ESA750-Full ESLT50-Full 2.1 75 0.00
2 SRASTE3 SASTS3 102.4 0.80 0.00
Load Locations:
Location Fear X ¥ Scaling
Ho. Ho. Factor
1 1 -165.0 0.0 1.00E+00
z 1 les.0 0.0 1.00E+00
3 1 1g35.0 0.0 1.00E+00
4 1 1965.0 0.0 1.00E+00
i 1 0.0 0.0 1.00E+00
z 1 2130.0 0.0 1.00E+00

Details of Layered System:

ID: Bust2017-1 Tizle: Austroads 2017 - Example 1 — Unbound Granular Pavement

Layer Lower Material Isotropy nlus P_Ratio

Ho. ifface ID Ev) {or wvh) F Eh wh
1 rough Cemsnt5000 Iso. 5_00E+03 0.20
z rough subsltCB15 Aniso. 1.50E+02 0.35 1.11E+02 7.50EH11
3 rough Sub_CBR7 Amiso. 7 .00E+01 0.45 4_B3E+01 3.50E+01

Performance Relationships:

Layer Location Material Component Perform. Perform. Ehifc
Ho. ID Constant E nt Factor
1 bottom Cement 5000 ETH 000263
2 top subsl1tCB15 EZZ d09150
3 top Sub CBR7 EZE 0.009150

Belisbilicy Factors:

ject Beliability: BAustrocads 30%

r Reliability Material

VE Iype

Cement Stabilised

Subgrade (Selected Materiazl} (ABustroads 2017}
Subgrade (Rustroads 2017)

Fac
1
1

Details of Layers to be sublayered:
L Bustroads (2004) sublayering

Scrains:

Layer Thickness Material Rxls Unitless
Ho. ID train
1 300.00 Cement 5000

[

-1

SADT(80) : 7.533E-05
SRST(53): 5.630E-05

ra
[£]
=]
(=]
=]
[=

subs1tCELS

SADT (80} : 1.413E-04
3 0.00 Sub CBR7
SRDT (80} : 1.624E-04

Fasulcs:

Layer Thickness Material Rxls COF
Ho. ID
1 300.00 Cement 5000 Total: 3.38%E-01
SAST: 2.338E
SADT: 1.162E-01
TAST: B.9398E-04
TADT: 1.8581E-01
TROT 9_259E-13
QAOT 8.768E-05
z 300.00 subs1tCB15 Total: 2_888BE-07

[
o
=]
L=

Sub CBR7 Total: 7.651E-07
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Boree Project with Uniform Characteristics — 350 mm Thick

CIRCLY - WVersion 7.0 (1 February 2022}

Job Title: Boree

Design Method: Austroads 2017
KOT
Traffic Load Distribution:

ID: WMSWPresumsRural

{cumlative heavy wehicle axle groups owver design period) -

Hame: MSW BMS Aug 2015 - Bural Presumptive ({Table 18)

ESE/HVAG: 1.068

Details of Load Groups:

Load Load

Ho. D
i ESATE0-Full
2 SHSTS3

Load Locations:

Location Load Faar

Ho. ID (=]
ik ESAT50-Full 1
2 ESATS50-Full 1
3 ESATS50-Full 1
4 ESAT50-Full 1
L SRSTS3 1
2 SRSTE3 1

Details of Layered System:

ID: BAustZ017-1 Title: Bustroads 2017 — Example 1 - Unbound Granular Pavement

Layer Lower Material
Ro. ifface ID
1 rough Zements000
2 rough subs1tCBElE
3 rough Sub_ CER7

Performance Relati

nships:

Layer Location Material
Ho. ID
1 bottom Cement5000
2 top subs1tCELS
3 top Sub_CER7

bustroads 50%

Material
Type

Cement Stabilised
Subgrade
Subgrade

Details of Layers
Layer no. 2: BAustroads

to be sublayersd:
(2004}

Strains:

Layer Thickness

Ho.
1 350.00
2 300.00 subs1tCELS
3 a.0o Sub_ CBR7

Besulcs:

Layer Thickness Material
Ro. ID
1] 350.00 Cement5000
2 300.00 subs1tCEl5
3 0.00 Sub CER7

(Selected Material)
{Bustroads 20L7T)

Load Radius Pressure/
Type E=f. stress
Vertical Force = rigsle 0.75
Vertical Force 102.4 g.80
X X Scaling Theta
Factor
-1€5.0 0.0 1_00E+00 jal
165.0 0.0 1_00E+00 i}
1€35.0 0.0 1_00E+00 a
1965.0 0.0 1.00E+H 0
0.0 0.0 1_00E+00 a
2130.0 0.0 1_00E+00 0
Isotropy F_Ratio
{or wwh) F Eh
a.20
0.35 1. 7.50E+01
0.45 4. 3_50E+01
Component Perform. Ferform. Shift
Constant Exponent Factor
ETH 0.000263
EZZ 0.00%150
EZZ 0_.00%150

(Bustroads Z017)

sublayering

Axle Unitless
Strain
SLDT {80} : &.03BE-0O5

SRST {53 4_377E-05

SADT(80): 1.122E-04
SADT{B0) : 1.325E-04
Exle CDF
Croup

Total: 2_329E-02
SBST: 1_120E-03
SADT: 8_171E-03
TAST: 4_31ZE-05
TLDT: 1_330E-02
TROT: §.511E-04
QADT: &_166E-06
Total: 5_T757E-08
Total: 1.836E-07
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Boree Project with Uniform Characteristics — 340 mm Thick

CTRCLY - WVersiom 7.0 {1 February Z022)

Job Title: Bo

Design Method: Bustroads 2017
HDT {cumualative heavy vehicle axle groups over design pericd): 1.2%E+0e
Traffic Load Distribution:

ID: HSWPresumeRural

Hame: MSW BME Aug 2018 - Bural Presumptive (Table 18)

ESASHVAG: 1_068

Details of Load Groups:

Load Load Load Load Radius Drassurs/ Exponent
Ho. D Category Type E=f_ stress

1 ESAT750-Full ESATS0-Full Vertical Force 92:1 pD.75 0.00

2 SASTE3 EASTE3 Vertical Force 102.4 0.80 0.00

Load Locations:

Location Load Gear X ¥ Scaling Theta

Ho. ID Ho. Factor
1 1 -165.0 0.0 1.00E+00 0.00
2 1 165.0 a.0 1.00E+00 0.00
3 1 1635.0 a.0 1.00E+00 0.00
4 1 19€5.0 0.0 1.00E+00 0.00
¥ 1 0.f Q.0 1.00E+ 0.00
2 1 2130.0 a.0 1.00E+00 0.00

Details of Layered System:

ID: BustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pawvement

Layer Lower Material Isotropy Modulus E_Ratio
Ho. ifface ID {or Ev) {or wwh) F Eh wih
1 rough Cement5000 Iso. 0.20
7 rough subs1tCBLE BEniso. 0.35 1_11E+02 7.50E+01 0.35
3 rough Sub_ CER7 BEniso. d.45 4_B3E+01 3.50E+01 0.45
Performance Relationships:
Layer Location Material Component Perform. Perform. Shifc
Ho. ID Constant Exponent Factor
1 bottom Cement5000 ETH 0.000263 12
i top subs1tCBLE EZZ 0.0409150
3 top Sub CHR7 ZZ 0.009150

Reliability Factors:
ct Relisbility: Bustroads 90%
Beliability Material
Cement Stakilised
Subgrade (Selected Material) (Rustroads ZO017)
Subgrade (Bustroads 2017)

Details of Layers to be sublayersed:
Layer no. 2: Bustroads (2004} sublayering

Strains:

Layer Thickness Material RExls Unitless
Ho. 1D Strain
T 340.00 Cement5000

SADT{B0): €

SRST(53): 4.
2 300.00 subsltCB1S

SEDT (B0} : 1.173E-04
3 0.00 Sub CER?

SADT ({80} : 1.377E-04

Layer Thickness Material Exls CLDF
Ho. 1D Group
1 340.00 Cement 5000 Total:

SAET:
ShDT:
TRST:
TADT:

.EB3E-05
-207E-02
-0B1E-02

o ] -
[

2 300.00 subslczCBLS Total:

=1

3 0.00 Sub CER7 Total: 2.405E-07
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Boree Project with Uniform Characteristics — 330 mm Thick

CIRCLY - Versiom 7.0 (1

Job Title: Boree

2017

Design Method: Rustroads

RDY

Traffic Load Distribution:

ID: HSWPresumeRural

Hame: MSW EMS Ang 2018 - Bural Presumptiwve

ESR/HVAG: 1.068

Details of Load Groups:

Load Load

Ho. ID
1 ESATS0-Full
2 SRSTE3

Load Locations:

Location Load
Ho. ID

ESLTS0-Full
ESATS0-Full
11
11

SRSTS3
SRSTE3

[N e N N N

Details of Layered System:

ID: Rust2017-1 Titcle:

Layer Lower Material
Ho. i/face ID
1 rough Cement5000
2 rough subs1tCB1E
3 rough Sub_CBER7

Performance Relationships:
Layer Location Material
Ko. ID

1) bottom Cement5000
il Top subs1tCBlE
3 top Sub CBR7

Reliability Factors:
Project Beliability:
Reliability Material
Mo Factor T
& 2
3

oo
Subgrads
Subgrade

Details of Layers
Layer no. 2: RBustroads

Strains:

Layer Thickness Material
Ko. ID

1 330.00 Cement5000

subs1tCBLS

Sub CERT

Besulzs:

Layer Thickness Material
Ro. ID

1 330.00 Cement 5000

Zustroads

February 2022}

(Table 1

Load
Category
ESAT50-Full
SAETE3

Gear

Hao.

2017

— Example 1 -

Isotropy

b
C

Component

ETH

EZZ

Austroads 50%

—VEe
Cement Stabilised
({Selected Material)
{Bustroads 2017)

o be sublayersd:
(2004}

sublayering

hxle

SADT {B0) :
SAET({53):

SADT {B0) :

SADT {80} :

Exle
Group
Total:
SRST:
SADT:
TRLST:
TADT:
TRDT:
QADT:

{cumzlative heavy vehicle axle groups ower design pericd) :

g8)

Load
Type

Vertical Force
Vertical Force

Unbound

erform.
onstant
0.000263
0.005%150
0.009%150

Unitless
Strain
&_5TEE-05
4_HZEE-05

1.432E-04

[y
=]
=

41E-02
0SE-03
TTE-02
B9E-04

[l o L ]
-1 &3 3 oen

1.2

[ N |

(SNl

Granulazx

SE+D6

Radius Dress
Ref.

2.3 075

102.4 o_80

Scalimg
Factor
1.00E+00
1_00E+00
1_00E+00
1_00E+00
1.00E+00
1_00E+00

[ R e R

Bavemsnt
B.Ratio
{or wvh)

4_B3E+01

Shift
Factor

Parform.
Exponent
12000

- 000

7
7.000

(Amstroads Z017})

subsltCB15

Sub CERT

Total:

Total:
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Boree Project with Uniform Characteristics — 320 mm Thick

CIRCLY - Version 7.0 (1 February 2022}
Job Title: Boree
Design Method: Bustroads 2017
HODT {cumulative heavy wehicle axle groups over design period): 1.Z25E+0c
Traffic Load Distributiom:
ID: HSWPresumeRural
Hame: MSW BMS Aug 2018 — Bural Presumptive (Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Dressure/ Exponent
Ho. In Category Type E=f. strass

1 ESRT50-Full ESRT50-Full Vertical Foxrce  FA 0.75 0.00

2 SASTE3 SAST:E3 Vertical Force 102.4 D.80O 0.00

Location Load Gaar X T Scaling Theta
Ho. ID o Factor

1.00E+00
1.00E+00
1.00E+00
1.00E+00

P = s D P

[ R ey e
T T T

[ e e

SASTS3 1 1.00E+00
SR5STS3 1 1_00E+00

Details of Layered System:

ID: BAust20l17-1 Title: Rustroads 2017 — Exampls 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus P_Ratio

Ko ifface ID 1] {or vwwvh) F Eh wh
1 rough Cement5000 0.20
2 rough subs1tCBLS 0_35 7.50E+01 0.35
3 rough Sub CER7 0.45 3_50E+H01 0.45

Performance Relationships:

Layer Location Material Component Perform. Perform. Shift
Ho ID Constant Exponent Factor
1 bottom Cement5000 ETH 0.000263 12_000
2 top subs1tCBLE EZZ 0.009150 7.000
3 top Sub CBR7 EZE 0.009150 7.000

Beliability Factors:
oject Reliability: RAustroads 90%
r Reliability Material

Factor Type

2.00 Cement Stabilised

1.00 Subgrade (Selected Material) (RBustroads 2017}
1.00 Subgrade (RBustroads 20

Details of Layers to be sublayered:
Layer mo. 2: Bustroads (2004} sublayering

Strains:

Layer Thiclkness Material Lxle Unitless
Ho. ID Strain
1 320.00 Cement 5000

SLDT{80): &.B874E-05
SRET{E3): &
2 300.00 subsltCBlS
SADT{B0) - 1.2B4E-D4
3 o.00 Sub CERT

Besults:

Layer Thickness Material Exle CIOF
Ho ID Group
1 320.00 Cement 5000 Total: 1.117E-01

SAST: 6.622E-03
SADT: 3.B71E-02
TRST: .545E-04
TRDT: 258E-02
TRDT: .085E-03
QRDT: 2.921E-05

3o

2 300.00 subsltCBlS Total: 1.477E-07

3 0.00 Sub CERT Total: 4_219E-07
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Boree Project with Uniform Characteristics — 310 mm Thick

CIBCLY - Version 7.0 (1 February 2022}
Job Title: Horee
Design Method: Austroads Z017
KROT {cumulative heavy wehicle axle groups owver design period) : 1_25E+06
Traffic Load Distribution:
ID: NSWPresumsRural
Hame: NSW BMS Aug 2018 - Pural Presumptive {Iable 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Radius Dressure/ Exponent
Ho. In Category Type E=f. =stress
11 ESAT50-Full ESATS0-Full Vertical Force 2.1 0.75 0.00
2 SASTE3 SRSTS3 Vertical Force 2.4 0.80 0.00
Load Locations:
Location Load Fear X T
Ro. ID 0.
13 ESAT50-Full 1 0.0
2 ESAT50-Full 1 0.0
3 ESAT50-Full 1 0.0
4 ESAT50-Full 1 a.0 1_00E+00
Iy SASTS3 1 .0 1_00E+00
2 SASTE3 1 0.0 1_00E+00

Details of Layered System:

ID: BustZ0l17-1 Title: Rustroads 2017 — Example 1 - Unbound Granular Pavement

Layer Lower Material Modulus E_Ratio
W ifface ID {or Ew) {or wrvh) F Eh wvh
1 rough Cementh000 5 _00E+03 0.20
2 rough subsltCB15 1_S50E+02 0.35 S0EHO1 0.35
3 rough Sub CBRT 7.00E+01 0.45 3.50E+01 0.45
Performance Relationships:
Layer Location Material Component Perform. Parform. Shift
Ho. iD Constant Exponent Factor
1 bottom Cementh000 ETH 0_000263 12_000
2 top subs1tCB15 EZZ 0.003150 7.000
3 top Sub CBR7 EZZ 0.003150 7.000

Beliability E
Project Reli Lustroads 50%
Layer Reliabilicy Material

Mo . Factor Type

1 2..00 Cement Stabilised

z 1_00 Subgrade (Selected Material) (Bustroads Z017}
3 1.00 Subgrade (Bustroads 2017)

Details of Layers to be sublayersd:

Layer no. 2: RAustroads (2004} sublayering

Strains:

Layer Thickness Material hxls Unitless
Ko . ID Strain
1 310.00 Cement 5000

SADT (B0) - T.192E-05
SAST({53): 5.346E-05

2 300.00 subsltCBLS
SADT{80) - 1.34cE-04
3 0.00 Sub CEBR7
SADT {80): 1.55EE-04
Besulcs:
Layer Thickness Material Exle CDF
Ho. ID Group
T 310.00 Cement 5000 Total:
SRET:
SADT:
TAST
TADT:
TRDT:
QADT:
2 300.00 subsltCBLS Total:
3 0.00 Sub_ CBRY Total:
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Boree Project with Uniform Characteristics — 300 mm Thick

CIRCLY - Versiom 7.0 (1 February 2022}
Job Title: Boree
Design Method: Bustroads 2017
HDT {cumzlative heavy vehicle axle groups over design period) : 1.25%E+0€
Traffic Load Distributiom:
ID: HSWPresumeRural
Hame: NSW BMS Rug 2018 - Bural Presumptive ({Table 18)
ESR/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Dressure/ Exponent
Ho. ID Category Tyoe B=f. stress
1 ESAT50-Full ESAT50-Full Vertical Force 920 35 0._00
2 SASTE3 SLST:S3 Vertical Force 102.4 0.80 0.00
Gear X X Scaling Theta
No. Factor
1 ESATE0-Full 1 -1&5.0 0.0 1.00E+00 v]
2 ESATH0-Full 1 1e5.0 0.0 1.00E+00 0
3 ESATS0-Full 1 1635.0 0.0 1_00E+00 o
4 ESATE0-Full 1 1965.0 0.0 1.00E+00 v]
1§ SRASTS3 1 0.0 0.0 1_00E+00 [§]
Z SRESTS3 1 2130.0 0.0 1_00E+00 o]
Details of Laysred System:
ID: BAust2017-1 Title: Austroads 2017 — Example 1 - Unbound Granular Pavement
Layer Lower Material F_Ratic
Ho. ifface ID {or wvh) F Eh wh
1 rough Cement5000 0.20
2 rough subs1tCELS 0.35 1_11E4+02 T.50E+01 0.35
3 rough Sub_ CER7 0._45 4_B3E+01 3_50E+H011 0_45
Performance Relationships:
Layer Location Material Component Perform. Perform. Shift
Ho. ID Constant Exponent Factor
1 bottom Cement5000 ETH 0_000263 12_000
2 top subs1tCB1E ZZ 0.009150 T7.000
3 top Sub CERT ZZ 0.009150 7.000

v: Bustroads 50%
Material

o Factor Type

Cement Stabilised
Subgrade (Selected Mat
oa Subgrade (Austroads 20

ial} (Bmstroads Z017)

(LRI B el
3
L]

1

Details of Layers to be sublayered:
Laver no. 2: Austroads (2004} sublavering

Strains:

Layer Thickness Material Exle Unitless
Ko, ID Strain
1 300.00 Cement 5000

.533E-05
.E33E-05

[

2 300.00 subs1tCBLS
-413E-04

i
g
=
=
"

3 0.00 Sub_CERT
SLDT{80): 1.6Z4E-04

Besulzs:

Layer Thiclkness Material Exle CDF
Ko 1D Group
1 300.00 Cement5000 Total: -3B3E-0Q1
SBST: -33BE-02
SADT: -162E-01
TAST: .958E-04

TADT:
TRDT:
QADT:

-BE1E-01
.Z53E-03
.TEBE-05

0L 00 )

P2
[
=
=
=

=}

[

subs1tCBlS Total: -BBEE-O7

=1

3 0_00 Sub CERT Total: -E51E-07
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Boree Project with Uniform Characteristics — 290 mm Thick

CIBRCLY - Versiomn 7.0 (1 February 2022}
Job Title: Boree
Design Method: Zustroads 2017
HDT (cumumlative heavy wehicle axle groups over design pericd): 1.2%E+0&
Traffic Load Distribution:
ID: HSWPresumeRural
Hame: WSW RMS Aug 2015 - Bural Presumptiwve (Table 18)
ESA/HVRAG: 1.068
Details of Load Groups:

Load Load
Ho. ID

Load RBadius Dressure/ Exponent
Type E=f. =stress

A ESAT50-Full Vertical Force B2-1 0.75 Q.00
2 SAETEZ Vertical Force 102_4 0.80 Q.00

Load Locations:
Location Load Geaar
Ho. ID Nao.

1
o
-

X ESATE0-Full 1 -165.0 0.0 1

2 ESATE0-Full 1 165.0 0.0 1

3 ESATE0-Full 1 1e35.0 0.0 1.00E+00
1 ESATE0-Full 1 15965.0 0.0 1.00E+00
1 SBSTE3 1 0. 0.0 1.00E+

2 SRST53 1 2130.0 0.0 1.00E+00

Details of Layered System:

ID: AustZ017-1 Title: Austroads 2017 - Example 1 - Unkbound Granular Pavement

Layer Lower Material Isotropy Modulus F_Ratio
Ho. ifface ID {or Ew) {or wvh) F Eh wh
1 rough Cement5000 5_00E+03 0.20

1.50E+D2 0.35 1.11E+02 7.50EH11
7.00E+01 Q.45 4_B3E+0L 2.50E+0L

2 rough subs1tCB1E
3 rough Sub_CBR7

(=]
i

= L

Performance Relaticnships:

Layer Location Material Component Perform. Perform. Shift
Ho. ID Constant Exponent Factor
1 bottom  Cement5000 ETH 0.000263 12 0
2 top subs1tCELE EZZ 0.0059150
3 top Sub CER7 EZZ 0.003%150

Beliability Factors:
Project Relisbility: Austroads 90%

Layer Reliabilitcy Material

No. Factor Type

¥ Cement Stakilisad

2 1.00 Subgrade (Selacted Mat
3 1.00 Subgrade (Rustroads 20

(Austroads 2017)

Details of Layers to be sublayered:
Layer no. 2: DRBustroads (2004) sublayering

Strains:

Layer Thickness Material Rxls Unitcless
Ko ID i
i3 290.00 Cement 5000
SADT (B0} : T7.8593E-05
SAST (53) : 5.95EE-D5
2 300.00 subsltCELS

SADT(B80) - 1.4BeE-D4
3 0.00 Sub CBR7
SADT (B0} : 1.E58E-D4

Results:

Layer Thickness Material Rxls CIDF
Ko, ID Group
1 250._00 Cement 5000 Total: 031E-01

oo
SAST: 4_503E-02
SADT: 2.058E-01
TAST: 1.733E-03
TADT: 3.343E-01
TRDT: 1_63TE-02
QRDIT: 1.551E-04

2 300.00 subsltCBELS Total: 4.058E-07

3 0.00 Sub_ CBR7 Total: 1.04E8E-06
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Boree Project with Uniform Characteristics — 280 mm Thick

CIRCLY

22)

- Version 7.0 (1 February

Job Titl

Design Method: hustroads Z017

HDT {cumulative heavy vehicle axle groups over design period): 1.25E+0&
Traffic Load Distribution:
ID: HEWPresumeRural
Hame: WSW BMS Bug 2018 - Bural Presumptiwe (Table 18)
ESA/HVAG: 1.068
Details of Load Groups:
Load Load Radius Dressure/
Category Tyoe E=f. strass
211 ESATE0-Full Vertical Force 92.1 0.75
SRASTE3 Vertical Force i02_4 0_80
X ¥ Scaling Theta
Ko. D Factor
1 ESAT50-Full 1 -165.0 0.0 1.00E+00 0.00
7 ESAT50-Full I 1€5.0 0.0 1.00E+0Q0 0.00
3 ESAT50-Full 1 1635.0 0.0 1.00E+00 0.00
4 ESAT50-Full 1 1965.0 0.0 1.00E+00 0.00
1 SASTS3 1 0.0 0.0 1.00E+00 0.
2 SALST53 1 30.0 0.0 1.00E+00 0.
Details of Layered System:
ID: BustZ0l7-1 Title: Bustroads 2017 - Example 1 — Unbound Granular Pavement
Layer Lower Material Isotropy Modulus P_Ratio
Ko. ifface ID {or Ewv}) {or W F Eh
s rough Cement5000 [ Q.20
2 rough subs1tCB15 0.35 1 7.50E+01
3 rough Sub CBR7 a.45 4 3.50E+01
Performance Relationships:
Layer Location Material Component Perform. Perform. Shift
Ko. IDh Constant Exponent Factor
1 bottom  Cement5000 ETH 0.000263 1Z_000
s top subs1tCBLS EZZ 9150 0
3 top Sub CBR7 EZZ 0.003150 7.000

~yes
Cement Stakbilised
Subgrade (Selected Material)
Subgrade (Austroads 20L1T)

Details of Layers to be sublayered:

Laver no. 2: hustroads (2004} sublavering
Strains:
Layer Thickness Material RExle
Ho. ID
1 ZA0.00 Cement 5000
SADT {80) :
SAET{53):
2 300.00 subs1tCBLS
SADT {80) :
3 Q.00 Sub CERT
SADT {80) :
Besultcs:
Laver Thickness Material Rxle
Ho. ID Eroup
1 Z80.00 Cement5000 Total:
SAST:
SADT:
TAST:
TADT:
TRDT:
QBDT:
2 30000 subs1tCB15 Total:
3 0.00 Sub_ CERT Total:

(Bustroads 2017}

Unitless
Strain

8.294E-05
€.299E-05

1.564E-04

1.778E-04

CDF

1._090E+00
8.B2BE-02
3.e87E-0L1
3_39BE-03
5.990E-01
2_93BE-02
2.TH2ZE-04

S_B7EE-07

1.442E-06
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Boree Project with Uniform Characteristics — 270 mm Thick

CIRCLY - Versiom 7.0 ({1 February

Job Title: Boree

Design Method: Austroads Z017

HDT {(cumulative heavy wehicle axle groups over design period) : 1_2%E+0E
Traffic Load Distributiom:
ID: WEWPresumeBRural
Hame: MSW BMS Aug 2018 - Pural Presumptive ({Table 18)
ESAE/HVAG: 1.068
Details of Load Groups:
Load Load Load Badius Pressure/
Ho. In Tvoe F=f. stress
1 ESR750-Full Vertical Force 82.1 0.5
2 SRSETS3 Vertical Force 102.4 0.80
Load Locations:
Location Load Gear X X Scaling Theta
Ho. ID HNo. Factor
1 E o 1 1 -165.0 0.0 1_0O0E+00 0.00
2 ESATS50-Full 1 165.0 0.0 1.00E+00 0.00
3 ESATE0-Full 1 1635.0 0.0 1.00E+00 0.00
4 ESRTE0-Full 1 1965.0 0.0 1.00E+00 0.00
1 SRHETE3 1 0.0 0.0 1.00E+00 0.00
2 SRSTS3 1 2130.0 0.0 1_00E+00 0.00

Details of Layered System:

ID: BustZ017-1 Title: Bustroads 2017 — Example 1

Layer Lower Material Isotropy
Ho. i/face ID
1 rough Cement5000

subs1tCB1E
Sub CBR?

rough
rough

[T

Performance Relatiomships:
Location Material
ID

Component

1 bottom Cement5000 ETH
2 top subs1tCBlS EEZE
3 top Sub_ CER7 EZE

bustroads 50%

Material

Cament Stabilised
Subgrade (Selected Material)
Subgrade (Rustroads Z0LT)

Details of Layers to be sublayered:

Layer no. 2: DIustroads (2004} sublavering
Strains:
Layer Thickness Material Exle
Ho. ID
1 270.00 Cement 5000
SADT{A0) :
SRST{53):
2 300 .00 subs1tCBlS
SADT {80)
3 0.00 Sub CERT

Besults:
Layer Thickness
Ho.
1

Material
270

(1] Cement5000

subs1tCB15

Sub CER7

- Unbound

Modulu

7.00E+01

Perform.

Constant
0.000263
0.009150
0.009150

Unitless

Straim

_T19E-05
-ETZE-05

-E52E-04

-BEEE-04

CIF

-D0ZE+0D
-TEe2E-01
-T1TE-01
-TB3E-03
-D83E+00
.353E-02
-DESE-D4

CULRN LI e N VO el g ]

=]

.E0DDE-07

-D11E-08

=
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Granular

Pavemsnt

EF_Ratio
{or wvh)

(1]
-]
5

1]
0.
0.

e el

Perform. Shift
Exponent Factor
12_000

(Bustroads Z017)

Exponent

wh

[¥]

2=



Boree Project with Variable Characteristics — 350 mm Thick

CIRCLY - Wersion 7.0 (1 February 2022}

Job Title: Boree

Design Method: Bustroads 2017

HDT {cummlatiwe heavy wehicle axle groups

Traffic Load Distributiom:
ID: HEWPresumsRural
Hame: NSW RMS Rug 2018
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load
Ho. ID Category
& ESATS0-Full

SASTS3

Load Locations:

Ca

Location Load Fear X ¥
Ro. ID HNo
E ESAT50- T 1 -165.0 1]
i ESAT50-Full 1 165.0 1]
3 ESRT 111 1 1635.0 a
4 ESAT50-Full 1 1365.0 a
I SASTS3 1 0.0 a
z SRST53 1 2130.0 a
Details of Layersd System:
ID: BustZ017-1 Title: RBustroads 2017 - Example 1 - Unbound &
Layer Lower Material Isotropy
Ro. i/face ID
E rough cementdlT7 Iso
2 rough subs1tCBLE 1 .
3 rough Sub CBR7 Eniso.
Performance Relationships:
Layer Location Material Component Perform.
Ko, ID Constant
£ bottom cementdl 77 ETH 0.000279
2 top subsltCBLE EZEZ 0.009150
3 top Sub CERT EZEL 0.009150
Belisbility Fac
Project Relisbil bustroads 90%
L ili Material
Cement Stabilisad
Subgrade (Selected Material] (Bustroads Z
Subgrade (Bustroads 2017)
Details of Layers to be sublayered:
Layer no. 2: BRBustroads (2004) sublayering
Strains:
Layer Thickness Material Exl= Unitless
Ko, ID Strain
i3 350.00 cement4lTT
SADT (80} : &6.647E-05
SAST({53): 4.835E-05

(=]

3 0.00 Sub CERT
Desults:
Layer Thickness Material
Ko ID
1 350.00 cementdl7d
2 250.00 subsltCBLS
3 0.00 Sub CERT

subsltCBELS

]
=

- Bural Presumpt

owver design pericd):

ive

{Table 18)

Load
Tyoe
Vertical

Vertical

1.1591E-04

1.47TE-04

Exl=
Group
Total:
SAST:
SADT:
TAST:
TADT:
TRDT:
QADT:

[¥]
=]
L]

LYl S T A ol ol Y ]

]

Total:

Total: 3.

138

1.29E+D6

Radius Pressure/
Eef. stress
Force 52.1 0.5
Force 102._4 o.80

Scaling Theta
Factor

-JOE+D0
-J0E+O0
-JOE+H20
-JOE+0D
-OE+00
-Q0E+O0

-0
.00
]
-0

O O
o
LR I N N

.00

ranular Favement

E_Ratio
{or wvh)
0.20
0.35

0.45

F Eh

1.11E+02
-B3E+HD1

7.50E+01
3_50EH11

Perform. Shift
Exponent Factor
12_000
7-000
7.000
01T

Exponent

o.
0.

[

a
0



Boree Project with Variable Characteristics — 340 mm Thick

CIRCLY - Wersion 7.0 {1 February 2022}

Job Title: Boree

Design Method: Bustroads 2017

HDT

Traffic Load Distribution:
ID: HEWPresumeRural
Hame: NSW BMS hug 2018
ESA/HVAG: 1.0&8

— Bural Presumptive

Details of Load Groups:

{cumulative heavy vwehicle axle groups over design period):

{Table 18)

1._29E+06

Load Load Load Load Badius Pressurs/ Exponsnt
Ho. In Category Type E=f. stress
ESAT50-Full Vertical Force 52.1 0.75 0.0
SASTS3 Vertical Force 102._4 0.80 0.00
Gear X X Scaling Theta
io. Ho. Factor
1 1 -165.0 0.0 1.00E+00
2 1 165.0 0.0 1.00E+00
3 1 1635.0 0.0 1.00E+00
4 1 1965.0 0.0 1
1 1 0.0 0.0 1
z 1 2130.0 0.0 1
Details of Layered System:
ID: AustZ017-1 Title: Bustroads 2017 — Example 1 - Unbound Granular Pavement
Layer Lower Material Isotropy Modulus E_E=
Ho. ifface ID {or wwh) F Eh wh
¥ rough CemsntdE4s 0.240
2 rough subs1tCBl5 .35 1_11E+02 7.50EHI1 0_35
3 rough Sub CER7 0.45 4_83E+01 3.50E+01 0.45

Performance Relationships:

Laver
Ho.
1

3

Dezails of Layers

Location

bottom
top
top

Reliability Facto

Layer no. 2:

Strains:

Laver
Ho.
E

Results:

Laver
Ho.
1

Thickness

340.00

(]

60._00

Q.00

Thickness

240.00

260.00

hustroads

Material
Cement4545
subs1tCB15
Sub CER7

Material

Subgrade
Subgrade

Material

Cement4t45s

subs1tCB15

Material

Cement 4545

subs1zCB15

Sub_CBR7

Bustroads

90%

Cement Stabilised
(Selected Material)
{Bustroads Z017)

to be sublayered:
(2004}

SADT (A0} :

SADT {80)

sublayering
hxle Unitless
Strain
SADT(80): €.78B3E-05
SRAST{53): 4.960E-05

1_455E-04

hxle CDF
Group
Total: 5_540E-02

SAST:
SADT:

2.92eE-02
1.933E-02

TAST: 1_120E-04
TADT: 3.14€E-0Z
TRDT: 1.541E-03

Total:

Total:

1.453%E-05

1.071E-07

4_373E-07
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Boree Project with Variable Characteristics — 330 mm Thick

CIRCLY - Version 7.0 (1 February Z022)

Job Title: Boree
Design Method: Bustroads 2017

WY
HLY

11

+le

ra
[IE)

{cumulative heavy wehicle axle groups over design pericd):
Traffic Load Distribution:

ID: HEWPresumeRural

Hame: MSW BMS Ang 2018 - Bural Fresumptiwve

(Table 18)

ESL/HEVRG:

1.068

Details of

cad Groups:

Load Load Load Radius Dressure/ Exponent
Ho. ID Tyoe E=f. scress
1 ESATS0-Full Vertical Force 921 0.75 0.00
2 SASTS3 Vertical Force 102.4 0.80 0.00
Load Locations:
Location Load Gzaz X k4 Theta
Ho. ID o.
1 ESAT50-Full 1 0.0
2 ESATS0-Full 1 0.0
3 ESAT50-Full 1 0.0
4 ESAT50-Full 1 0.0
1 SAST53 1 0.0
2 ELST53 1 0.0
Details of Layered System:
ID: Bust2017-1 Title: RBustroads 2017 - Example 1 - Unbound Granular Pawvement

Layer Lower Material Isctropy
KRo. ifface ID

1 rough cement4c7E Iso.

F rough subs1tCBl5 Eniso.

3 rough Sub CER7? Aniso.

Performance Relaticnships:

Layer Location Material Component
Ho. iD

d bottom cement4eTE ETH

2 top subs1tCB1E EZE

3 top Sub_ CBR7 EZZ

Beliability Factors:

Project Reliabil
Layer Relighili

Mo Factor
I 2.00
1.00

(RN ]

1.00

Details of Layers

ity: Bustroads 50%

ty Material
Type
Cement Stabilised
Subgrade (Selected Mat
Subgrade (Austroads 20

to be sublayered:

riall

Modulus E_Ratio
{or Ev} {or wwh) F Eh
468 0.20
0.35 7.50E+01

Q.45 3.50E+01

Perform. Parform. Shift
Constant Exponent Factor
o 19
0
o

(Austroads Z017)

Layer no. 2: BRBuscroads (2004) sublayering
Strains:
Layer Thickness Material Exle Unitless
Ho. ID Strain
1 330.00 cementdeTE
SADT{BD) : &.930E-05
SAST {53 5.0594E-05
2 270.00 subs1tCBl15
SADT{BO)}: 1.265E-04
3 0.00 Sub_CERT
SADT {80} : 1.524E-04
Besults:
Layer Thiclkness Material Exle CDF
Ho. ID Group
) 330.00 cementdeTE Total: §_159T7E-02
SAST: 4 _E18E-03
SADT: 2.850E-02
TAST: 1.778E-04
TADT: 4.E38E-02
TRDT: 2.272E-03
QRDT: 2.151E-05
2 270.00 subsltCELS Total: 1.329E-07
3 0.00 Sub CER7 Total: 4_.B93E-07
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Boree Project with Variable Characteristics — 320 mm Thick

CIRCLY - Version 7.0 (1 February 2022}

Job Title:

Design Method: Bumstroads 2017
KDT {cumulatiwve heavy wehicle axle groups over design period) : 1.25E+06
Traffic Load Distributiomn:

ID: HESWPresumeRural

Hame: NSW BMS Aug 2018 - Bural Presumptive (Table 18)

ESASHVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Prassurs/ Exponent
Ho. ID Category Type E=f. stress
5 ESRT50-Full ESRAT750-Full Vertical Force < P | 0.75 0.00
2 SASTS3 5ASTE3 Vertical Force 10z.4 0.80 0.00
Load Loco
Location Gaar X X Scalimg Theta
Ho. No. Factor
L 1 -165.0 0.0 1.00E+00 [¥)
F 1 165.0 0.0 1.00E+00 0.0
3 ESATS0-Full 1 1635.0 0.0 1.00E+00 0.0
4 ESATE(-Full 1 1965.0 0.0 1.00E+00 0
E SLST53 1 0.0 0.0 1.00E+00
2 SHEST53 1 2130.0 0.0 1.00E+00
Details of Layesred System:
ID: Bust2017-1 Title: Austroads 2017 — Example 1 - Unbound Granular Pavement
Layer Lower Material Isotropy Modulus F_Ratio
Ho. i/farce ID {or wh) F Eh wh
i3 rough cement480c 0.20
2 rough subs1tCB15 0.35 7.50E+01 0.35
3 rough Sub CERT D0.45 3.50E+01 0.45
Performance Relationships:
Layer Location Material Component Perform. Berform. Shift
Ho. ID Constant Exponent Factor
1 bottom cement4l0E ETH 0.000268 12_000
2 top subsltCBLS EZZ 0.009150 T7.000
3 top Sub CBR7 EZE 0.009150 7.004
Beliability Factors:
Religkility: Bustroads 50%
Reliability Material
Factor Type
2.00 Cement Stabilised
1.00 Subgrade (Selected Material) (Bustroads Z017)
1.00 Subgrade (Rustroads 2017

Details of Layers to be sublayersd:
Layer no. 2: Bustroads (2004} sublayering

Strains:

Layer Thickness Material Exles
Ho. ID
1 320.04 cement4B06
SADT{80): 7.092E-05
SLET{53): 5.243E-05
2 280.00 subs1tCELS
SATT{A0): 1.307E-04
3 a.00 Sub CBR7
SEDT {80} : 1.551E-04
Besults:
Layer Thickness Material Exles CIOF
Ho. ID Group
1 320.00 cement4BlE Total: 1 HE
SALST: q:
SADT: 4.
TRST: .4
TADT: =
TRDT: 3.
QADT: A
2 280._00 subsl1tCBLS Total: 1.&6%E-07
3 a.co Sub CERT Total: 5 _547E-07
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Boree Project with Variable Characteristics — 310 mm Thick

CIRCLY

- VWersion 7.0 ({1 February 2022}

Job Title: BHoree

Design Method: Rustroads
HD
Traffic Load Distribution:

ID: HSWDresumeRural

Hame: NSW BMS ILug 2018 - Bural Presumptive

ESA/HVAG: 1.068
Details of Load Groups:

Load
Ho.

P s L P

Details of Layered System:

ID:

Layer Lower Material
Ho. i/face ID
1 rough cement4 336
2 rough subs1tCBLE
3 rough Sub CBERT

Performance Relat

Layer Location Material
Ho. ID
1 bottom cement4 3936
2 top subs1tCBLE
3 top Sub CER7

Reliability Factors:
Project Reliability: Rustroads 90%
Layer BReliability Material
No. Factor T
i 2.00
1.00
1.00

-VEe
Cement Stabilised
Subgrade

5 Subgrade

{cumalative heavy vehicle axle groups

Aust2017-1 Title: Bustroads 2017 — Example 1 - Unbound

(Selected Material)
(Buscroads 20L7)

cver design pericd): 1.23E+0E

{Table 18)

Load Radius Dressure/
Type B=f. stress
Vertical Force B2.1 0.78
Vertical Force 102.4 0.80

A T Scaling
Factor
-165.0 0.0 1_00E+0Q0
1650 0.0 1_00E+00
1635.0 0.0 1.00E+0Q0
19650 0.0 1_00E+40
0.0 0.0 1.00E+0Q0
2130.0 0.0 1_00E+0Q0
Granular Pawvement

Isotropy Modulus P_Ratio
{or Ew} {or wwh) F
Isao. 4.54 0.20
Aniso. 1.50 0.35 1_11IE+02
Anisc. 7-.00E 0.45 4_83E+01
Component Perform. Perform._ Shift
Constant

Exponent Factor
1Z_000

ETH 0
EZZ 0.009150
EEZZ 0.003150

[(Bustroads

2017)

Details of Layers to be sublayersd:
Layer no. 2: HRustroads (2004} sublayering
Strains:
Layer Thickness Material hxles
Ho. ID
i3 310.00 cemsnt453
SADT (80} :
SBRST (53} :
2 290.00 subsltCELE

.00 Sub CERT

Besulcs:
Layer Thickness
Ho.
1 310.00

Material
ID

cement493E

subs1tCB15

Sub CERT

SADT {80) :

SRDT {A0) :

hxle
Group
Total:
SBST:
SADT:
TRST:
TADT:
TROT:
QADT:

Total:

Total:
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Boree Project with Variable Characteristics — 300 mm Thick

CIRCLY - Version 7.0

{1 February 20
Job Title: Boree

Design Method: RAustroads 2017

KDT
Traffic Load Distribution:
ID: HSWPresumeBRural

Hame: NSW BMS Amg 2018 - Bural Presumpti
ESA/HVAG: 1.0&8

Details of Load Groups:

Load Load Load
Ho. ID Category
L EZa750-Full
2 SLETE3
Load Lo
Location Gear
Ho.

Ho.

[l SRR B e

Details of Layered System:

ID: BustZ2017-1 Ticle: Austroads 2017 - Example 1 -

{cumulative heavy vehicle axle groups over design period):

Layer Lower Material Isotropy
Ho. ifface ID

1 rough Cement5000 Iso.

2 rough subs1tCBLE Aniso.

3 rough Sub CER? Eniso.
Performance Relat
Layer Location M Component
Ho

1 bottom Cement5000 ETH

2 top subsItCB1E EZEZ

3 top Sub CHR? EZE

Beliability Factors:
E ct Beliabilitcy:
Beliabilicy
F. or

Lustroads 50%
Material

Cement Stabilizsd

Details

Layer no. 2:

Strains:

Laver
Ho.
13

Results:

Laver
Ho.
1

of Layers
Bustroads

Thickness

300.00

300.00

0.00

Thickness

300_00

Subgrade
Subgrade

Material

Cement5000

subsltCBlS

Sub CER7

Material

Cement 5001

subs1tCBE15

Eub CER7

{Selected Mat
(Austroads 20

to be sublayered:
(2004}

sublayeri

ng

SADT (A0): 1.

Exle
Group

Total:

SLET:
SADT:
TRST:
TADT:
TRDT:
QALDT:

Total:

Total:

e (Table 18)

Load
Type
Vertical Force
Vertical Force

[ s Py N )
[ e Ry N )
[ e s |

[l

Unbound

Modulus E.
{ox

[Bustroads Z017}

Unitless

S5_E35E-05

1.413E-D4

EZ4E-04

-B51E-01
.253E-D3

. TEBE-D5

[T S )
o

[

-BEEE-O7

-1

-E51E-07

143

1_29E+0€

Radius

Drassurs/
STress

Eh

7.50E+01
3.50E+01

Exponent

=]

0.
0.

(=)

=]

wh

0.35

0.45



Boree Project with Variable Characteristics — 290 mm Thick

CIBRCLY - Version 7.0

Job Title: Boree

Design Method: Iustroads 2017
KDT
Traffic Load Distribution:

ID: HEWPresumeRural

HName: N5W BMS Aug 2018 - Bural Presumptive

ESA/HVAG: 1.068

Details of Load Groups:
Load

I
ESATS0-Full
SASTS3

Load
Ho.

Load Loca
Location
Ho.
1

(B el S CE N B ]

Details of Layered System:

ID: BEustZ017-1 Title: RBuscroads 2017 — Example 1 - Unbound

Material
ID
cement5066
subs1tCB15
Sub CBRT7

Lower
ifface
rough
rough
rough

Layer
Ho.

1

3

Performance Relaticnships:

Layer Location Material
Ho. ID
i bottom cement506E
2 top subs1tCBLS
3 top Sub CBRT

Beliability Factors:

Project Reliaskility: Rustroads

Layer Reliability Material
Ho. Factor i
1 2.00

1.00

1.00

Z Subgrade
3 Subgrade
Decails of Layers
Layer no. 2: HAustroads

Strains:

Material
-

Layer Thickness
Ho. I
1 cement50E66

290.00

2 310.00 subsltCELlE

Sub CBRT

Layer Thickness Material
Ho ID
290._00 cementS0E6E
2 310.00 subs1tCB1S

0.00 Sub CER7

{1 February 2

022}

(Table

Load
Catagory
ESATS0-Full
BRETE3

Isotropy
Iso.
Enisc
Bniso.
Component
ETH

EZZ

il
s

50%

LIRS
Cement Stakilised
{Selected Material)

o be sublayered:
(2004}

{hustcroads 2017)
sublayering
Exle

SADT {80) :
SAST(53):

SADT {80) :

SADT {80 :

{cumlative heavy wehicle axle groups ower design pericd):

18)

Load
Type
Vertical
Vertical

Modulus

I

3
LODE+01
Perform.
Constant
0.000261

0.009150
0.009150

Unitless
Strain

T7.814E-05
5.B83E-05

1.479E-02

1.6TOE-D4

CDF

5.738E-01
4.314E-02
1.97cE-01
1.660E-0D3

[ R

1.25E+06

R

Force
Force

Sca
Fac
-0

1
1
L5
L
1
1

[ R

-0

[ Ry

Granular

P_Batioc

]

Berform
Exponen
12_0040
- 000

.000

=1 =1 I3

(Bustroads Z017}

adius

[ ]

52.1
102.4
ling
tor
0E+00
DE+00
0E+00
0E+00
0E+00
0E+00

Pavement
1 F
4_B3E+

3 Shifc

c Facto:

1.11E+0

Dressurs/

Theta

[ I e N e

Eh

L
01

7.50EHIL
3.50EHIL

r

Exponent

[ ]

=8 ]
[



Boree Project with Variable Characteristics — 280 mm Thick

CIRCLY - WVersiom 7.0 (1

Job Title: Boree
Design Method: Qustroads Z017
KRDT {cumulative heavy wehicle axle groups over design period) @ 1.25E+06
Traffic Load Distribution:
ID: REWPresumsBRural

Hame: NSW BMS Aug 2018 - Bural Presumptiwve (Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Dressure/ Exponent
Ho. In Catagory Iype E=f. strass

1 ESA750-Full ESATS(0-Full Vertical Force 2 il 0.75 0.00

2 SASTS3 SASTS3 Vertical Force 102 4 0.80 0.00

Load Locations:

Location Load Gear X ¥ ] Theta
Ho. iD 0. E
i} ESAT50-Full 1 -165.0 0.0 1.0 Q.
2 ESAT50-Full 1 165.0 0.0 L o
3 ESAT750-Full 1 1635.0 0.0 1.0 115
4 ESAT50-Full 1 1965.0 0.0 1 0.
1 SAST53 1 0.0 0.0 1o o_
2 SRST53 1 2130.0 0.0 £ L o

Details of Layered System:

ID: BustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus P_Ratioc

Ho. i/face ID {or Ewv) {or wwh) F Eh wh
1 rough Cement5455 Q.20
2 rough subs1tCB1S 0.35
3 rough Sub_CER7 0.45

Performance Relationships:
Layer Location Material Component Perform. Parform. Shift
Koo ID Constant Exponent Factor
1 bottom Cement5455 ETH 0.000251 1z2.000

2 top subsltCB15 EZE 0.009150 T7.000

3 top Sub CER7 EZZ 0.009150 7.000

Beliability Factors:
ct Reliability: Bmstroads 90%
Layer BReliability Material

Mo Factor Type

1 2.00 Cement Stabkilised

2 1.00 Subgrade (Selscted Material) (Rustroads Z017)
3 1.00 Subgrade {(Austroads 20L17)

Details of Layers to be sublayersd:
Layer mo. 2: BRustroads (2004} sublayering

Strains:

Layer Thickness HMaterial hxle Unitless
Koo ID Strain
1 280.00 Cement5ass

SADT {80) -

SLET {53} : 5.
2 320.00 subsltCELS

SADT (80): 1.

SADT (A0} - 1.

Besulcs:

TRDT:
QADT:

Layer Thickness Material Exl= CDF
Ko ID Group

1 280.00 Cement5455 Total: 8.
SAST: g.
SADT: i
TRST: 2=
TADT: 4.
2

s

2 320.00 subslcCB15 Total:

3 0.00 Sub CER7? Total:

L

145



Boree Project with Variable Characteristics — 270 mm Thick

CIRCLY - Version 7.0 (1 February 2022}
Job Title: BHoree
Design Method: Rustroads 2017
HDT ({cumulatiwve heawy wehicle axle groups owver design period) : 1.25E+0e
Traffic Load Distribution:
ID: HSWPresumeBural
Hame: NSW PMS Lug 2018 - Bural Presumptiwve (Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Radius Dressure/ Exponent
Ho Category Type E=f. stress
I ESAT750-Full ESATS0-Full Vertical Force 92.% B35 a.00
2 SASTS3 EASTE3 Vertical Force pz2.4 0.80 0.00
Load Locations:
Location Fear X X Scaling Theta
Ko. No. Factor
1 | -165.0 0.0 1.00E+00 0.00
2 1 165.0 a.0 1_00E+00 0.0a
3 1 1635.0 .0 1_00E+00 0.00
4 1 1365.0 0.0 1_00E+00 0.00
1 1 0.0 0.0 1_00E+00 0.0
2 i 2130.0 0.0 1_00E+00 0.00
Details of Layered System:
ID: Busti0l7-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pawvement
Layer Lower Material Modulus P _Ratio
Ho. ifface ID {or wwh) F Eh wh
1 rough cementh5HE a.20
2 rough subs1tCBL5 0.35 1_11E+02 7.50E+01 0.35
3 rough Sub CBRT 0.45 4_83E+01 3.50E+01 0.45

Performance Relationships:

Layer Location Material Component Perfomm. Perform. Shift
Ho. ID Constant Exponent Factor
1 bottom cementhSEE ETH 0.000247 1z2.000
2 top subsl1tCBl5 EZZ 0.003150 7.000
3 top Sub CER7 EZZ 0.003150 T.000

Reliability Factors:

Project Reliasbi v: Austroads 90%
Layer Reliability Material

Mo Factor Type

1 2.00 Cement Stabilisad
2 1.00 Subgrade (Selected Material) (Austroads Z017)
3 1.00 Subgrade (Bustroads 201T)

Details of Layers to be sublayerad:
Layer no. 2: BRBustroads (2004} sublayering

Strains:

Layer Thickness Material Exle Unitless
Ho. ID Strain
1 270.00 cement 5586

SADT {80} : 2.023E-05

SAST({53): &6.115E-05
z 330.00 subsltCB15

SADT{80): 1.560E-04
3 a.00 Sub CERT

SADT{B80): 1.714E-04

Besulzs:

Layer Thickness Material Axle CDF
Ho. ID Group
I 270.00 cementh5846 Total: 1._560E+00

SAST: 1.314E-01
SADT: )

3
1

5.25
TAST: 5.05
TADT: &_55
TRDT: 4_1191
QADT: 3.96
2 330.00 subs1tCB15 Total: 5_T753E-07

3 Q.00 Sub_CER? Total: 1.113E-0&
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Boree Project with 105% Compaction

CIRCLY - Version 7.0 (1 February 2022}
Job Title: Horeee — Compaction Bnalysis

-

Design Method: Austroads Z017
HDT
Traffic Load Distributiom:

ID: KEWPresumeRural

Hame: NSW BMS Bug 2018 - Bural Presumptiwve
ESRE/HY 1_068

Details of Load Groups:

Load Load
Ho. D
1 ESATE

Gaar X
Ho. ID Ho
ESATE0-Full 1

ESATE0-Full 1

Details of Layered System:

ID: RAust2017-1 Title: Rustroads 2017 - Example 1

Layer Lower Material Isotropy
Ho. ifface ID

1 rough cement6lEl

2 rough subsltCBl5

3 rough Sub_CER7?

Performance Relationships:
Layer Location cerial Component
Ho. ID

p bottom cement6lal ETH

2 top subsltCB15 ZZ

3 top Sub CER7 ZZ

Beliability Facto
Pr ot Reliabil

Mustroads 50%

SVEE
Cement Stabilised
Subgrade (Selscted Mats
Subgrade (RBustroads 201

Details of Layers to be sublayersd:

{cumalative heavy wehicle axle groups over design periocd): 1.

[(Rustroads 20

{Table 18)

29E+06
Load Radius Pressure/
Type !
Vertical Force 02
Vertical Fozce 102.4

[

[y Ry
[y Ry S ]

- Unbound Granular Pawvement

Modulus E.Ratic
{or wh) F Eh
0.20
0.35
0.45

Perform.
Exponent Factor
12._000

7.000

7.000

Perform.
Constant

0.000232
-008150
0.003150

Layer no. 2: Bustroads (2004) sublayering
Strains:
Laver Thickness Material Iule Unicless
Ho. Strain
1 200,00 cementElel
SADT (AD) - 6.4BEE-05
SRAST(53): 4.681TE-05
2 subsltCEBLS
SADT{80): 1.244E-04
3 Sub CER?

SADT (80) :

Besulcs
Layver Thickness Material Exle
Ho. Ih Group
il 300,00 cementElel Total:
SAST:
SRDT:
TRST:

TADT:
TIRDT:

subs1tCBLlS Total:

Sub_CBR7? Total:

-519E-01
-S90E-02

-925E-03
-5E1E-05

LAl Ul A el B
bt
.
o
‘T’
T
Y

=

-1BEE-07

[5]
1
[
o
=
1
=]
-]
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Boree Project with 104% Compaction

CIRCLY - Version 7.0 (1

February 2022}

Job Title: Boreee - Compaction Analysis

Design Method: Bustroads 2017

RD

Traffic Load Distribution:

ID: HSWPresumeRural

Wame: MNEW BMS Aug 2018 - Rural Presumptive

ESASHVAG: 1.068

Details of Load Groups:

Load Load

Ho. D
1 ESAT750-Full
2 SASTS3

Load Locations:
Location Load
Ho.

ESRT50-Fu
SRST53
SASTE3

[ RNl S TR I BN

Details of Layered System:
ID:
Material

ID

cement5923

Lower
ifface
rough
rough
rough

Layer
Ho.
X

(AR ]

Performance Relat

Layer Location Material
Ho. ID
1 bottom cementh929
2 top subs1tCBLE
3 top Sub CERT

Bust2017-1 Title: Austroads 2017

Load
Category
ESATS0-Full
BRSTS3

H = i
L
el

[

[

L
=]

Isotropy

Component

ETH
EZZ

oo
&

Project Reliskility: Bustroads 90%
Layer Reliabilitcy Materia

o Factor Type

1 2.00 Cement Stabilised

1.00
1.00

Subgrade
Subgrade

[T )

Details of Layers

(Selected Materiall
{Bustroads 20L17)

to be sublayered:

Layer no. 2: BRBustroads (2004) sublayering
Strains:
Layer Thickness Material Exle
Ho. iD
1 300.00 cement5325
SATT {80)
SAST {53
2 300.00 subs1tCB15
SADT {A0)
3 0.00 Sub CER7
SEDT {AQ)
Results:
Layer Thickness Material hxls
Ko. ID Group
1 300.00 cement5%245 Total:
SRST:
SADT:
TAST:

2 300.00  subsltCE1S
3 0.00  Sub CER7

[SN=NTNGRLET]

[ N e N ]

{curulative heavy wehicle axle groups ower design period):

{Table 18)

Load
Type
Vertical

Vertical

Perform.

Constant
0.000238
0.009150
0.009150

148

1.25E+0€E

Badius Pressurs/
E=f. stress
Force 92.1 075
Force 102 4 0_80
Scaling

Factor

-D0E+00
-D0E+00
-D0DE+00
-DOEH
.DO0E+
-DOE+00D

[ R s R R

el el

— Example 1 - Unbound Granular Pavement

P_Ratio
{or wvh)
0.20
0.35

0.45

w

Perform.
Exponent
12.000

(Bustroads 2017}

Exponent

a.
o.

[

[yl

Li]
a



Boree Project with 103% Compaction

CIRCLY - Versiom 7.0 {

Job Title:

2017

Design Method: Bustroads

HDT {cumulatiwve heavy vehicle axle
Traffic Load Distributiomn:

ID: HSWPresumeBural

Hame: N5W BMS Aug 20153 — Bural Presumptive

ESASHVAG: 1.06E

Details of Load Groups:

{1 February 2022}

Boreee - Compaction Analysis

groups owver design period): 1.25E40&

{Table

Load Load Load Load Radius Dressure/
Ho. o Category Tvoe E=f. stress
1 ESAT50-Full ESATS0-Full Vertical Force o253 0.:75
2 SASTS3 SASTS3 Vertical Force ipz.4 0.80
Load Locations:
Location Load Gear X X Scaling Theta
Ho. ID No Factor
1 ESAT50-Full 1 -165.0 0.0 1_00E+00 0.0
2 ESAT50-Full 1 165.0 0.0 1_00E+00 0. o
3 ESAT50-Full 1 1635.0 0.0 1_00E+00 0. 0
4 ESAT50-Full 1 1965.0 0.0 1_00E+00 [E ]
] SRST53 1 0.0 0.0 1_00E+00 o
2 SASTS3 1 2130.0 0.0 1_00E+00 ¥]
Details of Layered System:
ID: AustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement
Layer Lower Material Isotropy Modulus F_Ratio
Ho. ifface ID {or wvh) F Eh
1 rough cement5e587 0.2
2 rough subsltCEBLS 0.35 L. 7.50E+01
3 rough Sub CER? 0.45 4. 3.50E+01

Performance Relationships:
Location terial
ID

Layer
Ro.

1 bottom cement5e97
2 top subs1tCB15
3 top Sub_CHR?

Component Perform. Shift
Factor

ETHE

EZZ

EZZ

Factor Type
il 2.00 Cement Stabilised

Subgrade
Subgrade

Details of Layers
Layer no. 2: BRustroads (2004}

Strains:

Layer Thickness Material
Ho. ID

({Selected Material)
(Bustroads 2017T)

Besulcs:
Layer Thickness
Ho.

300.00

cementhed7

subsltCB1S

Sub_CER7

Material

cementies7

subs1tCBl5

(Amstroads 2017}

to be sublayersd:

sublayering

Unitless
Strain

Exle

SADT {80) :

€.863E-05
ShET({53): &

-111E-05

SADT (B0} : 1.305E-04

SADT {80} : 1.5Z26E-D4

Exle CDF
Group

Total: .T13E-01
SAST:

SADT:
TAST:
TADT:
TRDT:
QRDT:

L =V el (]

.44EE-D32

-D50E-05

s |

=

Total: -&5GE-07

Total: 4.93eE-07
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Boree Project with 102% Compaction

CIBCLY - Version 7.0 (1 February 2022)

Job Title: Boreee — Compaction Analysis
Design Method: Bustroads Z017

HDT
Traffic

Load Distcribmtion:

ID: HESWPresumeRural

Hame: HSW BMS Aug 2018 — Rural Presumptive

ESR/HVAG: 1.068

Details of Load Groups:

{cumulative heavy wehicle axle groups over design period):

[Table 18)

1_29E+0e6

Load Load Load Load Badius Dressure/
Ho. D Catagory Type B=f. stress
i ESATS0-Full ESATS50-Full Vertical Force = ik | 0.75
2 SRSTE3 SASTE3 Wertical Force 102.4 0.80
Load Locations:
Location Load Gear bd X Scaling Theta
Ho. ID Hao. Factor
ESAT50-Full 1 -1€5 1_0O0E+0D 0.00
ESAT50-Full 1 1g5. 1_00E+00 0.00
ESATS50-Full 1 1635 1_00E+00 0.

ESATS0-Full
SASTS3
SASTS3

[Nl O B

Details of Layered System:

ID: Bust2017-1 Title: Austroads 2017 —

Example 1 - Unbound

[ O

Granular

1_00E+00
1.00E+00
1_0O0E+00

[ I

Pavement

E_Ratio

=y vkl
\or wwn)

[

Layer Lower Material Isotropy Modulus
Ko. i/face ID {or Ew)
i rough cementsdgd Iso.
2 rough subs1tCB1S Eniso. 02
3 rough Sub CBR7 Bniso. 7.00E+01

Performance Rela
Layver
Ho.

i bottom
2 top
3 top

Fact

Beliability
2] eliabil

1

N
1
3

Details of Layers

Layer no. 2:

Strains:
Layer Thickness
Ho.

Desults:
Layer Thickness
Ho.

1 300.00

Location M

icnships:
cerial

M

ID
cementi4ed
subs1tCB1E
Sub CBR7

orS5:

ity: Bustroads

Component
ETH
EIZ
EZZ

50%

~VEE
Cement Stabilised

Subgrade
Subgrade

Material

cementhdo4d

subs1tCELS

Sub_CERT

Materia
cementi4gd

subsltCB15

Sub CERT

(Selacted Material)
{Bustroads Z0L17)

(2004}

o be sublayered:
Dustroads

sublayering

hxle

SADT {80) :

SAST (53):
SADT (B0} :

SADT {80) :

Exle=
Group
Total:
SAST:
SADT:
TAST:
TADT:
TRDT:
QADT:

Total:

Total:

150

D
c

erform.
onstant

0.000250

0.009150

1.557E-D4

[¥]
o
L]

GEE—03
44E-05

e Ll T Rl ]

G LD Ty s A0 L0 LD

[

[Xa}

1
Lo
::
()
-1

5.682E-07

0.20
0.35

0.45

Berform. Shife
Exponent Factor
12._000
7.000

(Austroads 2017}

000

Exponent

0.
0.

[ )

]



Boree Project with 101% Compaction

CIRCLY - Wersion 7.0 (1 February Z022)
Job Title: Boreee — Compaction Analysis
Design Method: Austroads 2017
HDT {cumlatiwve heavy vehicle axle groups over design pericd) @ 1.2%E+06
Traffic Load Distribution:
ID: HEWPresumsRural
Hame: NSW BMS Bug 2018 - Pural Presumptiwe (Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Dressure/ Exponent
Ho . In Tyoe E=f. stress

1 ESATE0-Full Vertical Force - P | 0:75 Q.00

2 SASTS3 Vertical Force i02.4 0.80 a.00

Load Locations:
Location Load Gear X X Scaling Theta
Ko, ID No. Factor
1 ESAT50-Full 1 -1&
ESATE0-Full 1 g
ESATE0-Full 1 163
ESATEO-Full 1 159&
SRSTE3 1 L
SLSTS3 1

[ N el SR L ]
[ e}
L e R e o e |

Details of Layered System:

ID: BustZ0l7-1 Ticle: Rustcroads 2017 — Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus E_Ratioc
Ho. i/face ID {or wvh) F Eh wh
i3 rough cement5232 0.20
rough subs1tCB15 0.35 i 1 7_.50E+01 0.35

3 rough Sub CER7 Q.45 4. 3.50E+0L1 0.45

Performance Relationships:

Layer Location Material Component Perform. Shift
Ho. Ih Constant Factor
i3 bottom cementb232 ETH 0.000257 5
2 top subs1tCBl5 EZZ 0.009150 7. 000
3 Top Sub CER? EZZ 0.009150 7.000

Beliabilicy Factors:
Project Beliabil : Bustroads 50%
Layer BReliability Material

Mo Factor Type

. 2.00 Cement Stabilised

2 1.00 Subgrade (Selected Material) (Austroads 2017}
3 1.00 Subgrade (Bustroads 2017)

Details of Layers to be sublayered:
Laver no. 2: Austroads (2004} sublayvering

Strains:

Layer Thickness HMaterial Exle Unitless
Ho. D Strain
x 300.00 cement5232

SLDT(B0): 7.ZD4E-05
SLET{53): 5.450E-05

2 300.00 subsltCB15
SLDT{B0): 1.375E-04
3 0.00 Sub CBR7

SLDT({B0): 1.5B5E-04
Results:

Layer Thickness HMaterial Exle CIDF
Ho. ID Group
1 300.00 cement523Z Total:
SRST:
SADT:
TRST:
TADT:
TRDT:
QADT:

2 300.00 subsltCB15 Total: Z_381E-07

3 a.0d0 Sub CER7 Total: 6_593E-07
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Boree Project with 99% Compaction

CIRCLY - Version 7.0 {1 February 2022}
Job Title: Boreee — Compaction Analysis
Design Method: Bustroads 2017
KRDT {cumulatiwve heavy vehicle axle groups ower design periocd): L1.25E+0&
Traffic Load Distribution:
ID: HSWPresumsRural
Hame: MSHW BMS hug 2018 — Bural Presumptive {Table 18)
ESR/HVAG: 1.0&8

Details of Load Groups:

Load Load Load Load Badius Pressure/
Ho. In Category Type E=f. stress
13 ESATS0-Full ESATS0-Full Vertical Force 92 % 0.75
z SRSTS3 SASTS3 Vertical Force 1024 0.80
Load Locations:
Location Load Gaar H . | Scaling Theta
Ho. ID [+ Factor
1 ESATS0-Full 1 -165.0 0.0 1_00E+00 o
2 ESATS50-Full 1 165.0 0.0 1_00E+00 v]
3 ESATS50-Full 1 1635.0 0.0 1_00E+00 0
4 ESATS50-Full 1 19¢5.0 a.0 1_00E+00 o
1 SAST53 1 0.0 0.0 1_00E+400 ¥]
iz SAETE3 1 2130.0 0.0 1_00E+400 o
Details of Layered System:
ID: BustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement
Layer Lower Material Isotropy F_Ratioc
Ho. ifface ID {or wwh) F Eh
1 rough cement4 768 Iso. 0.20
Zz rough subsltCB15 Eniso. 0.35 1_11E+02 7.50E+01
3 rough Sub CER7 BEniso. 0.45 4_B3E+01 3.50E+01
Performance Relationships:
Layer Location Material Component Perform. Parform. Shifc
Ho. ID Constant Ezxponent Factor
I bottom cement4 768 ETH 0.000271 12_000
z top subbs1tCBlE EZZ 0.009150
3 top Sub CER7 EZE 0.003150

Reliability Factors:
Project Beliability: Bustroads 50%
Layer BReliability Material

Mo Fac Type

1 Cement Stabilised

2 Subgrade {(Selected Material) (Rustroads Z017)
3 Subgrade (Rustroads 201T)

Details of Layers to be sublayersd:
Layer no. 2: BRustroads (2004) sublayering

Strains:

Layer Thickness Material Exle Unitless
Ho. ID Strain
1 300.00 cement47e8

SADT (B0) - T7.791E-05
SARET({53): 5.842E-05

2 300.00 subslczCBlS
SADT{80): 1_455E-04
3 o.00 Sub CER7
SADT(80): 1l.€6lE-04
Besults:
Layer Thickness Material Exle CIDF
Ho. ID Croup
1 300.00 cementdTel Total: 3.547E-01
SAST: 2.458E-02
SADT: 1.214E-01
TAST: S5.6L5E-04
TADT: 1_976E-01
TRDT: S _ETEE-03
QADT: 5.163E-05
2 300.00 sulbsltCB1S Total: 3 _535E-07
3 0.00 Sub CBER7 Total: 8_966E-07
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Boree Project with 98% Compaction

CIRCLY - Wersion 7.0 {1 February 2022}
Job Title: Boreee — Compaction Bnalysis
Design Method: Bustroads 2017
RDT
Traffic Load Distributicn:

ID: NSWPresumeRural

Hame: NSW BMS Bug 2018 - Bural Presumptive
ESA/HVAG: 1.0&E

Details of Load Groups:

Load Load Load Load
Ho. ID Category Type
1 EZa7 ESATS0-Full WVertical Force
2 SHETS3 SASTE3 Wertical Force
Load Locations:
Location Load Gear =X 5 4
Ho. ID Ho.
1 ESAT50-Full 1 -165.0 0.0
. ESAT50-Full 1 1€5.0 0.0
3 ESAT50-Full 1 1635.0 0.0
4 ESAT50-Full 1 1965.0 a.0
T SAST53 1 0.0 0.0
2 SASTS3 1 2130.0 0.0

Details of Layered Systeam:

ID: BustZ01l7-1 Title: RBustroads 2017
Layer Lower Macerial
Ho. ifface ID

1 rough cementd53E

2 rough subs1tCBLSE

3 rough Sub CERT7

Performance Relationships:
L Location Material

ID
1 bottom cementd53e
2 top subs1tCBLE
3 top Sub CER7?

Beliability Facto
Project Reliakilit

Austroads 950%

Layer Reliability Material
Mo Factor Type
1 2.00 Cement Stabilised
2 1.00 Subgrade (Selected
3 1.00 Subgrade (Austroad

Details of Layers to be sublayered:

- Example 1 - Unbound Granular Pavement

Isotropy
Iso.
Eniso.
Aniso.

Component Perform.
Constant
ETH 0.000
EZZ
EZZ
Material) (Rustroads 2017)
s 2017)

Layer no. 2: BREustroads (2004} sublayering
Strains:
Layer Thickness Matzerial Exle
Ho. ID
i 300.00 cement4536
SADT {80) :
SRST{53):
2 300.00 subsltCBl5
SAEDT {80) :
3 Q.00 Sub CER7T
SADT {A0) :
Besulcs:
Layer Thickness Material Exle
Ho. ID Group
1 300.00 cement4536 Total:
SAST:
SADT:
TRST:
TADT:
TRDT:
QADT-
2 300.00 subsltCB15 Total:
3 a.oa Sub CERT Total:

153

{cumulative heavy wehicle axle groups ower design period):

{Table 18)

Modulus

Unitless
Strain

2.069E-05
©.063E-05

1.495E-04

1.701E-04

CDE

.350E-01
-131E-02
.48eE-0L1
-205E-03
-419E-01
-1B4E-02
122E-04

[l el Sl el S

i

.36HE-07

[

-05BE-D6

1_25E+06

B

Radius

[N ]

9
10

Scaling
Factor
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00

tioc

vwh) F

241 3
.4

Dressure/
E=f. stress
0.75
0.80
Theta
0.00
0.00
0.00
0.0a
0.00
0.0a
Eh
7.50E+01
3.50E+01

Exponent



Boree Project with 97% Compaction

CIRCLY - Version 7.0 (1 February 2022}
Job Title: Boreee — Compaction Analysis
Design Method: Bustroads 2017
KOT {(cummlative heavy wehicle axle groups owver design period) : 1_25E40&
Traffic Load Distributiom:
ID: HSWPresumsRural
Hame: MSW BMS ARug 2018 — Bural Presumptive (Table 18)

ESR/SHVAG: 1.06E

Details of Load Groups:

Load Load Load Load Badius Drassurs/ Exponent
Ro. In Category Type E=f. stress

€ ESATS0-Full ESAT50-Full Vertical Force 921 D.75 0.00
2 SASTE3 SASTE3 Vertical Force 102.4 0.80 0.00
Load Locations:
Location Load Gear X ¥ Scaling Theta
Ro. ID No. Factor

. ESRTS0-Full 1 -165.0 0.0 1.00E+00 o

2 ESATS0-Full x 165.0 0.0 1.00E+00 0.

3 ESATE0-Full 1 1635.0 0.0 1.00E+00 0.

4 ESRTS0-Full 1 1965.0 0.0 1.00E+00 0.

1 SLSTS3 ) 0.0 0.0 1.00E+00 0

2 SLSTE3 1 2130.0 0.0 1.00E+00 0.

Details of Layered System:

ID: BustZ017-1 Title: Bustroads 2017 - Example 1 — Unbound Granular Pavement

Layer Lower Material Isotropy Modulus F_Ratic

Ho. i/farce ID {or wh) F Eh vh
3 rough cement4303 Iso. 0.20
2 rough subsitCBLS Eniso. 0.35 7.50E+01 0.35
3 rough Sub_CHR? Enisc. 0.45 3.50E+01 0.45

Performance Relationships:
Layer Location Material Component PBerform. Perform. Shift
Ho. ID Constant
1l bottom cement4303 ETH 0.000282
2 top subsLltCB1E EZZ 003150
3 top Sub_ CHR? EZZ 0.003150

Beliability Factors:
ect Beliability: Bustroads 0%
r Reliability Material
Factor Typs
2.00 Cemsnt Stabilised
1.00 Subgrade (Sel
1.00 Subgrade (Austroads 201

L

e

=]

17}

ial) (Austroads 2

[ -]

Details of Layers to be sublayered:
Layer no. 2: BRustroads (2004} sublayering

Strains:

Layer Thickness Material Exle Unitless
Ho. ID i
X 300.00 cement4303

SADT (80} : B.37

SMET(53): &.30
2 300.00 subslctCBl1S

SADT{80) : 1_54BE-04
3 0.00 Sub CBR7

SADT {(80) : 1.744E-04

Bzsulzs:

Layer Thickness Material Rxles CDF
Koo ID Group
1l 300.00 cement 4303 Total: 45E-01

5
SAET: 3
SADT: 1
TAST: 1

1
ik

s

-BESE-D2
-T83E-01
-4BBE-03
-911E-01
-42eE-02
-350E-04

TADT:
TRDT:
QADT:
2 300.00 subsltCBLS Total: 5.460E-07

3 0.00 Sub CBR? Total: 1.260E-06
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Boree Project with 96% Compaction

CIRCLY - Versiom 7.0 (1 February 2022}

Job Title: Boreee — Compaction Analysis
Design Method: Bustroads 2017

HDT
Traffic Load Distribution:
ID: HSWPresumeRural

Hame :

ESA/HVRG: 1.068

Details of Load Groups:

{cumilative heavy vehicle axle groups over design period):

MSW BMS BZug 2018 - Bural Presumptive

1.25E

{Table 18)

+0E

Load Load Load Load Badius Dressure/
Ko ID Category Tyoe E=f. stras
T ESAT50-Full ESA750-Full Vertical Force nE-F 0.75
2 SBSTS3 SASTS3 Vertical Force 102.4 o.80
Load Locations:
Location Load Gear X Y Scaling Theta
Ko ID o Factor
4 1 -165.0 a.0 1.00E+00
2 1 165.0 a.0 1.00E+00
3 1 1635.0 0.0 1.00E+00
4 1 1%965.0 0.0 1_00E+00
1. 1 0.0 0.0 1.00E+00
2 1 2130.0 0.0 1.00E+00
Details of Layered System:
ID: AustZ0l7-1 Title: Rustroads 2017 - Example 1 - Unbound Granular Pavemsnt
Layer Lower Macerial Isotropy Modulus P_Ratio
Ho. ifface ID } {or vwwh) F Eh
1 rough cement4071 0.20
2 rough subs1tCB15 0_35 1.11E+02 7_50E
3 rough Sub CBR7 a.45 4_B3E+01 _50E
Performance Relationships:
Layer Location erial Component Perform. Shiftc
Koo ID Constant Factor
1 bottom cement4071 ETH 0.000288
2 top subs1tCELS EZEZ 0.009150
3 top Sub CBR7 EZE 0.009150

Beliability Factors:

H

ct Reliabili
RBeliabilicy

Factor

Material

: Bustroads 90%

By
Cement Stabilised

Subgrade (Selected Material) (ABustroads Z017)
Subgrade {(Rustroads 2017)
Details of Layers to be sublayersd:
Layer no. 2: BRustroads (2004} sublayering
Strains:
Layer Thickness Material Exle Unitless
Ko, ID Strain
1 300.00 cement4071
SADT {A0) : B_T03E-05
SAST{53): &6.56BE-05
2 300_00 subs1cCBLS
SADT{80) : 1.600E-04
3 Q.00 Sub CERT
SADT{80): 1.750E-04
Results:
Layer Thickness Material kxl= CIOF
Ko 1D Group
1 300.00 cement40T1 Total: &.485E-01
SAST: 4_901E-02
SADT: 2_.208E-01
TAST: 1.686E-03
TADT: 3.504E-01
TRDT: 1.760E-02
QADT: 1.E67E-04
2 300_00 subs1tCBl5 Total: &_500E-07
3 Q.00 Sub CERT Total: 1.513E-06
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Boree Project with 95% Compaction

CIRCLY - Version 7.0 (1 February 2022)

Job Title: Boreee - Compacticon Bmalysis

Design Method: Austroads Z017

HDT

{cumulatcive heavy wehicle axle groups over design pericd): 1.2%E+06

Traffic Load Distribution:
ID: REWPresumsRura

Hame: NSW RMS Aug
ESA/HVAG: 1_.068

EDLE — Bural PFresumptive (Table 18)

Details of Load Groups:

Lioad Load Load Load Badius Pressure/ Exponent
Ho. In Category Eaf. strass
i ESA750-Full ESATS0-Full 52.1 k.75
2 SRETEZ SRASTS3 102.4 0.80
Load Locations:
Location Load Gear X ¥ Scaling Theta
Ko. D No. Factor
1 ESATS50-Full £ | 5.0 0.0 1_00E+00
2 ESATEQ-Full 1 5.0 0.0 1.00E+00
3 ESATS0-Full 1 5.0 0.0 1_00E+00
4 ESATEQ-Full 1 5.0 0.0 1.00E+00
1 SASTE3 1 p.o 0.0 1_00E+00
2 SAST53 £ | 2130.0 0.0 1_00E+00
Details of Layered System:
ID: Aust2017-1 Ticle: RAustroads 2017 — Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus

Ho. i/face ID 3] Eh wh
I rough cement3A39
2 rough subs1tCBLS 7.50EHI1 0.35
3 rough Sub CBR7 3.50EH+H01 0_45

Performance Relationships:

Layer Location Material Component Perform.

Ho. I Constant Factor
1 bottom cement3d39 ETH 0.000285
Ed top subs1tCBL5 EZZ 0.009150
3 top Sub CBR7 Z2 0.009150

Reliability Factors:

Project Beliakilic

Lustroads 950%

Layer Reliabilitc Macerial
Moo Factor Type
1 Z.00 Cement Stabilised
2 1.00 Subgrade (Selected Material) (RBustroads Z2017)
3 1.00 Subgrade (Austrocads 2017)
Details of Layers to be sublayered:
Layer no. 2: BRBustroads (2004} sublayering
Strains:
Layer Thickness Material Exle Unitcless
Ko. ID Strain
il 300._00 cement3H839
SADT{80): 9.063E-05
SBST({53): &.B56E-05
2 300.00 subsltCBLS
SADT{60) - 1.e58E-04
3 0.00 Sub CBRY
SADT{80): 1.940E-04
Besults:
Layer Thickness Exle CDF
Ho. Group
i 300_00 cement3H839 Total: T
SLST: [
SLDT: i
TLST: 2.369E-03
TRDT: 4.38EE-01
TRDT: 2.148E-02
QRDT: 2.034E-04
2 300.00 subsltCBLS Total: g8.833E-07
3 0.00 Sub CBRY Total: 1.834E-06
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Boree Project with 94% Compaction

o

CIRCLY - Version 7.0 (1 February 2022}
Job Title: Boreee - Compaction Analysis
Design Method: Bustroads Z017
KROT {cumulatiwve heavy wehicle axle groups over design pericd): L1.23E+0e
Traffic Ioad Distribution:
ID: KEWPresumeRural
Hame: NSW RMS Aug 2018 - Bural Presumptiwe (Table 18)

ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Dressurse/ Exponent
Ho. Im Category Type RE=f. stress

1 ESATS0-Full ESATS0-Full Vertical Force 5z2.1 D.75 0.00

2 SASTE3 EASTS3 Vertical Force 102.4 D.80 0.00

Load Locations:

Location Load Fear X i Scaling Theta
Koo ID No. Factor
1 1 -1€5.0 a.a 1.00E+00 0
2 1 165.0 0.0 1.00E+00 0.0
3 1 1635.0 0.0 1.00E+00 0.0
4 1 1965.0 0.0 1.00E+00 0.00
1 1 0.0 0.0 1.00E+00 0.0
2 2130.0 a.a 1.00E+00 o

Details of Layered System:

ID: BustZ0l7-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus E_Ratic
Ho. ifface ID {or Ew) {or wwh) F Eh wh
1 rough cement3cd7 Iso. 3_61 ] 0.20
2 rough subs1tCELS Eniso. 1_S0E+02 0.35 7.50E+01 0.35
3 rough Sub_CER7 Enisc. 7.00E+01 0.45 3_50E+01 0.45
Performance Rela nships:
Layer Location Material Component Perform. Parform. Shift
Koo ID Constant Exponent Factor
1 bottom cement3cd7 ETH 0.000301 12000
2 top subsl1tCBLE EZZ 0.009150 7.000
3 top Sub CER7 EZZ 0.009150 7.000

Mustroads 90%
Material

~ VS

Cement Stabilised

Subgrade (Selected Material) (Bustroads 2017}
Subgrade (Rustroads 2017)

Details of Layers to be sublayersd:
Layer no. 2: BRBustroads (2004} sublayering

Strains:
Layer Thickness Material Axle
Ko ID
1 300.00 cement3607
SBEDT (80} : 9.460E-05
ShET(53): 7.1T75E-0D5
2 300.00 subs1tCB15
SADT (80): 1.7Z1E-04
3 Q.00 Sub CBR?
SADT (80): 1.B9GE-04
Bssults:
Layer Thickness Material Exles CIOF
Koo ID GCroup
1 300.00 cement3c0T Total: 1.045E+00
SAST: 8.334E-02
SADT: 3.535E-01
TRST: 3.208E-03
TADT: 5.759E-01
TRDT: 2_B820E-02
QRDT : 2.ET1E-D4
2 300.00 subslctCBLS Total: 1.147E-06
3 0.00 Sub CER? Total: 2.249E-06
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Boree Project with 93% Compaction

CIRCLY - Version 7.0 (1 Februnary 2022}

Job Title: Boreee — Compaction Analysis

Design Method: Bustroads ZO017

KHDT {cummlative heavy wehicle axle groups over design perieod) @ 1.23E406
Traffic Load Distributi
ID: HSWPresumeRural
Hame: NSW BEMS Bug 2018 — Bural Presumptiwe (Table 18)
ESR/HVAG: 1.068
Details of Load Groups:
Load Load Load Load Badius
Ho. In Category Tyoe
il ESRTE0 ESATS0-Full Vertical Force 921
2 SBSTE SRSTS3 Vertical Force 102_4
Load Locations:
Location Load Gaaxr X T Scaling
Ho. ID No. Factor
1 ESATS0-Full 1 -165.0 0.0 1_00E+00
F ESATS50-Full 1 185.0 0.0 1_00E+00
3 ESATS50-Full 1 1635.0 0.0 1_00E+00
4 ESATS50-Full 1 19€5.0 0.0 1_00E+00
1 SLSTE3 1 0.0 0.0 1_00E+00
d ELETE3 1 2130.0 0.0 1_00E+00
Details of Layesred System:
ID: BustZ017-1 Title: RBustroads 2017 — Example 1 — Unbound Granular Pawvement
Layer Lower Material Isotropy Modulus P _Ratio
Koo ifface ID E {or vwwh) F
1 rough cement3375 Iso. 0.20
2 rough subs1tCBl5 Bniso. 0.35
3 rough Sub CER7 Bniso. 0.45
Performance Relationships:
Layer Location Material Component Perform. Parform. Shif
Ho. ID Constan Exponent Facte
il bottom cement3375 ETH 0.000307 12_000
2 top subs1tCELS EZZ 0.009150 7000
3 top Eub CBR7 EZZ 0.009%150 7.000
Beliabilitcy Factozrs:
Project Reliability: Austroads 90%
Layer Reliability Material
Mo Factor Types
1 2.00 Cement Stabkilised
2 1.00 Subgrade (Selected Material)l (Austroads 2017}
3 1.00 Subgrade (RBustroads Z01T)
Details of Layers to be sublayersd:
Layer no. 2: BRustroads (2004) sublayvering
Strains:
Layer Thickness Material Exle Unitless
Ho. ID Strain
1 300.00 cement3375
EADT {H0): 9.B899E-05
SLST{53): 7.5ZHE-05
z 300.00 subsltCBLS
SADT{80): 1.T791E-0D4
3 0.00 Sub CERY

Layer Thickness
Ho.

bl 300.00

2 300.00

3 0.00

cement33Th

subsltCELS

Sub_CERT

SADT {B0) :

CDF

RExle

Group
Total:
SAST:
SADT:
TAST:
TADT -
TRDT:
QADT:

1.4Z24E+00

Total: 1.515E-06

Total: 2.T90E-D&
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Boree Project with 92% Compaction

CIRCLY - Version 7.0 (1 February 2022}
Job Title: Boreee — Compaction Analysis

Design Method: Bustroads 2017
HOT {cumulatiwve heavy wehicle axle groups over design pericd) @ 1.25E+0&
Traffic Load Distributiom:
ID: HSWPresumeRural
Hame: MSW BMS fug 2018 - Pural Presumptiwe {Table 18)
ESA/HVAG: 1.068
Details of Load Groups:
Load Load Load Ladius Dressure,/
Ho. Category Tvoe E=f. strass
X ESATS0-Full Vertical Force 921 B.75
i SRST53 Vertical Force 102_4 0_80
Load Locations:
Location Load Gaar X ¥ Scaling
Ho . ID Ho Facto
2] 1 -1€5.0 0.0 1.00E+00
2 1 165.0 0.0 1.00E+00
3 1 1635.0 0.0 1.00E+00
4 1 1%€5.0 0.0 1_00E+00
1 1 0.0 0.0 1.00E+00
2 SASTS3 1 a 0.0 1.00E+00
Details of Layered System:
ID: Bust20l17-1 Ticle: Rustroads 2017 - Example 1 - Unbound Granular Pavement
Layer Lower Material Isotropy Modulus F_Ratioc
Ho. ifface ID {or ) {or wvh) F Eh
X rough Cement3l43 0.20
2 rough subs1tCB15 0.35 1_11E+02 7.50E+01
3 rough Sub CBR7 0.45 4_B3E+01 3_50EHIL

Performance Relationships:
Layer Location Material

Ho. I
X bottom Cement3143
2 top subs1tCE1S
3 Top Sub CER7

Relisbility Factors:
Project Reliakilicy: Rustroads 90%
Layer Reliabilicy Material

o Factor T

Cement Stabilizsd

Component Perform. Perform. Shift
Constant E Factor

ETH

EZZ

i 2.00
2 1.00 Subgrade (Selected Material) (Bustroads Z017)
3 1.00 Subgrade (Rustroads 2017)
Details of Layers to be sublayered:
Layer no. 2: HAustroads (2004} sublayering
Strains:
Layer Thickness Material Eule Unitless
Ho. ID Strain
B 300.00 Cement3143
SADT (A0} - 1.033E-04
SLST({53): T7.3Z23E-05
2 300.00 subsltCBLS
SADT {A0) : 1.B6BE-04
3 0.0 Sub CERT
SADT (B0} : 2.019E-04
Besulzs:
Layer Thickness Material Eule CDF
Ho. D Group
£ 300.00 Cement3Ll43 Total: 1.942E+00
SAST: 1.650E-01
SADT: §.540E-01
TAST: 6.343E-03
TADT: 1.064E+00
TRDT: 5.212E-02
QLDT: 4. 93EE-04
2 300.00 subs1tCB15 Total: 2_03€eE-0&
3 0.00 Sub CERT7 Total: 3.510E-0%
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Boree Project with 91% Compaction

CIRCLY - WVersion 7.0 (1 February 2022}
Job Title: Boreee — Compaction Bnalysis
Design Method: Austroads 2017
HOT {(cumulative heavy wehicle axle groups over design pericd): 1.2%E+0&
Traffic Load Distributicon:
ID: HSWPresumsRural
Hame: NEW BEMS Aug 2018 - Rural Presumptiwve (Table 18)
ESR/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Dressure/ Exponent
Ho. Im Category Type E=f_  stress
i ESAT50-Full ESA750-Full Vertical Force 221 0.75 0.00
2 SASTS3 SASTS3 Vertical Force 102.4 o.80 0._00
Load Locations:
Location Load Gear H ¥ Scaling Theta
Ho. ID o Factor
ik ESAT50-Full 1 -165.0 0.0 1_00E+00
2 ESAT50-Full 1 1€5.0 0.0 1_00E+00
3 ESAT50-Full 1 1635.0 a.a 1_00E+H0D
4 ESAT50-Full 1 1965.0 a.0 1_00E+00
U} SRASTE3 1 0.0 a.0 1_00E+00
2 SRLETE3 1 2130.0 a.o0 1_00E+00

Details of Layered Systam:

ID: BustZ017-1 Title: Austroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isctropy E_Ratio
Ho. ifface ID {or wwh) F Eh vh
1 rough CementZ910 Iso. 0.20
z rough subsltCBlE Aniso. 0.35 1.11E+02 7.50E+01 0.35
3 rough Sub CBR7 Iniso. 0.45 4.83E+01 3.50E+01 0.45
Performance Relationships:
Layer Location Material Component Perform. Parform. Shifg
Ho. iDh Constant Exponent Factor
T bottom CementZ310 ETH
2 top subsltCBlE EZZ
3 top Sub CBR7 EZZ

v: Bustroads S50%
Layver Relisbility Material

[ Factor Type

1 200 Cement Stabilised

2 1.00 Subgrade (Selected Material) (RBustroads 2017}
3 100 Subgrade (Bustroads 2017)

Details of Layers to be sublayered:
Layer no. 2: BAustroads (2004} sublayering

Strains:

Layer Thickness Material Exle Unitless
Ko ID Strain
1 300.00 Cement2910

SADT (80) : 1.054E-04
SAST(53): 8_369E-05

2 300.00 subsltCBLS
SADT (80) : 1.9G5E-D4
3 0.00 Sub CER7
SADT (80) : 2.081E-04
Results:
Layer Thickness Material hExles CDF
Ho. ID Group
1 300.00 CemencZ9ll Total: 2 _BB2ZE+00
SAST: 2.53eE-01
SADT: 5.671E-01
TAST: S2.762E-03
TADT: 1.574E+00
TRDT: 7.T07E-02
QRDT: 7.258E-04
2 300.00 subslcCB1S Total: 2 _.800E-06
3 0.00 Sub CERT Total: 4.451E-06
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Boree Project with 90% Compaction

CIRCLY

7.0

Version {1 February 2

Job Title: Borsee - Compaction Analysis

Design Method: Austroads 2017
HDT

s

{cumalative heavy wehicle axle groups ove
Traffic Load Distribution:

ID: HEWPresumsBRural

Hame: WSW BMS Aug 2018 - Bural Presumptive
ESA/HVAG: 1.068

Details of Load Groups:

r design pericd):

{Table 18)

-259E+06

Load Load Load Load Radius Dressure/
Ho_ I Category Type E=f. strass
L ESAT7S0-Full ESATS0-Full Vertical Force 2.1 0.75
2 SASTS3 SBSTS3 Wertical Force 102._4 0.80
Load Locations:
Location Load Gear X T Scaling Theta
Ho. ID Ho. Factor
i Full 1 -165.0 0.0 1_00E+00
2 Full 1 165.0 0.0
3 Full 1 1635.0 0.0
4 ESAT50-Full 1 1965.0 0.0 1.00E+00
L SASTS3 1 0.0 0.0 1.00E+00
2 SASTSE3 1 2130.0 0.0 1_00E+00
Details of Layered System:
ID: AustZ0l7-1 Ticle: Auscroads 2017 - Example 1 — Unbound Granular Pavement
Layer Lower Material Modulus P_Ratio
Mo ifface ID {or wvh) F Eh
i3 rough cementZe7H 0.20
2 rough subs1tCB1E 0.35 7.50E+01
3 rough Sub CER7 0.45 3.50E+01

Layer Location b Component
Ho.

1 bottom cementZeTH ETH

2 top subsltCB15 EZZ

3 top Sub CER7 EZZ

v: Bustroads 950%
Material
Cement Stabilised

Subgrade
Subgrade

Details of Layers to be sublayersd:

Perform.
Constant

Layer no. 2: BRustroads (2004} sublayering
Strains:
Layer Thickness Exle Unitless
Ho. Strain
13 300.00
SADT(80): 1.155E-04
SAST({53): 8.873E-05
i 300.00 subs1zCE15
SADT (B0} : 2.052E-04
3 a.00 Sub CER7
SADT (B0} : 2.172E-04
BssulzTs:
Layer Thickness Material Exle CDF
Ho- In Group
1 300.00 cementZeTE Total:
SAST:
SADT:
TAST:
TADT:
TRDT:
QADT: 1.123E-03
2 300.00 subs1zCE15 Total: 3_937E-D6
3 0.00 Sub CER? Total: 5 _H45E-06
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Theoretical Pavements

CBR3 Pavement 20 Year Design

CIRCLY (1 February 2022}

7.0

- Version
Job Title: CBR3 Thickness Comparison
Design Method: Bustroads 2017

HMDT
Traffic Load Distribution:

ID: HESWPressumeRural
Hame: MSW BMS5 Bug 2018
ESA/HVAG: 1.068

— Bural Presumptiwve

Details of Load Groups:
Load Load
Ho. ID

1 ESA750-Full

2 SRETEZ

Load
Category

Load Locations:

Location Load Fear
Ho. ID Hao.

1 ESATS 1

2z ESRTS 1

3 E 5 1

4 ESATS 1

1 SKSTS3 1

2 SASTS3 1

Details of Layersed System:

ID: BustZ017-1 Title: Austroads Z01T
Layer Lower Material

Ko . i/face ID

rough Cement 5000

rough Gran 250

rough Sub CBR3

LA

Performance Relationships:
Layer Location Material
Ho. ID
1 bottom Cement 5000
k] top Sub CBR2

Beliability Factors:

Eroject Reliabilitcy: Austroads 50%
r Reliability Material

Factor Type
2.00 Cement Stakilised

Subgrade (Rustroads

Details of Layers
Layer no. 2:

to be sublayered:
Bustroads (2004)

Strains:
Lawyer Thicknsss

Ro. ID
1 342.00 Cement 3000

SADT (20}
SAST (53}

3 a._00 Sub CBR3

SADT (20} :

Besulcs:

Layer Thickness Material
Ko. In
1 342._00 Cemant 5000

sublayering

Material Rxl

{cumulative heavy wehicle axle groups ower design period):

(Table 18}

2017}

Parform.

Constant
0.000263
0.008150

Erassurs/
Def. =stress

715
0

Scaling
Factor

1_00E+00

[ T =

LOOE+DD

Granular Pavemsnt

b Ratio
{or wvh) F En

SE+02

20
.35 1.B5E+H)2 1:
4z 1.50E+01

2_.0T7TEHIL L

L]

Shift
Factor

0. DD Sub_CER3

Gran_ 250

Total:
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CBR3 Pavement with Uniform Characteristics — 350 mm Thick

CIRCLY - WVersion 7.0 (1 February 2022}
Job Title: CBE3 Thickness Comparison
Design Method: RBustroads 2017
HRDT {cumulatiwve heavy wehicle axle groups owver design pericd) : 1.38E+0G
Traffic Load Distributiom:

ID: WEWPresumsRural

Hame: MSW BMS Aumg 2018 - Bural Presumptive {Table 18)

ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Dressure/ Exponent
Ho. ID Category Type Ee=f. stress

¥ ESATS50-Full ESATS0-Full Vertical Force 921 0.75 0.00

2 SASTS3 SASTS3 Vertical Force 102.4 0.80 0.0f

Load Locat
Location
Ho.

1 1 -1€5.0 0.0 1

2 ESATS0-Full 1 165.0 0.0 XX

2 ESRAT50-Full 1 1e35.0 0.0 1.0

4 ESRAT50-Full 1 1%€5.0 .0 [t

1 SASTS3 1 0.0 0.0 1.0

2 SAST53 1 2130.0 0.0 1.00E+00

Details of Layered System:

ID: BustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy

Ho. ifface ID Eh wh
1 rough Cement5000 Iso.
2 rough GCran 250 Aniso. 1.25E+02 0.35
3 rough Sub_CBR3 Aniso 1_S50E+0L 0.45

Performance Relationships:

Layer Location Material Component Perform. Farform. Shifc
Ho. ID Constant Factor
1 bottom Cementh000 ETH 0._000263
3 top Sub CER3 ZZ 0.003150

3
=
'

Details of Layers to be sublayered:

Layer no. 2: BRBustroads (2004} sublayering

Strains:

Layer Thickness Material Exle Unitless
Ho. ID Strain
1 350.00 Cement 5000

SRDT{B0}: 7

SBST(53): 5.
3 0.00 Sub_ CER3

SEDT (A0} : 2.230E-04

Results:

Layer Thickness Material hExles CDF
Ho. ID Group
1 350.00 Cementh000 Total: E-01

L]
SLST: Zz
SADT: z
TRST: g
TADT: 3
TRDT: 1
QRDT: 1

3 0.00 Sub_ CER3 Total: 1.080E-05
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CBR3 Pavement with Uniform Characteristics — 340 mm Thick

CIRCLY

Version 7.0

{1 February 2022}

Job Title: CER3 Thickness Comparison

=

Design Method: Bustroads 2017
RODT
Traffic Load Distribution:

ID: HESWPresumeRural

{cumulative heavy wehicle axle groups ower design period) :

Hame: MSW BMS Rug
ESA/HVAG: 1.068

2018 — Rural Presumptive (Table

Details of Load Groups:

Load Load
Ho ID
ESATS0-Full

[ BNl e S

SAEST53

Load
Catsgory
ESAT50-Full
SLSTS3

Details of Layered System:

ID: BRustZ017-1 Title: Bustroads 2017 — Example 1 - Unbound

Lowerxr Ma
ifface
rough
rough
rough

Layer
Ho .

Ce
Ex

[N

Performance Relati

Sub CBRE3

terial Isote

opy

ID

Iso.
Eniso.

Aniso.

ment5 000

an 250

cnships:

Layer Location Material Component
Ho. I

1 bottom Cement5000 ETH

3 top Sub CER3 EZZ
Beliability Factors:

ct Relisbility: Bustroads 50%

Lay Reliabilitcy Material

Mo Factor Type

1 2.00 Cement Stabilised

3 1.00 Subgrade (Rustroads Z01T)
Details of Layers to be sublayered:
Layer no. 2: BAustroads (2004} sublayering

Strains:

Lawyer Thickness Material Exles
Ho. ID

i} 340.00

Q.00

Bzsulzs:
Layer Thickness
Ho.

i) 340.00

Cement.5000
SADT {B0) :
SRET{53):
Sub CER3
SADT {BO) -

Material hxle
ID Group
Cement5000 Total:

SAST:
SADT:
TAST:
TADT -
TROT:
QRDT:

Sub CBR3 Total:

Load
Type
Vertical

Vertica

Modulus

Perform.

Constant
0.000263
0.003150

Unitless
Strain

8.017E-05
5.689E-05

&

.32H0E-04

CDF

-DEZE+00
. 991E-02
-TERE-01
.536E-03
-131E-01
-D03E-D02
.B43E-04

Pl o G G

n/&

I

1.453E-05
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[ e Y

=

1_98E+0&

Radius
Force o i
Force 102.

Scaling
Factor
1_00E+00
1.00E+00
1.00E+H00
1.00E+00
1.00E+00
1_00E+00

= Rl = |

[

ranular

P_Ratic
{or wrvh)

Q.20
0.35
Q.45

g

Berform.
Exponent
12_000

7.000

DPressure/
B=f. stress

b_rs

D.B0

Exponent

1 0
4 0.

[}

Theta

0.00
0.0
0.00
0.00Q
0.00
0.00

Pavrement

Eh

BSE+0D2 1_25E+02 0.35
OTE+DL 1.50E+01 0.45
hiftc
actor



CBR3 Pavement with Uniform Characteristics — 330 mm Thick

CIRCLY - Versiom 7.0 (1 February 2022}

Job Title: CEBR3 Thiclmess Comparison

Design Method: Austcroads 2017

KOT {cummlative heavy wehicle axle groups owver design period) : 1_398E+06

Traffic Load Distribution:
ID: HEWPresumeRural

e: NSW RMS Amg 2018

ESA/HVAG: 1.068

- Bural Presumptive (Table 18)

Details of Load Groups:
Load Load
Ro. ID
T ESA750-Full
2 SASTE3

Load
Category
ESAT50-Full
SASTE3

Load
Type
Wertical Force
Vertical Force

Load Locations:
Location Load
Ho. ID o.

T ESATS0-Full 1 -165.0 0.0
ki ESAT50-Full 1 165.0 0.0
3 ESAT50-Full 1 1635.0 0.0
4 ESAT50-Full 1 13€5.0 0.0
1 SAETE3 1 0.0 0.0
2 SRSTS3 1 2130.0 0.0

Details of Layered System:

ID: Auest2017-1 Title: Granular

TUnbound

Bustroads 2017 -

Layer Lower Material Isotropy Modulus P_Ratioc
Ho. i/face ID {or wvh)

¥ rough Cement5000 Iso. 0.20

2 rough Gran 250 Enisc 0.35

3 rough Sub CER3 Aniszo. 0.458
Performance Rela
Layer Location M Component Perform. Berform.
Ho. Constantc Exponent

1 bottom Cement5000 ETH 0.000263 12000

3 top Sub CEBR3 EZZ 0.009150 7.000
Beliability Factors:

ect Beliakility: Austroads 50%
r Reliability Material
Type
Cement Stabilised
Subgrade (Rustroads 2017)
Details of Layers to be sublayered:
Layer no. 2: Austroads (2004} sublayering
Strains:

Layer Thickness Material Exle Unitless
Ho. ID Strain

330_00 Cement 5000
SADT(AD): 8

SERST (53): &.

.3BEE-05
9B0E-05
0.00 Sub_CER3

SADT(B0) : Z_433E-04

Results:

Layer Thickness Material Exl= COF
Ho. ID Group
1 330.00 Cement 5000 Total: 824E+00

SREST:
SBDT:
TRAST:
TADT:
TIRDT:
QADIT:

-262E-D2
-453E-01
T95E-03
-DELE+0Q0D
.147E-D02
-BT74E-04

e L0 Ry -

Gran 250

Sub CER3 Total:
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CBR3 Pavement with Uniform Characteristics — 320 mm Thick

noo -

CIRCLY - Version 7.0 (1 February 2022}
Job Title: CBR3 Thickness Comparison
Design Method: Bustroads 2017
KDT {cumulative heavy wehicle axle groups over design period) : 1.398E+0&
Traffic Load Distributicon:
ID: NSWPresumeRural
Hame: NSW BME Aug 20158 - Bural Presumptiwe (Table 18}
ESR/HVAG: 1.0&E
Details of Load Groups:

Load Load
Ho.

Load Badius Dressure/ Exponent
Type sTress

1 Vertical Force < Pt 0.00
2 Vertical Force 102.4 0.0d
Load Locations:
Location Load Gear X ¥
Ho. ID Ho.
i} 1 -165.0 0.0
2 1 165.0 0.0 1_00E+00
3 1 1€35.0 0.0 1.00E+00
4 1 19€5.0 0.0 1_00E+00
1 1 0.0 0.0 1_00E+00
2 1 2130.0 0.0 1.00E+00
Details of Laysred System:
ID: BustZ017-1 Title: Bustroads 2017 — Example 1 - Unbound Granular Pavement
Layer Lower Material Modulus E.Ratio
Ho. ifface ID {or svh) F Eh vh
1 rough Cement5000 0.20
rough Gran_250 .35 1.25E+02 0.35

3 rough Sub_CBR3 0.45 1_50E+01 0.45
Performance Belationships:
Layer Location Material Component Perform. Perform. Shifc
Ho. ID Exponent Factor
1 bottom Cement5000 ETH 12 0
3 top Sub_ CBR3 EZZ

hustroads 950%
Layer BReliability Material

Mo Factor Typs
1 2.00 Cement Stabilised
3 1.4040 Subgrade (RBustroads 2017)

Details of Layers to be sublayersd:
Layer no. 2: Bustroads (2004} sublayering

Strains:

Layer Thickness Material Exl= Unitless
Ho. ID Strain
1 320.00 Cement5000

.T81E-05
.2894E-05

oy

3 Q.00 Sub CER3
SADT {80) : 2_546E-04

Besults:

Layer Thickness Material Exl= CLDF
Ho. ID Group
1 320.00 Cement5000 Total: -L7TE+00D
SAST: .343E-01

SADT:
TAST:
TADT:
TRDT:
QRDT:

-122E+00
-16BE-03
-BZEE+00D
.941E-02
-48TE-04

WO O

nfa

2 Q.00 Sub CER3 Total: 2.733E-05
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CBR3 Pavement with Uniform Characteristics — 310 mm Thick

CIRCLY - WVersion 7.0 (1 February 2022}
Job Title: CER3 Thickness Compariscon

Design Method: Austroads Z017

KRDT {cumualati heavy wvehicle axle groups over design pericd): 1.38E+0c
Traffic Load Distribution:

ID: HEWPresumeRural

Hame: WSW BMS Bug 2018 - Bural Presumptive (Table 18)

ESA/HVAG: 1.068

Details of Load Groups:

Lioad Load Load Load Badius DPressure/
Ho. In Category Type E=f. stress
E ESATS0-Full ESAT50-Full Vertical Force 921 0.75
2 SRETE3 SRASTS3 Wertical Force 102._4 0.80

Load Locations:

Location Gear o % Scaling Theta

Ho. Ho. Factor
1 1 -1€5.0 0.0 1_00E+00 0.00
z 1 165.0 0.0 1_00E+00 0_00
3 1 1635.0 0.0 1_00E+00 o.0a
4 1 19%65.0 0.0 1_00E+00 o_00
1 1 1] 0.0 1_00E+00 o.00
z 1 2130.0 o.0 1_00E+00 0_00

Details of Layered System:

ID: BustZ017-1 Title: Bustroads 2017 — Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy
Ho. i/face ID F Eh
1 rough Cement5000
2 rough Gran_ 250 1.BLE+02 1.25E+D2
3 rough Sub CBR3 2_0TE+01 1_50E+01
Performance Relationships:
Layer Location Material Component Perform. Ferform. Shift
Ho. D Constant Exponent Factor

b bottom Cement5000 ETH 0.000263
3 top Sub CBR3 EZZ 0.009150

Reliabilicy Factors:
ject Reliabili Bustroads 50%
Layer BReliahilicy Material

Cement Stabilised
Subgrade {(Zustroads 2017)

Details of Layers to be sublayersd:
Layer no. 2: BRustroads (2004} sublayering

Strains:

Layer Thickness Material hxls Unitless
Ho. ID Strain
1 210.00 Cement5000

SEDT (B0} : 9.205E-0S5

ShET(53): 6.634E-05
3 0.00 Sub CER3

SADT{80) : Z.&6BE-D4

Besults:

Layer Thickness Material Axle CDF
Ho. ID Group
I 310.00 Cement5000 Total: 5.e13E+00

SRST: 2 _524E-01
SRDT: 1._9T7&E+00
TAST: 9.713E-03
TRDT: 3_21eE+00
TRDT: 1.578E-01
QRDT: 1.491E-03

2 100.00 Gran 250 nfa

2 a.00 Sub CER3 Total: 3.T8ZE-05
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CBR3 Pavement with Uniform Characteristics — 300 mm Thick

CIRCLY - WVersion 7.0 (1 February
Job Title: CBR3 Thickness Comparison
Design Method: Bumstroads Z017

WY
Nl

L
)
i3]
=
L)
T

{cumalative heavy wehicle axle groups owver design peried): 1.

Traffic Load Distribution:

ID: HEWPresumeRurzl
Hame: HSW BMS Zug 2018 — Bural Presumptive ([Table 18)
ESASHVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Dressures/
Ko ID Category Tyoe E=f. stress
3 ESAT50-Full ESATS0-Full Vertical Force = (e | .75
2 SRKSTEZ SASTS3 Vertical Force 102.4 0.80
Load Locations:
Location Load Gear X b Theta
Ho. D Ho
P ESBRT50-Full 1 0.0 I
2 ESAT50-Full 1 0.0 1
3 ESAT50-Full 1 0.0 1_00E+0D
4 ESAT50-Full 0.0 1_00E+00D
al SASTS3 1 0.0 1_00E+00
2 SRSTS3 1 0.0 1.00E+0D
Details of Layered System:
ID: EnstZ017-1 Title: Bustroads 2017 - Granular Pavement
Layer Lower Material P _Ratic
Ho. ifface ID {or wwh) F Eh
1 rough Cement5000 0.20
2 rough Gran_250 0.35 1_B5E+02 1_Z5E+02
3 rough Sub CBR3 0.45 2_07E+01 1_SO0E+01
Location Mat Component Perform. Berform. Shift
Constant Exponent Factor
bottom Cement5000 ETH 0.000263 12
top Sub CBR3 22 0.009150
Beliabilicy Factors:
Austroads 50%
Material
o Typs
1 2.00 Cement Stabilised
3 1.00 Subgrade (Rustroads 2Z017)
Details of Layers to be sublayerad:
Layer no. 2: BAustroads (2004) sublayering
Strains:
Layer Thickness Material Exles Unitless
Ho. ID Strain
T 300.00 Cement 5000
SLDT (80} - 9.662E-05
SAST{53): T7.002E-05
3 0._00 Sub CER3
SLDT (80} : Z.800E-04
Besulcs:
Layer Thickness Material Exle COF
Ho. ID Group
1] 300.00 Cement 5000 Total: 1.007E+01
SAST: 4_827E-01
SADT: 3 _534E+00
TAST: 1_85BE-0Z2
TADT: 5.750E+00
TROT: 2.816E-01
QRDT: 2. E6TE-D3
2 100.00 Gran 250 nfa
3 0.00 Sub CER3 Total: 5.316E-05
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CBR3 Pavement with Uniform Characteristics — 290 mm Thick

CIRCLY - Version 7.0 (1 February 2022}
Job Title: CBR3 Thickness Comparison
Design Method: Bustroads Z017
HDT {cumulative heavy wehicle axle groups owver design pericd): 1.3BE+0E
Traffic Load Distribution:

ID: HEWPresumeRural

Name: NSW BMS Lug 2018 - Bural Presumptive (Table 18)

ESR/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Radius Dressures/ Exponent
Ho. ID Catagory Type B=f. stress
1 ESATS0-Full ESATS0-Full Vertical Force 52.1 0.75 0.00
2 SASTS3 SRSTS3 Vertical Force 102.4 o.a0 0.00
Load Locations:
Location Load Gear H ¥ Scalin Theta
Ho. ID o Factor
1 ESATS0-Full 1 -165.0 0.0 1.00E+00 0.00
2 ESATS0-Full 1 165.0 0.0 1.00E+00O 0.00
3 ESATS0-Full 1 1835.0 0.0 1.00E+00 0.00
4 ESATS0-Full 1 1365.0 0.0 1.00E+00 0.00
1 SRSTS3 1 0.0 0.0 1.00E+00O 0.00
2 SRSTS3 1 2130.0 0.0 1.00E+00 0.00
Details of Layered System:
ID: EustZ01l7-1 Title: RBuscroads 2017 — Example 1 - Unbound Granular Pavement
Layer Lower Material Isotropy P_Batioc
Ho. ifface ID {or vwh) F Eh wh
F rough Cement5000 Iso. 0.20
z rough Gran_250 Bniso 0.35 1._85EHDZ 1_2EEH)Z 0.35
3 rough Sub CBR3 Bniso 0.45 2_.0TEHD] 1_S0EHI1 0.45
Performance Relationships:
Layer Location Material Component Perform. Berform. Shift
Ho. ID Constant Exponent Factor
F bottom Cement5000 ETH 0.000263 12_000
3 top Sub CBR3 EZZ 0.009150 7.000
ility Factors:
Reliskility: ABustroads 50%
Religbilicy Material
Factor Type
2.00 Cement Stakilised

1.00 Subgrade (Austcroads 2017)

Details of Layers to be sublayered:
Layer no. 2: Austroads (2004) sublayering

Strains:

Layer Thickness Material Exle Unitless
Ho. ID Strain
1 290._00 Cement 5000
SLDT {80): 1.01SE-04
SEST(53): 7.403E-05

3 Q.00 Sub CBR3
SADT {80} : 2.343E-04

Besults:
Layer Thickness Material Exls COF
Ho. ID Group
I 290._00 Cement 5000 Total: 1.838E+01
SLST: %_405E-01
SLDT: 6.417E+00
TRST: 3_.620E-02
TADT: 1.044E+01
TRDT: 5.114E-01
QEDT: 4_G43E-03
Z 100.00 Gran 250 nfa

3 0.00 Sub CBR3 Total: T.532E-05
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CBR3 Pavement with Uniform Characteristics — 280 mm Thick

CIRCLY - Version 7.0 (1 February 2022}

Job Title: CBR3 Thiclmess Comparison
Design Method: Austroads 2017
HDT

{cumulativy ower design

heavy vehicle axle groups
Traffic Load Distributiom:
ID: NSWPresumeRural

Hame: MSW BMS hug 2018
ESASHVAG: 1.068

— Bural Presumptive {Table

Details of Load Groups:

Load Load Load
Ho. In Category
i SATS0-Full ESATS0-Full
2 SASTS3 SASTS3
Load Loca
Location Gaar H
Ko . No.
1 1
3 1
4 1
1 1
Details of Layered System:
ID: AustZ017-1 Title: Austroads 2017 - Example 1 -

Layer Lower Material Isotropy
Ho. ifface iD

T rough Cement5000

2 rough Gran 250

3 rough Sub CER3

Performance Belationships:
Laver Location Material
Ho. iD

Component

[ =y SN

I bottom  Cement5000 ETH

3 top Sub CER3 EZZ
Beliability Factors:

Iyp=
Cement Stabilised

3 Subgrade (Rustroads 201T)
Details of Layers to be sublayersd:
Layer no. 2: BAustroads (2004) sublayering

Strains:

Layer Thickness Material Exle
Ho. ID

E 280.00 Cement5000

SADT{80) :

BAST (53] :
Sub CER3

SADT {80) :

Results:
Thickness Material
-

280.00 Cement 5000

2 100.040 Gran 250
3 Q.00 Sub CBR3 Total:

peris

1g)

Load
Type

Vertical Force
Vertical Force

Unbound

Modulus

Perform.

Constant
0.000263
0.009150

Unitless
Stra

imn

1.065E-04
7.838E-05

2.053E-04

CDF

2.403E+01
1.868E+00
1.185E+01
7.190E-02
1.528E+01
9.445E-0L
g.944E-03
nfa

n/f

1.080E-04

170

1.98E+06

Badius Dressure/ Exponent
E=f. stcress
521 F_-75 Q.00
102.4 0.80 a.00
Scaling Theta
Factor
0.0 1.00E+00 0.00
a.a 1.00E+00 0.00
0.0 1_00E+00 0.0a
0.0 1_00E+00 0.00
0.0 1_00E+00 0.00
0.0 1._00E+00 0.00
Granular Pavement
P_Ratio
{or wwh) F Eh vh
0.20
0.35 1_85E+#02 1_25EH)2 0.35
Q.45 2_07E+01 1_S0E+HI1 0.45

Shiftc
Factor

Perform.
Exponent
oo




CBR3 Pavement with Uniform Characteristics — 270 mm Thick

CIRCLY - Version 7.0 (1 February Z022Z)
Job Title: CBR3 Thickness Comparison
Design Method: Austroads 2017
HOT {cumulatiwve heavy wehicle axle groups over design period): 1.5%3E+0&
Traffic Load Distributiom:
ID: HSWPresumeRural
Hame: MNSW BMS RBug 2018 — Bural Presumptiwve {Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Dressurs/ Exponent
Ho. In Category Type E=f. strass

1 ESATS0-Full ESAT50-Full Vertical Force 92_1 075 0.00

2 SRSTE3 SASTS3 Vertical Force 10z2.4 0.80 0.00

Load Locations:

Location Lioad Gaar H ¥ 5

Ho. ID Ho. Fa
¥ ; ; 1

1 ESRAT50-Full 1 -165.0 0.0 4

2 ESRT50-Full 1 1€5.0 0.0 1.00E+00
4 ESAT50-Full 1 1635.0 0.0 1_00E+00
4 ESATS0-Full 1 1965.0 1.0C0E+00
1 SASTE3 1 0.0 1.00E+00
2 SLSTS3 1 2130.0 1.00E+00

Details of Layersd System:

ID: RAustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material F_Ratio
Ho. i/face ID {or wvh) F Eh i
1 rough Cement5000 0.20
2 rough Gran 250 0.35 1_2EE+02 0.35
3 rough S'J.'.:__CERE 0.45 1_S0E+HOL 0.45
Performance Relatiomships:
Layer Location Material Component Perform. Berform. Shift
Ho. ID Constant Exponent Factor
1 botto Cement5000 ETH 0.000263 12 _000

8 Top Sub CER3 EZIZ 7.000

Beliabilicy F
¢ Mustroads 90%

Material
Type
Cement Stabilised
3 1.00 Subgrade (Rustroads 20L7)

Details of Layers to be sublayered:

Layer no. 2: Bustroads (2004} sublayering

Strains:

Layer Thickness Material Exle Unitless
Ro. I Strain
£ 270.00 Cementhb000

SADT {A0) :
SMET ({53

-12EE-04
-314E-05

e

3 0.00 Sub CEBR3

SADT{80): 3.Z6BE-04

]

Besulcs:

Layer Thickness Material Axle CDF
Ho. ID Group
1 270._.00 Cement5000 Total: 474E+01

L]
SAST: 3
SADT: 2.2ZTE+01
TAST: 1
TADT: 3
TRDT: 1.775E+00
QADT: L

-1

3 0.00 Sub CER3 Total: 1.565E-D4
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CBR3 Pavement with Variable Characteristics — 350 mm Thick

CIRCLY - Version 7.0 (1 February 2022}
Job Title: CBR3 Thickness Comparison
Design Method: Bustroads 2017
NDT (cumulatiwve heavy wehicle axle groups owver design periocd): 1.9BE+0%
Traffic Load Distribution:
ID: HSWPresumsFural
Hame: MSW BM5 Bug 2018 - Bural Presumptiwe (Table 18}
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Fressuzrs/ Exponent
Ho. ID Def. stress
1 ESA750-Full 0.75 0.00
z SASTE3 0.80 0.00
Load Locations:
Location Load Gear = i Scaling Theta
Ho. ID [+ Factor
1 ESA7E0-Full 1 -165.0 0.0 1.00E+00Q
¥ 1 1le5.0 0.0 1.00E+00
3 1 1€35.0 0.0 1.00E+00
4 1 1985.0 0.0 1.00E+00
1 1 0.0 0.0 1.00E+00Q
z 1 2130.0 0.0 1.00E+00

Details of Layersed System:

ID: BustZ017-1 Title: Bustroads 2017 - Example 1 — Unbound Granular Pavemsnt

Layer Lower Material Isotropy HModulus
Ho. ifface ID ior Ewv} E Eh vh
1 rough cement4506 Iso 4_S1E+03

rough Gran 250 Imisc. 2 _S0E+02 Q.35 1.85E+02 1.25E+02
rough Sub_ CBR3 hniso. 3_00E+01 Q.45 2.07E+01 1.50E+01

03 1

Performance Relationships:

Layer Location Material Component Ehift
Ho. ID Factor
1 bottom cement4506 ETH
3 top Sub CBR2 EZIZ

Beliability Factors:
ject Beliability: Bus d
Beliability Material
Factor Type
2.00 Cement Stabilised

1.00 Subgrads (Bustroads 2017)

Details of Layers to be sublayered:

Layer mno. 2: BREustroads ([2004) sublayering

Strains:

Layer Thickness Material hxle
Ho. ID
1 3&50.00 cementd906

SROT (80}
SAST (53}

2 0.00 Sub CERZ
SADT (20} : Z.Z5BE-04

Pesults:

Layer Thicknsss Material Axle CDF
Ho . In Group
1 350.00 cement 4506 Total:

SAST:
SADT:
TAST:
TRDT:
TRDT:
QABROT:

ra
w
I
[=
=]
0l
H
i
1]
I
o
[=
]
[

Total: 1_177E-05

[
(=)
[=)
=
L]
E

1
K1}
&
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CBR3 Pavement with Variable Characteristics — 340 mm Thick

CIRCLY - Version 7.0 (1 February 2022}
Job Title: CBR3 Thickness Compariscn
Design Method: Rustroads 2017
NDT {(cumulatiwve heavy wehicle axle groups ower design period): 1.598E+0é
Traffic Load Distribution:
ID: MEWPresumsRural
Hame: MSW BMS Rug 2018 - PRural Presumptiwve (Table 18}
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Prassure/ Exponent
Ho. In Category Type stress
1 ESAT50-Full ESAT50-Full Vertical Force 52.1 Q.00
Z SRSTS3 SASTE3 Vertical Force 102.4 a.00
Load Locations:
Location Gear X ¥ Scaling Thata
Ko No. Factor
1 1 -1€5.0 0.0 1.00E+00 0.00
2 1 1650 0.0 1.00E+00 o.o0
3 1 1€35.0 0.0 1.00E+00 0.00
4 1 S9ES. 0D 0.0 1.00E+00 0.o0
1 1 0.0 0.0 1.00E+00 0.00
2 1 2130.0 0.0 1.00E+00 0.oo
Details of Laysred Swvstem:
ID: Aust2017-1 Title: Austroads 2017 - Example 1 Granular Pavemsnt
Layer Lower Material Isoctropy F_Ratio
Ho. ifface ID {or wwh) F Eh vh
s rough cement5024 Iso. 0._20
Z rough Gran Z50 Amiso. 0.35 1.85E+02 1.25E+02 0.35
3 rough Sub CBR3 Aniso. 0.45 2_07E+11 1.50E+01 0.45

Performance Relationships:
Layer Location Material Component Perform. Farform. Shifc
Ho . ID Constant nent Factor

L bottom cement 5024 ETH 0.000262
3 top Sub_CBR3 EZZ 0.009150

Beliabilicy Factors:

ect Relisbility: Bustroads 50%

ability Material

Factor Type

2.00 Cement Stabilised

3 1.00 Subgrade (Rustroads 2017)

Details of Layers to be sublayered:
Layer no. 2: BAustroads (2004) sublayering

Strains:

Layer Thickness Material Exle O
Ho. ID S
1 340.00 cementS024
SADT (80} : 7.985E-05
SBST(33): 5.666E-05
3 0.00 Suk CERZ
= SADT (50) : 2.321E-04

Results:

Layer Thickness Material CDF

Mo ID

1 340.00 cement5024 1_058E+00
1_531E-03
6.117E-01
2.996E-02
2.837E-04

2z 102_00 Gran 250 nfa

3 0.00 Sub CHR2 Total: 1_428E-05
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CBR3 Pavement with Variable Characteristics — 330 mm Thick

CIRCLY - Wersion 7.

U

Job Title: CBE3 Thi

Design Method: Bustroads 2017
NOT
Traffic Load Distribution:

ID: MEWPresumsRural

(1 February 2022}

ckness Comparison

{cumulative heavy wehicle axle groups owver design period):

Hame: HSW BMS Aug 2018 - Bural Presumptive
ESA/HVAG: 1.068

(Table 18}

Details of Load Groups:

Load Load Load Load Badius Prassure/ Exponent
Ho. In Category Type Bef. =tress
1 ESAT50-Full ESAT750-Full Ve Force 921 0.75 a.00
z SRETS3 SASTE3 Vertical Force 10z ._4 0.80 0.00
Load Loc
Loca Gear X ¥ Scaling Thet
Ho. Ho. Factor
1 1 -165.0 0.0 1_00E+00Q 0.00
2 1 165.0 0.0 1_00E+00Q 0.
3 1 €35.0 0.0 1_00E+00Q -
4 1 2650 0.0 1._00E+0Q0D 0.
1 1 0.0 0.0 1_00E+00Q 0.
2 1 21300 0.0 1_00E+00 0.
Details of Layersed System:
ID: Aust2017-1 Title: Bustroads 2017 — Example 1 — Unbound Granular Pawvement
Layer Lower Material Isotropy Modulus F_Ratio
Ho. ifface ID {or Ew} {or wh) F Eh vh
1 rough cement51485 Iso. 5_15E+03 0._20
z rough Gran 250 Aniso. 2.50E+02 0.35 1.85E+02 1.25EH+02 0.35
3 rough Su.b_fERB Anisc. 3.00E+01 0.45 2.07E+01 1.50E+01 0.45
Performance Belationships:
Layer Location Material Component Perform. Parform. Shift
Ho. ID Constant Factor
1 bottom cement5149 ETH 0.000259
E top Sub CHBRZ EZZ 0.005150

Beliabilicy Factors:

ect Reli

1ls of Layer

Reliability

ity: Bustroads 50%
Material

Type

Cement Stabilised
Subgrade

= to be sublayered:

(Bustroads 2017}

Lawer mo. 2: Bustroads {2004) sublayering
Strains:
Layer Thickness Material hxls Unitless
Koo In Strain
1 330.00 cements149
SADT (80} : B.182E-05
SAST(53): 5.831E-05

3 0.00 Sub CBR3
SADT (80) : 2.3E8BE-04
Besults:
Layer Thickness Material CDF
Ho. ID

1 330.00

cement51459

1_633E+00
6.448E-02

-03
9.4210E-0L1
4.608E-02
4_364E-04

I

fa

1_743E-05
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CBR3 Pavement with Variable Characteristics — 320 mm Thick

CIRCLY - Version 7.0 (1 February 2022}

Job Title: CBR3 Thickness Comparison

Design Method: Austroads 2017

NDT {(cumulatiwve heavy wehicle axle groups over design period): 1.38E+0s
Traffic Load Distribution:

ID: NSWPrasumsPural
Hame: NSW BMS Rug 2018 — Rural Presumptiwve (Table 1B}
ESHE/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Prassure/ Exponent
Ko . ID Category Type E=f. stress

1 ESATS0-Full ESLTS0-Full Vertical Force g X 0.75 0.0
2 SRAETES SRETE3 Vertical Force 102.4 20 0.1

Load Locations:

Location Load Fear x b 4

Ko, No.
1 1 -les.0 0.0 1
2 1 165.0 a.a I
3 1 1635.0 0.0 L 8y
4 1 1965.0 0.0 1.00E+020
1 1 0.0 0.0 1.00E+00
2 1 2130.0 0.0 1.00E+00

Details of Layered System:
ID: Bust2017-1 Title: HMustrocads 2017 - Example 1 - Unbound Granular Pawvement
Layer Lower Material Isotropy Modulus F_Ratio

Ho. ifface ID (e {or wwh) E Eh wh
1 rough cementSIE3 Iso. 0. 20

1.85E+02 1.25E+02Z
2. 0T7E+DL 1.50E+0L

rough Eran L] Aniso.

rough Sub CBER3 Aniso.

Performance Relationships:

Layer Location Material Component Perform. Farform. Shift

Ho . ID Constant Exponent Factor
1 bottom cemantSIE3 ETHE 0.000255 2
3 top Sub CER2 EZZ 0.005150 i

Beliability Factors:

ility: Rustroads 90%

hili Mate 1

Type

Cement Stabilisad
Subgrade (Austroads 2017)

Details of Lavers to be sublayersd:
Layer no. 2: Austroads (2004) sublayering

Tralins:

L]

Layer Thickness Material Rxle Unitless
Ho. ID t
1 320.00 cementSZ03

SADT (80} : B.385E-05
SAST(53) : €.00ZE-05

2 0.00 Sub CER3
SADT (80} : Z.4559E-04

Resulcs:

Layer Thickness Material Rxle CDF
Ko I0o Group
1 320.00 cement5ZA3 Total: .155E+00Q

SAST: .133E-D2
SHDT: T57E-0L
TAST: 3.515E-032
TRDT: 1.ZEZE+HDD
TRDT: €.182E-02
QRDT: E.854E-D4

SETO

2 122 .00 Gran Z50 n/a

3 0.00 Sub CBR3 Total: 2.140E-05
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CBR3 Pavement with Variable Characteristics — 310 mm Thick

CIRCLY 7.0 (1 February 2022}

— Version
Job Title: CBR3 Thickness Comparison
Design Method: Buscroads 2017

NDT (cumzlative heavy wehicle axle groups cover design period):

Traffic Load Distribution:

ID: MSWPzesumsRural
Hame: NSW BEM5 Aug 2018 - Rural Presumptiwe (Table 18)

ESR/HVRG: 1.0eB

Gr

Details of Load Groups:
Load Load Load
Ho. IDn EY Type
1 ESR750-Full ESATS0-Full Vertical
2 SASTE3 SASTE3 Vertical
Load Locations:
Location Load Gezar X ¥
Ko. Ho.

[l SR TR

Details of Layered System:

ID: BustZ0l7-1 Ticle: bustroads 2017 - Example 1 - Unbound

Layer Lower Material Isotropy Modulus

Ho. i/face i} tor Ev)
1 rough cement5424 Iso. 5_42E+03
2 rough Gran 250 Aniso. 2 _50E+02
3 rough Sub_TBR3 Aniso. 3.00E+01

Performance Relationships:

Layer Location Material Component Perform.

Ko . 1o Constant
1 bottom cement5424 ETH 0000252
3 top Sub_CBR3 EZZ 0.009150

Beliability Factors:
ect Reliability: Austroads 50%
iakility Material
Type
Cement Stabilised

Subgrade (Bustroads 20L17)
Details of Layers to be sublayered:
Layer no. 2: Bustroads (2004} sublayering
Strains:
Layver Thickness Material hxle Unitless
Ho. ID Strain
1 310.00 cementS424
SBEDT (80} - B_597E-0
SBST(53) : &_183E-0
3 0.00 Sub CER3
SEDT (80} : 2.534E-0
Pesults:
Layer Thickness Material COF
Ho. ID
1 310.00 cementi424 4_1Z5E+D
1.812E-0
1. 454E+D
&.973E-0
2.366E+D
1_15%E-0
1_087E-0
2z 132_00 Gran 250 nfa

(=)
ra

Sub_CE2R32

176

1.98

E+06

Eadius Frs
Ref

Force 52.1 o
Force 10z.4 0.

Secaling
Factor
00E+00
00E+00
0DE+00D
00E+00
00E+00
COE+00D

L
i
L
L
i
1

= =N =~ = ]
[Scqy s s s Ry s s}

Granular Pawvement

F.Ratio

r

{or wwh) F

0.20

0.35 1.85E+02
0.45 2.07E+01
Perform. Shiftc

Factor

5
5

4

a
1
Li]
3
]
1
3

1=

sure,
sTress

Eh

1.25E+02
1.50E+01

Exponent

0




CBR3 Pavement with Variable Characteristics — 300 mm Thick

CIRCLY 7.0 (1 February 2022)

- Version
Job Title: CBR3 Thickness Comparison
Design Method: Austroads 2017

NDT

{cumulative heavy wehicle azle groups over design period): 1_98E+06

Traffic Load Distribution:

ID: NEWPresum=Fural
Hame: NSW BMS RAug 2018 - Rural Presumptiwve (Table 18}

ESA/HVAG: 1.0&8

Details of Load Groups:
Load Load Load Badius Prazssure/ Exponent
Ko ID Category Bef. stress
3 ESAT50-Full ESAT50-Full Force g2-1 0.75 a.00
2 SRSTE3 ERETE3 Vertical Force 102.4 0.80 a.00
Load Locat
Location Gear X ¥ Scaling Thata
Ro. [=] Factor
I 1 -165.0 0.0 1.00E+00 0.00
2 1 165.0 0.0 1.00E+00 0.00
3 1 1g35.0 0.0 1.00E+00 0.00
4 1 1965.0 0.0 1.0 L] o.oo
1 1 0.0 0.0 L0 0.00
2 1 2130.0 0.0 1.00E+090 0.00
Details of Layered System:
ID: Bust20l17-1 Ticle: Auscroads 2017 - Example 1 - Unbound Granular Pavement
Laver Lower Material Isotropy Modulus F_Ratio
Ro. ifface ID {or Ew} {or wwh) F Eh wvh
1 rough cements57T5 Iso. 5 _SBE+03 0.20
2 rough Gran 250 Aniso. 2 _50E+02 0_.35 1_85E+02 1.25E+02 0.35
3 rough Su.b_fERS Aniso. 3.00E+01 0.45 2_07E+01 1.50E+01 0_45
Performance Belationships:
Layer Location Material Component Perform. Parform. Shift
Ko, ID Constant i Factor
i bottom cements575 ETH 0.000247
3 top Sub CB EZEZ 0.009150

Beliability Factors:
ject Beliabilicy: Bustroads 50%
RBeliakility Material

Factor Type

2.00 Cement Stabilised

1 _ 00 Subgrade (RBuscroads

2017}

Details of Layers to be sublaysred:

Layer no. 2: HAustroads {2004) sublayering

Scrains:
Layer Thickness Material hExle Unitless
Ro. In Strain

1

(3]

cement557
SADT (80} :
SAST(53) :

5.516E-05
£.372E-05
Sub CBR3

SADT (80) : 2_615E-04

Results:

Layer Thickness Matcerial Axle CDF
Ho. ID Croup
1 300.00 cements575 Total: T.117E+)0
SAST: 3.304E-01
SADT: 2_.50ZE+00
TAST: 1_272E-02
TADT: 4_071E+00
TRDT: 1_95%4E-01
QADT: 1_B8BE-03
2 142_00 Gran_250 nfa
3 0.00 Sub CBR32 Total: 3.253E-05
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CBR3 Pavement with Variable Characteristics — 290 mm Thick

CIRCLY - Wersion 7.0 (1 February 2022}
Job Title: CBER3 Thickness Comparison

Design Method: Rustroads 2017

o

HNDT {(cumulatiwve heawy wehicle axle groups over design period) : 1.SBE+D
Traffic Load Distribution:

ID: NSWPresum=Rural

Hame: MSW RMS5S Bug 2018 - BFural Presumptive (Table 18}

ESR/HVAG: 1_0&8
Details of Load Groups:

Load Load Load Radius Pressure/ Exponent

Ko. Type sStress
i v 52.1 0.00
2 102.4 0.00
Load Loca
Location Gear X ¥ Theta
NHo. Ho. E
1 1 -165.0 0.0 1
2 1 165.0 0.0 e
3 1 1635.0 0.0 1_00E+00
4 1 1865.0 0.0 1.00E+0C0D
B 0.0 0.0 1_00E+00
2 1 2130.0 0.0 1_00E+00
Details of Layered Swystem:
ID: BustZ2017-1 Title: Austroads 2017 - Example 1 - Unbound Granular Pavement
Layer Lower HMaterial P_Ratio
Ho. ifface ID } {or wwh) F Eh wh
1 rough camsnts737 Iso. 5_T4E+03 0.20
2 rough Gran 250 Aniso. 2 _SOE+0Z 0.35 1.85E+02 1.25E+H0Z 0.35
o rough Sub CBR3 Aniso. 3_00E+01 0.45 2_07E+OI1 1.50E+01 0_45

Performance Relationships:
Layer Location Material Component Perform. Perform. Shift
Ko. In Exponent Factor
1 bottom camanti737 ETH Qoo
3 top Sub CBR3 EZE

Beliabilicy Factors:
ject Reliability: Rustroads 50%
Beliability Material
Factor Type
2.00 Cement Stabilisad
3 1.00 Subgrade (Rustroads 2017}

Details of Layers
Layer no. 2: BAus

be sublayersd:
oads (2004) sublawyering

Strains:

Layer Thickness Material Exle Unitless
Ko ID Strain
1 250.00 cementi737

SRDT (80}

SRST (53}
3 0.00 Sub CER3

SRDT (20) : 2.700E-04

Basults:

Layer Thickness Material COF

Ho. ID

1 290.00 cement5737 1.178E+01
SRST: 5.78BE-01
SADT: 4_1Z8EH
TAST: 2.228E-02
TADT: €.716E+00
TRDT: 3.289E-01
QARDT: 3_115E-03

2 152.00 Gran 250 nfa

3 0.00 Sub CHR3 Total: 4_125E-05
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CBR3 Pavement with Variable Characteristics — 280 mm Thick

CIRCLY - Version 7.0 (1 February 2Z0Z2Z)
Job Title: CER3 Thickness Comparison
Design Method: Bustroads 2017

NDT

{cumulative heavy wehicle axle groups owver design pericd): 1.98E+0c

Traffic Load Distribution:

T -
1L

ESR/HVAG: 1.0c8

Details of Load Groups:
Load Load cad Load Radius Ersssurs/ Exponent
Ho. ID Category Type Bef. stress
X ESATE0-Full ESAT50-Full Vertical Force 92-1 0.75 a.00
2 ELSTE3 SAETE3 Vertical Force 102_4 0.80 a.00

Load Locations:

Location Load Gaar X i 1 Theta
Ho. ID Ho.
1 ESATS0-Full 1 -1le5.0 0.0 LBk 0.00
2 ESART50-Full 1 165.0 0.0 X 0.00
3 ESR7 ull 1 1€35.0 0.0 1= 0.o0
L ESAT50-Full 1 1985.0 0.0 1 0.00
1 EASTS3 1 0.0 0.0 1.00E+00 0.00
z SASTS3 1 2130.0 0.0 1.00E+00 0.00
Details of Layersd System:
ID: BustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement
Layer Lower Material Isotropy HModulus F_Ratio
Ho. ifface ID {or Ew} (or vwh) F Eh vh
1 rough camsnt5510 Isoi. 5_51E+03 0.20
) rough Gran 250 Ani 2 .50E+02 0.35 1.85E+H32 1.25E+02 0.35
3 rough Sub_ CBR3 Ani. 3.00E+01 0.45 Z.07E+01 1.50E+01 0.45
Performance Relationships:
Layer Location Material Component Perform. Berform. Shift
Ho. ID Constant Exponent Factor
LB bottom cement3910 ETH 0.000238 12000
3 top Sub_CBR2 EZZ 0.009150 7.000

Belighility Fact
Project Reliahil

HMEWPrasumsRural
Hame: MS5W BMS hug 2018

DIS:
ty: Bustroads S0%

— Bural Presumptiwe

(Table

Layer BReliability Material

No. Factor Iype

Lt 2.00 Cement Stabilised

3 1.00 Subgrade (RBustroads 2017)

Details of Lawyer

s to be sublayerad:

14}

Layer no. 2: HRAustroads (2004) sublayering

Strains:
Layer Thickness Material Rxle Unitless
Ho. ID Strain

Lf 280._00

3 0.00

Results:
Layer Thickness
Ho.

1 280.00

cement5910

Sub_CBR3

Material

ID
cement 5910

Gran 250

Sub CBR3

SADT (80}
SAST(53)

SADT (80) :

Total:
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2.79ZE-04

CDF

2.0e6E+01
1_0T6E+00
7.Z17E+00
4_143E-02
1.174E+01
5.751E-01
5.446E-02

n/fa

5.20BE-05




CBR3 Pavement with Variable Characteristics — 270 mm Thick

CIRCLY - Version

Job Title: CBR3 T
Design Method: Aust

NDT

roads 2017

Traffic Load Distribution:

ID: MSWPresumsRu
Hame:

ESA/HVRG: 1.0€8

Gro

Details of Load

Load Load

Ko . iD
1 ESAT50-Fu
2 SASTE3

Load Locations:

[ER RN Ty

Details of Layersed

ID: Rust2017-1 T
Layer Lower
Ho. ifface
1 rough
2 rough
3 rough

Performance Bela

Layer Location
Ho.

1 bottom

3 top

Beliability Fact

Beliakili

Details

Laver no i
Strains

Laver Thickness

Ko

[

70.00

3 0.00
Besultcs:
Layer Thickness
e
Ho.

270.00

2 172.00
3 0.00

ral

s 2

11

Svstem:

itle:

Haterial

ID
cementelSe
Gran 250
Sub_CBR3

tionships:

HMaterial

ID
cementelSe
Sub CBR3Z

ors:

=

Material
Type

Austroads 20L7

MSW BMS RBug 2018 - PRural Presumptive (Table

Load
Category
ESATS50-Full

SASTE3

=

1
Ly
L T T

T OO

[
[

[

Component

ETH
EZE

ect Reliability: Rustroads S0%

Cement Stabilised

Subgrade

(20

HMaterial
ID
cement&l5E

Sub CER3

Haterial

I

cementol96

04}

(Bustroads 2017)

of Layers to be sublayered:
Bustroads

sublayering

Axle

SADT (80}
SAST (23}

SRADT (e0)

Total:

{cumalacive heavy wehicle axle groups over design period):

18}

Load
Type
Vertical

Vertical

(=== i

=]

Unbound

Hodulus

{or Ewv)

-10E+03
.S0E+02
.J0E+01

G Ty

Perform.
Constant
.000233

0
0.005150

3.656E+01
Z3E+DQ
.2T3E+H01
.7B6E-02
2_.071E+01
1.014E+00
9.605E-02

7

ny

a

€.624E-05

180

Force 52

Force 102
Scaling
Factor

-DOE+D
-DDE+D
_DOE+D
_DOE+D
-DOE+D
-DDE+D

o e

E_Ratio
{or wvh)
0.20
0.35
0.45

Perform.
Erxponent
12 _000

L

L]
L]
a
0
L]
i)

Granular Pawemsnt

-BEE+02
-DTEHIL

Shift
Factor

Prassurs/
Ref.

ETrass

a.
a.

(==

==

Exponent



CBR 3 Pavement with 105 % Compaction

CIRCLY - Version 7.0 {1 February 2022}
Jok Title: CBRE - Compaction Analysis
Design Method: Bumstroads 2017
HDT {cumulatiwve heavy wvehicle axle groups over design pericd) : 1.98E+406
Traffic Load Distributiomn:
ID: HESWDresumeRural
Hame: HSW BMS Aug 2018 — Bural Presumptiwve (Table 18)
ESA/HVRG: 1.068
Details of Load Groups:
Load Load
Ho. ID

i3 ESATS0-Full
2 SASTE3

Load Radius Dressures/ Exponentc
Type E=f. stress

Vertical Force i1y
Vertical Force

a_0o
Q.00

=t
[
oy

Load Locations:
Location Load Gaar Scaling Theta
Ho. ID No. Factor

1
=
]

1 ESATS0-Full 1 =165.0 0.0 1.00E+00
2 ESATS50-Full 1 165.0 0.0 1_00E+00
3 ESATE(0-Full 1 1635.0 0.0 1.00E+00
4 ESATS0-Full 1 1965.0 0.0 1.00E+00
1 SASTS3 1 0.0 0.0 1_00E+00
2 SLSTE3 1 2130.0 0.0 1.00E+00

Details of Layered System:

ID: Aust2017-1 Title: Austroads 2017 - Example 1 - Unbound Granular Pawement

Layer Lower Material Isoctropy Modulus F_Ratio
Ho. i/face ID {ox vwh) F Eh wh
L rough cement6l27 Iso. 0.20
it rough Gran 250 Eniso. 0.35 1.25E+02 0. 35
3 rough Sub_EBRS Eniso. 0.45 1.50E+01 0.45
Performance Relationships:
Layer Location Material Component Perform. Berform. Shift
Ho. ID Constant Exponent Factor
1 bottom cementElZ7 ETH 12.000

3 top Sub_CEBR3 EZZ ao

hustroads 90%

Material

E or Type

Cement Stabilised
Subgrade (RAustrocads 20L7)

Details of Layers to be sublayersd:
Layer no. 2: BRustroads (2004} sublayering

Strains:

Layer Thickness Material Exle Unitless
NHo. ID Strain
E 342.00 cementE6l27
SEDT {80} : &.78B3E-05
SAST{53): 4.784E-05

3 0.00 Sub CER3
SADT{80): Z_053E-04

Besults:

Layer Thickness Material Exle CDF
Ho. ID Group
342.00 cementEl27 Total: 6.412E-01

SEST: 2.251E-02
SADT: 2_28ZE-01

IAST: E.e64E-04
TADT: 3.713E-01

TRDT: 1_81BE-02
QADT: 1.72ZE-04

2 0.00 Sub CER3 Total: €.054E-06&
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CBR 3 Pavement with 104 % Compaction

CIRCLY - Version 7.0 (1 February 2022}

Job Title: CER3 - Compaction Comparison
Design Method: Austroads 2017

KHDT {cumulatiwve heavy wehicle axle groups over design pericd): 1.38E+0&

Traffic Load Distribution:
ID: HEWPresumeRura

Hame: MSW BMS Zug
ESR/HVAG: 1.06%

EGLE — Bural Presumptive {Table 18&)

Details of Load Groups:

Load Load Load Load Radius Drezssurs/ Exponent
Ho. In Category Type E=f. stress
1 ESAT50-Full ESAT750-Full Vertical Force 22.1 0.75
Z SKSTE3 SL5T53 Vertical Force 102.4 0.80
Load Locations:
Location Load Gear X ¥ Scaling Theta
Ko ID No. Factor
F ESAT50-Full 1 -165.0 0.0 1_00E+00
F ESAT50-Full 1 165.0 .0 1.00E+00
3 ESATS50-Full 1 1635.0 0.0 1.00E+00
4 ESAT50-Full 1 1965.0 0.0 1.00E+00
T SRSTS3 1 0.0 0.0 1._00E+00
2 SASTS3 1 2130.0 0.0 1_00E+00

Details of Layered Swystem:

Granular Pavement

ID: BustZ017-1 Title: Austroads 2017 - Example 1 - Unbound

Layer Lower Material Isoctropy Modulus EF_Ratio

Ho. ifface Ih {or Ew) {or wvh) F Eh wvh
I rough cementhB5e Iso. 5ix 03 0.20
Fd rough Gram 250 Eniso. 2 _BO0E+0Z 0.35 1_85E+02 1._25E+02 0.35
3 rough Eub_EBRB Eniso. 3.00E+01 0.45 2.07E+01 1.50E+01 0.45

Performance Rela

ticnships:

Layer Location Material Component Perform. FPerform. Shifc
Ho. ID Constant Ezxponent Factor
1 bottom cement58 56 ETH 0.000235 12._000
3 top Sub_ CER3 EZZ 0.009150 T7.000
Beliabilitcy Facto
Project Reliabili Austroads 90%
Layer Reliabilicy Material
Mo Typs
1 Cement Stabilised
3 Subgrade (Rustroads ZOLT)
Details of Layers to be sublayersd:
Layer no. 2: Bustroads (2004) sublayering

Strains:

Layer Thickness Material Bxle Unitless
Ho. ID Strain
4 342.00 cement5896
SADT{B0D)} : ©.900E-05
ELST {53 4_935E-05
3 0.00 Sub CER3
EADT{B0) : Z.099E-04
Besults:
Layer Thickness Material Exle CDFE
Ho. ID Group
1 342.00 cementhB96 Total: ©.435E-01

2 100.00

SALST:
SADT:
TAST:
TADT:
TRDT:
QADT:

Total:

2 _ZB4E-0D2
2.2590E-01
-T93E-04

T.068E-06&

182



CBR 3 Pavement with 103 % Compaction

CIRCLY

= Version 7.0
Job Title: CER3 - Compaction Comparison
Design Method: Rustroads 2017

RDT

{cumalat heavy wehicle axle groups owver design

Traffic Load Distribution:
ID: NSWPresumeRural

Hame: NEW BMS Aug 2018 - Bural Presumptive
ESASHVAG: 1.068

(Tabls

Details of Load Groups:

Load
Catsgory
ESATS0-Full
SRASTS3

Load
Ho.
&

Load Locations:

Location Load Gear H
Ho. ID No.

1 ESATS50-Full 1 —1€5.
. ESATS50-Full 1 1€5.
3 ESATS50-Full 1 1&35.
4 ESATS50-Full 1 19€5.
I SRSTE3 1 0.
2 SASTS53 1 2130.

Details of Layered System:

[ = R )

period) :

18}

Load
Type
Vertical

Vertical

1_98E+06

Radius Dressure/
EB=f. stress
Force 2.1 B.75
Force 102.4 0.80

Scaling
Factor
1_00E+00
1.00E+00
1_00E+00
1.00E+00
1_00E+00
1_00E+00

[ R s N )

ID: BustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pawvement

Layer Lower Material Isotropy
Ho. i/face ID

E rough cementiEa5s

2 rough Gran 250

3 rough Sub CER3

Performance Relationships:

Modulus

Layer Location Material Component Perform.
Ho. ID Constant
£ bottom cementbees ETH 0.000245
3 top Sub CBR3 EZZ 0.009150
Belisbility Fact
Project Beliabil Austroads 90%
Lawyer BReliabilicy Material
Mo Factor Type
1 2.00 Cement Stabkilised
3 1.00 Subgrade (RBustroads Z0L7)
Details of Layers to be sublayersd:
Layer no. 2: BAustroads (2004} sublayering
Strains:
Layer Thickness Material hExles Unitless
Ko ID Strain
1 342.00 cementhech
SEDT (80} : 7.422E-0S5
SAST(53): 5.251E-05

Sub CERZ
SADT (80) :

Besults:

Layer Thickness Material hExles
Ho. D Group
I 342 .00 cement5ess Total:
SAST:

SBDT :

TRST:

TADT:
TRDT:

Total:

183

2.197E-04

5.T36E-DE

P.Rati

{or wwh) F

a.oo

0.35 1_85E+02
0.45 2.07TE+01

Shift
Factor

Eerform.

[ e e )

Theta

.00
-00
.00
-00
.00
.00

Exponent

0.
0.

[}

ol
0



CBR 3 Pavement with 102 % Compaction

CIRCLY - Wersion 7.0 {1 February 2022}
Job Title: CER3 - Compaction Comparison
Design Method: Rustroads 2017
KDT (cumulatiwve heawvy wvehicle axle groups over design period): 1_98E+0&
Traffic Load Distribution:
ID: HSWPresumeRural
Hame: NSW BMS Zug 2018 — Bural Presumptive (Table 18)
ESR/HVAG: 1._0&E

Details of Load Groups:

Load Load Load Load Badius Dressure/ Exponent
Ko D Category Tyoe
1 ESAT50-Full ESATS0-Full Vertical Force a.o
2 SLETE3 SASTE3 Vertical Force 0.00
Load Locations:
Location Gaar X b Theta
Ho. o.
1 ESATS50-Full 1 -165.0 0.0
2 ESAT50-Full 1 165.0 0.0
3 ESATS50-Full 1 1835.0 0.0
4 ESAT50-Full 1 1965.0 0.0
i SRSTS3 il 0.0 0.0 1.00E+00
2 SRETE3 1 2130.0 0.0 1._00E+00
Details of Layered System:
ID: BustZ0lT7-1 Title: Austroads 2017 - Example 1 - Unbound Granular Pawvement
Layer Lower Material Isotropy Modulus P_Ratioc
KHo. ifface ID {or Ew) {or vwh) F Eh wh
1 rough cementid34d Lo 0_20
2 rough Gran 250 Ll 0.35 i 12 1_25E+02 0.35
3 rough Sub CBR3 i 0.45 2 1 1_50E+01 0.45

Performance Belationships:

Layer Location Material Component Perform. Berform. Shift
Ho. ID Constant Exponent Factor
1 bottom cement5434 ETH 0.000251 12000
3 top Sub CBR3 EZZ 0.009150 7.000

Beliabilicy Factors:
ct Reliabil 7o Bustroads 90%
Beliabilicy Material
Factor Type
2.00 Cement Stabilised
1.00 Subgrade (Rustroads Z017)

Details of Layers to be sublayered:
Layer no. 2: BAustroads (2004) sublayering

Strains:

Layer Thickness Material Bxle Unitless
Ro. ID Strain
1 342.00 cement5434

SADT {80)
SAST{53)

-443E-05

5_269E-05

3 0.00 Sub CER3
SADT {80} : Z_200E-04

Essulcs:

Layer Thickness Matcerial Bxle CDF

Ho. ID Group

X 342 .00 cement54l4 Total: T.684E-01
SRST: 2_THRE-DZ

SADT: 2.731E-01
TLST: 1.073E-032
TARDT: 4.444E-01
TRDT: 2.176E-D2
QEDT: 2.061E-D4

k3

100.00 Gran 250 nfa

3 0.00 Sub CER3 Total: 5.821E-D6
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CBR 3 Pavement with 101 % Compaction

CIRCLY - Wersion 7.0 (1 February 2022}
Job Title: CER3 - Compaction Comparison
Design Method: RAustroads 2017
RDT {cumulatiwve heavy wshicle
Traffic Load Distribution:
ID: HEWPresumsRural
Hame: MSW BRMS Aug 2018 — Bural Presumptiwe
ESE/HVAG: 1.0&E8

Details of Load Groups:

Load Lioad Load
Ho. ID Catsgory
1t ESATS0-Full ESAT50-Full
2 SASTS3 SLSTS3
Load Locations:
Location Load Gear
Ho. 1D No.

It ESRATS0-Full 1
ESATS0-Full 1
ESRTS0-Full 1
ESATS0-Full 1

(RN el S P ]

SASTS3 1
EASTSE3 1

Details of Layered System:

ID: BustZ0l7-1 Title: Austroads 2017 — Example 1 - Unbound

axle groups over design period):

1_.98E+0D&

{Table 18)

Load Badins Pressure/
Type B=f. str=ss
Vertical Force P 0-75
Vertical Force 102.4 0.80

Scaling
Factor

-D0E+00 (¥
-D0E+00 0
-D0E+00 o
-D0E+00 ¥
-D0E+00 0
-D0E+00 o

[ e T e s

1
X
1
I
1
1

[
[Ta]
o
[}
[ I e e
i e e e

Granular Pavement

Layer Lower Material P_Ratio
Ho. ifface ID {or wvwwh)] F Eh

1 rough cement5203 0.20

2 rough Gran_ 250 0.35 1_BSE+02 1._25E+H02
3 rough Sub CER3 0.45 2_07TE+OL 1._50E+01
Performance Relationships:
Layer Location Material Component Perform. Perform. Shift
Ho. ID Constant Exponent Factor

1 bottom cement5203 ETH 0_000258 12_000

3 top Sub CBR3 EZZ 0.009150 7.000
Relisbility Factors:

Project Reliabili Austroads 50%

Relisbility Materisl
Factor Type
2.00 Cement Stabilised
1.00 Subgrade {(Austroads 2017T)
Details of Layers to be sublayered:
Layer no. 2: BRustroads (2004} sublayering
Strains:

Layer Thickness Material kxl=s Unitless
Ho. D Strain

1 34200 cement5203

SADT {80} :
SAST({53):

3 Q.00 Sub CER3

SADT {80) :

Besults:

T.70EE-05
5.456E-05

EE-D4

n

22

Layer Thickness Material hxles CLF
Ho. ID Group
1 342.00 cementhZ03 Total: 8._285E-01
SRST: 3.04eE-0Z2
SADT: 2.94EE-01
TAST: 1.172E-03

Sub CER3

Total:

185

Exponent

[ ]
==
[y}

wh

0.35

.45




CBR 3 Pavement with 100 % Compaction

CIRCLY - Version 7.0 (1 February 2022}

Job Title: CBR3 Thickness Comparison

Design Method: Bustroads 2017

MDT (cumulative heavy wehicle axle groups over design periocd): L.98E+0&
Traffic Load Distribution:

ID: HNSWPresumeRural
Hame: MSW BMS Bug 2018 - Bural Presumptiwve (Table 18}
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Badius Prassure/ Exponent
Ho. IDn Category Def. =stress
1 ESA750-Full ESRT50-Full 5z.1 0.7 0

©in

(=10}
o9
(=1

.8

[

2 SHSTEZ SRSTS3 102.4

Load Locations:

Location Load Gear x Y Scaling Theta
Ro. ID Ho. Factox
ESRTS50-Fu ] s 1.00E+00 0.00
ESRTE0 = 1.00E+00 0.00

ESATS
ESR7TS50
SASTS3
SASTS3

1.00E+00
LOOE+DD

[N =]
3 O O

[N SR L U

[

Details of Layered System:

ID: Bust?017-1 Title: Bmstroads 2017 Granular Pawvemsnt

Layer Lower Material E_Ratio
Ko i/face ID {or wwh) F Eh wh
1 rough Cements5000 0.20
2 rough Gran 250 = 0._35 1_B5EHIZ 1._2Z5E+H0Z 0.35
3 rough Sub_CBR3 _ 3_00E+01 0.45 2_0TEHIL 1_S0E+01 0_45
Performance Relationships:
Layer Location Material Component Perform. Berform. Shift
Ho. ID Constan Factor

1 bottom Cement 5000 ETH 0.000263
3 top Sub CER3 EZZ 0.008150

Beliability Factors:
Project Reliabili

Bustroads 50%

Material

Type

Cement Stabilised
Subgrade (RBustroads 2017}

Details of Layers to be sublayersd:
Layer no. 2: Bustroads (2004) sublayering

Strains:

Lawyer Thicknsess Material Rxls Unitless
Ro. ID Strain
1 342.00 Cement 3000

SRADT (80}
SAET (53}

a

Q.00 Sub CBR3
SADT (80} - Z.30BE-D4

Besulcs:
Layer Thickness Material

Ho . ID
L 242.00 Cements000

2 100.00 Gran_ 250 nfa

3 0._00 Sub_CER3 Tocal: 1_3T73E-05

186



CIRCLY - Versiom 7.0 (1 February 2022}

Job Title: CBR3 — Compaction Compariscon

Design Method: Bustroads Z017

KDT

Traffic Load Distributiom:
ID: KEWPresumeRural
Hame: NSW BMS hug 2018
ESA/HVRG: 1.068

Details of Load Groups:

- Bural Presumptive

CBR 3 Pavement with 99 % Compaction

{cumalatiwve heavy vehicle axle groups over design period):

{(Table

=

Load Load Load
Ho. In Catagory
1 ESAT50-Full ESATS0-Full
2 SRETE3 ELSTE3
Load Locations:
Location Load Gear
Ho. ID Nao.

[ o L B )

Details of Layered System:
ID: BustZ0l7-1 Title: Austroads 2017 -
Layer Lower Macerial
Ko. i/fface ID
rough cementd T4
-

rough 1
rough Sub CBR3

[E e e

Performance Relaticnships:
Layer Location Material
Ho. ID
1 bottom cement4 724
2 top Sub_CBR3

Reliability Factors:

Project Reliability: Austroads 50%

Layer Reliability Material

Mo. Factor T
1 Z.00
3 1.00

Typ=
Cement Stakilised
Subgrade (Rustroads

Details of Layers to be sublayered:

=
m

I
o el

=
0

[SE=NONGRGED]

[
i
%

Example 1 - Unbound

Isotropy

Component

ETH
EZZ

20

Layer no. 2: Austroads (2004) sublayering
Strains:
Layer Thickness Material Exle
v -
Ho. IiD
1 342 _00 cement4T24

(3]
[=]

Sub CER3

Layer Thickness Material
Ho. ID
1 342 _00 cement4T24
2 100.00 Gran 250
3 0.00 Sub CBR3

SADT {80} :
SAST(53):

SADT {80) :

Exle
Eroup
Total:
SAST:
SADT:
TAST:
TADT:
TRDT:
QADT:

Total:

187

Modulus

1_98E+06

18)

Load
Type
Wertical Force
Vertical Force 1

Radius

=

1.00E+00
1.00E+00
1. 00E+00
1. 00E+00
1_00E+00

[SE ===y SN
[ iy sy p e )

[ )

Granular Favement

F_Ratio

r E

v {or wwh) F Eh
.20
.35 | 1_25E+02
0.45 2 1_50E+01
Perform. Perform. Shift
Constant Factor

0.000270
0.009150

Unitcless
Strain

8.280E-05
5.877E-05

-140E+00
-304E-02
-045E-01

G Gy e e




CBR 3 Pavement with 98 % Compaction

CIRCLY - Version 7.0 (1 February 2022)
Job Title: CBR3 - Compaction Compariscon
Deaign Method: Austroads 2017
NDT {(cumulative heavy wvehicle axle groups over design period): 1.98E+06
Traffic Load Distribution:
ID: NSWPresumeRural
Name: NSW BRMS Aug 2018 - Rural Presumptive (Table 18)
ESR/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Radius Pressure/ Exponsnt
No. D Category Type Bef. stress

1 ESAT750-Full ESATS50-Full Vertical Force 6z2.1 d.75 0.00

2 SAS5TS3 SRSTS3 Vertical Force 102.4 0.80 0.00

Load Locations:

Location Load Gear x Ji 4 Scaling Theta
No. No. Factor
1 50-Full 1 —165:0 0.0 1.00E+00 0.00
2 -Full x 165.0 0.0 1.00E+00 0.00
3 —Full a 1635.0 0.0 1.00E+00 0.00
4 -Full i 1965.0 0.0 1.00E+00 0.00
1 2% 0.0 0.0 1.00E+00 0.00
2 B 2130.0 0.0 1.00E+00 0.00
Details of Layered System:
ID: Bust2017-1 Title: Austroads 2017 - Example 1 - Unbound Granular Pavement
Layer Lower Material Isotropy Modulus P.Ratio
No. i/face iD {or Ew) {or wwh) F Eh vh
1 rough cement45ll Iso. 4.51E+03 0.20
2 rough Gran 250 Eniso. Z.50E+02 0.35 1.85E+02 1.25E+02 0.35
3 rough Sub CBR3 Aniso. 3.00E+01 0.45 2.07E+01 1.50E+01 0.45
Performance Relationships:
Layer Location Material Component Perform. Perform. Shift
No. ID Conscant Exponent Factor
1 bottom cement4511 ETH (138 12.000
3 top Sub CBR3 EZZ 0. 7.000
Reliability Factors:
Project Reliability: Austroads 90%
Layer Reliabilicty Material
No. Factor Type
1 2.00 Cement Stabilised
3 1.00 Subgrade (RAustroads 2017)
etails of Layers to be sublayered:
Layer no. 2: BAustroads (2004) sublayering
Strains:
Layer Thickness Material Lxle Unitless
No. ID Strain
1 342.00 cement4511
SADT(B80) : 8.&06E-05
S5AST(53): &.116E-05
3 0.00 Sub CBR3
SADT(B0) : 2.44BE-04
Results:
Layer Thickness Material Lxle CDF
No. ID Group
1 342.00 cement4511 Total: 1.393E+00
SAST: 5.336E-02
SADT: 4.936E-01
TRST: 2.054E-03
TADT: 8.036E-01
TRDT: 3.936E-02
QARDT: 3.727E-04
2 100.00 Gran 250 nfa
3 0.00 Sub CBR3 Total: 2.077E-05

188



CBR 3 Pavement with 97 % Compaction

CIRCLY - Wersiom 7.0

{1 February 2022}

Job Title: CER3 - Comparction Comparison

Design Method: Bustroads Z017

ROT {cumulative heavy wvshicle

Traffic Load Distribution:

ID: NSWPresumeRura

Hame: WSW BMS RAug 2018 - Bural Presumptive {Table 18

ESA/HVAG: 1_068

Details of Load Groups:

Load Load

Ho. In
1 ESAT50-Full
Fa SRETE3

Load Locations:
Location

Ho.

(R el S R B

SRST53

Details of Layered System:

ID: EnstZ017-1 Tit

Layer Lower Material
Ho. i/face ID
rough cement42 80

1
2 rough GEr
3

Performance Relaci
Layer Location
Ho.
i bottom bS5
3 top

Beliability Factor
Project Beliakilitc

an_ 250

rough Sub CBR3

cnships:

mentd? 80

Sub_CBR3

52

Layer Relizhilizy Material

No. Factor
1 Z.00
3 1.00

Decails of Layers
Layer no. 2: BHRus

Strains:
Layer Thickness

g 34Z2.00

Besulcs:

Layer Thickness
Ho.
1 34Z2.00

[
fn
=
L)
=

=}

Load
Category

EER750-Full

SLSTE3

le: hustroads 2017

: Bustroads 90%

Cement Stabilisad

Subgrade

o be sublayered:

troads (2004}

Material

cement 4280

Sub CER3

Macerial

cement42E0

Sub CERI

.,.
=

[
[N e ]
03 00N O en

'
o

Example 1 -

axle groups over design period):

Load
Type

1_98E+06

Vertical Force
Vertical Force

=

Unbound Granular

Isotropy Modulus

Component Perform.

ETH

EZZ
({Bustroads Z01T)
sublayering
Rxle

SADT {80} :
SAST (53} :

SAOT (BO) -

hxle
Group
Tocal:
SAST:
SADT:
TAST:
TADT:
TRDT:
QRDT:

Total:

189

onstant
0.000283
0.009150

THE+00Q
34E-02
4gE-01
15E-03
-676E-01
-T39E-02

.4BBE-0D4

=1 T O A0y

e e b T 0oy

[ B B s

Badius Dressures/
EBef. stress
9253 0.75
102.4 0.80O

L e e v )

P_Ratioc

Perform.
Exponent

1.00E+00
1.00E+00
1.00E+00

Eavament

Shifc
Factor

===
LS e e }

oo

=K

Eh

1_Z5E+D2
1_S0E+01



CBR 3 Pavement with 96 % Compaction

CIRCLY - Versiom 7.0 (1 February Z022}

Job Title: CBR3 - Compacti

n Comparison

Design Method: Bustroads 2017

KDOT {cumulatiwve heawvy wvehicle axle group

Traffic Load Distribution:
ID: HSWPresumeRural
Hame: NEW BMS Lug 2018
ESA/HVRG: 1.0&8

Details of Load Groups:

— Bural Presumptive

s over design pericd):

{Table 18)

Load Load Load Load

Ho. o Category Type
1 ESAT50-Full ESAT50-Full Vertical
2 SASTS3 SRASTS3 Vertical

Load Locations:

Location Load Gear
Ho. ID

No.
ESATS0-Fu
ESATS0-Fu
ESATS0-Fu
ESATS0-Fu
SASTS3

SAST53

11
11
11
11

[l R I B ]

Details of Layered System:

ID: BEustZ017-1 Title: Austroads 2017
Layer Lower Material
Ho. i/face ID

13 rough cement4048%

2 rough Gran 250

3 rough Sub CBR3

Performance Relationships:

Y

—-165.0 a
165.0 a
1635.0 o
1965.0 a
0.0 a
2130.0 Li]

— Example 1 - Tnbound

Modulus

fmr Tl
{or Ew)

Isotropy

+02

Layer Location Material Component Perform.
Ho. ID Constant
13 bottom cement4049 ETH 0.000289
3 Top Sub CBR3 ZZ 0.009150
Beliability Factors:
ct Reliability: Austroads 90%
Beliability Material
Cement Stakilised
Subgrade (Austroads 2017)
Details of Layers to be sublayeresd:
Layer no. 2: BAustcroads (2004) sublayering
Strains:
Layer Thickness Material Exle Unitless
Ho. ID Strain
1 342 _00 cement4045
SADT {80): 9.352E-05

Besults:
Layver Thickness
Ho.

1 342_00

Sub CBR3

Material
-5

cement40459

SAST({53): ©6.66eE-05

SADT{B80): Z.E05E-04

RExle CDF
Group

Total: -178E+00
SBST: €30E-02
SATT: T14E-01
TAST: 3Z21E-03

Wy = fa ] i

Total:

190

=

1_92E+0&

Badius Pressure/
Eef. stress
Force 82.1 0.75
Force 102.4 0.80

Scaling
Factor
-DOE+00
-DOE+00
-D0E+00
-D0E+0
-00E+00
-DOE+00

HHHHHH

ranular Pawvemsnt
F_Ratio

{or wvh)
Q.

0.35 1.25E+02
Q.45 1.50E+DL

Shifc
Factor

Parform.
Exponent
12000

7.000

Exponent

wh

==

o

o



CBR 3 Pavement with 95 % Compaction

CIRCLY Version 7.0 2022)

{1 February
Job Title: CBR3 - Compaction Comparison
Design Method: Austroads Z017

RDT

{cumulative heavy wehicle axle groups over design pericd):

Traffic Load Distributiom:

ID: HSWPresumeRural

Hame: MSW BMS Ahug 20158 - Bural Presumptive
ESA/HVAG: 1.068

{Table 18)

Details of Load Groups:

Load Load Load Load
Ho. In Cacegory Tyoe
ik ESATE0-Full ESATS0-Full Vertical
2 SASTS3 SRS5T53 Vertical
Load Locations:
Location Gzar b ¥
Ho.

(RNl SR

SRSTS3

Details of Layersd System:
ID: RustZ017-1 Title: Bustroads 2017 — Example 1 - TUnbound

Material
ID
cement3A18
Gran_250
Sub CER3

Lower
i/face
rough
rough
rough

Isotropy

Performance Relationships:

Layer Location Material Component Perform.
Ho. IT Constant
1 bottom cement3018 ETH 0.000255

Sub CER3 EZZ 0.005150

o

Lustroads %

Material

Type

Cement Stabilised
Subgrade (Rustroads Z0LT)

Decails of Layers

o be sublayered:

Layer no. 2: Rhustroads (2004} sublavering
Strains:
Layer Thickness Material Exle Unicless
Ho . 1D Strain
B 342 .00 cement3818
SADT (B0} - 9.783E-0O
SAST({53): &.9BSE-0O
3 0.00 Sub CER3
SLDT{80): Z.&94E-0
Besults:
Layer Thickness Material Exle COoFE
Ho. ID Group
1 342.00 cement 3818 Total: 2.925E+0
SAST -1B0E-0O
SALDT: 1.035E+D
TAST 4_543E-0
TADT 1_&B4E+D
TRDT g.243E-0
QLDT: 7.812E-D
2 100.00 Gran 250 nia
3 0.00 Sub CBR3 Total: 4_055E-D

191

1_98E+06
Radius Dreszssure/ Exponent
Ref. stress
Force 92.1 0.75 0.00
Force 102.4 0.80 0.00
Scaling Theta
Factor
0.0 1_00E+00 ¥]
0.0 1_00E+00 +]
0.0 1.00E+00 ¥
0.0 1.00E+00 o]
0.0 1_00E+00 ¥]
0.0 1_00E+00 ¥]
Granular Pawsment

E Eh vh
1_BEE+02 .2ZEBE+(2 0.35
2.07E+01 1_S50E+01 0.45

Perform. Shifc
Exponent Factor
12.000
7.000

0
1
Q
3
a

4



CBR 3 Pavement with 94 % Compaction

CIRCLY - Version 7.0 {1 February 2022}

Job Title: CER3 - Compaction Comparison

Design Method: Austroads Z017

KDT {cumulative heavy wehicle axle groups ower design period) @ 1.9%3E+06
Traffic Load Distributicom:
ID: HSHPresumeRural
Hame: NSW BMS Ihug 2018 - Bural Presumptive (Table 18)
ESA/HVAG: 1.068
Details of Load Groups:
Load Load Load Load Badius Dressure/
Ho. ID Category Type E=f. stress
1 ESAT750-Full ESATS0-Full Vertical Force nZ_ 1 o_75
2 SRSTE3 SLSTE3 Vertical Force 102.4 0.80O
Load Locations:
Location Load Gear X b 4 Scaling Theta
Ho. ID Ho Factor
1 ESAT50-Full il 0.0 1.00E+00D o.00
2 ESAT50-Full 1 0.0 1.00E+00 0.00
3 ESAT50-Full 1 0.0 1_00E+00 0.00
4 ESAT50-Full 1 a.a l.CJE+£q 0.00
1 SAST53 L 0.0 1_00E+00 o.0a
Z SRSTS3 1l 0.0 1.00E+00 o.00
Details of Layered System:
ID: BustZ017-1 Title: Bustroads 2017 — Example 1 - Unbound Granular Pawvement
Layer Lower Material Isotropy Modulus P _Ratic
Ho. i/face ID {or vwh) F Eh
1 rough cement3587 0._20
2 rough Gran_ 250 0.35 1_HEE+D2 1._25EH)2
3 rough Sub CBR3 0.45 2 _07E+0] 1_S0E+0L
Performance Relationships:
Layer Location Material Component Perform. Perform. Shifc
Ho. ID Constant Exponent Factor
1 bottom cement3587 ETH 0.000302 12 _000
3 top Sub CHER3 EZZ 0.009150 7.000

Beliability Factors:
Project Reliabkility: RAustroads 50%

Layer Reliability Material
Mo E Typs
1 Cement Stakilised
3 Subgrade (RBustroads 2017)

Details of Layers to be sublayered:

Layer no. 2: Bustroads (2004) sublayering
Strains:
Layer Thickness Material Bxle
Ho. ID
1 34Z.00 cement35ET
SADT {80) :
SAST ({53} :
3 0.00 Sub CER3

SADT {B0) :

Besultcs:

Layer Thickness Material Lxle
Ho. ID Group
1 34z2.00 cement3EET Total:
SAST:
SADT:
TRST:
TADT:
TRDOT:
QADT:
2 100.00 CGran 250
3 0.00 Sub CER3 Total:

192

Unitless
Strain

1._0ZcE-04
T7.339E-05

2.T92ZE-04

CDF

3.918E+00
1.el13E-01
1.385E+00
6.208E-03
Z.254E+00
1.104E-01
1.045E-03

Exponent

[}

0.00
0.00

0.35

0.45



CBR 3 Pavement with 93 % Compaction

CIRCLY - Wersiomn 7.0 (1 February 202

]

Job Title: CBR3 — Compaction Comparison
Design Method: Bustroads Z017
KOT {cumulatiwve heavy wehicle axle groups owver design period) : 1_38E+0e6
Traffic Load Distributiom:
ID: NSWPresumsRural
Hame: N5W BMS Zug 20158 — Bural Presumptive (Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Radius Pressure/ Exponent
Ho. ID Category Type E=f. =stress

1 ESATS50-Full ESATS0-Full Vertical Force 2.1 0.75 a.00

& SMESTE3 ELETE3 Vertical Force ipz2.4 0.80 0.00

Load Locations:

Location Load Gear X Y Theta
Ho. ID No.

I ESATE0-Full 1 0.0 1.00E+400

Z ESATS50-Full 1 0.0 1.00E+00

3 ESATS50-Full 1 0.0 1_00E+00

4 ESATS0-Full 1 0.0 1_00E+00

11 SRSTE3 1 0.0 1.00E+00

2 SRST53 1 0.0 1.00E+400

Details of Layered System:

ID: BustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus E_Batio
Ho. ifface IDh {ox Ew} {or wwh) F Eh wh
1 rough cement335E 3_36EH03 0.20
2 rough Gran 250 2 _50E+0D2 0.35 1. 1_25E+02 0.35
3 rough Sub CHR3 3.00E+01 0.45 2.07 1_50E+01 0.45
Performance Relationships:
Layer Location Material Component Perform. Perform. Shift
Ho. ID Constant Factor
L bottom cement33dbec ETH o.000308
3 top Sub CHER3 EZZ 0.009150

Beliability Factors:

3 i Austroads 90%

Material

Iype

Cement Stabilised
Subgrade (RBustroads 20L17)

Details of Layers to be sublayersd:

Layer no. 2: RBustroads (2004) sublayering

Strains:

Layer Thickness Material Exle Unitless
Ho. ID Strain
1 342 .00 cementi3356

SADT (B0} : 1.0B0E-D4

SAET{53): T.T73LE-05
2 0.00 Sub_ CER3

SRDT (B0} : Z.901E-04

Besulzs:

Layer Thickness Material Exle CDF
Ho. ID Group
13 342 _00 cement3356 Total: 5_ge592E+00
SAST: 2_385E-01
SBDT: 2.010E+00
TAST: 2.218E-03
TADT: 3_271E+00
TROT: 1_602E-01
QRDT: 1_517E-03
2 100.040 cran 250 n/a
3 0.00 Sub CBR3 Total: &_A03E-05

193



CBR 3 Pavement with 92 % Compaction

CIRCLY - Wersion 7.0 (1 February Z022)

Job Title: CBR3 - Compaction Comparison

Design Method: Bustroads 2017

HDT {cumulatiwve heavy wehicle axle groups over design pericd):

Traffic Load Distribution:

ID: HEWPresumeRural

Hame: WSW BMS Aug 2018 - Bural Presumptive

ESR/HVAG: 1.068
Details of Load Groups:

Load Load

Ro. ID
ESR750-Full
SASTE3

=

Load Locations:
Location Load
Ho. ID

i ESATS50-Full
ESATS50-Full
ESHT50-Full
ESATS50-Full
SRSTS3
SASTS3

[ e S R ]

Details of Layered System:

Load
Catsgory
ESRAT50-Full

BOTE

SASTS3

Coar
Gear

Hao.

e

-165.0
165.0
1e35.0
1965.0
0.0
2130.0

(Table 18)

Load
Type

Vertical Force
Vertical Force

Radius Dressure/
E=f. strass
: S L
102.4 0.80
Scaling Theta

Factor
1.00E+00
1_00E+00

1.00E+00
1.00E+00
] 1_00E+00D

0
0 1.00E+00
i
0

ID: BEustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pawvement

Layer Lower Material
Ho. ifface ID

1 rough cement3lZ5
z rough Gran 250

3 rough Sub CER3

Performance Belationships:
Layer Location Material
Ro. ID

1 bottom cement3LlZ5
3 top Sub CER3

Beliability Factors:
ect Reliability
r Reliabilicy Material

3 1.00 Subgrade

Isotropy Modulus
{or Ew)
Iso. 3.
Eniso. 2 ad
Aniso. 3. 00E+D

Component P

C

ETH

EZE

> hustroads 50%

“iEE
Cement Stakilised
{hustroads 2017

Details of Layers to be sublayersd:

Layer no. 2: DBustroads (20
Strains:
Layer Thickness Material

Ho. ID
1 34200 cement3125

3 0.00 Sub CER3

Besults:

Layer Thickness Material

Ko. ID
1 342.00 cementil2s
e 100.00 Gram 250

3 0.00 Sub CER3

04}

sublayering

Axle

SADT {B0) :

SLST({53):

SAEDT (80

Bxle
Group
Total:
SLST:
SADT:
TRST:
TADT:
TEDT:
QRDT:

194

erform.
onstant
0.000314
0.003150

Unitless
Strain

1. 140E-04
8.183E-05

1.436E-02
4.970E+00
2.434E-01
2.305E-03

nfa

9.062E-05

P _Ratio
(or wvh)
0.20
0.35

0.45

Parform.

F

[= R =N =]

=R =N =]

[ e e
[ RS S Sy ]

Eh

1._25E+H}Z
1.50E+01

Exponentc

0.00
.00




CBR 3 Pavement with 91 % Compaction

CIRCLY - Wersion 7.0 (1 February 2022}

Job Title: CBR3 - Compaction Comparison
Design Method: Bustroads Z017
RDT

Traffic Load Distributiom:

{cumulative heavy wehicle axle groups owver design period):

1.98E+0E

ID: NWEWPresumeRural
Hame: MSW BMS Img 2018 - Bural Presumptive {Table 18)
ESA/HVAG: 1.068
Details of Load Groups:
Load Load Load Load Badi
Ho. ID Category Iype
3 ESAT50-Full ESAT50-Full Vertical Force 3
2 SASTE3 SRSTE3 Vertical Force 10
Load Locations:
Location Load Fear X .4 Scalin
Ho. D No. Factor
1 ESATS50-Full 1 -165.0 0.0 1_00E+
2 ESATS0-Full 165.0 0.0 1.00E+
3 ESATE0-Full 1 1€35.0 0.0 1.00E+
4 ESATS50-Full 1 1965.0 0.0 1.00E+
1 SRAST53 1 0.0 0.0 1_00E+
Fa SRSTE3 1 2130.0 0.0 1_00E+
Details of Layered System:
ID: BustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Gramular Pavw
Layer Lower Material Isotropy Modulus F_Ratio
Ho. ifface ID {or Ew) {or =rrh)
i3 rough cementZHog Iso. 0.
2 rough Gram 250 Eniso. LUIE
3 rough Sub CER3 Eniso. 0.
Performance Relationships:
Layer Location Material Component Perform. Parform.
Ko IDh Constant Exponent
1 bottom cement?H94 ETH 0_000320 12_000
3 top Sub CER3 EZZ 0.009150 7.000

Reliability Factors:

3 Reliability: Austroads 90%
Religbility Material
Factor T

2.00

1.00

Czment Stabilizsd
Subgrade (Rustroads

Details of Layers to be sublayersd:

2017

Layer no. 2: DRBustroads (2004) sublavering
Strains:
Layer Thickness Material Exl=
Ho. ID
E 342 .00 cementZi9d
SADT (B0} :
SRST (53] :
3 0.00 Sub CBR3

Layer Thickness Material
Ho. ID
1 342.00 cementZing
z 100.00 Gram 250
3 0.00 Sub CBR3

Total:
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Unitless
Strain

CIOF

1.3B8T7E+0L
6.133E-01
4_.88eE+00Q
Z2.361E-D2
7.951E+00
3.854E-01
3.EBTE-03

us Pressure/ Exponent
E=f. stress

2.k 075 a.00
2.4 0.80 a.00

=

r~.:.

oo

oo

oo

oo

SmeEnt

F Eh vh

y B 1.25E+02 0.35

2 1_50E+01 0.45
Shifc

Factor



CBR 3 Pavement with 90 % Compaction

CIRCLY - Versiom 7.0 (1

1 February 2022}

Job Title: CBR3 - Compaction Comparison

Design Method: Bustroads 2017

KHDT {cumulatiwve heavy vehicle

Traffic Load Distribution:
ID: NSWPresumeRural
Hame: NEW RMS Aug 2018
ESA/HVAG: 1_068

Details of Load Groups:

Load Load
Ho. iD
1 ESATS50-Full
2 ERSTE3
Load Locations:
Location Load
Ho. ID

ESRT

1
3 ESAT50-Full
4 ESATS0-Full
1 SLSTE3
2 SASTE3

Details of Layered System:

ID: BustZ0l7-1 Title: RBustr
Material

ID

cementZ el
Cran 250

Sub CER3

Lower
ifface
rough
rough
rough

Layer
Ko.

1

i

Performance Relationships:

— Bural Presumptive

axle groups owver design

{Table

Load

Category
750-Full

EASTE3

Gzax X
Ho
1 -165.0
1 1€5.0
1 1635.0
1 1965.0
1 0.0
1 2130.0
cads 2017 - Example 1 -
Isotropy
Iso.

period) -

Load

Vertical
Vertical

Layer Location Material Component Perform.
Ho. ID Constant
1 bottom cement?e63 ETH 0_000327
3 top Sub CBR3 EZZ 0.009150
v: BAustroads 90%
Material
acto Type
1 2.00 Cament Stabilised
3 1.00 Subgrade (RBustroads 2017)
Details of Layers to be sublayered:
Layer no. 2: HAustroads (2004} sublayering
Strains:
Layer Thickness Material Exle Unitless
Ho. ID Strain
1 342.00 cementlend
SADT{80): 1.2B6E-04
ERST (53} : 9.2T7IE-0E
3 a.00 Sub CER3
SLDT(80): 3.311E-04
Besults:
Layer Thickness Material Axle CDF
Ho. ID Group
1 34200 cementlEgl Total: 2.271E+01
SRST: 1.034E+00
SHDT: 7.989E+00
TRST: 3_979E-02
TADT: 1.300E+01
TEDT: §.36TE-01
QADT: €.0Z9E-03
2 100.00 Gran 250 nfa

Total:
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[ e s

Granular

1_9BE+06&

Radius Dressurs/
Eef. strass
Force 92.1 :75
Force ipz2.4 0.80

]

.O0E+00
-D0E+00
-00E+00
.DOE+00

[ T s
=R ==

Favamsnt

F_Ratio
{or wwh)

[ ]

[ e

Perform. Shifc
Exponent Factor
12_000

Exponent



CBR5 Pavement 20 Year Design

CIRCLY - Version 7.0 (1 February 2022)
Job Title: CBRS Thickness Compariscon
Design Method: Austroads 2017
NDT (cumulative heawy vehicle axle groups over design period): 1.9BE+0&
Traffic Load Distribution:

ID: HSWPresumeRural

Mame: NSW BMS Aug 2018 - Rural Presumptive (Table 18)

ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Radius Pressure/ Exponent
No. IDn Category Type Ref. stress
1 ESA750-Full ESAT50-Full Vertical Force i | 035 0.00
2 SASTS3 SASTS3 Vertical Force .4 0.380 0.00
Load Locations:
Locaticn Load Gear X ¥ Bcaling Theta
No. ID No. Factor
1 ESATS50-Full 1 -165.0 1.00E+00 ¢.00
2 ESAT750-Full 1 165.0 1.00E+00 0.00
3 ESE -Full 1 1835.0 1.00E+00 0.00
4 ESAT50-Full 1 1965.0 1.00E+00 0.00
1 SASTS53 1 0.0 1.00E+00 0.00
2 S5ASTS53 1 2130.0 1.00E+00 0.00
Details of Layesred System:
ID: Aust2017-1 Title: Austroads 2017 - Example 1 - Unbound Granular Pavement
Layer Lower Material Isctropy Modulus P.Ratio
No. ifface ID {or Ev) (or vwwh) F Eh vh
1 rough Cement 5000 Iso. 5.00E+03 0.20
2 rough Gran_2Z50 Aniso. 2.50E+02 0.35 1.85E+02 1.25E+02 0.35
2 rough Sub_CBRS Aniso. 5.00E+01 0.45 3.45E+01 2.50E+01 0.45
Performance Belationships:
Layer Location Material Compcnent Perform. Perform. Shift
No. ID Constant Exponent Factor
1 bottom Cement5000 ETH 0.000263 12.000
) top Sub_CBRS EZZ 0.009150 7.000
Reliability Factors:
Project Reliability: Austroads 90%
Layer Reliability Material
Ho. Factor Type
1 Cement Stabilised
3 Subgrade (Rustroads 2017)
Details of Layers to be sublayered:
Layer no. 2: Austroads (2004) sublayering
Strains:
Layer Thickness Material Axle Onitless
No. ID Strain
1 315.00 Cement5000
SADT(80): 7.867E-05
SA5T(53): 5.Bl7E-05
3 0.00 Sub_CBERS
SADT(80): 2.093E-04
Results:
Layer Thickness Matsrial Axle CDF
No. ID Group
1 315.00 Cement3000 Total: 9.994E-01
SAST 5.208E-02
SADT 3.491E-01
TAST 2.005E-03
TADT o
TRDT P
QADT 2.635E-04
2 100.00 Gran 230 n/a
3 0.00 Sub_CBRS Total: 6.927E-06
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CBR5 Pavement with Uniform Characteristics — 350 mm Thick

CIRCLY - Version 7.0 (1 February 2022}

Job Title: CBRS — Compaction Analysis

Design Method: RAustroads Z017

KRDT {cumulative heavy vehicle axle groups ower design pericd) - 1.3BE+0&

Traffic Load Distribution:
ID: HEWPresumsRural
Hame: MSW BMS Zng 2018 - Bural Presumptive

ESA/HVAG: 1.068

{(Table 18)

Details of Load Groups:

Load Load Load Load Badius Dressure/ Exponent
Koo Catsgory Tyoe E=f. stress

1 ESAT50-Full Vertical Force - ol | 0.-75 0.00

2 SASTS3 Vertical Force 102.4 0.80 a.00

Gaar

No.

Location
Ho.

ESRT50-Fu
ESRT50
ESRT50
ESATS0-Fu
SASTS3
SLSTS3

111
Full
Full

111

[N e S N

Details of Layersd System:

ID: Bust2017-1 Title: Bustroads 2017

Example 1 - Unbound

Theta

=

Scaling
Factor
1_00E+00
1_00E+00
1_00E+00
1_00E+00
1_00E+00
1_00E+00

[ e e N

(SR e s s )
[ e

Granular Pavemsnt

Layer Lower Material Isotropy Modulus

Ho. ifface ID {or Ewv) Eh vh
1 rough Cement5000 5_00E+03
2 rough Gran 250 1.2E5E+02 0.35
3 rough Eub_EBRE 2.50E+H01 0.45

Performance Relationships:

Layer Location Material Component Perform. Berform. Shift
Ho. ID Constant Exponent Factor
i bottom Cement5000 ETH 0.000263 12_000
3 top Sub CERS EZL 0.0093150
Beliabhility Factors:
Project Reliabkility: Dustroads 90%
Layer Reliabilicy Material
Mo Factor Type
1 2.00 Cement Stabilised
3 1.00 Subgrade (Bustroads 2017)
Details of Layers to be sublayered:
Layer no. 2: BRBustroads (2004) sublayering
Strains:
Layer Thickness Material Exle Unitless
Ho. ID Strain

1 350.00 Cement 5000

SADT {80) :

SAST{53):

©.812E-05
1. 876E-05

3 a.oo Sub CERG
SADT{AD) : 1.T794E-04
Besulcs:
Layer Thickness Material Exles CIDF
Koo ID Group
1 350.00 Cements000 Total:
SAST:
SADT:
TRST:

TRDT:
TRDT:
QARDT:

i 100.00 Gran Z50 n/a
3 0.00 Sulb CERS Total: 2_357E-0&
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CBR5 Pavement with Uniform Characteristics — 340 mm Thick

CIRCLY - WVersion 7.0 (1 February 2022}

Job Title: CBRS — Compaction Analysis
Design Method: hustroads 2017
HDT (cumlative heavy vehicle axle groups owver design periecd):
Traffic Load Distributiom:

ID: HSHWPresumeRural

Hame: NSW BMS Zug 2018 — Bural Presumptive

ESA/HVAG: 1.06E8

{(Table 18)

Details of Load Groups:

1_.98E+0¢&

Load Load Load Load Radius
Ho. ID Catagory Type
¥ ESAT50-Full ESATS0-Full Vertical Force 021
2 SMETE3 ELSTE3 Vertical Force 102.4
Load Locati
Location Gaar X ¥ Scaling
Ho. [: 28 Factor
1 ESATS50-Fu 1 =1 1._00E+00

ESATS0-Fu
ESAT50-Fu
ESATE0-Fu
SAST53 1
SAST53 1

11
11
11
11

WO e
oy 0y O
e O e en

'
==

[N R ]

Details of Layered System:

ID: Aust2017-1 Title: Austroads

Layer Lower Material sotropy
Ho ifface ID

5 rough Cement5000 Iso.

Z rough Gran_ 250

3 rough Sub CHRS

Performance Relationships:

Layer Location Material Component Perform.
Ho. ID Constant
£ bottom Cement5000 ETH 0.000263
3 top Sub CERS EZE 0.009150
: Bustroads 90%
Material
Type
Cement Stabilised
Subgrade (Bustroads Z0L1T)
Details of Layers to be sublayered:
Layer no. 2: Austroads (2004) sublayering
Strains:
Layer Thickness Material Exle Unitless
Ho. ID Strain
X 340._00 Cement 5000
SLDT (B0} : 7.11l4E-05
BMST (53} : 5.1Z20E-05
3 Q.00 Sub CBRS
SADT (B0} : 1.87ZE-D4
Besults:
Layer Thickness Matcerial Lxle CDF
Ho. ID Group
1S 340.00 Cement 5000 Total: 2_548E-01
SAST: 1.127E-D2
SADT: 8.978E-02
TRST: 4_338E-04
TADT: 1.461E-01
TROT: T7.155E-03
QADT: &.T7EE-05

L 250 n/a

Total: 3.173E-06&
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Granular

0

il 1.00E+00
1] 1.00E+00
] 1.00E+00
0 1._00E+00
0 1.00E+00

Davement

Barform.
Exponent
12_000

Dressures/
Bef. stress

0.80

Exponentc

(=]

=]
[y ]

[



CBR5 Pavement with Uniform Characteristics — 330 mm Thick

CIRCLY - Wersiom 7.0

Job Title:
2017

Design Method: Rustroads

HDT ({cumulatiwve heavy v
Traffic Load Distribution:

HEWPresumeRural

K
ESR/HVAG: 1.068

Details of Load Groups:

ad
= In

A

=
B3 = 00

Load Locati

Location
Ho.
E
3
4
1
2 SRSTS3

Details of Layered System:

ID: Aust2017-1 Title:
Layer Lower Material
Ho. i/farce ID

1 rough Cement5000
2 rough Granm 250

3 rough Sub CBRE

Performance Relationships:

Layer Location Material
Ho. ID
T bottom Cement5000
3 top Sub CERS

Reliability Factors:
Relisbility:

Beliabilitcy

Subgrade

Details of Layers
Layer no. 2: BRBustroads

Strains:

Layer Thickness Material
Ho. ID
1 330.00 Cement500
3 0.00 Sub CEBRS
Besults:
Layer Thickness Material
Ho. ID
1 330.00 Cement 500
2 100.00 Gran 250
3 0.00 Sub CEREG

{1 February

Bustroads 2017

0

[=)

e
| ey ]

CBRE - Compaction Rnalysis

vehicle axle groups

".
Hame: NEW BMS Aug 2018 - Bural Presumptive

ower

{Table
Load
Category
ESATS0-Full
SASTs3
Geaxr X
Ho.
1 -1E5
1 165
1 1635
1 1365

hustroads 90%
Materizl

Cement Stabilised
{(Auscroads

to be sublayersd:
(2004}

Isotropy
Iso.
Eniso._
Aniso.
Component

ETH
EZLZ

sublayering

Bxle

SLHDT {80)

cf"Tr:]

design pericd):

1 _98E+0&
13)
Load Badius Drassurs/
Type R—f. sTress
Vertical Force 92.1 0.75
Vertical Force 102_4 0G_80
T Scaling Theta
Factor
a 0.0 1.00E+00 o
i) 0.0 1.00E+00 0.
a 0.0 1.00E+00 0.00
0 0.0 1.00E+00 0.00
{ 0.0 1_00E+00
1] 0.0 1.00E+00 0.00
Granular Pawvement
Eh
1_25E+HIZ2
2 _50EHI1

SADT (BO) -

Bxle
GCroup
Total:
SRST:
SBDT:
TRAST:
TADT:
TRDT:
QRDT:

Total:

200

Perform.

0. 00C

CDF

4.357E-01

2 _05BE-
1.530E-01
7.908E-04
:.qquE Ll

4_307E-06

Exponent

\_.
l'|||
[ ]

0.35
0.45



CBR5 Pavement with Uniform Characteristics — 320 mm Thick

CIBCLY - Version 7.0 (1 February 2022}
Job Title: CBERS - Compaction Bnalysis
Design Method: Austroads 2017
ROT {cummlatiwve heavy wehicle axle groups over design period): 1_58E+0&
Traffic Load Distribution:
ID: HSWPresumsRural
KRame: NSW BMS Bug 2018 — Bural Presumptiwve (Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Badius Dressures/ Exponent

Ho. ID strass
E ESATS50-Full Force o 0.00
2 SRSTS3 Force 102.4 0.00

Location Load Gaar X T Scaling
Ko, 1D No. Factor

1.00E+00
1.00E+00
1.00E+00
1_00E+00
1.0C0E+00
1.00E+00

pi3 ESATS0-Fu

ESRT50-Fu

g
i
i
[EREEEE
HHRH
'
A s 0y
©3 i N on o

¥
=
AN

L T e s

[N SR |
i [l
i i
=] 1
n
=]
i
[ e o

i
P_-l
i
)
o
o

'
[ 5]
'
I

Details of Layered System:

ID: BAust2017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy F_Ratio
Ho. i/face ID r vvh) F Eh vh
K rough Cement5000 20

2 rough Gran_ 2560
3 rough Sub CERS

(o
0.
0.35 1_85E+02 1.25E+H12
0.45 3_45E+01 2 _S0E+HI1

[ )
i in

= G

Performance Relaticonships:

Layer Location Material Component Perform. Perform. Shift
Ko. ID Constant Exponent Factor
1 bottom Cement5000 ETH 0_000263 1z_000

3 top Sub CBRS EZZ 0.003150 7.0

Belisbility Factors:
oject Reliability: RAustroads 90%
r BReliability Material
oL Factor Type
1 2.00 Cement Stabilised
3 1.00 Subgrade (Rustroads 20L17)

Details of Layers to be sublayered:
Layer no. 2: BRustroads (2004} sublayering

Strains:

Layer Thickness Material hxles Unitless
Ko ID Strain
1 320.00 Cement 5000

SADT {80} : 7.7

SAST({53): 5.6
3 0.00 Sub CEBRS

SADT{A0): 2.045E-04

Besults:

Layer Thickness Material Exle CDF
Ho. ID Croup
E 320.00 Cement5000 Total: -552E-01

SAET: 3.805E-02
SADT: 2.643E-01
TAST: 1.464E-03
TADT: 4_301E-01
TRDT: 2_10&E-02
QADT: 1.995E-D4

2 100.00 Gran 250 nfa
3 0.00 Sub_CBRS Total: 5_B98E-06
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CBR5 Pavement with Uniform Characteristics — 310 mm Thick

CIRCLY - Version 7.0 (1 February 2022)

Job Title: CBRS — Compaction Bnalysis
Design Method: Bustroads 2017
HDT (cumulative heavy wehicle axle groups owver design
Traffic Load Distribution:
ID: HSWPresumeRural
Hame: MSW BMS RBug 2018 - Bural Fresumptive
ESA/HV 1.068

{Table 1

L

Details of Load Groups:

Load Load Load

Ho . In Category
] ESAT50-Full ESATS0-Full
2 SASTS3 SASTS3

Load Locations:

Location Load Gear X

Ho. ID [+
) ESAT50-Full 1 -165.0
2 ESAT50-Full 1 165.0
3 ESAT50-Full 1 1635.0
4 ESAT50-Full 1 1965.0
1 SRST53 | 0.0
2 SRST53 1 2130.0

Details of Layered System:

AustZ017-1 Title: Bustroads 2017

ID:

Example 1 -

Lower Material Isotropy
ifface ID

rough Cement5000

rough Gran_ 250

rough Suly_CBRS

Performance Relationships:

Layer Location M Component
Ho. I
1
3

c
ETH
EZE

Cement5000
Sub CBRS

bottom
top

Beliability Factors:

Project Reliability: Austroads 50%

Layer Reliabilicy Material

No. Factor T
It 2.00
3 1.00

Type
Cement Stabilised
Subgrade (Rustroads 2017)

Details of Layers to be sublayersd:

Layer no. 2: BAustroads (2004} sublayering
Strains

Layer Thickness Material Exle

Ho. ID

310.00 Cement 5000
SADT {(80) :
SRAST{53):
Sub CERE
SADT {80) :

Bssulzs:

Layer Thickness Material Exle
ID Group
310.00 Cement 5000 Total:
ShST:
SADT:
TAST:

2 100.00 Gran 250
3 0.00 Sub CERS Total:

B

period) :

gl

Load
Type
Vertical

Vertical

[

[Saya)

(]

Unbound

Modulus

erform.
onstant
0.000263

0.009150

Unitless
Strain

8.156E-05
£.973E-05

=

-142E-D4

CDE

-327E+00
-162E-02
-6Z2BE-01
.TETE-03
.530E-01
-EBAE-02
-452E-04

[EURAVICS [ SRITERE I

nfa

.1EEE-06

202

[ e

G

1_938E+DE

Pressure/

Ref. stress

Radius
Force 92.1 0.75
Force 102_4 0_80
Theta

[y )

[y

ranular Pavement
P_Ratio
{or wvh)
0.20
0.35
0.45

Perform.

=]

[

Exponent

0
0f

(=]

=]




CBR5 Pavement with Uniform Characteristics — 300 mm Thick

CIBCLY - WVersipon 7.0 (1 February 20Z2)

Job Title: CBRS - Compaction Bnalysis
Design Method: RBustroads 2017
HOT {cummlatiwve heavy wehicle axle groups owver design period): 1_53E+0&
Traffic Load Distribution:
ID: NSWPresumeRural
Hame: NSW BMS Aug 2018 — Bural Fresumptiwve
ESA/HVAG: 1.068

(Table

Details of Load Groups:

Load Load

Ko, ID
1 ESATS0-Full
2 SASTS3

Load
Category
ESATS0-Full
SRSTS3

Load Locations:

Location Load Gaar X

Ho. ID Ho
1 ESAT50-Full 1 -1E65.
2 ESAT50-Full 1 1€5.
3 ESAT50-Full 1 1635.
4 ESAT50-Full 1 1965.
T SLSTS53 1 0.
2 SASTS3 1 2130.

Details of Layered System:

ID: Aust2017-1 Title: Bustroads 2017 - Example 1

Layer Lower Material Isotropy
Hao. i/face ID
£ rough Cements5000 Iso.
rough Granm 250 Eniso.

3 rough Sub_CERS Bniso.
Performance Relationships:
Layer Location Material
Ko ID

Component

i bottom Cement5000 ETH
3 top Sub CERE ZZ
Beliability Factors:
Project Reliability: Bustroads 90%
Layer Reliability Material
Mo Factor Typ=
1 2.00 Cement Stabilised
3 1.00 Subgrade (Rustroads 20L17)
Details of Layers to be sublayered:
Layer no. 2: Rustroads (2004} sublayering
Strains:
Layer Thickness Exle

Ho.

i 300.00 Cement5000
SADT {80} :
SAST(53) :
3 0.

0o Sub CBRS

SADT{B0D) :

Besults:

Layer Thickness Material Exle
Ho. I Croup
T 300.00 Cement5000 Total:
SAST:
SADT:
TAST:
TADT:
TRDT:
QADT:
2 00.00 Gran 250
3 a.00 Sub CERS Total:

— Unbound

Perform.
Constant
0.000263

0.003150

Unitless
Stra

&_556E-05
&_305E

CDF

-368BE+00
-3A72E-01
-221E-01

1
=

5.280E-03

1.3328E+00

203

0.
0.
0.

[ ey ]

L e T e e s e

Granular

EF_E=
{or
0.20

U.3a

0.45

Badius BPr
E=

| i 0
102_4 0

ITh

Facto

1.00E+00
1.00E+00
1_0C0E+00
1_00E+00
1.00E+00
1.0C0E+00

Pavement
vvh) F

]

surs/
stress

i

L
o

B

eTa

[ s R s |

[=E=R=R=R=N=]
E=E=R=R=R=]

Exponent




CBR5 Pavement with Uniform Characteristics — 290 mm Thick

CIRCLY - Version 7.0 (1 February Z022Z}
Job Title: CERE - Compaction Analysis
Design Method: Rustroads 2017

KOT
Traffic Load Distribution:

ID: HSWPresumsRural

Hams: MS5W BMS Zng 2018 - Bural Presumptive

ESASHVRG: 1_068

Details of Load Groups

{cumulatiwve heavy wehicle axle groups over design periocd):

{Table 18)

Load Load Load Load
Ho. ID Category Type
X ESATS0-Full ESAT50-Full Vertical
2 SLETEZ SLETE3 Vertical
Load Locations:
Location Load Gear X ¥
Ho

No.

[l SR TL S

EASTS3 1
Details of Layersd System:

ID: BustZ0l7-1 Title:

Layer Lower Material
Ho. ifface ID

1 rough Cement5000
2 rough Gram 250

3 rough Sub_ CERS

Performance Relation
Layer Location Ma
HRo. ID

Rustroads 2017 —

[ e 1
B LD T e e
[ G0y Oy
©3 e dn O en on
[ )

Example 1 - Unbound

Isotropy Modulus

Iso.

Aniso

Aniso.

Component Perform.
Constant

X bottom Cement5000 ETH 0.000263
3 top Sub CERS EZL 0.009150
Beliability Factors:
ect Reliability: BRustroads 90%
Relisbility Material
Factor Type
2.00 Cement Stabkilised
1.00 Subgrade (Bustroads Z01T)
Details of Layers to be sublayerad:
Layer no. 2: BRBuscroads (2004} sublayering
Strains:
Layer Thickness Material Exle Unitless
Ho. 1D Strain
1 230.00 Cement5000

3 a_oo

Desults:

Layer Thickness Material
Ro.

E Z90.00

2 100_00 Gran 250
3 Q.00 Sub CERS

hxle CIDF
Group

Total: 4_293E+0
SAST: 2.675E-0
SADT: 1.483E+0
TAST: 1.030E-

TADT:
TRDT:
QRDT:

Total: 1.€09E-0D

204

1_98E+0D&

Badius

Force = el §
Force 102.4

1.00E+00
1.00E+00
1.00E+0D
1.00E+00
1.00E+00
1.00E+00

Granular

F_Ratio

Favamsnt

Pressure/ Exponent
strass

=
[
o0

(=]

T T i

=R ==
=E=K=]

{cr wwh) F Eh wh
0_.20
0.35 1_85E+02 1_25E+02 0.35
0.45 3_45E+01 2 _50E+01 0.45
Perform. Shift
Exponent Factor

12.000

7.0040

5



CBR5 Pavement with Uniform Characteristics — 280 mm Thick

CIRCLY - Version 7.0 (1 February Z022)

Job Title: CBRS - Compaction Analysis
Design Method: Austroads 2017
RDT

{cumulative heavy v 1.53E+0¢

icle axle groups over design pericd):

Traffic Load Distributiom:
ID: HSWPresumeRural

Hame: NSW FMS RBug 2012 - Bural Presumptive
ESR/HVAG: 1.068

{Table

Details of Load Groups:

Load
ID

Load
Category

Load
Ho.

1 ESAT50-Full ESATS0-Full Force gZ.T
2 SASTS3 SASTS3 Force 102_4
Load Locations:
Location Load Gear A ¥ Scaling
Ho . D Farctor

Ho.
ESAT50-Full 1
ESATS50-Full 1 165.
ESATS50-Full ]
ESATS50-Full
SRST53

SRAST53

1_00E+
1_00E+00
1._00E+00
1_00E+00
1_00E+00

P b U 1
et et
=
d Lo
a
(1]
SRSy
oooooo
ey

Details of Layered System:

ID: BustZ0l7-1 Title: RBustroads 2017 - Exampls 1 -

Layer Lower Material Isotropy Modulus BF_Ratio

Ho. i/face ID { ¥ {cr wvwwh) F
1 rough Cement5000 I=o. 5 0.20
2 rough Gran 250 Aniso. 0.35
3 rough Sub CERS Eniso. 0.45

Performance Belationships:
Location Material
iD
Cements000
Sub_ CERE

Perform.
Exponent
12.000

7.000

Perform.
Constant
0.000263

0.009150

Lawver Component
Ho .
L bottom
3 top

ETH
EZZ

Beliability Factors:

Project Beliability: RAustroads
Material
Type
Cement Stabilised
Subgrade (hustroads 2017)

90%

Details of Layers

to be sublayersd:

Layer no. 2: BABustroads (2004} sublayering
Strains:
Layer Thickness Material Exle Unitless

Cement 5000

Ho .
1 280.00
SADT {(A0) :
SAST{53): 7.05
.00 Sub CERS
SADT {A0) :
Results:
Thickness DMaterial Exls
Group
Total:
SRST:
SADT:

Layer
Ho.
1

80.00

[

Cement 5000

—

5
TAST: 2
TADT: 4

Total:

205

Unbound Granular Pavement

1_BEE

3.45E

Dress
Bef.

=]

Shifc

Factor

ure
stress

Exponent

=]

0.
0.

(S

=]

Eh wh
1_2EE+DZ 0.35
2_50E+01 0.45



CBR5 Pavement with Uniform Characteristics — 270 mm Thick

CIRCLY - Version 7.0 ({1 February 2022}

Job Title: CBERS - Compaction Bnalysis

Design Method: Rustroads 2017

HDT {cumulatiwve heavy wvehicle axle groups
Traffic Load Distribmtion:

HEWPresumsRural
NSW BMS Rug 2018
HVAG: 1_0E8

ID:

— Bural Presumpt

Load Load Load
Ho. IDn Category
¥ ESAT50-Full ESAT50-Ful
& SASTS3 SASTS3
Load Locations:
Location Load Gear
Ho. No.

[ R L I ]

Details of Layered System:

ID: Bust2017-1 Title: Bustroads 2017

Layer Lower Material
H i/face ID
rough Cement5000

Gran_ 250

rough _
Sub_ CERS

rough

(LN I R i)

Performance Relationships:

Layer Location Material
Ho. ID
1 bottom Cement5000
3 top Sub CERS
S0%
Material
Type
Cement Stabilised
Subgrade (Bustroads
Details of Layers to be sublayered:
Layer no. 2: BAustroads (2004) sublaye
Strains:
Layer Thickness Material
Ho. ID

1 Cement5000

P

70.00

3 0.00 Sub CERS
Besulcs:
Layer Thiclkness Material
Ho. ID

1 270.00 Cement5000

Sub CERS

over design perieod): 1.

{Table 18)

ive

Load Badius
Type

1 Vertical Force 9z.1
Vertical Force 102_4

=
1

-165.0 a.
1€5.0 Q.
1e3E.0 o.
1365.0 a.
0.0 0.
2130.0 Q.

Example 1 - Unbound

Modulus

{or Ewv)

Isotropy

Perform.
Constant
0.000263

Component

ETH

EZZ 0.009150
201T)
ring
Exle Unitless
Strain

}: 9_857E-05
7.487E-05

2.E619E-04

hxle CDF
Eroug
Total: -485E+01

SAST:
SADT:
TAST:

BE+00

Total: 2.32BE-05

206

Eranular

Scaling
Factor
1.00E+00
1_00E+
1.00E+00
1.00E+00
1_00E+
1.00E+00

[y sy B s ]

Dressure/

B=f

Theta

Favemsnt

Parform. Shift

Exponent

o oin

== == =]

STIress

Exponent

LIEE
0.

l1]
oo

(=




CBR5 Pavement with Variable Characteristics — 350 mm Thick

CIRCLY - Version 7.0 2022)

{1 February
Job Title: CBRS Thickness Comparison

Design Method: Bustroads Z017

KDT {cummlative heavy wehicle axle groups ower design period) - 1.98E+0&
Traffic Load Distribution:
ID: HSWPresumeBRural
Hame: MSW BMS Iug 2018 — Bural Presumptiwve (Table 18)
ESA/HVAG: 1_068
Details of Load Groups:
Load Load Load Load Badius Pressures/
Ho. in Category Iype E=f. strass
1 ESA7S50-Full ESATS0-Full Vertical Force 92:1 D75
2 SASTE3 SABTSE3 Vertical Force 102.4 0.80
Load Locations:
Location Load Faar X ¥ Scaling Theta
Ho. ID Ho. Factor
. ESAT750-Ful 1 -165.0 0.0 1_00E+00
2 ESATS 1 165.0 0.0 1_00E+00
3 ESLTS 1 1635.0 0.0 1_00E+00
4 ESAT750-Ful 1 1965.0 a.0 1.00E+0Q0
1 SRSTS3 1 1] 0.0 1.00E+00
2 SRST53 2130.0 a.o 1_00E+00
Details of Layered System:
ID: AustZ2017-1 Title: RBustroads 2017 - Example 1 - Unbound Granular Pavement
Laver Lower Material Isotropy Modulus F_Ratioc
Ho. i/face ID {oxr Ew) {or wwh) F Eh
1 rough cement4585 0.20
2 rough Gram 250 0.35 1.25E+02
3 rough Sub CERS 0.45 2 _S0E+01
Performance Relat
Layer Location M Component Perform. Perform. Shift
Ko Constant Exponent Factor
1 bottom cement4583 ETH 0.000274 12_000
3 top Sub CBRG EZZ 0.002%150
Bustroads 50%
il Cement Stabilised
1.00 Subgrade (Rustroads 2017)
Details of Layers to be sublayered:
Layer no. 2: Bustroads (2004) sublayvering
Strains:
Layer Thickness HMaterial hExles Unitless
Ho. ID Strain
1 350.00 cement4BER
SADT{80) : 7.313E-05
SAST (&3} : 5.247E-05
3 Q.00 Sub CERE
SADT (B0} : 1.907E-D4
Besults:
Layer Thickness HMaterial Exls CDF
Ho. ID Group
1 350.00 cement4585 Total: 2_164E-01
SBST: S .248E-03
SADT: 7.633%E-
TRST: 3.553E-04
TADT: 1.243E-01
TROT: €_088E-03
QADT: 5.765E-05
2 £65.00 Gran 250 n/a
3 Q.00 Sub CERS Total: 3.613E-06

207

Exponentc

0.00
a.00



CBR5 Pavement with Variable Characteristics — 340 mm Thick

CIBRCLY - WVersion 7.0 (1 February 2022)

Job Title: CBRS Thickness Comparison

Design Method: Austroads 2017

KOT {cumulative heavy vehicle axle groups over design pericod):

Traffic Load Distribution:
ID: HEWPresumeRural

Hame: NSW BMS RAug 2018
ESA/HVRAG: 1.068

— Bural Presumptive {Table 18)

Details of Load Groups:

Load Load Load Load

Ho. I Category Type
Tk ESATS0-Full ESATS0-Full Vertica
2 SASTE3 SASTS3 Vertical

Load Locations:

Location Load Gear Z ¥

Ho. ID o.

1 1 -165.0 Li]
2 1 1¢5.0 1]
3 1 1635.0 1]
4 1 1965.0 0
1 1 0.0 1]
2 1 2130.0 L]

Details of Layered System:

ID: AustZ01l7-1 Title: = =

Unbound

Bustroads 2017 Example 1

Layer Lower Material Isotropy
Ho . ifface ID
1 rough cement4g 58

Gran

250

rough e
Sub ==

rough

3

Performance Relationships:

Layer Location Mat Component
K. ID
E bottom cement4€5E ETH
3 top Eub CBERE ZZ 0.0053150
Beliability Facto
3 Austroads 50%
Material
Type
Cement Stabilised
Subgrade (Bustroads 2017)
Details of Layers to be sublayersd:
Layer no. 2: BAustroads (2004) sublayering
Strains:
Layer Thickness Material hxle Unitless
Ho . ID Strain
i} 340.00 cement4ess
SADT (B0} : 7.452E-05
SARST{53): 5.401E-05
3 0.00 Sub CBRS
SADT {80} : 1.95€E-D4
Besulcs:
Layer Thickness Material Bxle CIDF
Ho. ID Group
I 340.00 Cement4ess Total: 3.311E-01
SRST: 1.454E-02
SBDT: 1.165E-01
TRST: 5_.751E-04
TADT: 1.856E-01
TRDT: 5.28BE-03
QADT: 8.T78EE-05
2 75.00 Gran 250 n/a

Sub CERS Total: -315E-0&

208

=

1_9BE+0D&

Badius Dressure/
E=f. stress
Force 9z 1 0.75
Force 102_4 0.80

1.00E+00

ranular Pavemsnt

E_Ratioc
{or wvh)
0.20
0.35
0.45

Berform. Shifc
Exponent Factor
1z2.000
7.000

Exponent

[}

[}

[}



CBR5 Pavement with Variable Characteristics — 330 mm Thick

CIBCLY - Version 7.0

{1 February

2022}

Job Title: CBRE Thickness Comparison

Design Method: RAustroads Z017
RDT
Traffic Load Distributiom:
ID:
Nams:
HVRG:

HEWPresum=Rural

1.068

Details of Load Groups:

Load

ID

ESRTS
{=

0-Full
SASTS3

Load Locat
Location
Ho.

1

™
ot
o

T50-Fu
ESRT50-Fu
SLST53
SASTS3

HHKER

(RS Rl S L R

Details of Layered System:

ID: Aust20l
Layer Lower Material
Ho ifface I

rough cement4813

Gran_250

Sub CERS

[N

Performance Relationships:

Layer Location Material
Ko. ID
1 bottom cement4A13
32 top Sub_CHERS

Beliability
= ct Reliabilit)
Reliabilitcy Material
Factor T
2.00

1._00

Subgrade

Details of Layers
Layer no. 2: HRustroads

Strains:
Layer
Ho.

T

Thickness Mat

330_.00 cementd4Bl3

Q.00 Sub CERS

Besulzs:

Material

Thickness

Laver

Ho.

1 330.00 cementdBl3
2 B5.00 Gran_ 250

[}
=

Sub CERS

{cumulative heavy wehicle axle groups

NSN BMS Aug 2018 — Bural Presumptiwve

Load
Category
ESR750-Ful
SRASTS3

Gaar

Ho.

Austroads 90%
Cement Stabilised
{Austroads

to be sublayersd:
(2004} sublayering

over design period): 1_98E

{Table 18)

Load
Type
Vertical Force
Vertical Force

1
&

=

W0 )

A L3y oy
S N On N en

[ R s N
[ i

[ O e

E_R=
{or

0.20

0.35

0.45

Berf
Expor

Perform.
Constant

Component

ETH 0.000268 17.
EZZ 0.009150 i
2017)

Unitless
Strain

SADT{BO)}: 7.&7T7TE-D5
SAST{53): 5.562E-05

SADT{BO}: 2.00BE-04

hxle CDF
Group

Total: .091E-01
SAST: .431E-02
SADT: . T87E-01
TAST: .355E-04

.908E-01
.424E-02
.349E-04

[l S S IR o S U]

o

Total:

209

+06

Badius Drassurs/
Be=f. stress
B2:X 0.75
102.4 080
Scaling Theta
Factor
1_00E+00 0.00
1.00E+00 o.00
1_00E+00 0.0
1.00E+00 0.00
1_00E+00 0.00
1_00E+00 0.00

T7-1 Title: Bustroads 2017 — Example 1 - Unbound Granular Pavement

tio
wwh)

Eh

1_BSE+02 1_25E+02
3_45E+( 2_50E+01
Orm. Shift
nent Factor
0an
000

Exponent

Q.00

0.

(W10}



CBR5 Pavement with Variable Characteristics — 320 mm Thick

CIRCLY - Wersion 7.0

Job Title: CBRS Thickness Comparison

Design Method: Bustroads 2017
HDT
Load Distribution:

Traffic

ID: HEWPresumeRural

Hame: MNSW BMMS ILug 2015 - Bural Presumptive

ESA/HVAG: 1.068

Details of Load Groups:

Load Load
Ho. I
1 ESR
2 SASTS53

Load Locations:
Location Load
Ho. ID

1 ESAT50-

ESRT50-
SASTSS
SASTE3

[l S CLN )

Details of Layered System:

ID:

Layer Lower Material
Ko ifface ID
1 rough cement433e
rocugh Gran 250

3 rough Sub CERE
Performance RBelatio
Layer Location M
Ho. iD
1 bottom cement493ec
3 top Sub_CERS

Relisbility Factors:
Project Beliakilicy:

Layer Reliabilicy Materdi

No. Factor T
1 2.00
3 1_00

Details of Layers

Layer no. 2: BRBustroads
Strains:
Layer Thickness Material
Ho. ID
1 320.00 cement4d
3 0.00 Sub CERS
Besults:
Layer Thickness al
Ko
1 320_00 cemsnt44

al

36

36

Austroads 90%

vpe
Cement Stabilised
Subgrade (Bustroads
to be sublayered:
(2004}

{(Table

Isotropy

Component

2017)
sublayering
hxle

SADT (B0O) :
SLST(53):

SADT {A0) :

Exle
Group
Total:
SLST:
SADT:
TLST:
TADT:
TROT:
QADT:

Total:

{cumulative heavy wehicle axle groups over design pericd):

Perform.
Constant
0.

X

[ e

0002es
-003150

Unitless

Strain

T7.868E-05

.730E-05

-DE4E-D4

CDE

=1

210

P P e G

-B43E-01
-972E-02
.T4gE-01
E29E-03
463E-01
183E-02
-073E-04

n/a

.Z279E-08

Perform.

Radius

Scaling
Factor

1_md
1.00E+00
1.00E+00

Pressure/

[=E=R=R=R=R=]

BEnstZ0l7-1 Title: RBustroads 2017 - Example 1 - Unbound Granular Pavement

Exponent

]
.00

[ ]



CBR5 Pavement with Variable Characteri

7.0

CIRCLY - Version {1 February 2022}
Job Title: CBRS Thiclkness Comparison
Design Method: Zustroads Z017

HDT {cumulatiwve heavy wehicle axle groups ower
Traffic Load Distribution:

ID: HSWPresumeRural
KHame: NSW BMS Bung 20158 - Bural Presumptiwe
ESR/HVAG: 1.068

Details of Load Groups:

Load Load Load

Ho. ID Category
1 ESATS0-Full ESAT50-Full
2 SLSTE3 SASTE3

Load Locations:
Location
Ho.
it

Fear

Hao.

HHHB

P e 3 [

Details of Layered Systam:

ID: AustZ2017-1 Title: RBustroads 2017 - Example 1 - Unbound

stics — 310 mm Thick

design period) - 1_98E+D&

{Table 18)

Load Radiu
Type
Vertical Force 92
Vertical Force 102
X ¥ Scaling
Factor

-165.0 0.0 1.00E+0
165.0 0.0 1_00E+0
1635.0 0.a 1_00E+0
196€5.0 0.0 1_00E+0
0.0 0.0 1_00E+0

2130.0 a.a

Granular

Layer Lower Material Isotropy E_Ratio
Ho. ifface ID {or vwh) F
X rough cement5l6E Iso. 0.20
rough Gran 250 0.358

3 rough  Sub CERS

Performance Relat

nships:

0.45

5_00E+01

Layer Location Material Component Perform. Perform.
Koo ID Constant Exponent
1 bottom cement506E ETH 0.000261 12_000

3 top Sub CBEG ZZ 0.005150 il
Beliabilicy Factors:
ity: Bustroads 50%
Material
Typ=
Cement Stabilised
Subgrade {(Rustroads 2017)
Details of Layers to be sublayered:
Layer no. 2: BRustroads (2004} sublayering
Strains:
Layer Thickmness Material Rxles Unitless
Ho. ID Strain
F 310.00 cement5066
SRDT (A0): 8.06TE-05
SAST(53): 5.90BE-05

SADT (B0} :

Besulcs:

2.123E-04

Layer Thickness Material hxles CDF
Koo ID Group
1 310._.00 cement 5066 Total: 1_Z74E+00
SAST: ©.04€E-02
SADT: 4.444E-01
TAST: 2.635E-03
TADT: 7.232E-01
TRDT: 3_.542E-0Z
QRDT: 3.354E-04
2 105.00 Gram 250 n/a
3 0.00 Sub CBRS Total: T.654E-06

211

1_00E+00

S

b

¥]
a
o
o
o

Bavamsnt

el

[

B

o

Pressure/
Ref.

STrecss

Eh

1.25E+02
2_50E+01

Exponent

o.
0.

=]

[



CBR5 Pavement with Variable Characteristics — 300 mm Thick

CIRCLY - Versiom 7.0 (1 February 2022}
Job Title: CBRS Thiclmess Comparison
Design Method: Bustroads 2017
KOT {cumulatiwve heavy wvehicle axle groups ower design pericod) : 1_58E+0E
Traffic Load Distribution:
ID: HEWPresumeBural
Hame: MSW BMS Aung 2018 - Bural Presumptive {Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius
Ho. ID Category Type

ESATS0-Full Vertical Force . LI
SLST:3 Vertical Force 102.4
Location Load G= b b
Ko ID Ho.

1

=]

-D0E+00
-D0E+0O
QOE+00
-D0E+00

(R el S T ]

SRhETE3 1

[ e )
[y S

Details of Layered System:

ID: Bust2017-1 Title: Bustroads 2017 -

Layer Lower Material
Ho. ifface ID
i3 rough cementh20e

2 rough Gran_250
3 rough Sub CBRS

Performance Relationships:

Layer Location erial Component Perform.
Ro. ID Constant
L bottom cementh2le ETH 0.000258 =
3 top Sub CBRE EZZ 0.003150 7.000

Beliability Factors:

ject Belisbhility: HBustroads 50%

r Relisbility Material
Factor Type
2.00 Cement Stabilised
1.00 Subgrade (Bustroads 20

Details of Layers to be sublayered:
Layer no. 2: BAustroads (2004) sublayering

Strains:

Layer Thickness Material Exls Unitless
NHo. ID Str

[
]
L]

I 300.00 cement
ADT {80} = B.270E-05
T({53):

3 0.00 Sub CERS

Besults:

Layer Thickness Material Exle CDF
Ho. ID Group
1 300.00 cementh206 Total:

SRST:
SRDT:
TRAST:
TADT:
TRDT:
QRDT:

3 0._00 Sub CBRS Total: 5 _3B5E-06

212

Granular Favsment

Dressure/

(=]
[EE e
i

[

=R =0 =]

Exponent

Q.
a.

[

[

=

oo

e

i in



CBR5 Pavement with Variable Characteristics — 290 mm Thick

{1 February Z022)

CIRCLY - Version 7.0

Job Title: CBRS Thickness Comparison
Design Method: Bustroads Z017
HDT ({cumulative heavy vehicle axle groups owver design
Traffic Load Distribution:
ID: HEWPresumeRural
Hame: NEW RMS hug 2018 - Bural Presumpt
ESA/HVAG: 1.068

ive

{Table 1

Details of Load Groups:

Load Load Load

Ho. In Category
1 ESAT50-Full ESATS0-Full
2 SBST5E3 SLETE3

Load Locations:
Load

Y

1 ESLT50-Full 1 =1€5.0
2 ESLT750-Full 1 165.0
3 ESRT50-Full 1 1635.0
1 ESRT750-Full 1 19€5.0
0 SHETE3 1 0.0
2 SASTS3 1 2130.0

Details of Layered System:

ID: BustZ017-1 Title: Bustroads 2017 - Example 1 -

Layer Lower Material Isotropy

Ho. i/face ID {
1 rough cement5354 Iso. 5

Gran 250
Sub_CBRE

Aniso.
Eniso.

rough
rough

Performance Relatic

nships:

Layer Location Material Component
Ho. ID
1 bottom cement53s4 ETH
3 top Sub CERS EZZ
Mustroads 90%
Material
o Typ=
5 Cement Stabilised
3 1.00 Subgrade (Rustroads Z0LT)
Details of Layers to be sublayered:
Layer no. 2: DBRBustroads (2004} sublayering
Strains:
Layer Thickness Material Exle
Ho. ID
L 250._00 cementh3s4
SADT (80} :
SMST{53):
3 0.00 Sub_ CERE

SADT {80} :

Besulcs:

Layer Thickness Material Bxle
Ho. D Group
k 290.00 cement5354 Total:
EAST:
EADT:
TAST:
TADT:
TRDT:
QRDT:
2 125.00 Gran 250
3 0.00 Sub CERG Total:

213

period) :

g)

Load
Type

Vertical Force
Vertical Force

Unbound

Modulus

or Ev)
_35E+03

-S0E+02

Unitless

Strain

5.4B83E-05

.2T79E-05

I3

CDF

412E+00
.075E-01
-181E+00
. 9BHE-03

00 s T G

e
n/a
1.160E-05

Gramular

1.938E+06

Radius Dressurse/ Exponent
Ref. stress
52.1 0.75 0.00
102.4 0.8O 0.00

Scaling Theta
Factor

1.00E+00
1_00E+00
1_00E+00
1_00E+00
1.00E+00
1_00E+00

Eavsmsnt

P _Ratio

{or wh) F Eh wh
0.20
0.35 0.35
0.45 0.45
Perform. Shift
Exponent Factor

12_000

T7.000




CBR5 Pavement with Variable Characteristics — 280 mm Thick

CIRCLY - Version 7.0 (1l February 2022}
Job Title: CBRS Thickness Comparison
Design Method: Rustroads 2017
HDT {cumulative heavy wehicle axle groups owver design period): 1.38E+0e
Traffic Load Distribution:
ID: HSWPresumsRural
Hame: WSW BME Aug 2012 - Bural Presumptive (Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Dressure/ Exponent
Ho In Category Type B=f. strass

1 ESAT50-Full ESATS50-Full Vertical Force L L 0.75 Q.00

2 SHSTE3 SASTSE3 Vertical Force 102.4 0.80 a.00

[
il
i
H
L
"

Location

Ho. No
] 1 -165.0 0.0
2 1 165.0 0.0
3 1 1635.0 0.0
4 1 1965.0 0.0 1.00E+00
1 1 0.0 0.0 1.00E+00Q
2 2130.0 0.0 1.00E+00

Details of Layered System:

ID: BEnstZ017-1 Title: Bustroads 2017 — Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus P _Ratio

Ho. i/face ID {ox {or wwh) F Eh wh
1 rough cement5514 5.51 0.20
2 rough Gran 250 2.5 0.35 1_25EHIZ
3 rough Eub_EBRE 5._00 0.45 2 _S0EHI1

Component Perform. Perform. Shift
Exponent Factor
12000
7.000

1 bottom cement5514 ETH
3 top Sub CBRS EZZ

Reliability Factors:
Project Beliability: RAustroads 90%
Layer BReliability Material
Nao. Factor Typs
i 2.00 Cement Stabilised
3 1.00 Subgrade (Rustroads 2017)

Details of Layers to be sublayered:
Layer no. 2: BAustroads (2004} sublayering

Strains:

Layer Thickness Material hxles Unitless
Ho. ID Strain
280.00 cement5El4
SADT (B0} : &.T01lE-0&
SAST(53): 6.477E-05

3 0.00 Sub CERE
SADT (B0} - 2.324E-04

Besulzs:

Layer Thickness Material Exles COF
Ho o D Group
1 280.00 cementhbld Total: 5.62cE+00
SRST: 3_651E-01

SADT: 1.93BE+00
TRST: 1.405E-02
TRDT: 3.153E+00
TRDT: 1.544E-01
QRDT: 1._462E-03

2 135.00 Zran_250 n'a

3 0.00 Sub CERS Total: 1.444E-05
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CBR5 Pavement with Variable Characteristics — 270 mm Thick

CIRCLY - Wersiom 7.0

Job Title: CBRS Thickness Comparison

Design Method: Bustroads Z017
KDT
Traffic Load Distribution:

ID: HEWPresumsRural

Hame: NSW BMS Lug 2018 - Bural Presumptiwve

EEA/HVAG: 1.068

Details of Load Groups:

{cumulative heavy wehicle axle groups over design periocd):

(Table 18)

Load Load Load Load Badius
Ho. I Category Type
i ESAT50-Full ESAT50-Full Vertical Force L
2 SKSTE3 SLSTS3 Vertical Force 102
Load Locations:
Location Load Gzar X X Scaling
Ho. ID Ho. Factor
| ESAT50-Full 1 -165.0 0.0 1.00E+00
2 ESAT50-Full 165.0 0.0 1_00E+00
2 ESAT50-Full 1 1635.0 0.0 1.00E+00
4 ESATS0-Full 1 19€5.0 0.0 1_00E+00
1 SRST53 1 0.0 0.0 1.00E+00
2 SAST53 1 2130.0 0.0 1.00E+00

Details of Layered System:

ID: AustZ017-1 Title:

Layer Lower Material
Ho. ifface iD
i rough cement5E85E
2 rough Gram 250
3 rough Sub CERS

Performance Relatiomships:
Layer Loecation Material

Ho. ID
1 bottom cementSERS
3 top Sub_CERS5

ct Reliability:

Reliability Material
Factor Type

2.00

1.00

Subgrade

Details of Layers

Lawyer no. 2: DHhustroads (2004}
Strains:
Layer Thickness Material
Ko. ID
1 270.00 cementhels
3 0.00 Sub CERS
Desulcs:
Layer Thickness Material
Ko . 1D
1 270._00 cement5e85
2 145_00 Gran 250
3 0.00 Sub CBRS

Bustcroads 2017

17 — Example 1 - Unbound Granular
Modulus
{or Ewv)
Iso. S _G9E+HD3

P_Ratio
{or wh) F
a.20

Isotropy

Aniso. 2 _50E+D2 0.35
Eniso. 5.00E+01 0.45

Berform.
Constant
0.000244

0.009150

Component Perform.
nent
ETH

EZZ

Iustroads 590%

Coment Stabilisad
({Bustroads 2017

to be sublayered:

sublayering
Bxle Unitless
Strain
SLDT (B0} : &8.92T7E-0&
SLST(53): €.6BEE-0&E

2.401E-04

Exle CDF
Group

Total: -B17E+00
SLET: .80EE-01
SADT: .36EE+00
TRST: .619E-02

TRADT:
TRDT:
QRDT:

-4T75E+00
-6B1E-01
-535E-03

P3P O Py 3y WD

nfa

Total: 1.811E-05
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CBR 5 Pavement with 105 % Compaction

CIRCLY

T

Version {1 February 2
Job Title: CBRSE - Compaction Analysis
Design Method: Austroads Z017

neavy W

HOT {cumuzlatiwve icle axle groups ower design pericd): 1.98E406

Traffic Load Distribution:
ID: HSWPresumsRural

Hame: MSW BMS Aug 2018 — Bural Presumptive
ESR/HVAG: 1.068

{Table 18)

Details of Load Groups:

Load Load Load Load Badius
Ho. In Category Type
¥ ESATS0-Full ESATS0-Full Vertical Force 921
2 SLSTE3 SLETS3 Vertical Force 102.4
Load Locations:
Location Load Gear H T Scaling
Ho. ID 0. Factor
1 ESATS50-Full 1 -165.0 0.0 1_00E+00D
2 ESAT50-Full 1 165.0 a.0 1_00E+HOD
3 ESAT50-Full 1 1635.0 0.0 1_00E+00
4 ESATS50-Full 1 1965.0 0.0 1_00E+00
1 SRSTS3 1 0.0 0.0 1_00E+00
2 SASTS3 1 2130.0 0.0 1_00E+00

Details of Layered System:

ID: BustZ017-1 Title: Austroads 2017 — Example 1 - Unbound Granular Pawvemen

Layer Lower Material Isotropy Modulus P_Ratioc

Mo ifface ID {or vwh) F
1 rough cement&l27 Iso. 0.20
2 rough Gran_ 250 Eniso. 0.35 1_8&
3 rough Sub CBRS Eniso. 0.45 3_45

ance Relat
Location Ma

onships:
terial

Eaerform.

Berform.

Component

ID Constant Exponent Fac

¥ bottom cementflZ7 ETH o_000232 12_000

3 top Sub CBRE ZZ 0.009150 7.000
Beliability Factors:
Project Beliability: RAustroads 90%

RBeliability Material

(=8 Factor Type

i 2.00 Cement Stabilised

3 1.00 Subgrade (Bustroads 2Z017)

Details of L

2y
Layer no. 2:

srs
Rus

to be sublayered:
troads (2004} sublayering

Strains:

Layer Thickness Material Exles Unitless
Ho ID Strain
1 315.00 cementhl27

SADT (80) :
SRST(23) :
Sub CERS

SADT{80): 1.BG4E-04

Layer Thickness Material Exle CDF
Ko ID Group
315.00 cementel2T Total: T.053E-01
SRST: 3_41cE-02
SADT: 2.4T€E-01
TLST: 1.315E-03
TADT 4_0Z3E-01
TROT: 1.973E-02
QADT: 1.869E-D4
2 100.00 Gran 250 nfa

Sub CERS Total: -077E-0E
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CBR 5 Pavement with 104 % Compaction

CIRCLY - Version 7.0 (1 February 2022}
Job Title: CBRE - Compaction Bmalysis
Design Method: Bustroads Z017
HDT {cumulatiwve heavy wehicle axle groups over design pericd): 1.38E+0c
Traffic Load Distribution:
ID: HEWPresumeRural
Hame: MEW BME Aung 2018 - Bural Presumptiwve {Table 18)

ESE/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Pressurs/ Exponent
Ko I Category Type =f_ stress

1) ESATE0-Full ESAT50-Full Vertical Force 21 0.75 o.oo

iz SASTS3 SASTS3 Vertical Force 102.4 0.80 a.oo

Load Locations:
Location Load Gaar X L
Ho. ID Hao.

1 ESATS0-Full 1 =165.0 a.a
2 ESATS0-Full 1 1650 0.0
3 ESATS0-Full 1 1e35.0 0.0
4 ESATS0-Full 1 1965.0 .0
1 SASTS3 1 g.0 0.0
FJ SRSTS3 1 2130.0 a.a

Details of Layered System:

ID: BustZ017-1 Title: Austroads 2017 — Example 1 - Unbound Granular Pavemsnt

Layer Lower Material Isoctropy Modulus F_Ratioc

Ho. i/face ID {or wwh) F Eh wh
1 rough cementS89E 0._20
2 rough Gran 250 0.35 1.25EH1Z 0_35
3 rough Eub_EBRE 0.45 3 2_50EHI1 0.45

Performance Relationships:
Layer Location Material Component Perform. Ferform. Shift
Ho. ID Exponent Factor
11 bottom cement5ADE ETH 12 0
3 top Sub CERS EZZ

Beliability Facto
ect Reliskility: Austroads 50%
Layer BReliability Material
Mo Factor Type
1 2.00 Cement Stabkilised
3 1 _00 Subgrade (Austroads Z017T)

=i

Details of Layers to be sublayered:
Layer no. 2: BRustroads (2004} sublayering

Strains:

Layer Thickness Material Exle= Unitless
Ho. ID Strain
1 315.00 cement5896

7.03ZE-05
5.107E-05
3 Q.00 Sub CERS

SADT {80} - 1.30GE-04

Besults:

Layer Thickness Material Axle CDF
Ho. D Group
1 315.00 cement5896 Total:

SAST:
SADT:
TAST:
TADT:
TRDT:
QADT:

2 100.00 Gran 250 nfa

3 0.00 Sub CERS Total: 3.58BBE-06&
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CBR 5 Pavement with 103 % Compaction

CIRCLY - Version 7.0 (1 February 2022}
Job Title: CERS - Compaction Analysis
Design Method: Bustroads 2017
KDT {cumulatiwve heavy wvehicle axle groups ower design periocd): 1.38E+0&
Traffic Load Distribution:
ID: HSWPresumeRural
Hame: MSW BMS Zug 2015 - Bural Presumptive (Table 18)
ESASHVAG: 1.068

Details of Load Groups:

Lioad Load Load Load Badius Dressure/ Exponent
Ho. In Category Type E=f. str=ss

o EsZR EShT50-Full Vertical Force < il Q.00

2 =t SRSTS3 Wertical Force 102._4 0._00
Location Gaar piad ¥ Scaling Theta
Ho. o Factor

il 1 -165.0 0.0 1_00E+00

2 1 165.0 0.0 1_00E+00

3 1 1635.0 0.0 1.00E+00

4 1 19¢5.0 a.0 1.00E+00

1 1 0.0 0.0 1_.00E+400

2 1 2130.0 0.0 1_00E+00

Details of Layered System:

ID: RBustZ0l7-1 Title: RBustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Modulus P _Ratio

Ho. ifface ID {ox Ewv) {or wwh) F Eh wh
1 rough cementhe65s 5_6TE+O03 0.20
2 rough Gran_ 250 2 .50E+02 0.35 1_B5E+02 1_2Z5E+02 0.35
3 rough Sub CERG 5.00E+01 0.45 3.45E+01 2_50E+01 0.45

Performance Relationships:

Layer Locatiom Material Component Perform. Parform. Shifc
Ho. ID Constant Exponent Factor
£k bottom cementSE6S ETH 0.000245 12_000
3 top Sub CERE EZZ 0.005150 7.000

Beliability Factors:
act Reliability: Bustroads 50%
r Reliability Material

Factor Type
2.00 Cement Stabilised
1.00 Subgrade (Rustroads 2017)

Details of Layers to be sublayersd:
Layer no. 2: BRustroads (2004} sublayering

Strains:

Layer Thickness Material RExle Unitcless
Ho. 1D Strain
1 315.00 cementSEES
SADT {80): T.24%E-05
SAST({53): 5.271E-05
3 0.00 Sub_ CERS
SADT{A0): 1.943%E-0D4
Besulcs
Layer Thickness Material hxles CIDF
Ho ID Group
1 315.00 cementhceh Total: T.51EE-0L
SRAST: 3_T41E-02
SADT: 2_632E-01
TRST: 1_440E-03
TADT: 4_2B3E-01
TRDT: 2_097E-02
QADT: 1.9BEE-D4
2 100.00 Gran 250 nfa

3 Q.00 Sub CERS Total: 4_Z0BE-06
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CBR 5 Pavement with 102 % Compaction

CIRCLY - VWersion 7.0 (1 February 2022)
Job Title: CBRS — Compaction Bnalysis
Design Method: Bustroads 2017
HOT {cumulative heavy wehicle axle groups cwer design pericd): 1._%8E+0&
Traffic Load Distribution:

ID: HEWDresumeRural

Hame: NSW BMS Bug 2018 - Bural Presumptive (Table 18)

ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Dressure/ Exponent
Ho. ID Category Iype Ref. stress
iE 'l ESAT50-Full Vertical Force 52.1 0.75 0.00
2z SASTE3 Vertical Force 10z.4 D.80 0.00
Load Locations:
Location Load Gear X T Scaling
Ho. D No Factor
L ESATE0-Full 1 -165.0 0.0 1.00E+00
s ESATS0-Full 1 165.0 0.0 1.00E+00
3 ESAT50-Full 1 1€35.0 0.0 1.00E+00
4 ESATS50-Full 1 1965.0 0.0 1.00E+00
T EALST53 1 0.0 0.0 1.00E+00
2 ELSTE3 1 2130.0 0.0 1.00E+400

Details of Layered System:

ID: BustZ0l7-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus
Ho. ifface ID ¥ LB Eh wh
1 rough cemsnt5434 Iso.
2 rough Cran_ 250 Aniso. 2 .50E+02 1.85E+02 1.25E+02 0.35
3 rough Sub_CERS Eniso. 5.00E+01 3.45E+01 2.50E+01 0.45
Performance Relation
Layer Location Material Component Perform. Farform. Shift
Ko, ID Constant Exponent Factor
1 bottom cement5434 ETH 0.000251 12 0
3 top Sub CBERG EZZ 0.009150

Beliability Fact
Project Reliabili Austroads 50%
Layer BReliahility Material

Mo Factor Typ=s

1 2.00 Cement Stabilisad

3 1.00 Subgrade (RBustroads 201T)

Details of Layers to be sublayered:
Layer no. 2: BHAustroads (2004} sublavering

Strains:

Layer Thickness Material Exle Unitless
Ho. ID Strain
315.00 cementi434

SADT{BO}: 7.481E-05

ShST(53): 5.447E-05
3 0.00 Sub CBERS

SLDT{B0): 1.996E-04

Besults:

Layer Thickness Material Exle CDF
Ho. ID Group
T 315.00 cement5434 Total: .216E-01

-152E-02
.875E-01
-58BE-03
.€7HE-01
.291E-02
-170E-04

SAST:
SADT:
TAST:
TADT:
TRDT:
QADT:

[ P S R

2 100_00 Gran 250 n/a

3 a_oo Sub CBERS Total: 4_963E-06
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CBR 5 Pavement with 101 % Compaction

CIRCLY - WVersion 7.0 (1 February Z02Z2)
Jokx Title: CBRS — Compaction Analysis
Design Method: Bustroads 2017
RDT {cumulatiwve heavy wehicle axle groups over design periocd) : 1.98E+0c
Traffic Load Distribution:
ID: NSWPresumeRural

Hame: NSW BMS Aug 2018 - Bural Presumptive {Iable 18)
ESA/HVAG: 1.068

Details of Ioad Groups:

Load Load Load Load Badius Drassure/ Exponent
Ho. ID Catagory Type B=f. stress

1 ESAT50-Full ESATE0-Full Vertical Force B2.1 0.75 0.00

z SRASTS3 EASTE3 Vertical Force 102 4 0.80 0.00

Load Locations:

Location Gear X ¥ Scaling Theta
No. Hao. Factor

L ] -165.0 0.0 1_00E+00

2 1 165.0 0.0 1.00E+00

3 1 1635.0 0.0 1_00E+00

4 1 1965.0 0.0 1_00E+00

1 1 0.0 0.0 1_00E+00

2 1 2130.0 0.0 1_00E+00

ID: BustZ017-1 Title: Bustroads 2017 — Example 1 - Unbound Granular Pawement

Layer Lower Material Isotropy Modulus P _Ratio

Ho. i/face ID (or wh) F Eh vh
1 rough cement5203 a.20
2 rough Gran 250 0.35 1_8GE+D2 1.25EH}Z 0.35
3 rough Sub_CBRS 0.45 3.45E+01 2.50EH)L 0.45

Performance Belationships:
Layer Location Materiazl Component Perform. Perform. Shifc

Ho. ID Constant Exponent Factor
1 bottom cement5203 ETH 0.000258 12_000
3 top Sub CBRS EZZ 0.009150 7.000

Beliability Factors:
: ct Beliability: Austroads 50%
Beliability Material
Factor Type
2.00 Cement Stabilised
1.00 Subgrade (Rustroads 2017)

Details of Layers to be sublayersd:
Layer no. 2: BARustroads (2004) sublayering

Strains:

Layer Thickness Mater Exle Unitless
Ho. ID Strain
1 315.00 cement5203
SADT {80} : T.731E-05
SAST{53) - 5.637E-05
3 0.00 Sub CBRS

SADT{80): Z.04cE-04

Besulcs:

Layer Thickness Material Exle CDF
Ho. ID Group
1 315.00 cement5203 Total: .TEBE-01

SAST:
SADT:
TAST:
TADT:
TRDT:

-503E-D2
-0BEE-D1
-T33E-03
.9BEE-01
.443E-02
.313E-04

[ S S R

2 100.00 Gran 250 n/a

3 0.00 Sub CERS Total: 5.%10E-06
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CBR 5 Pavement with 100 % Compaction

CIRCLY - Version 7.0 (1 February 2022)

Job Title: CBRS Thickness Comparison

.

Design Mesthod: Austroads 2017

HDT (cumulative heavy wehicle axle groups over design period): 1.9BE+0&
TIraffic Load Distribution:
ID: HSWPresumcsRural
NHames: NSW BMS Aug 2018 - Rural Presumptive (Tables 18)
ESA/HVAG: 1.068
Details of Load Groups:
Load Load Load Load Radius Pressure/
Ho. 1D Category Type Ref. stress
1 ESRT50-Full ESAT50-Full Vertical Force 0. 75
2 SASTS3 SASTS3 Vertical Force 0.80
Load Locations:
Location Load Gear X Theta
No. ID No.
1 ESATS0-Full A -165.0 0.00
2 ESRAT750-Full 1 165.0 0.00
3 ESAT50-Full i 1635.0 0.00
4 ESA750-Full 1 1965.0 0.00
1 SASTS3 1 0.0 0.00
2 SASTS3 il 2130.0 0.00
Details of Layered System:
ID: Aust2017-1 Title: Austroads 2017 - Example 1 - Unbound Granular Pavement
Layer Lower Material Isctropy Modulus P.Ratic
Ho. i/face ID {or Ev) {(or vwwh) F Eh
1 rough Cement5000 Isc. 5.00E+03 L
2 rough Gran_250 Eniso. 2.50E+02 0 1.85E+02 1.25E+02
2 rough Sub_CBR5S Aniso. 5.00E+01 0 3.45E+01 2.50E+01
Performance Relationships:
Layer Location Material Component Perform Perform. Shift
Ho. IiD Constant Exponent Factor
1 bottom Cement 5000 ETH 0.000263 12.000
3 top Sub_CBR5S EZZ 0.009150 7.000

Reliability Factors:

Project Beliability: Austroads 90%
Layer Reliability Material

HNo. Factor Type

1 2.00 Cement Stabilised

3 1.00 Subgrade (Austroads 2017

Details of Layers to be sublayered:

Layer no. 2: Austroads (2004) sublavering
Strains:
Layer Thickness Material Axle Unitless
No. I Strain
1 315.00 Cement3000
SADT(80): 7.967E-05
SAST(53): 5.B17E-05
3 0.00 Sub_CBRS
SADT(80): 2.093E-D4
Results:
Layer Thicknsss Material Axle CDF
Ho. ID Group
1 315.00 Cement5000 Total: G9.994E-01
SAST 5.209E-
SADT 3.481E-01
TAST 2.005
TADT 5.6B1E-
TRDT 2.7B2E-D2
QADT 2.635E-D4
& 100.00 Gran_250 n/a
3 0.00 Sub_CBRS Total: 6.927E-06
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CBR 5 Pavement with 99 % Compaction

CIRCLY - Version 7.0 (1 February 2022}

Job Title: CBRS - Compaction Analysis

Design Method: Rustroads 2017
NHDT (cumulatiwve heavy vehicle axle groups over design period) : 1.93E+06
Traffic Load Distribution:

ID: NSWPresumsRural

Hame: WNSW BMS Aug 2018 - Bural Presumptiwve (Table 18)

ESA/HVAG: 1.06E

Details of Load Groups:

Load Load Load Load RBadius FPressure/ Exponent
Ho. Type STrass

1 Vertical Force 921

2 Vertical Force 102.4

Rk G R D

Details of Layered Systam:

ID: RAustZ017-1 Ticle: Bustroads 2017 -

Layer Lower Material

Ho. i/face wh
1 rough
2 rough
3 rough

Component Perform. Perform. Shiftc
Constant Exponent Factor

ETH ) 12 0

EZZ

Austroads 50%
Material

Type
Cement Stabilised
Subgrade (Austroads 201

Dezails of Layers to be sublayered:
Layer no. 2: BRuscroads (2004} sublayering

Strains:

Layer Thickness Macerial Exle Unitless
Ho. ID Strain
1t 315.00 cementd724
SADT(A0): E.291E-05
SBST({53): ©6.064E-05
3 0.00 Sub_ CERG

SADT{A0)}: Z_157E-04

Results:

Layer Thickness Material Exles CDF
Ho. D Group
1 315.00 cement4724 Total: 1_178E+00
SAST: &.264E-0Z2
SADT: 4.110E-01
TAST: Z.411E-03
TADT: ©.6BBE-0O1
TRDT: 3.27eE-02
QADT: 3.102E-D4
2 100.00 Gran 250 nfa
3 0.00 Sub_CERG Total: &_B5TE-06
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CBR 5 Pavement with 98 % Compaction

CIRCLY - Version 7.0 (1 February 2022)
Job Title: CBERS - Compaction Analysis
Design Method: Bustroads 2017
RDT
Traffic Load Distribution:
ID: HEWPrssumeRural
Hame: MSW BMS Rug 2018 - Bural Presumptive
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load
Ho. ID Catcegory
1 ESATE0-Full ESATS50-Full
2 SRSTS3 SASTS3
Load Locations:
Location Load Fear
Ho. IiD Nz

ESAT50-Fu
ESRT50-Fu
ESATS0-Fu
ESAT50-Fu
SRSTS3 1
SASTE2 1

[y
H
¥

Details of Layered System:

ID: BustZ017-1 Title: Bustroads 2017 -

{cumulative heavy wvehicle axle groups owver design period):

0

1_93E+0¢6

{Tabkle 18)

Load Radius Dress

Tyvoe Ba=f.

Vertical Force 22.1 0.75
cal Force L0Z2.4 0.80

Y Scaling
Factor
-00E+00
-00E+HID
-00E+20
-D0E+HOO
-00E+OD
-00E+00

3 00 en oo

O DO O
[ Y}
O DO O
e

Example 1 - Unbound Granular Pavemsnt

Layer Lower Macerial IsoTropy Modulus P_Ratic
Ho ifface D E {or wvh) F
1 rough cement4511 Q.20
2 rough Gran_ 250 0.35 1.8B5E+02
3 rough Sub CBES 0.45 3.45E+01
Performance Relationships:
Layer Location Material Component Perform. Berform. Shift
Ho. ID Constant Exponent Factor
1 bottom cement4S51L ETH 12.000
3 top Sub CBRS EZZ 7.000

Beliability Factors:

Er

ct Heliabili

Layer Relisbility Material
No. Factor Type

1
3

Details of Layers

2.00

1.00

Cement Stabilised
{Bustroads 20LT)

Subgrade

v: Bustroads 50%

to be sublayered:

Layer mo. 2: Bustroads (2004} sublayering
Strains:
Layer Thiclkness Material Exls
Ho. ID
1 315.00 cement4511
SADT {80} :
SAST (53):
3 Q.00 Sub CEREG
SADT (B0) -
Results:
Layer Thickness Material Exle
Ho. ID Croup
1 315.00 cement45ll Total:
SRST

(]
[
[=]
(=]
[=]
(=]

Sub CERS

Total:

Unitless
Strain

8.607E-05
€.30EE-05

2.2159E-04

CDF

-4Z0E+00
-E9TE-02
.350E-01
. 363E-03
.}55E-01
94EE-02
.T36E-D4

-

00 £ 00 ks

nfa

1.044E-05
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CBR 5 Pavement with 97 % Compaction

CIRCLY - WVersion 7.0 (1 February 2022}

Job Title: CERS - Compact

n Analysis

Design Method: Austroads 2017

KOT {cumulatiwve heavy wehicle axle groups ower design period) :
Traffic Load Distribution:

ID: NWEWPresumeRural
Hame: MNSW BMS Aug 2018 - Pural Presumptiwve
ESASHVAG: 1.068

{(Table 13)

Details of Load Groups:

-98E+0DE

Load Load Load Load Badius
Ho. ID Catagory Type
T ESAT750-Full ESATS0-Full Vertical Force = o
2 SASTE3 SALSTS3 Vertical Force 10z.4
Load Locations:
Location Load Gear X X Scaling
Ko, ID Factor

1 ESLT50-Fu
ESATE0-Fu
ESRT50-Fu
ESHT50-Fu
EASTS3 1 0.
SHSTS3 1 2130.(

1
1 1
1 x
1

[ R R P ]
[ e R e}

Details of Layered System:

[ R e e

HHHHERRT

ID: Bust?017-1 Title: Bustroads 2017 — Example 1 - Unbound Granular Pavement
Layer Lower Material Isotropy Modulus P_Ratio
Ho . ifface ID {or wwh) F

1 rough cementd42 80 Iso. 0.20

z rough Gran 250 Anisc. 0.35

3 rough Subx CERS Eniso. 0.45

Performance Relat

Laver Component Perform
Ho. Constant
1 bottom cement42 80 ETH 0.000283
3 top Sub_CHRES EZEL 0009150
Reliabilicty Factors:
¢ Reliability: Bustroads 5%0%
FEeliability Material
Factor Type
2.00 Cement Stabilised
1.00 Subgrade (Rustroads 20

Details of Layers to be sublayersd:

Layer no. 2: BRustroads (2004) sublayering
Strains:

Layer Thickness Materia Bxl=

Ho. ID

1 315.00 cement4280
SADT {80) :

SAST (53

3 0.00 Sub CERE
SADT (80) :
Besults:
Layer Thickness Material Exles
Ho. ID Group
1 315.00 cement 4280 Total:
SBST:
SBDT:
TAST:
TRDT:
TRDT:
QADT:
2 100.00 Gran 250 nfa

Total: 1.2BBE-DS
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CBR 5 Pavement with 96 % Compaction

CIRCLY - Wersion 7.0 (1 February 2022)

Job Title: CERE - Compaction Analwysis

i

Design Method: Austroads Z017
KRDT {cumulatiwve heavy wehicle axle groups over design pericd): 1.58E+0e
Traffic Load Distributiom:

ID: HEWPresumsRural

Hame: MSW BMS Aug 2018 - Bural Presumptive {Table 18)

ESE/HVAG: 1.068
Details of Load Groups:
Load Radius Dressure/ Exponent
Type E=f. scress

Vertical Force
Vertical Force 1

Load Load

Ko. D
ESAT50-Full
SRSTE3

Q.00
0.00

o

e

[

enl
.4

=

Load Locations:

Location Load Gear X ¥ Scaling
Ko D No. Factor
ESATS50-Full 1 g a 1_00E+00
ESATS50-Full 1 Lg a 1.00E+00
ESATS50-Full 1 3 .0 1_00E+00
ESAT50-Full & 0 1_00E+00
SRSTS3 1 a 1_00E+00
SASTS3 1 a 1.00E+00

P = s Q0 B

Details of Layered Systeam:

ID: BustZ0l7-1 Title: Bustroads 2017 — Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus B _Ratio

Ko. ifface ID r wwh) F Eh wh
1 rough cement40459 {
z rough Gran 250 1_85E+02 1.25E+02 0.35
3 rough Sub_CBRE 3.45E+01 2.50E+01 0.45

Performance Relationships:

Layer Location Material Component Perform. Perform. Shifc
Ho. ID Constant Ezponent Factor
1 bottom cement4045 ETH 0.000289 12000

3 top Sub_ CBRS EZZ 0.005150 T.000

Beliability Factor
ject Reliability: Austroads 90%
Relisbility Material
Factor Type
2.00 Cement Stabilised

1.00 Subgrade (Rustroads Z0L1T)

Details of Layers to be sublayersd:
Layer no. 2: DBustroads (2004} sublayering

Strains:

Layer Thickness Matcerial Rxle Unitless
Ho. ID Strain
1 315.00 cement4049

SADT{BO)}: 5

SLST{53): 6.B6L
3 0.00 Sub_ CERS

SLDT({80): Z.360E-04

Besults:

Layer Thickness Material Ixle CDF
Ho. D Group
1 315.00 cement4045 Total: -155E+00

J

SALST:
SLOT: T
TAST:
TADT:
TRDT:
QADT:

Z0E-01
QEE-0OL
S9SE-03
Z1E+00
Bl1E-02
63E-04

DR S PR |

LI

b 100.00 Gram 250 nfa

3 0.00 Sub_CERS Total: 1.606E-D5
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CBR 5 Pavement with 95 % Compaction

CIRCLY - Wersion 7.0 (1 February 2022}
Job Title: CBRS - Compaction Analysis
5

Design Method: Austroads 2017

HDT ({cumulative heavy vehicle axle groups over design period): 1.

w
i
]
g
=
w

Traffic Load Distribution:
ID: HSWPresums=Rural
Hame: MSW BRMS Rug 2018 - Bural Presumptiwve (Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load RBadius Dressure/ Exponent
Ro. ID Category Type E=f. stress

1 ESAT50-Full ESATS0-Full Vertical Force 23 0.75 d.00

2 SRSTS3 SASTE3 Vertical Force 102.4 D.80 0.00

o
s

Scaling Theta
Factor

1.00E+00
1.00E+00
1.00E+0
1.00E+00
1.00E+00
1.00E+00

Ko D

PR O 1
DCa En o En en

1 ESRAT50-Full

2 ESAT50-Full 1 )
3 ESRAT50-Full ] )
4 ESATS50-Full

]

[
el
Lo

=R R =]

SRST53 1
SRST53 1 2130.

[y

(=1

Details of Layered System:

ID: BustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pawvement

Layer Lower Material Isotropy Modulus F_Ratio

NHo. i/face ID {or vwh) F Eh wh
1 rough cementidlA I=so. 0.20
2 rough Gran 250 Aniso 0.35 1. 1.25E+02 0.35
3 rough Sub CBRS Eniso. 0.45 3. 2.50E+01 0.45

Performance Relationships:

Layer Location Material Component Perform. Perform. Shift
Ho. ID Constant Exponent Factor
I bottom cement3B1l8 ETH 0.000Z2395 1 00

3 top Sub_ CBRS EZZ 0.003150

: Bustroads 90%
Material

Type

Cement Stabilised
Subgrade (Rustroads 201

Details of Layers to be sublayersd:
Layer no. 2: BABustroads (2004) sublayering

Strains:

Layer Thickness Material Lxle Unitless
Ro. ID Strain
I 315.00 cement281B

SADT {80} :
SAST ({53} :

-T47E-05
-1B2ZE-05

S

SADT (B0) : Z_440E-04

Besults:

Layer Thickness Material xle CIDF
Ko ID Group
1 315.00 cement 3818 Total: 2 _B52E+00
ERST: 1.6e50E-01
SADT: 5.901E-01
TAST ©.349E-03

TADT: 1.611E+00
TRDT: 7_BO1E-02
QADT: 7.472E-04

[
—
=]
[=]
i
=]
W
H
u
o
]
in
=]

nfa

3 Q.00 Sub CERS Total: 2.023E-05
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CBR 5 Pavement with 94 % Compaction

CIRCLY - Version 7.0 (1 February 2022}

Job Title: CERS - Compaction Analysis

2017

Design Method: Bustroads

KOT ({cumzlatiwve heavy vehicle axle groups over design

Traffic Load Distribution:
ID: HSWPrssumeRural

Hame: M5W BMS Amng 20158 — Bural Presumptiwve
ESR/HVAG: 1.068

{Table

Details of Load Groups:

Load Load

Ho. ID
1 ESRT50-Full
2 SASTS3

Load Locations:

Location Load Gear X

KRo. ID Ho.
1 ESATS0-Full 1 -165.0
2 ESATS0-Full 1 165.0
3 ESATS0-Full 1 1le35.0
4 ESATS0-Full 1 1965.0
1 SASTS3 1 0.0
2 ERASTE3 1 2130.0

Details of Layered Systam:

ID: Bust2017-1 Titcle: Bustroads 2017 - Example 1 -
Layer Lower Material Isotropy
Ho. ifface ID

1 rough cement3587T Iso.

2 rough Gran 250 Eniso

3 rough Sub CBRS Eniso.

Performance Rela
Location

Component

Laver

Ro. c

1 bottom cament 3587 ETH
3 top Sub_ CBRS EZZ
90%
B
Cement Stabilised
Subgrade (Rustroads 2017)
Details of Layers to be sublayered:
Layer no. 2: BAustroads (2004) sublayering
Strains:
Layer Thickness Material Exle
Ho. ID
1 315.00 cement3587

SRDT{80) :
SAET(E3):

0_00 Sub CERS
SADT{E0) :

Besulzs:

Layer Thickness Material Exle
Ho. ID Group
i} 315.00 cement3587 Total:
SRAST:
SADT:
TAST:
TADT:
TRDT:
QADT:
2 100.00 Gram 250
3 0.00 Sub_ CBERE Total:
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period) -

Load
Type

Vertical Force
Vertical Force

[

1.38E+0D6

Badius Dressurs/ Exponent
Bef. stress
L 0D.7% 0.00
102._4 0.B80 0.00

Scaling Theta
Factor

1_00E+00
1_00E+00
1.00E+00
1_00E+00
1.00E+00
1_00E+00

[ e e ]

Unbound Granular Pavement
PB_Batio
{or wvwwh) F Eh wh
0.20
0_35 1_85E+02 1_25E+02 0_.35
0.45 3.45E+01 2_50E+01 0.45

Derform.

onstant
n

0. 000302

0.003150

Unitless
Strain

-DZ1E-0D4
7.E38E-05

-5ZBE-0D4

Shifc
Factor



CBR 5 Pavement with 93 % Compaction

CIRCLY - Wersiom 7.0 (1 February 2022}

Job Title: CBRS - Compaction Bmalysis

Design Method: Bustroads 2017
HDT {cumalative heavy wehicle axle groups owver design period) - 1.98E+0&
Traffic Load Distributiom:

ID: NEWPresumeBRural

Hame: MSW BMS Bumg 2018 — Pural Presumptive {Table 1E8)

ESR/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Pressure/ Exponent
Ho. In Category Type FEef. stress

1 ESAT750-Full ESATS50-Full Vertical Force 92.1 0.75 0.00

2 SASTE3 SRSTE3 Vertical Force 102.4 0.80 0.00

Load Locatio

Location Load Fear

Ho. ID Na.
ESATS0-Full 1 -1

0-Full 1

[
[

]
in

1
P
e

Scaling Theta
Factor

.00E+00
-00E+00

G

[EE ol S EL R

e

[SR =GN N
[ T s

(%)

Details of Layered System:

ID: AustZ0l7-1 Title: Rustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Modulus E.

Ho i/face iD {or Ew) {or wwh) F Eh wh
1 rough cement3lZ5 Iso. 0.20
2 rough Gran 250 BEniso. 0.35 1._25E+H)Z
3 rough Eub_EBRE Aniso. 0.45 2.50E+0L

Performance Rela nships:

Locaction Material Component Perform. Perform.

ID Constant Exponent
1 bottom cement3l25 ETH 0.000314 12,000
3 top Sub CERS EZZ 0_009150 T.000

Beliability Facto

Szct Deliskilicy: Austroads 90%

Layer Reliabilicty Material
Moo Factor Type
1 2.00 Cement Stabilised
3 1.00 Subgrade (Bustroads

Details of Layers to be sublayered:
Layer no. 2: BAustroads (2004} sublayvering

Strains:

Layer Thickness Material Exle Unitcless
Ho. ID Strain
1] 315.00 cement3l25

1_130E-D4
8_3B4E-05

3 Q.00 Sub CERS
EADT{80): 2.734E-04

Results:

Layer Thickness Material hAxle CIoF
Ho. ID Group
1 315.00 cement3125 Total: -964E+00

QADT - -075E-03
F 1040._00 Gram 250 n/a
3 0.00 Sub CERG Total: 4_485E-05
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CBR 5 Pavement with 92 % Compaction

CIRCLY - Version 7.0 (1 February 2022}
Job Title: CBRE - Compaction Amalysis
Design Method: Bustroads 2017
HODT {cumzlatiwve heavy wehicle axle groups over design pericd) : 1.98E+0E
Traffic Load Distributiomn:
ID: HSWPresumsRural
Hame: MSW BMS Aug 20158 - PBural Presumptive (Table 18)
ESA/HVRG: 1.0&8

Details of Load Groups

Load Load Load Load Eadius Pressure/ Exponent
Ho. ID Category Type E=f. stress

1 ESAT50-Full ESATS50-Full Vertical Force 92_1 0._75 0_0a

2 SRETE3 SASTE3 Vertical Force 102.4 0.80 0_00

Load Locations:
Location
Ho.

B
[
-
=3
m

ot
n

Gear Scaling
No. Factor
-DOE+00
-DDE+00D
-00E+00
-DOE+00
-DOE+00O
-DOE+00

[ =)

[ RO P
LN On N in

¥
=
AN RS P ]

[ Rt R I O
[ Y ]

1
1
1
1
1
1

[ e s R
=R =R=R=]

[ )

(==
(=]

Details of Layered System:

ID: Aust2017-1 Title: Austroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus E_Ratioc
Ho ifface ID {or wwh) F Eh vh
1 rough cementZHo4 Iso. 0.20
2 rough Gran 250 0.35 1_85E#02 1.25E+02 0.35
3 rough Sub CBRE 0.45 3.45E+01 2_S0E+D 0.45
Performance Relat
Layer Location Material Component Perform. Ferform. Shift
Ho. IDh Constant Exponent Factor
1 bottom cementZ894 ETH 0O_0003Z0 12_000
3 top Sub CBRG EZZ 0.009150 7.000

Reliability Factors:
Project Beliability: Austroads 50%

Delisbilizy Matsrial

Factor Type
2_00 Cement Stabilised
1.00 Subgrade (Rustroads 2017T)

Details of Layers to be sublayered:

Layer no. 2: BRustroads (2004) sublayering

Strains:

Layer Thickness Material RExle Unicless
Ho. ID Strain
i 315.00 cementZiS4

SADT (80) : 1.195E-04

SRET (&3 g2.8592E-05
3 a.00 Sub CERS

SADT(80): Z.B5EE-04

Besultcs:

Layer Thickness Macerial RExle CDF
Ho. ID Eroup
1 315.00 cementZi54 Total: 1_245E+01
SAST: g§.059E-01
SADT: 4. 290E+00
TAST: 3.102E-02
TADT: &§.9381LE+00
TRDT: 3.419E-01
QLDT: 3.236E-03
2 100.00 Gran 250 nfa
3 0.00 Sub CBRS Total: &.099E-05
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CBR 5 Pavement with 91 % Compaction

CIRCLY - Version 7.0 (1 February 2022}
Job Title: CBRS - Compaction Analysis

Design Method: Austroads 2017

HDT (cumulative heavy wehicle axle groups owver design period): 1.3%8E+0e
Traffic Load Distribution:
ID: HEWPresumeRural
Hame: MSW BMS Aug 2018 — Bural Presumptiwve (Table 18)
ESA/HVAG: 1.068
Details of Load Groups:
Load Load Badius Dressurs/ Expon
Ho. R=f . Stress
1L Force = P I 0.o0
2 Vertical Force 102.4 Q.00
Load Locations:
Location Load Gear A T Scaling
Ho. ID Ho. Factor
1 ESATS0-Full 1 -165.0 0.0 1_00E+00
2 ESATS0-Full 1 165.0 0.0 1_00E+00
3 ESATS0-Full 1 1635.0 0.0 1.00E+00
4 ESATS0-Full 1 1365.0 0.0 1_00E+00
1 SRSTE3 1 0.0 0.0 1_00E+00
2 SRSTE3 1 2130.0 0.0 1.00E+00
Details of Layered System:
ID: Bust2017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement
Layver Lower Material Isotropy Modulus F_Ratio
Ho. ifface ID Ew} {or vwh) F Eh wh
€L rough cementZH94 0.20
2 rough Gran 250 0._35 1_25E+02 o
3 rough Sub_ CERS 0.45 2_S50E+01 0.
Performance Relationships:
Layer Location Material Component Perform. Perform. Shift
Ho. ID Constant Exponent Factor
2 bottom cementZH594 ETH 12_000
3 top Sub CERS EZE
Beliabili Y _a\_t' =
= Mnstroads 50%
Material
Types
Cement Stabilised
Subgrade (Bustroads 2017)
Details of Layers to be sublayered:
Layer no. 2: BAustroads (2004) sublayering
Strains:
Layer Thickness Material Lxle Unitless
Ho. ID Strain
1 342 _00 cementZH54
SADT{AD): 1.053E-04
SRST({53): 7.747E-05
3 0.00 Sub_CERS
SADT{AD) - 2_535E-04
Besults:
Layer Thickness Material Exle CIOF
Ho. ID Group
1 342 _00 cementZisd Total: 2_B52E+00
SRST: 1.54ZE-01
SADT: 1.00%E+00
TLST: 5.93E-03
TLDT: 1.641E+00
TRDT: 8_039%E-02
QRDT: 7.613E-04
2 100.00 Gran 250 nfa
3 0.00 Sub CBRS Total: 2 _653E-05
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CBR 5 Pavement with 90 % Compaction

CIRCLY - WVersion 7.0 (1 February 2022}
Job Title: CBRS - Compaction Analysis
Design Method: Austroads 2017
HOT {cummlatiwve heavy wehicle axle groups over designm period): 1.38E+06
Traffic Load Distribution:
ID: HEWPresumeRural
Hame: MSW BMS fmg 2018 — Bural Presumptive (Table 18]
ESA/HVAG: 1.0&8

Details of Load Groups:

Load Load Load Load Radius Dressure/ Exponent
Ho. o Category Tyoe Eef. stress
1 X ESRAT50-Full Vertical Force L: - 0.75 0.00
2 ERSTE3 Wertical Force 102.4 0.80 0.00
Load Locations
Location G=ar piA T Scaling
Ko, No Factor
1 1 -165.0 0.0 1_00E+00
2 1 1e€5.0 0.0 1_00E+00
3 1 1635.0 0.0 1_00E+00
4 1 1%€5.0 0.0
T 1 0.0 0.0
& 1 2130.0 0.0 1_00E+00

Details of Layered System:

ID: BustZl7-1 Title: RBustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy E_Ratio

Ro. ifface ID {cr wh) F Eh vh
1 rough cementZeal Iso. 0.20
2 rough Gran_250 Aniso 0.35 1.2Z5E+02
3 rough Sub CERG Eniso 0.45 2.50E+01

Performance Relaticnships:

Layer Location Material Component Perform. Perform.

Ho. ID Constant
1 bottom cementZcoal ETH 0.000327
3 top Sub CERS EZE 0_009150

Beliability Facto
Br: ct Reliability: Rustroads 50%
Layer Reliabilicy Material

NHo. Factor Type

13 2.00 Cement Stabilised
3 1.00 Subgrade (Rustroads

]
=]
I

Details of Layers to be sublayered:
Layer no. 2: BRBustroads (2004} sublayering

Strains:

Layer Thickness Macerial hxle Unicless
Ho. ID Strain
1 315.00 cementZend

SADT{A0): 1.2695E-0D4

SAST(53): 5.474E-05
3 a.00 Sub CERS

SADT(B0): 2.9083E-D4

Results:

Layer Thickness Material hxle CDF
Ho. ID Group
1 315.00 cementZe6l Total: -3BEE+01
SRBST: -330E+00
SLDT: .BZZE+00
TAST: -118E-02

TADT:
TRDT:
QADT:

-110E+01
.437E-01
-14BE-03

Oy

3 0.00 Sub CERS Total: 8.477E-05
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CBR7 Pavement 20 Year Design with Constant Modulus

CIRCLY - WVersion 7.0 (1 February 2022)

Job Title: CBR7 Thickness Comparison

Design Method: Austroads 2017

NDT {(cumulative heavy wehicle axle groups over design period): 1.9BE+0&
Traffic Load Distribution:
ID: HSWPresum=Rural
Name: NSW BMS Aug 2018 - Rural Presumptive (Table 18)
ESA/HVAG: 1.068
Details of Load Groups:
Load Loa Load Load Radius Pressure/
No. ID Category Type Ref. stress
1 ESATS0-Full ESAT50-Full Vertical Force B D
2 SASTS3 SA5T53 Vertical Force 0.80
Load Locations:
Location Load Gear X L. Scaling Theta
No. 1D Ho. Factor
1 ES5A750-Full 1 =1h5.0 0.0 1.00E+00 L
2 ESA750-Full 1 165.0 0.0 1.00E+00 L
3 ES4750-Full 1 1635.0 0.0 1.00E+00 0
4 ES5A750-Full 1 136500 0.0 1.00E+00 0.00
1 SASTS3 1 0.0 0.0 1.00E+00 0.00
2 SASTS3 1 2130.0 0.0 1.00E+00 0.00
Details of Layersd System:
ID: Aust20l7-1 Title: RAustroads 2017 - Example 1 - Unbound Granular Pavement
Layer Lower Material Isctropy Modulus P.Ratio
No. i/face ID {or Ew) {or vwwh) F Eh
1 rough Cement5000 Isc. 5.00E+03 0.20
2 rough Gran_250 Aniso. 2.50E+02 0.35 1.85E+02 1.25E+02
3 rough Sub_CBR7 Aniso. 7.00E+01 0.45 4_.83E+01 3. 50E+DL
Performance Relationships:
Layer Location Material Component Perform. Perform. Shift
No. D Constant Exponent Factor
1 bottom Cement5000 ETH 12.000
3 top Sub_CER7 EZZ . 000

Reliability Factors:

Project Beliability: Austroads 90%

Layer Reliability Material
No. Factor Type
1, 2.00 Cement Stabilised
3 1.00 Subgrade (Austroads 2017)
Details of Layers to be sublayered:
Layer no. 2: BRustroads (2004) sublayering
Strains:
Layer Thickness Material Axle Unitless
No. 1D Strain
1 2598.00 Cement5000
SADT(80): T.%ZBE-03
SAST(53): 5.922E-05
3 0.00 Sub_CBR7
SADT(B80): 1.9%6ZE-04
Results:
Layer Thickness Material Axle CDF
No. iD Group
1 2898.00 CementS000 Total: < i
SAST: E.
SADT: 3.
TAST: 2.487E-03
TADT: 5.358E-01
TRDT: 2.624E-02
QADT: 2.485E-04
A 100.00 Gran_250 nfa
3 0.00 Sub_CBR7 Total: 4.405E-0&

232

Exponsnt

0.00
0.00



CBR7 Pavement with Uniform Characteristics — 350 mm Thick

CIRCLY - WVersiom 7.0 (1 February 2022}
Job Title: CBR7T Thickness Comparison
Design Method: Bustroads Z017
HDT {cumulatiwve heavy wehicle axle groups over design pericd): 1.98E+0&
Traffic Load Distribution:
ID: HEWDresumeRural

Hame: NSW BMS Lug 2018 - Bural Presumptiwve (Table 18)
ESR/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Dressure/ Exponent
Ho. I Category Type E=f. stress

1. ESAT750-Full ESAT50-Full Vertical Force 2.1 D.75 0.00
2 SASTS3 SRASTS3 Vertical Force 102.4 0.80 0.00

1
1

Location Load Gzar Scaling Theta
ID Ho. Factor
1_00E+00
1_00E+00
1_00E+00
1_00E+00
1_00E+00
1_00E+00

[ CE = = ]
i e s |
(=]

O e

[}
==

3o KN En N

(BN e S IV
[ s e )
LU e I e

(Sl
[ B
[ =]
[

o

SAST53 1

(]
I
i

Details of Layersed System:
ID: Bust2017-1 Title: Bustroads 2017 — Example 1 - Unbound Granular Pavement
P_Ratio
{or vwh) F Eh wh

[ 20
-zh)

Layer Lower Material Isotropy
Ho. ifface ID

rough Cement5000 Iso.
rough Gram 250 Eniso. 2 _50E+02 0.35 1.8
rough Eub_EBRT Anisco. 7.00E+01 0.45 4.8

(SN

Performance Relatiomships:
Layer Location Material Component Perform. Perform. Shifc
Ho. ID Constant Exponent Facto
1 bottom Cement5000 ETH 0.000263 12. 000
3 Top Sub CER7 ZE 0.005150 7.000

Beliabilicy Factors:

s v: Bustroads 90%
Reliability Material
Factor Type

0 nt Stabilised
1.00 Subgrade (Bustroads 20L7)

Details of Layers to be sublayersd:
Layer no. 2: Bhustroads (2004) sublayering
Strains:

hxle Unitless
Strain

Layer Thickness
Ho.
1

350.00 Cement 5000
SADT {80} : €.261E-0E
SRET{53): 4_5ZBE-05
3 0.00 Sub CER7
SADT{B0): 1.553E-04

Desults:

Layer Thickness Material Exle CDF
Ho . D Group
1 350.00 Cement 5000 Total: -B13E-02
SRET: .E7TE-03
SAEDT: .337E-02
TRST: -31BE-05

TRADT:
TRDT:
QRDT:

-152E-02
.544E-03
-46ZE-05

[l R RNl el ]

(]
o
=]
W

2 100.00 Gran .

3 Q.00 Sub CERY Total: &_599E-07
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CBR7 Pavement with Uniform Characteristics — 340 mm Thick

CIRCLY - Version 7.0 {1 February Z022)
Job Title: CBRE7? Thickness Comparison
Design Method: Austroads 2017
KRDOT ({cumulative heavy wehicle axle groups owver design period) : 1.98E+0c
Traffic Load Distribution:
ID: HSWPresumeBural
Hame: WSW RMS Aug 2018 — Bural Presumptive {Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Badius Pressurs/ Exponent
Ho. D Category E=f_ stress

13 ESATE0-Full ESAT50-Full . b § 0.75 0.00

2 SASTE3 5RSTS3 102.4 0.80 0.00

Gaar X i Scaling Theta
= Factor

iL 1 -165.0 0.0 1.00E+00

2 1 1g5.0 0.0 1.00E+00

3 1 1635.0 0.0 1.00E+

4 ESATS50-Full 1 1965.0 0.0 1.00E+

1. SRST53 1 0.0 0.a -0DE+

2 SAST53 1 2130.0 0.0 1.00E+00

Details of Layered System:

ID: AustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pawvement

Layer Lower Material

Ho_ ifface ID F Eh vh
1 rough Cement5000
2 rough Gran 250 1_85E+02 1.25E+02 0.35
3 rough E'J.".:n_EBR'-‘ 4_83E+01 3.50E+01 0.45

Performance Relationships:

Layer Location Material Component Perfomm. Parform. Shift
Ho. ID E. Factor
1 bottom Cement5000 ETH
3 top Sub CEBR7 EZE

LVEE
Cement Stabilised
Subgrade (Rustroads Z0L1T)

Details of Layers to be sublayered:
Layer no. 2: BAustroads (2004} sublayering

Strains:

Layer Thickness Material Exle Unitless
Ho. ID Strain
1 340.00 Cement 5000

SADT({80): & 7

SAST(53): 4.754E-05
3 0.00 Sub_ CEBR7

SADT (B0} : 1.6Z20E-04

Besulcs:

Layer Thickness Material Exle CDF
Ho. ID Croup
1 340.00 Cement5000 Total: 5.2B5E-02
SAST: 4_E34E-03
SADT: 3_251E-02
TAST 1_783E-04
TADT: 5_291E-02
TRDT: 2.591E-03
QADT: 2.454E-05
2 100.00 Gran 250 n/a
3 Q.00 Sub CER7 Total: 1.155E-06

234



CBR7 Pavement with Uniform Characteristics —

CIRCLY - WVersiomn 7.0 (1 February 2022}

Job Title: CBR7 Thiclmess Comparison

Design Method: Rustroads Z017

330 mm Thick

RDT {cumal

Traffiec Lo

ID:

Details of

Load
Ho.

Locatio
Ho.
1

P ek a3 B3

Details of
ID: Bus
Layer
Ho.
i

3

Performance Relat

Laver
Ko

i}

3

Beliabi

Project

No.
1
3

Details

Layer n
Strains:

Laver
Ho.

Besulzs:

Layer
Ho.
)

[

ative heavy wvehicle axle groups owver design period):

ad Distribution:

KEWPrasumeBural
Hams: NSW BMS Aug 2018 — Bural Presumptive
ESA/HVAG:

{Table 18)

1._068

Load Groups:

T

-Fall 1 -165.0
ESATS0-Full 1 1e5.0
ESATS0-Full 1 1635.0
ESATS0-Full 1 1985.0
SASTS3 1 0.0
SRETE3 1 2130.0

Layered System:

(=]

[

1 _98E+0&

[ R R )

Scaling
Factor
1_00E+00
1.00E+00
1_00E+00
1.00E+00
1_00E+00
1.00E+00

Load Radius Dressure/ Exponent
Type B=f. stress

Vertical Force . - 0.75

Vertical Force 102.4 o.80

Theta

=
=

[ e e e i )
e e B N
[N )

=
[

t2017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pawvement

Liovwer Material Isotropy

ifface ID Eh vh
rough Cement5000

rough Gran 250 1.25E+H02 0.35
rough Sub CERT 3.50E+01 0.45

Location Materi Component Perform. Perform.
ID Constant Ezxponent

bottom Cement5000 ETH 0.000263 12_000
top Sub_CBRT EZZ 0.009150 7000
lity Facto

Raliskility: RAustroads 90%
Reliability Material

Factor Type

2.00 Cement Stabilised

1.00 Subgrade (Bustroads Z0L1T)

of Layers to be sublayersd:

o. 2: BAustroads (2004) sublayering

Thickness Material Exle Unitless

D Strain

330.00 Cement 5000

0._00 Sub CBER7

Thickness Material hxle CDF
ID Group

330.00 Cements000 Total: 1.58

SBST: g._45

SBDT: 5.52

TAST E s

TADT: g.98

TRDT: 4.40

QADT: 4.16
100.00 Gran 250 nfa
0.00 Sub CERT Total: 1_565E-06
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CBR7 Pavement with Uniform Characteristics — 320 mm Thick

2022)

CIRCLY - WVersion 7.0 {1 February
Job Title: CBR7 Thiclkmess Comparison
Design Method: Bustroads Z017
KOT {cumulatiwve heavy wehicle axle groups over design period) : 1.38E+06
Traffic Load Distribution:

ID: HSWPresumsRural

Hame: MSW BMS Aug 2018 - Pural Presumptiwve {Table 18)

ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Radius Dressure/
Ko . ID Category Type E=f. stress
T ESATS0-Full ESAT50-Full Vertical Force = FLiR D75
2 SRBSTS3 SASTE3 Vertical Force 02 4 0.80

Load Locations:

Location Load Gear it Y Scaling Theta

Ro. ID No. Factor
2 1 1 -1€5.0 0.0 1.00E+00 0.
ki 1 1 165.0 .0 1_00E+00 o
3 ESAT50-Full 1 1€35.0 .0 1_00E+00 0.
4 ESAT750-Fuall 1 13€5.0 0.0 1_00E+00 0.
1 SRASTS53 1 0.0 a.0 1_00E+00 a:
2 SRST53 1 2130.0 0.0 1_00E+00 o.

Details of Layered System:

ID: Aust2017-1 Title: Austroads 2017 — Example 1 - Unbound Granular Pavement

Performance Relationships:

Layer Location Material Component Perform. Perform. Shift
Ho. ID Constant Exponent Factor
1 bottom Cement5000 ETH 0.000263 12.000

3 top Sub CER7? EZE 09150 T7.000

: Bustroads 90%

Material

Type

1 2.00 Cament Stabilised

3 1.00 Subgrade (Austroads 2017)

Details of Layers to be sublayersd:
Layer no. 2: BAustroads (2004) sublayering

Strains:

Layer Thickness Material Exle Unitless
Ho. ID Strain
1 320.00 Cements000

SADT {80} : 7.14BE-05

SAST(53): 5.263E-05
3 0.00 Sub CER7

SLDT{A0): 1.7TOE-04

Besulcs:

Layer Thickness Material Exle CIDF
Ho. ID Group
1 320.00 Cement5000 Total: 2
SLST: 1
SADT: g
TRST: €.0
TADT: 1.547E-01
TRDT: 7.575E-03
QADT: 7.173E-05
2 100._00 Gran 250 nfa

3 0.00 Sub CER7 Total: 2.140E-0&

236

Layer Lower Material Isoctropy Modulus P_Ratio

Ho. i/face ID { Ev) wwh) F Eh
1 rough Cement5000
2 rough Gran 25 1_8LE+02 1.25E+02
3 rough Sub CBERT 4_83E+01 3.50E+31

Exponent

0.
Q.

(=
[



CBR7 Pavement with Uniform Characteristics — 310 mm Thick

CIRCLY - WVersion 7.0 {1 February 2022}
Job Title: CER7T Thickness Comparison
Design Method: Bustroads 2017
HDT {cumulative heawy wehicle axle groups owver design period) : 1.938E+0e
Traffic Load Distribution:

ID: HEWPrasumsRural

Name: MEW BMS ILug 2018 - Bural Presumptive (Table 18)

ESE/HVRG: 1.068

Details of Load Groups:

Load Load Load Badius Dressure/ Exponent
Ho. ID Type E=f. strass
1 ESAT50-Full Vertical Force 92.1 0_-75 a._00
2 SLETE3 Vertical Force 102.4 o.80 0.00
Load Locations:
Location Load Gaar X X Scaling Theta
Ho. ID No. Factor
iy ESAT50-Full 1 =165.0 0.0 1._00E+00
2 ESATS50-Full 1 165.0 0.0 1.00E+00
3 ESAT50-Full 1 1635.0 0.0 1_00E+00
4 ESAT50-Full 1 19€5.0 0.0 1_00E+00
1 SRSTS3 1 0.0 0.0 1_00E+00
2 SASTS3 1 2130.0 0.0 1_00E+00

Details of Layered System:

ID: RAust2017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pawvement

Layer Lower Material Isoctropy E_Ratio
Ho. ifface ID {oz arvh) F h wh
L rough Cement5000 0.20
2 rough Gran 250 0.35 1.ZEEH)Z 035
2 rough Sub CBRT 0.45 3.50E+01 0.45
rformance Relationships
Location Material Component Perform. Perform. Shifc
ID Constant Exponent Factor
bottom Cement5000 ETH 0.000263 12000
top Sub_ CERT EZE 0.003150 7.000

v: Imstroads 90%

Material

Typs

Cament Stabilised
Subgrade (Austrocads 2017)

Details of Layers to be sublayersd:

Layer no. 2: Dlustroads (2004} sublayering

Strains:

Layer Thickness Material Exle Unitless
Ho. ID Strain
E 310.00 Cemenc 5000
SADT {BD) : T.4B7E-05
SRST({53): 5.548E-05

3 0.040 Sub CER7

Thickness Macerizl hxle COF
D Group
310.00 Cement5000 Total:

2.954E-02

SLET:

SADT: 1.658E-01

TRST: 1_137E-03

TRAOT: 2_.698E-01

TROT: 1.321E-02

QRDT: 1.251E-04
2z 10000 Gran 250 nfa
3 0.00 Sub CERT Total: 2_953E-0&
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CBR7 Pavement with Uniform Characteristics — 300 mm Thick

CIRCLY - Version 7.0 (1 February Z022Z)
Job Title: CBRT? Thickness Comparison
Design Method: Bustroads Z017
HOT {cummlative heavy wehicle axle groups over design period): 1_%8E+0&
Traffic Load Distribution:
ID: NSWPresumeRural
Hame: N5W BMS Aug 2013 - Bural Presumptive ({Table 18)
ESE/HVAG: 1.068

Details of Load Groups:

Load Load Radius Dressurs/ Exponent
Category Type =f. stress
ESATS0-Full Vertical Force 921 0.7s 0.00
SASTS3 Vertical Force 102.4 0.80 o.00

1 -0 o.0 o.00
2 1 -0 0.0 Q.00
3 1 -0 0.0 o.00
4 1 -0 0.0 Q.00
i 1 Li] 0.0 0.00
2 1 ] 0.0 0.00

Details of Layered System:

ID: RustZ017-1 Title: Rustroads 2017 — Example 1 — Unbound Granular Pavement

Layer Lower Material Isotropy

Ho. i/face iD F Eh vh
1 rough Cement5000
2 rough Gram 250 1_B5E+02 1_25E+H)2 0.35
3 rough Sub CBR7 4_B3E+01 3_50E+01 0.45

Performance Relationships:

Layer Location Material Component Perform. Perform. Shift
Ho. ID Constant Exponent Factor
1 bottom Cement5000 ETH 0.000263 12_000

3 top Sub_ CBERT EZZ 0.0039150 7.000

ability Factors:

Project Reliability: Austroads 90%
Layer Reliability Material

| [= Factor T

~VEE
Cement Stabilised
Subgrade (Austroads 2017)

Details of Layers ©o be sublayered:
Layer no. 2: DBAustroads (2004} sublayering

Strains:

Layer Thickness Material RExle Unitless
Ho. ID
1 300.00 Cement 5000
SADT{80) : 7.85ZE-05
SRST(53): 5.857E-05
3 0.00 Sub CERT

SADT{A0) : 1.943E-04

Besulcs:

Layer Thickness Material Exle CIOF
Ho. D Group
300.00 Cement 5000 Total: 8.5259E-01
SRST: 5.66ZE-02

SADT: 2.933E-01
TRST: 173E-03
TADT:
TRDT:
QRDT:

2 o.00 Sub CER? Total: 4_117E-0&
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CBR7 Pavement with Uniform Characteristics — 290 mm Thick

CIRCLY - Wersion 7.0 (1 February 2022}
Job Title: CBRT Thiclmess Comparison
Design Method: Bustroads 2017
HDT {cumulative heavy wehicle axle groups ower design pericd): 1.38E+06
Traffic Load Distribution:
ID: KEWPresumeBural
Hame: MSW BMS Aug 2018 — Bural Presumptiwve ({(Table 18)
ESR/HVRG: 1.06%8
Details of Load Groups:

Badius Pressure/ Exponent
Ee=f. stress

Load Load Load
Ho. D Category

I ESAT50-Full ESR750-Full Force = L 5 0.75 Q.00
F SASTS3 SRSTE3 Force 102.4 0.80 000

Location Load Gear X ¥ Theta

Ho. IiD Ho.

i e s )
==

=}

=)

b
- pit el

1 -0 L]

2 -0 a

3 1 1 1€35.0 a ). 00
4 ESATS50-Ful 1 13e5.0 a 0.00
i SRAETE2 1 0.0 Q 0.0
4 SASTS3 1 2130.0 0.0 il

Details of Layered System:

ID: BustZl7-1 Title: Bustroads 2017 — Example 1 — Unbound Granular Pavement

Layer Lower Material F_Ratioc

Ho. i/face ID {or wvh) F Eh wvh
1 rough Cement5000 0.20
it rough Gram 250 0._35 1_25E+02 0_.35
3 rough Sub_CERT 0.45 3.50E+01 0.45

Performance Relaticnships:

Layer Location Material Component Perform. Parform. Shift
Ho. ID Constant Exponent Factor
¥ bottom  Cement5000 ETH 0.000263 12_000
3 top Sub CER7 EZZ 0.005150 7.000

st Relizbility:

Reliabilicy

Bustroads 90%
Material
Type
Cement Stabilised
Subgrade (Bustroads 2017)

Details of Layers to be sublayersd:
Laver no. 2: DIustroads (2004} sublavering

Strains:

Layer Thickness Material RExle Unicless
Ho. 1D Straim
1 253000 Cement5000

SADT(B0): E.244E-05

SAET(53): €.192E-05
3 Q.00 Sub CER7

SADT (B0} : Z.041E-D4

Besults:

Layer Thickness Material Exle CDF
Ho. ID Group
i 3 230.00 Cement 5000 Total: -2 1E+00
SAET: -104E-01
SADT: -26EE-01
TAST: -2Z50E-03

TADT:
TRDT:

-569E-01
-197E-02
_S9T4E-04

Gl 0 o O

3 0.00 Sub CER7 Total: 5.802E-06
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CBR7 Pavement with Uniform Characteristics — 280 mm Thick

CIRCLY - Wersion 7.0

{1 February 20

sy

Job Title: CBERT Thickness Comparison

Design Method: Austroads 2017
HODT
Traffic Load Distribution:

ID: HEWPresumsRural

Hame: MSW BMS Aug 2018 — Bural Presumptiwve

ESA/HVAG: 1.062

Details of Load Groups:

Load Load

Ho. i
1 ESATS0-Full
2 SASTS3

Details of Layered System:

ID: Aust2017-1 Titcle:

Layer Lower Material
Ko, ifface ID
1 rough Cement5000
2 rough Gran 250
3 rough Sub CRR7

Performance Relatio

nships:

Layer Location Material
Ho. ID
1 bottom Cement5000
3 top Sub CERT

Reliability Fact
ct Reliabilicy
Relisbility Material
Factor T
I 2.00
3 1.00

Dr

Subgrades

Details of Layers

Layer no. 2: BRustroads

Strains:

Layer Thickness Material
v =
. (= 10
i 2B0._00 Cement5000

3 0.00 Sub CBER7
Besulcs:

Layer Thickness Material

W ey

Ho. ID

1 280.00 Cements5000

Mustroads 50%

bustroads 2017

—VEs
Cement Stakilised
({Rustroads 2

to be sublayeresd:

(2004}

{cumulative heavy vehicle axle groups ower

sublaye

design period):

{Table 18)

Load
Type
Vertical
Vertical

b
i

G0 oy Oy
S N BN oo

[ e

[ s

(S

1_.9B8E+06

Radius Dressure/
Ref. stress
Force g 0EAs
Force 102_4 o.a0

Scaling
Factor
-D0E+00
-00E+400
-D0E+00
-D0E+00
-D0E+00
-DOE+00

[ e e
HHKH R

Example 1 - Unbound Granular FPavement
Isotropy P_Ratio
{or wwh)] F Eh
Iso 0.20
0.35 1_25E+02
0.45 3_50E+01
Component Perform. BPerform. Shift
Constant Exponent Factor
ETH 0.000263 12_000
ZZ 0.009150 7.000

ring

hxle

SADT (B0} : B
SAST{53): 6.

SADT({80): Z.147E-04

Rxles CDF
Group
Total:
SAST:
SADT:
TAST:
TADT:
TRDT:
QADT:

2.8Z3E+00
2_154E-01

Total:
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CBR7 Pavement with Uniform Characteristics — 270 mm Thick

CIRCLY - Version 7.0 (1 February 2022}

Job Title: CERT Thiclkness Comparison
2017

Design Method: Bustroads
KOT (cumzlatiwve heavy vehicle axle groups over design pericd) :
Traffic Load Distribution:

ID: HSWPrssumeRural

Hame: M5W BMS Amng 20158 — Bural Presumptiwve

ESR/HVAG: 1.068

Details of Load Groups:

Load Load Load
Ho. ID Type
1] ESATS50-Full Vercical

2 SASTS3

Load Locations:
Location Load Gear X v
Ko ID

ESATS0-Full 1
ESATS50-Full 1
ESATS0-Full
ESATS0-Full
SRSTS3

SAETS3 1

oy 0y

=
LEr o

[SE=NONOEO RG]

1 b s
ot et

g

O

Fa

[

I
]

Details of Layered Systam:

1.38E+0D6

Scaling

Factor
a 1_00E+00
] 1_00E+00
a 1.00E+00
a 1_00E+00
a 1_00E+00
a 1_00E+00

ID: Bust2017-1 Titcle: Bustroads 2017 - Example 1 - Unbound Granuwlar Pavement
Layer Lower Material PF_Ratio
Ho. ifface ID {or wvwwh) F

1 rough Cement5000 0.20

2 rough Gran 250 0.35

3 rough Sub CBR7 0.45

Performance Rela

Layer Location Component Perform.
Ho. Constant
1 bottom Cements5000 ETH {0
3 top Sub_ CBRT EZZ 0. D

Beliabilicy Factors:

= ct Beliakili Austroads 90%

~iEE
Cement Stabilised
Subgrade (Rustroads 2017

Details of Layers to be sublayered:
Layer no. 2: BAustroads (2004) sublayering
Strains:
Layer Thickness Material Exle Unitless
Ho. ID Strain
1 270.00 Cement 5000

SADT{B0): 9.1Z6E-05
SAST(53): ©.954E-05

3 0_00 Sub CERT

SADT {B0) :
Besulzs:
Bxle CDF

Layer Thickness Material
0

Ho. ID Group
1] 270.00 Cement 5000 Total: 5.
SRAST: 4.
EADT: 1
TAST: X
TADT: -
TRDT: 1.
QADT: | &
2 100.00 Gram 250 n/a
3 0.00 Sub CERT Total: 1.18E5E-05
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Perform.
Exponent
12_000

7.0040

Badius Dressurs/ Exponent
Bef. stress
Force 923 b0.75 0.00
102.4 o.80 0.00

[ I e e ]

Eh wh
1_25E+02 0_35
3.50E+01 0.45



CBR7 Pavement with Variable Characteristics — 350 mm Thick

CIRCLY - WVersiomn 7.0 (1 February 2022)
Jok Title: CBR7T Thiclmess Comparison
Design Method: Bustroads 2017
HOT ({cumulatiwve heawvy vehicle axle groups over design pericd) : 1.98E+06
Traffic Load Distributiom:
ID: HSWPresumeBural
Hame: WSW BMS BRug 2015 - Pural Presumptiwve {Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Radius Dressurs/ Exponent
Ho. ID Category E=f. stress

1 ESAT750-Full ESATS0-Full cal Force 92_1 0.75 0.00

2 SRSTS3 SASTS3 Vertical Force i0z2.4 0.B80 0_00

Load Locations:

Location Gzar X X Scaling Theta
Ko, Ho Factor
I i -1 L. 1_00E+00 -0

1.0C0E+00
1.00E+00
1.00E+00
1.00E+00
1_00E+00

(==

ESAT750-Full 1
SRETE3 1
SRST53 1 2130.

[l ]
[l ]

[
[ Ry o B |

B = ks L B3
[ s R T e

(===

tails of Layered System:

ID: AustZ017-1 Title: Bustroads 2017 — Example 1 — Unbound Granular Pavement

Layer Lower Material Isotropy Modulus P _Ratio

Ho. ifface ID {ox } {or wh) F Eh wh
1 rough cement43B859 Iso. 4.3 0.20
2 rough Cran 250 Eniso. 2.8 0.35 1.2Z5E+H)2
3 rough Sub_CHR? Eniso. 7 _00E 0.45 3.50E+01

Performance Relationships:

Layer Location Material Component Perform. Perform. Shift
Ko, ID Constant Exponent Factor
4 bottom cement43B9 ETH 0.000280 12 000
3 top Sub CHR? EZEZ 0.009150 7.000

Austroads 50%
Material

Type
Cement Stabilised
Subgrade (Rustroads 201

of Layers to be sublayersd:
2: Bustroads (2004) sublayering

Layer Thickness Material Exle Unitless
Ro. ID Strain
1 350.00 cement438y

SLDT {80) : €.97T0E-05

SMST(53): 5.061E-05
3 0.00 Sub CBRY

SADT (B0) : 1.715E-04

Results:

Layer Thickness Materiazl Rxle CDF
Ko, ID Group
1] 350.00 cement4389 Total: 5.454E-02
EAST: 4.625E-(
SADT: 3.314E-02
TRST: 1.730E-04
TADT: 5.383E-02
TRDT: 2.641E-03
QADT: 2.501E-05
2 48_00 Gran 250 nfa

L)
(=]
[
=]

Sub_ CERY Total: 1.715E-04
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CBR7 Pavement with Variable Characteristics — 340 mm Thick

CIRCLY - Version 7.0 (1 February Z022)
Job Title: CBE7 Thiclness Comparison
Design Method: Austroads 2017
KROT ({cumulative heavy wehicle axle groups owver design period) - 1.98E+0c
Traffic Load Distributiom:
ID: HSWPresumeBural
Hame: MSW BMS Aug 2018 — Bural Presumptive (Table 18}
ESR/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Radius Drassurs/ Exponent
Ho. ID Category Type E=f. stress

T ESATE0-Full ESAT50-Full Vertical Force < i 0-75 0.00

2 SASTS3 SRSTS3 Vertical Force 102._4 0.80 0.00

Load Locations:
Location
Hoo

Gear X i Scaling Theta
No. Factor

1 1_00E+00 o.00
1.00E+00 0.20
1_00E+00 0.00
1.00E+00 0.00
1_00E+00 000
1_00E+00 0.00

[y
i R e

(RNl SRR B e

[y e e )
[y}
[ ]

Details of Layered System:

ID: Aust2017-1 Title: RBustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus F_Ratio
Ho. ifface ID {or wwh) F Eh wh
1 rough cement4452 0.20
2 rough Gran_250 0.35 1._25E+02
3 rough Sub CHR? 0.45 3.50EHD1
Performance Relationships:
Layer Location Material Component Perform. Perform. Shift
Ho. ID Constant Exponent Factor
1 bottom cement4482 ETH 0.000277 1z2_000
3 top Sub_CER7 EZZ 0.009150 T7.000

iability Facto
ect Belisbility: Austroads 90%

W Beliabilitcy Material

[ Factor Type

1 2.00 Cement Stabilised

3 1.00 Subgrade (Rustroads 201

Details of Layers to be sublayered:
Lay 2: BRustroads (2004} sublayering

Layer Thiclkness Material Exls Unitless
Ho. ID Strain
1 340._00 cement4452

SADT{A0): T.Ll43E-05

SnST({53): 5.Z13E-05
3 a._00 Sub CEBR7?

SADT{A0): 1.756E-04

Besulzs:

Layer Thickness Material Exle CDF
Ho. ID Group
L 340._00 cement445I Total: .448E-01

-

SHST: -50eE-03

SADT: 5.053E-02
TAST: 2 _B89E-04
TADT: B_23ZE-02
TRDT: 4.032E-03
QADT: 3.81EE-05
2 E8._00 GCram 250 n/a
3 0.00 Sub CBRT Total: Z.0Z9E-06
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CBR7 Pavement with Variable Characteristics — 330 mm Thick

CIRCLY - Wersion 7.0 (1 February 2022)
Job Title: CBR7 Thiclmess Comparison
Design Method: Austroads 2017
HDT {cumzlatiwve heavy vehicle axle groups over design pericd): 1.98E+0E6
Traffic Load Distribution:
ID: KSWPresumeRural
Hame: NSW BMS Bug 2018 — Bural Presumptive (Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Radius Dressure/ Exponent
Ho. In Catcegory Tyoe E=f. stress

1 ESATS0-Full ESAT50-Full Vertical Force 921 035 0.00

2 ERETE3 SRASTE3 Vertical Force 2.4 0.8OD 0.00

Load Locations:

Location Load Fear " ¥ calimg Theta
NHo. Factor

=]
1] 1 -165.0 0.0 1.00E+00 0.00
2 1 1€5.0 0.0 1.00E+00 0.00
3 1 1635.0 0.0 1_00E+00 0_00
4 1 13€5.0 0.0 1 E+00 0.00
1 1 0.0 0.0 1 E+00 0._00
Z SAETS3 1 0 0.0 1.00E+00 0.00

Details of Layered System:

ID: BAustZ(l7-1 Title: Rustroads 2017 — Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus P _Ratio

No. ifface ID {or vwh) F E wh
1 rough cement4e0l 0_20
2 rough Gran_2&0 0.38 -2EE+02 0.35
3 rough Sub CBR7T 0.45 3_50E+01 0.45

Performance Relationships:

Layer Location Material Component Perform. Perform. Shifc
Ho. ID Constant Exponent Factor
1 bottom cementdell ETH 0.000274 12000
3 top Sub CHRE7 EZZ 0.003150 7.000

Beliability Factors:
ect RBeliakility: RAustroads 50%
Layer Reliabilicy Material
Ho. Factor Type
T an Cement Stabilised
3 1.00 Subgrade (Bustroads 2017T)

Details of Layers to be sublayered:
no. 2@ BAustroads (2004} sublavering

Layer Thickness Macerial RExle Unicless
Ho. ID Strain
1 330.00 cementdell

SEDT (B0) : 7._321E-05
SAST(53): 5.371

3 0.00 Sub CERT7
SADT(B0): 1.B800E-D4

Layer Thickness Material RExle

Ho. ID Group

1 330.00 cementdell Total:
SAST:
SADT:
TAST:
TADT:
TRDT:

-261E-01
-175E-03
-B4TE-05

ris &8 _00 Gran 250 nia
3 a.00a Sub CBR7 Total: Z_.414E-06
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CBR7 Pavement with Variable Characteristics — 320 mm Thick

CIRCLY - Version 7.0 (1 February 2022}

Job Title: CBR7 Thickness Comparison
Design Method: Bustroads 2017
KDT
Traffic Load Distribution:

=l

NEiWPresumsRural

Hame: MSW RMS Aug 2012 - Bural Presumptive

ESR/HVRG: 1.068

Details of Load Groups:
Load

ID
ESATS0-Full

Load
Category
ESATS0-Full

Load
Ho.
1

2 SRSTE3 SASTE3
Load Locations:
Location Load Gear
Ho. ID No
ESAT50-Fu 1
ESRTE0- 1

EERATE0D

[l S CL B

Details of Layered System:

ID: BustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound

Layer Lower Material
Hor. i/face ID
1 rough cementd 717
2 rough Gran 250
3 rough Sub CBR7

Performance Rela nships:

Layer Location Material
Ho. ID
1 bottom cement4 717
3 top Sub CBR7

Reliability Factors:

ct Reliability: RAustroads 90%
Beliabilicy Macerial
Factor Type
2.00 Cement Stabilised

Subgrade

Details of Layers to be sublayered:

{cumuzlative heavy vehicle axle groups over design pericd):

Isotropy

Component

ETH

EZZ

{Austroads 2017)

Layver mo. 2: Austroads (2004) sublavering
Strains:
Layer Thickness Material Exl=
Ho. ID
1 320.00 cement4T17

Sub CERT

Besulcs:
Layer Thickness

Material
Ho. iD

1 320.00 cement4717
2 78.00 CGran_ 250

[=]
=]
(==

0 Sub CBRT

Total:

1_98E+0e

(Tabla 18)

Load Radius Pressure/
Type E=f. stress
Vertical Force 92 .1 0D.75
Vertical Force 102.4 0.80
¥ Scaling Theta
Factor
5 L 1_00E+00

1.00E+00
1.00E+00
1_00E+00
1_00E+00
1.00E+00

[= R =N =]

[y B Y ]
[ R Y

[=R=R=]

Granular Pawvement

Modulus

E
{or vwh) F Eh
0.20
0.35 1_B5E+02 1.25E+H02
0.45 4_83E401 3.50E+01
Perform. Parform. Shift
Constant Exponent Factor
0.000271 12_000

0.009150 7.000

Unitless
Strain

}: 7.50EE-D5
}: 5.536E-05

1.847E-04
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Exponent

(=]
(=]

Q.00
.o

=]
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CBR7 Pavement with Variable Characteristics — 310 mm Thick

CIRCLY - Versiom 7.0 (1 February 2022}

Job Title: CBERT Thickness Comparison

Design Method: Austroads 2017

RDT

Traffic Load Distribution:
ID: HEWPresumeDural

Hame : NSW BMS hmg 20
ESA/HVAG: 1.068

18 - BPural Presumpti

Details of Load Groups:

Load Load Load
Ho. In Category
bl E3E
2 b= SRSTS3
Load Locat

Location
Ho.

ESAT50-Full
ESAT50-Full
ESAT50-Full
ESAT50-Full
SASTS3

SASTS3 1

Details of Layered System:

ID: Bust2017-1 Title: Rustroads 2017 -
Layer Lower Material I
Ro. ifface ID

it rough cement4841

2 rough Gran 250

3 rough Sub_CBR7

Performance Relaticnships:

Layer Location Material C
Ho. ID
3 bottom cement4841 E
3 top Sub CBR7 E!

Beliability Facto!

ct Be _abll_tx: Lustroads S0%

Material

Typs

Cement Stabilised

Subgrade (Rustroads 2
Details of Layers to be sublayered:
Layer no. 2: BAustroads (2004} sublayer

Layer Thickness Material
Ho iD
310.00 cement484l
3 0.00 Sub CBR7

Layer Thiclness Material
Ho. ID
L 310.00 cement 4841
2 ag._00 Gran 250

{cumzlative heavy vehicle axle groups ower design pericd):

e

Example 1 - Unbound

{Table 18)

Load
Type
Vertical Force
Vertical Force

SOLECDY Modulus
)

Granular

1_98E+DE

Dressure/
E=f. stress

(=R =R

[ e ]

Eavemsnt

P_Ratioc
{or wvh)

F Eh

4. 0.20
2L 0.35 1_85E+02 1.25E+02
il 0.45 4_B3E+01 3.50EH0L
omponent Perform. Perform. Shifc
Constant Exponent Factor
TH 0.000267 12_000
ZZ 0.009150 4

ing

Axle

SLDT {80} :
SAST(53):

SADT {80):

hxle CLF
Group
Total: -546E-01

SRST:
SLDT:
TAST:
TADT:
TRDT:

.457E-02
.31EE-01
.33LE-03
J117E-01
_RZ2TE-0Z2

.44€E-04

o a0

Total:
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Q.

Exponent

(=]

(==

0.35
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CBR7 Pavement with Variable Characteristics — 300 mm Thick

- Version 7.

CIRCLY 0 (1 February 2022}

Job Title: CER7 Thickness Comparison

2017

Design Method: Rustroads

HOT {cumalatiwve heavy vehicle axle groups over design

Traffic Load Distributiom:

ID: HSWPresumeRural

Hame: MNEW BMS Ang 2015 — Bural Presumptive
ESA/HVAG: 1.068

{Table 1

Details of Load Groups:

Load
Category

Load
Ho. in

1 ESAT50-Full ESATS0-Full
2 SRBSTE3 SLSTE3
Load Locations:
Location Load Gear X
Ho. ID Hao.
1 ESAT50-Full 1 -1€5.0
2 11 1 1€5.0
3 1 1635.0
4 ESAT50-Full 1 19€5.0
i SRSTS53 1 0.0
2 SASTS3 1 2130.0

Details of Layered System:

Performance Relationships:

Layer Location M

Ho.
L
3

Component

c
ETH
EZZ

cement4373
Sub CBR7

bottom
top

Relisbility Factors:
Project Beliability
L Reliability
Factor

Bustroads 5S0%
Material

Type

Cement Stabilised
Subgrade (Auscroads

1.00

Details of Layers to be sublayersd:

Layer no. 2: BRBustroads (2004) sublayering
Strains:
Layer Thickness Material Exle

Ho.
o}

cement4373

300.00

SADT {80) :
SAET(53):
3 0.

(i} Sub CERY

SADT {80} :

Besults:

Layer Thickness Material Exle
Ho. ID Group
1 300.00 cementdS73 Total:
SAST:

SADT:

TAST:

TADT:

TRDT:

QADT:

2 98.00 Gram 250

Total:

247

period) :

2)

Load
Type
Vertical
Vertical

-l

Unbound

ID: Aust2017-1 Title: Rustroads 2017 - Example 1 -
Layer Lower Material Isotropy Modulus
Ko ifface IiDh {or Ev)

1 rough cement4973

2 rough Gran_ 250

3 rough Sub CER7

Perform.

onstant
0.000264
0.009150

Unitless
Strain

7.888E-05
BBEE-D5

b

[ P s 52 T2 0o

4.

[ v

Granular

1_98E+0&

Radius

Force
Force

[=
(SN

Scaling
Factor
1_00E+00
1_00E+00
1_00E+00
1_00E+00
1.00E+00
1_00E+00

[ ey ]

[

F_Ratio
{or wvwh)

e 1= 1 55

1
-4

Dressure/

Ref.

(S

Theta

Pawvement

BSE+D2

-B3E+0L

.80

0.
M

STIEess

Eh

1.25EH)2
3.50E+HI1

Expon

[

a.00
.00

entc



CBR7 Pavement with Variable Characteristics — 290 mm Thick

CIBCLY - Wersiom 7.0

Job Title:

{1 February 2022}

CBR7 Thickness Comparison

Design Method: Bustroads Z017

RDT

Traffic Load Distribution:

ID: HEWPresumeRural
Hame: NSW BMS Rug 2018
ESA/HVAG: 1.068

Details of Load Groups:

Load
Ho . ID

Fa =
=
i
T
-1

Load Locations:

Location Load

Ho. ID

T ESAT50-Full
ESAT50-Full

ESAT50-Full

ESAT50-Full

SRASTE3

SASTE3

(BRI el S AU )

Details of Layered System:

ID: BustZ2017-1 Title:

buscroads Z0L7

{cumlative heavy vehicle axle groups over design pericd) :

- Bural Presumptiwve

Load
Category
ESRT50-Full
SRSTE3

1.98E+De

{Table 1E)

Load Badius
Type

Vertical Force i
Vertical Force 102.4

b
-

Scaling

Factor

1.00E+00
1.00E+00
1.00E+00

O T
[GEUETED

[
LI

e

[y e )

— Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus F_Ratio
Mo . ifface ID B {or wh) F
1 rough cement5113 Iso. 5.11 0
2 rough GCran_ 250 Aniso 2.50 0.35
3 rough Sub CBRT7 Aniso 7.00E+01 0.45 4_.83E+01
Performance Relationships:
L Location Material Component Perform. Berform. Shiftc
ID Constant Exponent Factor

1 bottom

cement5113

ETH

3 top Sub CEBR7 EZZ
Beliabhility Factors:
Project Reliability: Bustroads 50%
EBeliability Material
Factor Type
2.00 Cement Stabilised
1.00 Subgrade (Austroads 201

Details of Layers

to be sublayeresd:

12.000

7.000

o.0002&0
0003150

Laver no. 2: BRustroads (2004} sublayering
Strains:
Layer Thickness Material Exle Unitless
Ho. ID Strain
X 290.00 cement5113
SEDT (80} : 8.090E-05
SEST(53): €.072E-05

Besults:

Sub CBR7

SADT{A0) : Z.008E-04

Layer Thickness Material Bxle CDF
Ho. ID Croup
1 290.00 cement5113 Total: 1.408E+00
SRST: 1.001E-01
SEDT: 4_B1l5E-01
TRST: 3.851E-03
TRDT: T.B35E-01
TRDT: 3.837E-02
QRDT: 3.E34E-D4
2 108.00 Gran 250 nfa
3 0.00 Sub CER7 Total: 5.180E-0D6
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Pressure/

Exponent

Eh vh

.ZEE+DZ

0.3
3.50E+01 0.4



CBR7 Pavement with Variable Characteristics — 280 mm Thick

CIRCLY - Wersion 7.0 (1 February 2022}
Job Title: CBR7 Thickness Comparison

Design Method: RBustroads 2017

HDT {cumzlatix

heavy wehicle axle groups owver design pe
Traffic Load Distribution:
ID: HSWPresumeRural
Hame: NSW BMS Aug 2018 - Rural Presumptive (Table 18)
ESR/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Fadius Pressurs/ Exponent
Ho. In ¥ Tyvpe E=f. stress

1. ESAT750-Full ESAT50-Full Vertical Force 92.1 0.75 0.00

2 SBETS3 SRSTE3 Vertical Force 102_4 0_80 0.00

Load Location

Location Gear X 4 Scaling Theta
Ho. No. Factor
1 -1 a 1_00E+00

1_00E+00
1_00E+00
1_00E+D0
1_00E+00
1_00E+00

le
le
2
€

5.
5.
5.
5.

]
==
Wl
[y ]

[ A

[ERI Sl SRR
Sy N s ]
(== N =]

el

[
I
I
2
[=
[t

Details of Layered System:

ID: Aust2017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy

Ho. ifface ID F Eh wh
11 rough cement5264 Iso.
3 rough Gran_ 250 Aniso. 1.85E+02 1.25E+02 0.35
3 rough Sub_ CER7 Bniso. 4_83E+01 3.50E+H01 0.45

Performance Belati

Layer Location Material Component Perform. Parform. Shift
Ho. ID Constant Exponent Factor
1 bottom cement5264 ETH 0.000258 12.000
3 top Sub CER7 ZE 0.005150 7.000

Beliabilicy Factors:
E ect R abili Bustroads 90%
r BReliabilicy Material

Factor Type
2.00 Cement Stakilised
1.00 Subgrade (Rustroads

Details of Layers to be sublayered:

Layer no. 2: HAustroads (2004} sublayering

Strains:

Layer Thickness Macerial hExle Unitcless
Ko. ID Strain
1 280.00 cementiZcd

SADT({B0)}: B.
SAST({53): €.

3 0.00 Sub CER7
SADT{B0): 2.

Bssults:

Layer Thickness Material hxle CIOF
Ho. ID Eroup
gl 280.00 cement5Zed Total: 2 _305E+00

SRST: 1.756E-01
SADT: T.853E-01
TAST: 6_T53E-03
TADT:- 1_278E+00
TRDT: ©.258E-0
QADT: 5_9ZcE-04

[
=
'
o
&
=1
Wl
H
fu
o
|

3
in
=
]
m

3 0.00 Sub CBR7 Total: 6_382E-06
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CBR7 Pavement with Variable Characteristics — 270 mm Thick

CIRCLY - Version 7.0 (1 Februmary 2022}

Jok Title: CBRT Thickness Comparison

Design Method: Bustroads 2017

HOT {cumuzlative heawy wehicle axle groups over design period): 1.%8E+06
Traffic Load Distribution:

ID: HEWPresumsRural
Hame: NSW BMS Bug 2018 - Bural Presumptive
ESA/HVAG: 1.068

{Table 18)

Details of Load Groups:

Load Load Load Eadius Pressure/ Exponent
Ho. Im Type E=f. stress
1 ESATE0-Full Vertical Force 2.1 D.#5 0.00
Vertical Force 102.4 0_80 0._00
Location X ¥ Theta
Ho.
g 1 —-165.0 0.0 0.00
2 1 165.0 0.0 1_00E+00 0.00
3 1 1635.0 0.0 1_00E+00 0.00
4 1 1965.0 0.0 1.00E+00 0.00
1 1 0.0 0.0 1_00E+00 0.00
2 1 -0 0.0 1_00E+00 0.00
tails of Layered System:
ID: Rust2017-1 Title: Austroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy
Ho. ifface ID F

1 rough cementidie

2 rough Gran_ 250 1

3 rough Sub CER7? 4
Performance Relat
Layer Location Material Component Perform. Perform. Shift
Ho. ID Const Exponent Factor

1 bottom cementsidie ETH 12.000

3 top Sub CER7 EZE T7.000
Beliability Factors:

a0%
Cement Stabilised
Subgrade (Bustroads Z017)
Details of Layers To be sublayersd:
Layer no. 2: BRBustroads (2004} sublayering
Strains:

Laver Thickness Exle Unitless
Ho. Strain

1 270.00 cement5426

SADT {R0) - &.510E-05

SEST ({53} : ©6.467E-05

oo Sub CERT

SLDT (BD) :

123E-04

Results:

Layer Thickness Material Exls CDF
Ho. ID Group
2 270.00 cement5426 Total: 3.
SRST: 3.1
SBDT: 1.
TLST: 121
TRDT: 2.0
TRDT: Lo
QLDT: B
2 128.00 Gran 250 nfa
3 0.00 Sub CER7 Total: T.92ZE-0D&
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CBR 7 Pavement with 105 % Compaction

CIRCLY - Version 7.0 (1l February 2022}

Job Title: CERT Compaction Bnalysis

Design Method: Bustroads 2017
HDT {cumulatiwve heavy wehicle

Traffic Load Distribution:

ID: NSWPresumsRural

Hame: NSW BMS Aug 2015 — Bural Presumptive

ESA/HVAG: L1.06S

Details of Load Groups:

Load

In
ESATS50-Full
SHETE3

Load
Ho.

=

]

Load Locations:

Location Load
Ho ID

1 ESAT50-Full
2 ESRT50-Full
3 ESRT50-Full
4 ESRAT50-Full
I SASTS3
2 EASTSE3

Details of Layered System:

axle groups owver design periocd): 1.S98E

(Table 18)

Load
Type
Vertical Force
Wertical Force

ESnTS0
SLSTS3

=yl
SN}
S
[

=

[*]

1 =1&5.0 0.0
1 165.0 a.0
1 1635.0 0.0
1 19€5.0 a.0
1 0.0 0.0
1 2130.0 0.0

Radius

[T}
[R5 I ]

Scaling
Factor
1_00E+00
1_00E+00
1_00E+00
1_00E+00
1_00E+00
1_00E+00

ar

ol

io

oXm.

Ref.

i |
.4

Pavement

Pressure/
STress

~1

=
= m

]

Theta

=R === =]
[ i ]
[ UG e ]

Exponent

=
£

oo
s
i

Exponent Factor

F 0ol

ID: BustZ017-1 Title: Bustroads 2017 — Example 1 - Unbound Granul
Layer Lower Material b _R=a
Ho ifface ID {or
1 rough cemental27 0.20
2 rough Gran_ 250 0.35
3 rough Sub CER7 0.45
rmance Relationships:
Location Material Component Eerf
ID
1 bottom cement6lZ27 ETH
3 top Sub CER7 EZL
Beliabilicy Factors:
ject Reliability: Rustroads 50%
RBelisbility Material
Factor Type
2.00 Cament Stabilised
1.00 Subgrade (Rustroads 2017)
Details of Layers to be sublayerad:
Layer no. 2: Bustroads (2004} sublayering
Strains:
Layer Thickness Material Exle Unitless
Ho. ID Strain
1 2598_00 cement 6127

3 a_oo

Besulcs:

Sub_CBRT

SADT {80} :

Layer Thickness Material Exles CDF
Ko. ID Group
1 298._00 cemental27 Total:
SAST:
SRDT:
TRST:
TADT:
TRDT:
QRDT:
2 1o00.00 Gran 250 n/a

Sub CERT

1.965E-06

Total:
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CBR 7 Pavement with 104 % Compaction

CIRCLY - Version 7.0 (1 February 2022)
Job Title: CBR7 Compaction Bnalysis
Design Method: Bustroads 2017
HOT {cumualatiwve heavy vehicle axle groups over design period) - 1.593E+0&
Traffic Load Distribution:
ID: HSWPresumeRural
Hame: NSW BMS Rug 2018 — Bural Presumptive (Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Radius Prassurse/ Exponent
Ho. In Category Type E=f. stress
1 ESATS0-Full ESATS0-Full Vertical Force 2.1 0.75 0.00
2 SASTE3 SRSTS3 Vertical Force 102.4 D.80 0.00
Load Locations:
Location Load Gzazx X ¥ Theta
Ho. 1D No.
1l ESAT50-Full 1 -165.0 0.0 1 [v]
2 ESATE0-Full 1 165.0 0.0 1 ¥
2 ESAT50-Full 1 le3s.0 0.0 1.00E+00 o
4 ESATE0-Full 1 19865.0 0.0 1.00E+00 o
i ERSTS3 1 0.0 0.0 1.00E+00 o
2 SASTS3 1 2130.0 0.0 1.00E+00 [v]

Details of Layered System:

ID: AustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus
Ho. ifface iD {or Evw) F Eh wh
1 rough cement5A5¢E Iso. 5.8
2 rough Gran 250 Enisc. 2.5 1_25E+02 0.35
2 rough Sub_CER7 Eniso. 7.0 0.45 3.50E+01 0.45
Performance Relatiocnships:
Layer Location Material Component Perform. FPerform. Shift
Ho. ID Constant Exponent Factor
1 bottom cementSH5E ETH 0.00023% 12000
3 Top Sub_CER? EZZ 0.003150 7.000

Beliability Factors:
ct Beliability: Austroads 90%
Relisbilicy Material

Factor Type
2.00 Cement Stabilised
1.00 Subgrade (Rustroads 2017)

Details of Layers to be sublayersd:
Layer no. 2: BRBustroads (2004) sublavering

Strains:

Layer Thickness Materiasl Exles Unitless
Ho. ID Strain
1 298_00 cement5A56

SADT {A0)
SAET{53)

3 a.00 Sub_CBRY
SADT{80): 1.787E-04
Besults:
Layer Thickness Material Exles CIDF
Ho. ID Group
1 298.00 cement5856 Total:
SBST:
SADT:
TRST:
TRDT:
TRDT:
QADT:
2 100._00 Gran 250 n/a
3 .00 Sub CBRY Total: 2_283E-06
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CBR 7 Pavement with 103 % Compaction

CIRCLY - Version 7.0 (1 February 2022}

Job Title: CBR7 Compaction Analysis

Design Method: Bustroads Z017

HDT {cumulative heavy vehicle axle groups over design pericod)] :
Traffic Load Distribution:
ID: NSWPresumeRural
Hame: MN5W BMS Aug 2018 — Bural Presumptive (Table 18)
ESR/HVAG: 1.068
Details of Load Groups:
Load Load Load Load
Ho. In Category Tyoe
3 ESAT50-Full ESAT50-Full Vertical
2 SASTS3 SASTE3 Vertical
Load Locations:
Location Load Gear X T
Ho. ID No.
I ESAT50-Full 1 = -0 a
2 ESAT50-Full 1 -0 a
3 ESAT50-Full 1 1 .0 a
4 ESAT50-Full 1 1 -0 1]
): SRSTE3 1 -0 0
2 SAST53 1 2130.0 a
Details of Layered System:
ID: AustZ017-1 Titcle: Bustroads 2017 - Example 1 — Unbound G
Layer Lower Material Isotropy
Ro. ifface ID
1 rough cementheas Iso
2 rough Gran_ 250 ]
3 rough Sub CBR7 Aniso.
Performance Relat
Layer Location M Component Perform.
Ko . Constant
1 bottom cementheas ETH
3 top Sub CERT EZZ
Reliability Factors:
Reliability: Austroads 50%
Reliability Material
[=] Factor Type
1 2.00 Cement Stabilised
3 1._00 Subgrade (Austroads Z0L1T)
Details of Layers to be sublayersd:
Layer no 2: BRBustroads (2004) sublayering
Strains
Layer Thickness Material Exle Unitless
Ho. ID Strain
1 298._00 cementhE6s
SADT{A0): T7.229%E-05
SAST {53 5.375E-05
3 0.00 Sub CBR7
SADT {80} : 1.828E-04
Besulcs
Layer Thickness Material Bxle COF
Ho. ID Group
1 298.00 cement5EES Total 7.383E-01
SAST: 4 _724E-02
SADT: 2.545E-01
TAST: 1.81BE-03
TADT: 4.142E-01
TRDT: 2.028E-02
QADT: 1.921E-04
2 100.00 Gran_ 250 nfa
3 Q.00 Sub_CEBR7T Total: 2.683E-06
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1_38E+D

ranular

Barform.

Expone

6

Badius

Pavement

nt

Pressurs/
STress

1
o

Ref.

Eh

1.2EE+D2
3.50E+01

Exponent
Q.00
_'| = C:J
vh
0.35
0.45



CBR 7 Pavement with 102 % Compaction

CIRCLY - WVersion 7.0 (1 February 2022}
Job Title: CBERT Compaction Bnalysis
Design Method: RBustroads 2017
HOT ({cumulatiwve heavy vehicle axle groups ower design period) : 1.38E+DE&
Traffic Load Distributiom:
ID: HSEWPresumeRural
Hame: NSW BMS Aug 20158 — Bural Presumptiwe ({Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Radius Dressurse/ Exponent
Ko . D Category Type E=f_  s=stress

1 ESAR750-Full EERT50-Full Vertical Force 52.1 bD.75 0.00

i SRASTE2 SRASTE3 Vertical Force pz.4 0.80 0.00

Load Locations:
Location Load Gaar Scaling Theta

Ho. ID [z Factor

=
i

T ESATS0-Full 1 -165.0 0.0 1.00E+00
2 ESRTS0-Full 1 165.0 0.0 1.00E+00
3 ESATS0-Full 1 1635.0 0.0 1.00E+00
4 ESATS0-Full 1 1965.0 0.0 1.00E+00
1 ERSTS3 1 0.0 0.0 1.00E+00
F SASTS3 1 2130.0 0.0 1.00E+00

Details of Layered System:

ID: BAustZ017-1 Title: Bustroads 2017 — Example 1 - Unbound Granular Pavement

Layer OWer Material P_Ratio

Ho. ifface ID {or wh) F Eh vh
1 rough cementiald Q.20
2 rough Gran 250 0.35 1_85E+02 1_25E+02 0_35
3 rough Sub CBRT 0.45 4_83E+01 3_50E+01 0.45

Performance Relationships:

Layer Location Material Component Perform. Perform. Shift
Ho. IDh Constant Exponent Factor
1 bot tom cementhd34 ETH 0_000251 1Z_000
3 top Sub CER? EZEL 0.00%150 7.000

Beliability Facto
ject Reliabi
Layer BReliability Material

Factor Type

Cement Stabilised
Subgrade {(Bustroads 2017)

Details of Layers to be sublayered:
Layer no. 2: HRustroads (2004} sublayering

Strains:

Layer Thickness Material Exles Unitless
Ho. ID Strain
298._00 cementiald

SEDT (B0} : 7.455E-05

SBET({53): 5.552E-05
3 Q.00 Sub CER7

SEDT(B0): 1.871E-04

Besults:

Layer Thickness Material hxle CDF
Ko . ID Group
23 258._00 cementi434 Total: g8_009%E-01
SRET: 5.214E-02

SBDT: 2_T58E-01
TRST: 2.00TE-03

3 Q.00 Sub_ CER7 Total: 3.166E-06
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CBR 7 Pavement with 101 % Compaction

CIRCLY - WVersion 7.0 ({1 February 2022}
Job Title: CBR7T Compaction Analysis
Design Method: Austroads 2017
KROT (cumulative heavy wvehicle axle groups over design pericd) - 1.98E+0&
Traffic Load Distributiomn:
ID: HEWPresumeBural
Hame: MSW BMS Aug 2018 - Bural Presumptive ({Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load

Load Badius Dressure/ Exponent

Koo Tyoe sTress
Vertical Force 921 Q.00
Vertical Force 102_4 0.00
Loc Geax = ¥ Scaling Theta
Hoo ID No. Factor
1 ESAT750-Full 1 -165.0 0.0 1.00E+00 0.00
k4 ESAT750-Full 1 165.0 0.0 1_00E+00 0.00
3 ESLT50-Full 1 1635.0 0.0 1.00E+00 0.00
4 ESATS0-Full 1 15965.0 0.0 1_GO0E+00 0.0
1 SRSTE3 1 0.0 0.0 1_00E+00 0
2 SASTS3 1 2130.0 a.0 1_00E+00 {1 i3
Details of Layered System:
ID: BustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavemsnt
Layer Lower Material Isotropy Modulus F_Ratio
Ho. ifface ID {ox Ewv) {cr wwh) F Eh vh
1 rough cement5203 Iso. 5_ZOE+03 0.20
2 rough Gran_ 250 Iniso. 2 _50E+02 0.35 1_25E+02 0.35
3 rough Sub CBR7 Aniso. 7 .00E+01 0.45 3_50E+01 0.45

Performance Relationships:

Layer Location M Component Perform. Parform. Shifc
Ko, ID Constant Exponsnt Factor
1 bottom cement5203 ETH 0.000258

3 top Sub_CER7 EZZ 0._009150

Beliability Factors:

7- Bustroads S50%
liabilitcy Material

2_00 Cement Stabilized
1.00 Subgrade (Rustroads 20LT)

Details of Layers to be sublayersd:
Layer no. 2: Austroads (2004} sublayering

Layer Thickness Material Exle Unitless
Ho. ID Strain
298 _00 cementh203
SAEDT {80} : T7.699E-D5
SAST{53): S5.742E-05

SADT {80} : 1.91BE-D4

Besulcs:

Layer Thickness Material Exle CDF
Ho. ID Group
1 298._00 cement5203 Total: §.47cE-01
SRST: 5.81%E-02
SADT: 2.915E-01
TAST: 2_163E-03

TADT: 4.743E-01
TRDT: 2.323E-02

2 140.00 Gran 250 n/a

3 Q.00 Sub CER7 Total: 3.T6ZE-06
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CBR 7 Pavement with 100 % Compaction

202

CIRCLY - Version 7.0 (1 February 2)

Job Title: CBR7 Thickness Comparison

Design Method: Austroads 2017

NDT (cumulative heavy wehicle axle groups over design period):

Traffic Load Distribution:

ID: HSWPresum=Rural
Name: NSW BMS Aug 201
ESA/HVAG: 1.068

=]
B

- Bural Presumptive (Table 18)

Details of Load Groups:

Load Load Load Load
No. ID Category Type
1 ESATS0-Full ESAT50-Full Vertical
2 SASTS3 SASTS53 Vertical
Load Locations:
Location Load Gear X ¥
No. ID No.
1 ESAT50-Full 1 S e
2 ESAT750-Full 1 165.0
3 ES4750-Full 1 1635.0
4 ESAT50-Full 1 1965.0
1 SASTS3 1 0.0
2 SASTS3 1 2130.0 0

Details of Layersd System:

ID: Aust20l7-1 Title: Austroads 2017 - Example 1 - Unbound G
Layer Lower Material Isctropy Modulus
No. i/face ID {or Ew)
1 rough Cement5000 Isc. 5.00E+03
2 rough Gran_250 Aniso. 2.50E+02
3 rough Sub_CBR7 Aniso. 7.00E+01
Performance Relationships:
Layer Location Material Component Perform.
Na. ID Constant
1 bottom Cement5000 ETH
3 top Sub_CER7 EZZ

Reliability Factors:

Project Beliability: Austroads 90%

Layer Reliability Material
No. Factor Type
1, 2.00 Cement Stabilised
3 1.00 Subgrade (Austroads 2017)
Details of Layers to be sublayered:
Layer no. 2: BRustroads (2004) sublayering
Strains:
Layer Thickness Material Axle Unitless
No. iD Strain
1 2598.00 Cement5000
SADT(80): T.%ZBE-03
SAST(53): 5.922E-05
3 0.00 Sub_CBR7
SADT(B80): 1.9%6ZE-04
Results:
Layer Thickness Material Axle CDF
No. iD Group
1 2898.00 CementS000 Total: 9.587E-01
SAST: E.461E-02
SADT: 3.293E-01
TAST: 2.487E-03
TADT: 5.358E-01
TRDT: 2.624E-02
QADT: 2.485E-04
A 100.00 Gran_250 nfa
3 0.00 Sub_CBR7 Total: 4.405E-0&
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1.98E+08

Force
Force

Scalin
Factor
1.00E+
1.00E+
1.00E+
1.00E+
1.00E+
.0 1.00E+

ranular Paw
P.Ratio
{or wwh)
0.20

=35

.45

S

Perform.
Exponent
12.000

. 000

g

00
00
00
00
o0
00

ement

.B5E+02

-83E+01

Shift
Factor

[ N N =N=1

Pressure/
Ref.

1 T
0.80

3Lress

Theta

.00
.00
.00

Eh

1.25E+02
3.50E+01

Exponsnt

0.00
0.00



CBR 7 Pavement with 99 % Compaction

CIRCLY - Wersion 7.0 (1 February 2022}

Job Title: CBRES - Compaction Analysis
Design Method: Bustroads Z017
KOT {cumulative heavy wvehicle
Traffic Load Distribution:

ID: KHSWPrasumsRural

Hame: NESW BMS Aug 2018 - Bural Presumptive

ESASHVAG: 1.068

Details of Load Groups:
Load

Category
ESATS50-Full

Load Load
Ko ID
i} ESATS0-Full

2 SRESTSE3 SLSTE3
Load Locations:
Location Gear

Ho.

P bk d a

Details of Layered System:

ID: BEustZ017-1 Title: Bustroads 2017 -

Layer Lower Material
Ho. i/face ID
1 rough cementdTI4
2 rough Gran 250
3 rough Sub CBR7

Performance Relationships:

Layer Location Material
Ho. iD
1 bottom cement4TI4
3 top Sub_ CER7

RBeliability Factors:
ect Beliability:
Reliabilicy

Mustroads 50%
Material

Details of Layers to be sublayersd:

Component

ETH

-
&

Factor Type
2._00 Cement Stabilised
I .00 Subgrade (Rustroads 20L7T)

Layer no. 2: BEustroads (2004} sublayering
Strains:
Layer Thickness Material Exle
Ho. ID
1 298._00 cement4724

3 Q.00 Sub CERT

Besults:

Layer Thickness Material
Ho ID
258.00 cementdTl4
2 100._00 Gran 250
3 0.00 Sub CER7

SRDT (80)
SRST {53}

SEDT {A0)

Exle
Group
Total:
SAST:
SADT:
TLST:
TADT:
TROT:
QRDT:

Total:

axle groups owver design pericd):

{Table 1E)

1.98E+0&

Load Radius Pressure/
Type E=f. stress
Vertical Force 2% 075
Vertical Force 1024 0.80

i 4 Scaling

Perform.

Unitless
Strain

8 _Z243E-05
6.168E-05

2_0Z2E-D4

CIDF

-11BE+00Q
-T0eE-D2
.B34E-01
-96eE-03
-235E-01
-DSEE-D2
-B94E-D4

P L dfy B -]

i
i
[E5)
i
=
i
o
@
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Granular

Factor
a 1_00E+00
a 1_00E+00
a 1_00E+00
a 1.00E+00
a 1_00E+00
1] 1_00E+00

Pavement

F.E=a
{or wh) F
0.20
0_.35

0.45 4.83E+01

Eh

1.25E+02
3.50E+01

Perform.

Exponent

0.35

0.45



CBR 7 Pavement with 98 % Compaction

CIRCLY - Versiom 7.0 (1 F )

2

February 202
Job Title: CBER7T Compaction Bnalysis

Design Method: Rustroads 2017

KROT {cumulative heavy vehicle axle groups over design pericd):

Traffic Load Distribution:

ID: NSWPresumeRural
Hame: NSW BMS RZug 2018 - Bural Presumptiwve
ESASHVAG: 1.068

Details of Load Groups:

{Tabl

1.98E+0&

e 18]

Load Load Load Load RBadius Pressure/
Ko, In Category Type E=f. =stress
I ESAT50-Full ESATS0-Full Vertical Force 92_%F 0.75
2 SLETE3 ERSTE3 Vertical Force 102.4 0.80D
Load Locations:
Location Gear X X Scaling
Ho. [- B Factor
1 -1g5 = 1_00E+00

[Nl SR S ]

Details of Layered System:

ID: AustZ017-1 Title: Bustroads 2017

Lower Material
i/face
rough
rough
rough

Material
iD
cement451L
Sub CHR?

Location

bottom
top

ETH

oo
L&

Beliabilicy Facto
Project Reliabkilit

; Lustroads 50%

Material

Type

Cement Stabilised
Subgrade (Rustroads 2017)

D=

ails of Layers to be sublayersd:

Component

1_00E+00
1_00E+00
1.0C0E+00
1.00E+00
1.00E+00

[y By )

Granular Pavemsnt

Eh

1.25E+H)2
3.50EHI1

Perform. Berform. Shift
Constant Exponent Factor
0.000276 12.000
0.009150 7.000

Layer no. 2: BRBustroads (2004) sublayering
Strains:
Layer Thickness Material Exle Unitless
Ko, ID Strain
1 298_00 cement4511
SADT (80} : B.550E-05
SRET({53): 6.412E-05
3 0.00 Sub_ CER7
SADT{80): 2.073E-04
Besulcs
Layer Thickness Material Exle CDF
Ho. ID Group
x 2598._00 cement4511 Total: 1_335E+00
SAST: 9.394E-02
SADT: 4 _569E-01
TAST: 3.616E-03
TADT: 7.434E-01
TRDT: 3.641E-02
QADT: 3.448E-04
2 100.00 Gran 250 n/a
3 Q.00 Sub CERT Total: €.623E-06
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Expomn

entc

0

35

.45



CBR 7 Pavement with 97 % Compaction

CIRCLY - Wersion 7.0 (1 February 20
Job Title: CBRT Compaction BAnalysis
Design Method: Qustroads Z017
RDT {cumulative heavy wehicle axle groups over design period) @ 1.38E+06
Traffic Load Distribution:

ID: REWPresumsBRural

Hame: NSW BMS Aug 2018 - Bural Presumptiwve (Table 18)
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load Load Badius Dressure/ Exponent
Ho. In Catagory Iype E=f. strass

1 ESAT7S0-Full ESRT5(0-Full Vertical Force < i 0.75 0.00
2z SRETE3 EASTS3 Vertical Force 102.4 D.80 0.00

Load Locations:

Location Load Gear b ¥ Scaling Theta
iD o Factor

Ho. iD 0.

i} ESAT50-Full 1 -165.0 0.0 1_00E+00 0.00

2 ESAT50-Full 1 165.0 0.0 1.00E+00 0.00

3 ESAT750-Full 1 1635.0 0.0 1.00E+00 0.00

4 ESAT50-Full 1 1965.0 a.0 1._00E+00 0.00

1 SAST53 1 0.0 0.0 1.00E+00 0.00

2 SRST53 1 2130.0 0.0 1._00E+00 o.00

Details of Layered System:

ID: BustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavement
Layer Lower Material Isotropy P_Ratioc
Ho. i/face ID {or wwh) F Eh wh
1 rough cement4280 Q.20

2 rough Gran 250 0.35 1_85E+02 1._25E+02
3 rough Sub CERY 0.45 4_B3E+01 3.50E+01

Performance Relationships:

Layer Location Material Component Perform. Parform. Shift
Koo ID Constant Exponent Factor
1L bottom cement42B0 ETH 0. 1z2.000
3 top Sub_ CER7 EZE 0.009150 T7.000

Beliability Factors:
oject Reliability: Dustroads 90%
r Reliability Material

Factor Types
2.00 Cement Stabkilised
1.00 Subgrade {(Justroads 2017)

Details of Layers to be sublayered:
Layer mo. 2: BAustroads (2004} sublayering

Strains:

Layer Thickness Material Exls Unitless
Hoo ID Strain
1 298.00 cement4280

SADT (B0 :
SRST (53):

[xi]

.BB4E-05
-ET7eE-05

4]

3 0.00 Sub_CER7
SLDT {80} : Z.14ZE-D4

Besulcss:

Layer Thickness Material Exles CDF
Ko ID Group
1 298_00 cement4280 Total:

1
SRET: 1
SEDT: 5.360E-01
TRST: 4_34EE-03
TADT: 8.722E-01
4 _271E-02
4

QADT: 045E-04

5]
I
i
il
5]
i
o
o

3 0.00 Sub CER7 Total:
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CBR 7 Pavement with 96 % Compaction

CIRCLY - Version 7.0 (1 February 2022}

Job Title: CBERT Compaction Bnalysis

Design Method: BMustroads 2017

KROT {cummlatiwe heavy wehicle axle groups owver design period) : 1_98E+06

Traffic Load Distribution:

ID: HEWPresumeRural
Hame: MSW BMS Aug 2018 - Bural Presumptiwve
ESR/HVAG: 1.068

{Table 18)

Details of Load Groups:

Load Load Load Radins Drassurs/ Exponent
Ho. D Type Bef. stress

i ESATS0-Full Vertical Force 921 0.75 0.00

2 SALETE3 Vertical Force 10z2.4 0.80 0.00

Load Locations:

Location Load Fear X ¥ Scaling

Ho. 1D No. Factor
1 ESAT50-Full 1 -185.0 0.0 1.00E+00
2 ESATS50-Full 1 165.0 0.0 1.00E+00
3 ESAT50-Full 1 1635.0 a.0 1.00E+00
4 ESAT50-Full 1 1965.0 0.0 1.00E+00
I SRST53 1 0.0 0.0 1_00E+H00
2 SAST53 2130.0 0.0 1.00E+00

Details of Layered System:

ID: BustZ0l17-1 Ticle: Bustroads 2017 — Example 1 - Unbound Granular Pavement

Layer Lower Material Isotropy Modulus

Ho. i/face ID {or Ev} Eh wh
1 rough cement4045 4 _0BE+03
2 rough Gran_ 250 2 .50E+02 1.2E5E+H02 0.35
3 rough Eub_EBR? 7_00E+01 3.50E+01 0.45

Performance Rela

Layer Location Material Component Perform. BPerform. Shift
Ho. ID Constant Exponent Factor
1 bottom cement4045 ETH 0.000283 12.000
3 top Sub CBRT7 EZZ 0.009150 7-000

tionships:

Beliability Factors:
ty: Bustroads
Layer BReliability Material

Mo Factor

50%

Camsnt Stabilissd
Subgrade

Details of Layers to be sublayersd:

(hustroads 2017)

Layer no. 2: Austroads (2004} sublavering
Strains:
Layer Thickness Material Exle Unitless
Ho. ID Strain
1 29B8.00 cement40459
SALDT {80} : 5.250E-05
SAST (53): €.965E-05
3 Q.00 Sub CEBR7

=

SADT (B0): 2.2Z10E-04

Besults:
Layer Thickness Material Exle CDF
Ho. ID Group
1 Z298_00 cement4045 Total: -9BZE+00
SLST: -461E-01

2 100.00 GCran 250

a.0o Sub CERT

SADT:
TAST:
TLDT:
TRDT:

.TelE-01
.6Z4E-03
.100E+00
.3B7E-02
.10ZE-04

LR N S T P S B

i

n/a

Total: 1_015E-05
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CBR 7 Pavement with 95 % Compaction

CIRCLY - Version 7.0 (1 February 2022}
Jok Title: CBR7 Compaction Bnalysis
Design Method: Bustroads 2017
HODT
Traffic Load Distribution:
ID: HEWPresumeRural
Hame: MSW BMS Bug 2018 - Bural Presumptiwve
ESA/HVAG: 1.068

Details of Load Groups:

{Table 18)

{cumzlative heavy wehicle axle groups over design pericd):

1.98E+0D6

Load Load Load Load Badius Dressurs/
Ho. In Category Type E=f. stress
B ESATS0-Full ESAT50-Full Vertical Force 921 0.75
2 SLETE3 ELSTE3 Vertical Force 102.4 0.80
Load Locations:
Location Load Faar X ¥ Scaling Theta
Ho. ID [:18 Factor
1 ESAT50-Full 1 -165.0 0.0 1.00E+002 0.00
2 ESAT50-Full 1 165.0 0.0 1_00E+00 0.00
3 ESAT50-Full 1 1635.0 0.0 1._00E+00 0.00
4 ESAT50-Full 1 1965.0 0.0 1._00E+00 0.00
1 SRST53 1 0.0 0.0 1_00E+00 0.00
2 SRST53 1 2130.0 0.0 1.00E+00 0.00
Details of Layered System:
ID: BustZ017-1 Title: RAustroads 2017 - Example 1 - Unbound Granular Pawvement
Layer Lower Material Isotropy Modulus E_Ratio
Ho. i/face ID Evw) {or vwh) F Eh
o] rough cement3flA Iso. 0.20
2 rough Gran_250 EAniso. 0.35 1_85E+02 1_25E+02
3 rough Sub CBR7 Eniso. 7. 00E+0L 0.45 4_BH3E+01 3.50E+01
Performance Relationships:
Layer Location Material Component Perform. BParform. Shift
Ho. ID Constant Exponent Factor
1 bottom cement3flA ETH 0.000295 12_000
3 top Sub CBR7 EZZ 0.009150 7.000

Beliability Factors:

Project Beliability: Zustroads

Beliahility Material

Factor T
2.00
1.00

50%

r

LVEE
Cement Stakilised
Subgrade (Austroads 2

Details of Layers to be sublayered:

Layer no. 2: DRAustroads (2004} sublavering
Strains:
Layer Thickness Material Exle
Ro. ID
1 298._00 cement3A1B
SADT (BO) :
SAST (53} :
32 0.0a Sub CERT

SADT (80 :

Besults:

Layer Thickness Material Exle
Ho. ID Group
1 298_00 cement3A1B Total:
SAST:

SADT:

TAST:

TADT:

TRDT:

QADT:

2 100.00 Gran 250

3 0._00 Sub CERT Total:
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Unitless
Strain

.651E-05
-2B4E-05

CDF

e e ]

[V N

.EBEE+00
.955E-01
.T8BE-01
.524E-03
.432E+00
.01l1E-02
-E35E-04

nfa

.2B0E-05

Exponent

(]
[l

.00
.00



CBR 7 Pavement with 94 % Compaction

CIRCLY - Version 7.0 (1 February 2022}
Job Title: CBR7 Compaction Bnalysis
Design Method: Rustroads Z017
ROT {cumulative heavy vehicle axle groups owver design pericd) @ 1.3%B8E+0c
Traffic Load Distribution:
ID: HEWPresumsRural
Hame: MSW BMS Aug 2018 — Bural Presumptiwve {(Table 18)
ESE/HVAG: 1.062

Details of Load Groups:

Load Load Load Badius Dressurs/ Exponent
Ko, In Type E=f. stress
T ESATS0-Full Vertical Force 52.1 075 0.00
2 SRBETS3 Vertical Force 102.4 o.80 0.00
Load Locations:
Location Load Gaar X ¥ Scaling Theta
Ho. ID No. Factor
1 ESAT50-Full 1 -165.0 0.0 1_00E+00
2 ESAT50-Full 1 165.0 0.0 1.00E+00
3 ESAT50-Full 1 1635.0 0.0 1_00E+00
4 ESAT50-Full 1 1965.0 0.0 1.00E+00
b SLSTS3 1 0.0 0.0 1_00E+00
2 SASTS3 1 0.0 0.0 1_00E+00
Details of Layersd System:
ID: Bust2017-1 Title: Bustroads 2017 — Example 1 — Unbound Granular Pavement
Layer Lower Material Isotropy Modulus P _Ratio
Ko, i/face ID {or wvwwh) F Eh wh
1 rough cement35E7 Iso. 0.20
2 rough Gran_ 250 Aniso. 0.35 1_85E+02 1_25E+H02 0.35
3 rough Sub CBRT Aniso. 0.45 4_83E+01 3.50E+01 0.45
Performance Relationships:
Layer Location Material Component Perform. Perform. Shift
Ho. D Constant Exponent Factor
b bottom cement35B7 ETH 0.000302 12_000
3 top Sub CBR7 EZZ 0.009150 7.000

Beliability Factors:

Project Re v: Austroads 90%
Layer Relisbilicy Material
[ Factor Type
i 2.00 Cement Stabilised
3 1.00 Subgrade {(Bustroads 2017)

Details of Layers to be sublayersd:

Layer no. 2: BAustroads (2004} sublayering

Strains:

Layer Thickness Material Bxle Unitless
Hoo ID Strain
1 298_00 cement 3587

ShDT{80): 1.003E-D4

SRST{53): 7.e3BE-05
3 0.00 Sub CBER7?

SADT {80} : Z2.366E-04

Besulcs:

Layer Thickness Material Lxle CDF
Ho. ID Group
T 298.00 cement3GET Total: 3.353E+00
SAST: 2.605E-01
SADT: 1.138E+00
TAST: 1.003E-02
TADT: 1.85ZE+
TRDT: 5.072E-02
QRDT: §.591E-D4
2 lo00.00 Gran 250 n/a
3 0.00 Sub_ CBR7 Total: 1.637E-05
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CBR 7 Pavement with 93 % Compaction

CIRCLY - WVersion 7.0 (1 February 2

Job Title: CBR7 Compaction AEnalysis
Design Method: Bustroads Z017

HODT
Traffic Load Distribution:

ID: NSWPresumsRural

Hame: MS5W BMS Aung 2018 - Bural Presumptive

ESA/HVAG: 1.068

Details of Load Groups:

Load

I
ESAT50-Full
SAESTS3

Load
Ho.

[ ]

Load Locations:
Location
Ho.

SAST53
SRST53

13 ks 0 B
E
]

Details of Layered System:

ID: AustZ0l7-1 Title: Austroads

Layer Lower Material
Ho. ifface ID
1 rough cement335e
2 rough Gran 250
3 rough Sub_CER7

Performance Relaticnships:

Layer Location Macerial
Ho. iD
1 bottom cement335E
3 top Sub CBR7

Reliability Factors:
Project Reliability: Austroads 5
L Reliability Material

22}

{cumulative heavy vehicle axle groups over design pericd):

2017

0%

Details of Layers
Layer no. 2:

Strains:

Layver
Ho.
1

Results:

Laver
Ho.
1

Factor
2.00

1.00

Thickness

2598.00

0.00

Thickness

298.00

0.00

RBustroads

=
Cement Stabilised

(Table 18)

Load Radius Pressure/
Tyoe E=sf. strass
Vertical Force 82.1 0.5
Vertical Force oz2.4 0.80
pi A X Scaling Theta
Factor
-165.0 0.0 1_00E+00 0.
1€5.0 0.0 1.00E+00 0.
1e35.0 0.0 1_00E+00 o]
13€5.0 0.0 1_00E+00D o]
0.0 0.0 1_00E+00 o]
2130.0 0.0 1_00E+00D o.
— Example 1 - Unbound Granular Pavement
Isoctropy Modulus E_Ratic
{or wvh) F Eh
0.20
0.35 _2BE+02

0.45

Perform.

Constant
0.000308
0.009150

Component

ETH

EZZ

Subgrade (Bustroads 20L7T)

to be sublayered:
(2004}

cement335SE

Sub CERT

Material

;emen:3355

Gran 250

Sub CERT

sublayering

Unitless
Strain

hxle

SARDT {0} - 1_053E-04
SAET{53): 8_03ZE-05

SADT{80): Z.45TE-04

Axle
Group
Total:
SAST:
SADT:
TAST:
TADT:
TRDT:
QADT:

CDFE

e

. TO3E+00
-T62E-01
-583E+00
.44BE-02
-591E+00
-269E-01
-202E-03

R

Total: 2.1
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CBR 7 Pavement with 92 % Compaction

CIRCLY - Versiom 7.0 (1 February 2022}
Job Title: CER7 Compaction Bnalysis
Design Method: Rustroads 2017
HOT {cumalatiwve heavy wehicle axle groups
Traffic Load Distributiom:
ID: HSWPresumeBural
Hame: MNSW BMS AZug 20153 — Bural Presumptive
ESA/HVAG: 1.068

Details of Load Groups:

Load Load Load
Ho. ID Category
] EZATE0-Full ESATS0-Full
2 ERETE3 SRETE3
Load Locations:
Location Load Fear
Ho_ ID Ho
ESA750- 1

[ S O O ]

Details of Layered System:

ID:

Layer Lower Material
Ho . ifface ID
1 rough cement3l25

Gran 250

rough y
Sub CBR7

3 rough

Performance Relationships:

Location Material
ID

Layer

Ho.

Rust2017-1 Title: Rustroads 2017 - Example 1 -

Component

(Table 18)

ower design pericd):

1_98E+0&

Load Radius Dressure/
Type Ref. stress
Vertical Force 92.1 0.75
Vertical Force 1024 0.80
X ¥ Scaling Theta
Factor

=165_0
165.0
1e35.0
19&5.0
0.0
2130.0

Unbound

G

Modulus

7.00E+01

Perform_

Constant

1 bottom cement3125 ETH 0.000314
3 top Sub_CHBR? EZZ 0.009150
Beliability Factors:
Project Reliability: Austroads 90%
L Beliability Material
Factor Type
2.00 Cement Stabilised
1._00 Subgrade (Austroads 2017)
Details of Layers to be sublayersd:
Layer no. 2: BRBustroads (2004} sublayering
Strains:
Layer Thickness Material hExle Unitless
Ho. ID Strain
1 258.00 cement3lis
SADT {80) 114E-04

SAST (53]
3 0.00 Sub CBRY
SADT (g0} : 2.

Besults:

Thickness Material
-

258._00 cement3l2s

100.00

Q.00

Rxle
Group
Total:
SAST:
SADT:
TAST:
TADT:
TRDT:
QBDT:

Total:

264

5 |
g8

.BTEE+DQ
-ETTE-0OL
-3Z2ZE+00

.T53E-03

-BLZE-D5

[ s

1_00E+00
1.00E+0
1.00E+D
1.00E+00
1.00E+00
1_00E+00

[ T Y

ranular

Perform.
Exponent
1Z_000

7.000

000 0o

Pawvement

Eh

1.25EH}2
3.50E+HI1

Exponent

Q.00
a0

i)



CBR 7 Pavement with 91 % Compaction

CIRCLY - Version 7.0 (1 February 2022}
Job Title: CBRT Compaction Bnalysis
Design Method: Austroads 2017
KOT {cumulatiwve heavy wehicle axle groups over design period): 1.98E+0e
Traffic Load Distribution:
ID: NSWPresumeRural
Hame: HNSW BMS Aug 2018 - Bural Presumptive (Table 18)
ESR/HVAG: 1_0&8

Details of Load Groups:

Load Load Load Load Badius Dressurs/ Exponent
Ho. I Category Type Eef. strass

pl ESAT50-Full ESATS0-Full Vertical Force 521 0.75 Q.00

2 ELSTE3 SLSTE3 Vertical Force 102.4 0.80 0.00

Load Locations:

Location Load Faar X T Scaling Theta
Ro. ID No. Factor

1 ESARTE0-Full 1 -165.0 0.0 1.00E+00 o]

2 ESRTS0-Full 1 1€5.0 0.0 1.00E+00 o]

3 ESATE0-Full 1 1635.0 0.0 1.00E+00 0

4 ESATE0-Full 1 1965.0 0.0 1.00E+00 0

1 SLSTE3 1 0.0 0.0 1.00E+00 0.

2 ELETE3 1 2130.0 0.0 1.00E+00 0.

Details of Layered System:

ID: BustZ017-1 Title: Bustroads 2017 - Example 1 - Unbound Granular Pavemsnt

Layer Lower Material Isotropy Modulus EF_Ratio
Ho . ifface D {or wwh) F Eh wh
1 rough cementZH94 Iso. 0.20
2 rough GCran 250 Aniso. 35 1.BEE+02 1.25E+02
3 rough Sub CER7 Enisc. 0.45 4.B83E+01 3.50E+
Performance Relatiocnships:
Layer Location Material Component Perform. Perform. Shift
Ro. ID Constant Exponent Factor
1 bottom cementZ2H594 ETH 0_000320 12 _000
3 top Sub CER7? EZZ 0.003150 e

Beliabilicy Factors:
Project Beliability: Dustroads 50%
Layer Reliability Material

Moo Factor Type
1 2.00 Cament Stabilised
a 1.00 Subgrade (Bustroads 2017)

Details of Layers to be sublayersd:
Layer no. 2: BRustroads (2004} sublayering

Strains:
Layer Thickmess Material Exles Unitless
Ho. ID Strain
1 2598._00 cementZis4
SADT {80): 1.176E-04
SREST(53): B.9T4E-05
3 0.00 Sub CER7
SADT (80) : 2_663E-04
Besults:
Layer Thickness Material kxle CIDF
Ho . 1D Group
1 2598.00 cementZAf4 Total: 1.054E+01
SBST: 9_002E-01
SADT: 3 _548E+00
TRST: 0
TADT:
TRDT:
QADT: 2_&THE-03
F 100.00 Gran 250 n/a
3 a.00 Sub CER7 Total: 3 _T795E-05
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CBR 7 Pavement with 90 % Compaction

— Version 7.0

2022}

CIRCLY {1 February
Job Title: CBRT Compaction BAnalysis
Design Method: Bustroads 2017

HKODT
Traffic Load Distribution:

ID: HEWPrssumeRural

Hame: MSW BMS Ihug 2018 - Bural Presumptiwve

ESR/HVRG: 1.068

Details of Load Groups:

Load Load Load
Ho.

1 ESR7

z SASTS3
Load Locations:
Location Load
Ho. ID

1

ID Hao.
ESAT50-Full
ESATEO-Full
ESATE0-Full
ESAT50-Full
SASTE3

SASTE3

[Nl S ]

Details of Layered System:

ID: Aust2017-1 Title: RAustroads 2017
Layer Lower Material
Ho. ifface ID

cementZcal
Gran_ 250

Sub CER?

1 rough
rough

5 rough

{cumalative heavy vehicle axle groups

Category
0-Full ESAT50-Full

Fear

over design period):

1.938E+06

Load Badiu

Type

Vertical Force 52

Vertical Force 102
I Scaling

[ R R

Factor

1.00E+0
1.00E4+0
1.00E4+0
1.00E+0
1.00E+0
1.00E+0

[ el

14

Lk
.4

Theta

0
0
o
o

— Example 1 - Unbound Granular Pavement

Isotropy

Iso.
Aniso.
Aniso.

Performance RBelaticnships:
Layer Location Material Component
Ho. ID
1 bottom cementZE&63 ETH
3 top Sub CBR7 EZZ
Bustroads 90%
Material
Type
Cement Stabilised
Subgrade (Rustroads Z0L1T)
Details of Layers to be sublayersd:
Layer no. 2: BRustroads (2004} sublayering
Strains:
Layer Thickness Material Exle
Ho. ID
1 298_00 cementZEE3

0.00

Sub CERT

Besulcs:

Layer Thickness Material
Ho. ID
1 298.00 cementZe6d
2 100.00 Cran 250
3 0.00 Sub CER7

SADT {B0O) :
ShST(53) :

SADT {BO) -

hxle
Group
Total:
SRET:
SADT:
TAST:
TADT:

Total:

Modulus
{or Ew)
-EEE+D3
-SDE+D2

-DDE+01

=1 k3 ki

Perform.
Constant

0.009150

CDF

1.642E+01
1.455E+00
5.E0TE+0D
5.601E-02
8.96ZE+00
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PE.Ratio

wrvh)

F

T
20
35
4

0.
0.
0._45
Berform.
Exponent
12_000
7.000

Shift
Factor

Drassure/
Bef. s

o.80

[ I e |

oG



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%
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