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Summary

The use of recycled materials in pavements is critical to achieving sustainability. The enhanced use of
recycled materials can significantly reduce waste and emissions as well as the depletion of virgin materials.
Recycled materials and products are generally required to have equivalent performance and durability
characteristics as natural quarried materials. The literature review conducted as part of this project indicated
that the most common recycled materials incorporated into road pavements are recycled crushed concrete,
masonry, fly ash, reclaimed asphalt, glass, plastics, rubber, and end-of-life tyres. Australian road and
transport agencies specify limits for the use of common recycled materials in their relevant technical
documents. The performance of recycled materials, and their potential environmental impacts, have also
been investigated. Specifications restrict the concentration of undesired chemicals and heavy metals in
recycled materials and products.

The prediction of pavement performance is critical in estimating life cycle costs. Long-term pavement
performance (LTPP) studies broadly aim to improve the characteristic of materials, and encourage the
consideration of environmental effects in pavement design and performance prediction. LTPP studies also
provide guidance for the selection of maintenance and rehabilitation strategies. Austroads LTPP sites were
established based on the US Strategic Highway Research Program (SHRP) criteria and the pavement types
examined in this project were similar to those selected in the US Long-term Pavement Monitoring (US-LTPP)
program. Data collection focuses on gaining an improved understanding of pavement response, particularly
in terms of the effects of climate and traffic loading.

To assist in the need to gain a better understanding of the performance of recycled materials, the NTRO
engaged with Main Roads WA and selected local government agencies (LGs) in the collection of data
related to road pavements incorporating recycled materials. Relevant organisations were contacted and
asked to provide information using a database template. A centralised database template was then prepared
and the collected data was input into the database as a pilot project. This consultation enhanced the
understanding of the existing situation regarding the use of recycled materials and the availability of relevant
data. An indicative cost to populate database was also provided.

In terms of pilot data capture, Main Roads provided information related to three projects only This indicated
that there was currently no central database available to record information regarding the use of recycled
materials in the Western Australian road network. In addition, no guidelines were in place regarding for the
monitoring of the performance of recycled materials. Selected LGs were contacted and asked to provide
what performance data was available. Some of the LGs provided data related to multiple projects.
Engagement with relevant officers in LGs indicated that there was high interest in the use of recycled
materials and their impact on long-term pavement performance, rehabilitation and whole-of-life costs. Most of
the LGs contacted could only provide partial information due to the challenges associated with extracting
information from project documents.

One of the objectives of the project was to prepare a framework for the monitoring of the performance of
recycled materials. This framework included capturing data related to the use of recycled materials, the
assessment of pavement condition, data analysis and a comparison of the performance of recycled materials
with the performance of virgin materials.

While every care has been taken in preparing this publication, the State of Western Australia accepts no responsibility for decisions or actions taken as a
result of any data, information, statement or advice expressed or implied contained within. To the best of our knowledge, the content was correct at the
time of publishing.

Although the report is believed to be correct at the time of publication, ARRB Group Ltd, to the extent lawful, excludes all liability for loss (whether arising
under contract, tort, statute or otherwise) arising from the contents of the report or from its use. Where such liability cannot be excluded, it is reduced to the
full extent lawful. Without limiting the foregoing, people should apply their own skill and judgement when using the information contained in the report.
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Based on the project findings, it can be concluded that none of the jurisdictions contacted as a part of this
project systematically record the use of recycled materials in road infrastructure. It is recommended that the
use of recycled materials should be documented in a central database managed by the relevant jurisdictions.
Each jurisdiction should also consider developing a LTPP monitoring program for recycled materials which
includes guidance on material selection, database development, and the frequency of performance
measurement.

It | recommended that Main Roads consider establishing a central database as a repository for all the
information available and to be collected in the future. This would demonstrate technical leadership in and
the promotion of the use of recycled materials in road pavements.
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1 Introduction

The use of reuse and recycled materials in road pavements presents a large aspect of achieving
sustainability by reducing waste and emissions and transitioning towards a circular economy to reduce the
need for depleting virgin materials and increase diversion from landfill rates. Australian state road and
transport agencies (SRTAs) have for a long time incorporated recycled materials in road infrastructure.
During 2018-19 Australia generated 61.5 million tonnes of core waste, of which 5.7 million tonnes was
generated in Western Australia (WA). The resource recovery and recycling rate was 60% (Pickin et al. 2020).

Recycled materials and products are generally required to have equivalent durability characteristics when
compared to natural quarried materials. The incorporation of recycled materials in the construction,
rehabilitation, and maintenance of roads must deliver required levels of serviceability, functionality, durability
and resilience, and meet long-term performance requirements without premature degradation and the need
for costly remediation (Austroads 2022a).

Main Roads Western Australia (Main Roads) is committed to deliver sustainable road projects. Several
waste streams including glass, fly ash, plastics, rubber, reclaimed asphalt, crushed rock, masonry and
concrete have long demonstrated successful incorporation into roads and pavements (Lim et al. 2020a).

Long-term monitoring is critical in understanding and evaluating pavement performance. In Western
Australia (WA), construction records do not record the use of recycled materials.

The objective of WARRIP Project 2022-007 was to:

e establish a database design to record type, location and quantity of recycled materials used
e develop a framework for the monitoring of the long-term performance of road pavements incorporating
recycled and conventional materials.

1.1 Structure of the Report

This report presents the findings of the investigations carried out as a part of WARRIP Project 2022-007 in
relation to the development of a framework for the auditing and long-term monitoring of the performance of
recycled materials.

The structure and contents of the report are as follows:

e Section 1 — an overview of the project objectives and scope.

e Section 2 — a literature review to investigate the state of play of recycled materials.

e Section 3 — details of the long-term pavement performance monitoring.

e Section 4 — summary of the consultation process.

e Section 5 — details related to pilot data capture.

e Section 6 — an outline of the framework for monitoring the performance of recycled materials.
e Section 7 — key findings.

e Section 8 — conclusions and recommendations.
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2 Literature Review of Current Practice

The following presents a literature review outlining the current use of recycled materials by Main Roads and
other Australian SRTAs and local government. The review focuses on the usage limits, processing
requirements and associated environmental and safety concerns of commonly-used recycled materials. The
requirements for long-term pavement performance (LTPP) monitoring sites are also addressed.

21 Common Recycled Materials and Their Usage Limits in Australia

Australian SRTAs have, for a considerable time, implemented recycled materials to reduce waste and
emissions and deliver sustainable transport infrastructure. Common recycled materials incorporated into
road infrastructure are concrete, masonry, fly ash, reclaimed asphalt, glass, plastics, rubber, and end of life
(EOL) tyres (Austroads 2022a). The allowable limits for recycled materials in the relevant specifications of
Australian jurisdictions and summarised in Table 2.1 to Table 2.7.

2.1.1 Recycled Crushed Concrete and Masonry

Recycled crushed concrete (RCC) and masonry is typically derived from construction and demolition (C&D)
waste. RCC is regarded as a strong and durable construction material, typically consisting of high quality
aggregate coated with hydrated cement, and cementitious fines derived from cement mortar (Trochez et al.
2021; Andrews et al. 2008).

The processing of RCC and masonry before its use in road infrastructure involves the removal of
contaminants such as plastics, steel, and timber in addition to crushing and screening. It should be noted
that the C&D-derived materials are susceptible to asbestos contamination. Therefore, visual inspections
throughout the recycling process, in accordance with an asbestos management plan by trained
professionals, is required to identify and remove asbestos prior to client acceptance (Austroads 2022a). Main
Roads specification 501 (Main Roads 2023a) states that RCC can only be sourced from Department of
Water and Environmental Regulation (DWER)-approved suppliers in accordance with the Roads to Reuse
(RtR) specification (Waste Authority 2021).

The Guide to the use of recycled concrete and masonry materials (Standards Australia 2002) suggests there
are 2 classes of RCC: Class 1A — RCC composed of little or no brick, and Class 1B — RCB — composed of
up to 30% brick. The RCC and masonry are generally required to meet the same specification requirements
of virgin quarried materials. As a result, the allowable limits for RCC and masonry in unbound layers
proposed by some SRTAs are as high as 100% and up to 45% respectively (Austroads 2022a).

RCC has been found to have equivalent or superior bearing capacity and rutting resistance qualities
compared to natural aggregates, while being approximately 20% lighter than virgin aggregates (Austroads
2022a). Studies have noted that the failure of recycled materials can arise from the debonding of aggregate
mortar and their residual mortar can reduce aggregate density and water absorption (Austroads 20223;
Verian et al. 2018).

Specification 501 (Main Roads 2023a) permits the use of up to a maximum of 100% RCC as subbase
material; however, its use is currently limited to full depth asphalt pavement. The Department of Transport
and Planning Victoria (DTP) permits the use of RCC in the pavement basecourse and subbase layers at
varying proportions based on the material classes. However, masonry is classified as a supplementary
material and individual limits are not generally specified (VicRoads 2016a). The Specification of granular
pavement base and subbase materials (Transport for NSW (TfNSW) 2020a) permits 100% of RCC for
basecourse and subbase materials; however, the source is dependant of traffic categories. Queensland
Department of Transport and Main Roads (TMR) is the only jurisdiction to permit the use of RCC and
masonry in dense-graded asphalt (DGA). The allowable limits for RCC in unbound layers are similar across
the SRTAs. Table 2.1 and Table 2.2 summarise the Australian requirements for RCC and RCB.
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Table 2.1:

Australian requirements for recycled crushed concrete

Jurisdiction Specification or Guide Application Allowable limit for RCC (%)
Main Roads WA Specification 501 Subbase . 95-100
(Main Roads WA 2023a)
TMR Qld MRTS05 Type 2.1 100
(TMR 2021a) Type 2.2
Type 2.3
Type 2.4
Type 2.5
MRTS30 DGA 10
(TMR 2022a) DGA surfacing 25
DTP Vic. TN107 Basecourse (Class 1) 0
(VicRoads 2019a) Basecourse (Class 2) 10
Basecourse/subbase (Class 3) 100
Subbase (Class 4) 100
Subbase (cement treated) 100
TINSW D&C 3051 Unbound or modified base and subbase 100
(TINSW 20200) Bound base and subbase 100
Supply of recycled material Basecourse (Class R1) 100
for paver ents,. carthworks Basecourse (Class R2) 100
and drainage
(Savage 2010) Fill 100
Bedding 100
Drainage 100
Transport Canberra TCCS MITS 04 Basecourse and subbase 100
and City Services (TCCS 2019a)
(TCCS)
DIT SA RD-PV-S1 Basecourse/subbase (Class 1-3) 100
(DIT 2022a)
IPWEA/WALGA Specification for the supply Basecourse 95
of recycled road base
(IPWEA & WALGA 2019)
Table 2.2:  Australian requirements for recycled crushed brick
Jurisdiction Specification or Guide Application Allowable limit for CRC (%)
Main Roads WA Specification 501 Subbase 3
(Main Roads WA 2023a)
TMR QId MRTS05 Type 2.2 15
(TMR 2021a)
Type 2.3 20
Type 2.4 45
Type 2.5 45
MRTS30 DGA 40
(TMR 2022a) DGA surfacing 20
DTP Vic. TN107 Basecourse (Class 1) 5
(VicRoads 2019a) Basecourse (Class 2) 10
Basecourse/Subbase (Class 3) 15
Subbase (Class 4) 50
Subbase (cement treated) 15

TC-423-1-3-12d
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Jurisdiction Specification or Guide Application Allowable limit for CRC (%)

TINSW . D&C 3051 . Unbound or modified base and subbase . 20

(TINSW 2020a) Bound basecourse and subbase 10

Supply of recycled material Basecourse (Class R1) 20

for pavements,. earthworks Basecourse (Class R2) 30
and drainage

(Savage 2010) Fill 100

Bedding 100

Drainage 100

TCCS ACT TCCS MITS 04 Basecourse and subbase 20
(TCCS 2019a)

DIT SA RD-PV-S1 Basecourse/Subbase (Class 1-3) 20

(DIT 2022a)

The Notes to the specification for basecourse aggregate (Waka Kotahi NZ Transport Agency 2024) permits
up to 100% RCC in basecourse layers, with the requirements governed by the properties and percentage of
foreign material. Similarly, The UK Department of Transport (2016) permits up to 100% crushed recycled
concrete as unbound aggregates provided it meets grading requirements. The Washington State
Department of Transportation (WSDOT) permits a maximum of 100% RCC (Van Dam et al. 2016). However,
the regional state of practice across US Transportation agencies differs largely, with the Arizona Department
of Transportation (ADOT) only permitting a maximum of 50% RCC aggregate and the New Mexico
Department of Transportation (NMDOT) up to 75% (Van Dam et al. 2016).

2.1.2 Recycled Crushed Glass

Approximately 1.16 million tonnes of glass were consumed in Australia during 2018-19, with 684,000 tonnes
recovered for recycling. This is equivalent to approximately 3 billion bottles diverted way from the landfill
(Austroads 2022a). Recycled crushed glass (RCG) is sourced from municipal solid waste (MSW) streams
comprising of post-consumer glass waste (such as bottles, jars and similar vessels) when its processing is
uneconomical or it is unsuitable to be recycled back into glass (Latter & LeGrand 2020). RCG is very similar
to natural or manufactured sand in terms of it physical and mechanical properties.

The Guideline for crushing, processing and cleaning of recycled crushed glass for transport infrastructure
(Austroads 2022b) describes the processes used to convert waste glass to RCG. RCG products are
produced in 3 key stages: crushing, processing and cleaning. During the crushing stage, the glass is broken
down to uniform sizes for processing to separate contaminants (such as lids, corks and labels). It is then
further crushed for particle size reduction and finally cleaned by washing and dewatering to eliminate
contaminates that produce odours and impurities.

Use of recycled crushed glass in pavements

The use of RCG in Australia is generally limited to the substitution of fine aggregates; they are not readily
accepted as coarse aggregates. Currently TMR, TINSW, DTP and ACT permit the use of RCG in both
unbound granular and asphalt applications. The use of up to 15% RCG with particle sizes less than 10 mm
in granular pavements in New Zealand has shown that there are no detrimental effects on performance
(Arnold et al. 2008). In the US, generally up to 20% glass is commonly permitted in granular materials
applications (Austroads 2022c). The UK permits up to 25% glass in unbound mixes (Department of
Transport 2016).

The major application for RCG is basecourse and subbase layers, asphalt wearing courses and earthwork
backfill. Specification 501 pavements (Main Roads 2023a) does not specifically permit RCG; however, it
limits the allowable inert material in RCC materials. Specification 302 Earthworks (Main Roads 2020) permits
100% RCG in backfill applications. TMR permits up to 20% of RCG in subbase applications. TMR limits the
use of RCG in DGA applications. The RCG aggregate material requirements for TMR are defined in
MRTS36 (TMR 2021b). The Australian SRTA'’s requirements for RCG are summarised in Table 2.3.
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Concerns associated with adhesion is a key limiting factor regarding the increased usage of RCG in asphalt
applications. However, limiting particle sizes to below 5 mm were found to alleviate these effects.

Austroads (2022a) reported that asphalt mixes containing RCG are more sensitive to moisture as compared
to equivalent mixes composed of natural aggregates. This sensitivity may lead to stripping of asphalt mixes.
Research suggests that the increased use of hydrated lime can significantly reduce the stripping propensity
in asphalt layers and stripping tests should be considered at the mix design stage (e.g. ATM 232-22).
Similarly, concerns have been raised regarding the glass market, with supply exceeding demand (Austroads

2022d).

Table 2.3:  Australian requirements for recycled crushed glass
Jurisdiction Specification or Guide Application Allowable limit for CRC (%)
Main Roads WA Specification 302 100
(Main Roads 2020)
Specification 501 Subbase 3m
(Main Roads 2023a) CRC
TMR QId MRTS04 Backfill 100
(TMR 2021c)
MRTS05 Type 2.3 20
(TMR 2021a) Type 2.4
Type 2.5
MRTS07B Foamed bitumen Not specified
(TMR 2021d)
MRTS09
(TMR 2021e)
MRTS30 Dense-graded asphalt 10
(TMR 2022a)
Dense-graded asphalt (surfacing) 25
MRTS101 Asphalt v
(TMR 2021f)
DTP Vic. Section 204 Earthworks v
(VicRoads 2015)
Section 702 Drainage 100
(VicRoads 2019b)
TN107 Basecourse (Class 1) 5
(VicRoads 2019a) Basecourse (Class 2) 10012
Basecourse/subbase (Class 3) 15(1
Subbase (Class 4) 500
Subbase (cement treated) 15(1)
TINSW Specification D&C R116 Wearing course 25
(TINSW 2021a)
Specification D&C R117
(TINSW 2022)
Specification D&C R121
(TANSW 2020c)
Other wearing course 10
Specification D&C 3051 Unbound or modified base and subbase(®4) 10
(TFNSW 2020b)
Bound basecourse and subbase® 10
Specification 3201 Slab replacement work for concrete 15
(TANSW 2021b) pavements
Specification for supply of Basecourse (Class R1) 10
recycled material for
pavements, earthworks and
drainage
(Savage 2010)
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Jurisdiction Specification or Guide Application Allowable limit for CRC (%)

Basecourse (Class R2) 10
Fill 10
Bedding 50
Drainage 50-100
TCCS TCCS MITS 04 Basecourse and subbase 10
(TCCS 2019a)
DIT SA RD-LM-S1 Pavement marking v
(DIT 2019a)
DIPL NT Standard Specification for Bedding and drainage 100
R(()I;‘év{ozrgzz‘g ! Pavement marking v
IPWEA/WALGA Supply of recycled road base Basecourse 95
(IPWEA &ZV(\)/KSLGA 2019)
Recycled material (including RCB, RCG and RAP) are supplementary materials and individual limits are not specified.

Light duty pavements.

For unbound or modified base materials for Traffic Categories A and B, RCC must be sourced on structural concrete.

For unbound or modified base materials for Traffic Categories C and D and unbound subbase, bound base and bound, RCC from structural
and non-structural concrete are acceptable.

el N

The UK Department of Transport allows up to 25% glass in recycled coarse aggregate and recycled
concrete aggregate products in type 1, 2 and 4 unbound pavement mixtures. The NMDOT permits up to
15% RCG in basecourses and up to 30% in subbase and embankments. Similar to the Australian practice in
non-structural and drainage layers up to 100% RCG is permitted. The WSDOT permits up to 15% in
unbound aggregates (Van Dam et al. 2016). The State of Connecticut specifies that aggregate used for
roadway embankments may contain up to 25% by weight of cullet smaller than 25 mm (Van Dam et

al. 2016). These allowable limits from the US jurisdictions closely align with Australian specifications. The
Notes to the specification for basecourse aggregate (Waka Kotahi ZN Transport Agency 2024) allow up to
5% cullet of glass in recycled layers.

Performance and environmental issues

Recycled glass powder is pozzolanic and will react with lime to form stabilised materials. Moreover
pozzolanic reactions between glass particles and alkalis in the cement could enhance the compressive
strength of concrete (Kazmi et al. 2020). Austroads (2022a) reported that alkali-silica reactions as a result of
glass reacting with the cement products lead to swelling and expansion of the glass particles, resulting in
cracking of the stabilised layers. In asphalt which includes RCG, greater susceptibility to water-induced
stripping and poor skid resistance has been reported (Austroads 2022a; Austroads 2022b).

The high concentration of chemicals and heavy metals in RCG products may cause ecological harm and
contaminate groundwater or cause human health issues. Therefore, each SRTA specifies the acceptable
limit of contaminants in RCG. The Specification for recycled glass aggregate (TMR 2021b) specifies the
material requirements and maximum concentration limits for chemicals and other attributes. Concerns are
further mitigated by eliminating the contact between RCG and water by placing RCG below the sealed
surfaces and away from elevated water-tables. Moreover, there are respiratory concerns around the use of
fine RCG where fine particles may become airborne. Appropriate personal protective equipment (PPE)
should be worn when handling RCG products (Austroads 2022a).

2.1.3 Recycled Plastics

The use of recycled plastics in road applications is currently an emerging trend. Plastics have been used as
a component for manufacturing modified bitumen for asphalt and sprayed seals for a number of years.
Post-consumer plastic waste is a diverse group of materials with differing chemical compositions and
physical properties. Therefore plastic wastes, derived from commercial and industrial (C&l) waste, has been
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the focus in recycled plastics research (Austroads 2022a; California Department of Transportation (Caltrans)
2020). Additionally, C&l plastic waste has a lower contamination which facilitates cleaning, sorting and
processing. Mechanical recycling which repurposes plastic waste into secondary raw materials is widely
used in Australia and New Zealand. The process involves collection, sorting, shredding, washing or
decontamination, extrusion, quenching and pelletisation (Austroads 2021a).

The Guide to pavement technology part 4e: recycled materials (Austroads 2022a) describes the processes
for the use of recycled plastics and performance- and cost-related issues of recycled plastic.

Mixing processes

Recycled plastic wastes are utilised primarily through three mixing processes: dry method, wet method, and
mixed method. The dry method involves adding solid recycled plastics directly in the mix chamber or the
asphalt plant. The wet method introduces recycled plastic to bitumen, creating a plastic modified binder. The
mixed method combines aspects of the both the wet and dry methods.

Use of recycled plastics in pavements

Recycled plastics have potential applications as aggregate substitute, binder modification and geosynthetics
and geogrids in pavements (Trochez et al. 2021). Recycled plastics are used to modify bitumen to
manufacture polymer modified bitumen (PMB) binders and there are a range of specifications available for
guidance in Australia (e.g. Austroads ATS3110 (Austroads 2020)). New Zealand utilises the Superpave
Performance Grading System developed in the USA,; it covers both neat and PMB binders. The selection
and use of a PMB to satisfy the required binder grade for a given application is the responsibility of designers
and contractors.

Another application of recycled plastics is inclusions of polymer granules in subbase and lower subbase
layers. Research-based investigations carried out overseas showed that the polymer granules’ inclusions at
less than 5% with particle size no greater than 10 mm do not significantly impact bearing capacity. It should
be noted that polymers generally have far lower strength than natural aggregates and their use in large
quantities may adversely impact deformation characteristics in granular pavements. Therefore, care must be
taken and only limited volumes of natural aggregates must be substituted for polymer granules. This
application may have a high potential for release of polymer particles from the pavement into the
environment and this can pose challenges due to the processing required to segregate polymer and
conventional aggregate.

In addition to the applications mentioned above, recycled plastic is re-manufactured and used as discrete
fibre or continuous fibre mesh as geotextile reinforcement for the purpose of material separation of unbound
granular layers and interlayer tensile reinforcement of asphalt. Proprietary recycled plastic geotextile
products exist but their mechanical properties need to be tested in the laboratory to ensure their compliance
with Australian and New Zealand specifications for geotextiles.

The use of recycled plastics in India is well established, with plastic concentrations of 6—8% by binder weight
(typically 0.3—0.4% of the total mix) are permitted (Austroads 2022c).

The use of recycled plastics in pavements is still an emerging trend and researched is being conducted. A
limited number of US states such as California and Australian regional councils such as the City of Mitcham
in South Australia, and South African cities have trialled plastics in asphalt layers.

Performance of recycled plastics in pavements

Plastic-modified bitumen can be regarded as a type of PMB. Bitumen-plastic blends are prone to phase
separation similar to that of crumb rubber. Asphalt mixes modified with plastics are reported to have
increased moisture sensitivity (Austroads 2022a). Moreover, the long-term durability of waste plastics in
pavements has not been validated. As a result, at present there are no specifications covering the use of
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waste plastics in road pavements or surfacing applications in Australia or New Zealand. However,
commercially available proprietary products are available.

Recycled plastics can be used to replace a portion of aggregate in asphalt mixes. Huang et al. (2007)
suggested that 15-30% of aggregates can be replaced with plastics to improve rutting, cracking and ageing
performance, while up to 8% plastic in binder can increase the Marshall Stability.

There are a number of perceived occupational health and safety (OHS) concerns related to the use of
recycled plastics in road infrastructure. Recycled plastics have the potential to release volatile organic
compounds (VOCs) and polycyclic aromatic hydrocarbons (PAHs) under thermal degradation, but it can be
mitigated by lower temperature applications. Moreover, dry methods of mixing may result in chemical
leaching or dispersion in road pavement layers.

Cost-related issues

Cost is a significant barrier to the use of recycled plastics, with the cost of recycled plastics comparative to
that of virgin materials. Moreover, there is an additional cost of incorporating plastic wastes with varying
processing methods. However, recycled plastic potentially offers key economic benefits such as improved
engineering properties including stripping and rutting resistance, resistance to fatigue damage, reduction in
air voids, and improved workability when used in bitumen (Austroads 2022a).

2.1.4 Crumb Rubber

Crumb rubber (CR) is derived from recycling EOL tyres. EOL tyres consist of natural and synthetic rubber,
carbon black, metal, zinc oxide and sulphur. However, the composition of synthetic and natural rubber varies
between truck and passenger car tyres (Harrison et al. 2019). EOL tyres are processed in 3 stages:

e shredding the tyres to small particles of rubber
e removing the fibres and steel through the use of suitable separators
e grinding to produce a finer size and mixing with different reclaiming agents.

The use of CR as a recycled material in pavements can be divided into 2 categories:

e bitumen modifiers in the manufacturing of PMB for sprayed sealing
e asphalt mix applications.

PMB binders are frequently used for sprayed sealing applications in Australia.

Mixing processes

CR is generally incorporated into asphalt using 2 approaches: the ‘wet mix’ process and the ‘dry mix’
process. During the ‘dry mix’ process rubber crumbs are incorporated directly into the hot aggregates prior to
the addition of the binder. They are a substitution of a proportion of fine aggregates, resulting in
underutilisation of rubber modification. On the other hand, during the ‘wet mix’ process rubber crumbs are
blended into the binder as a modifier to produce crumb rubber-modified (CRM) binder. This process
maximises the benefit of crumb rubber and permits greater control. CR has commonly been used in modified
asphalt pavements across Europe and USA (Rice & Harrison 2021; Harrison et al. 2021).

Use of crumb rubber in pavements

In Australia, CR used by SRTAs must:

e comply with the requirements of AGPT/T190 (Austroads 2019a). the use of uncured or de-vulcanised
rubber is not permitted

e be processed from EOL tyres generated in Australia and processed by a Tyre Stewardship Australia
accredited supplier
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e be a uniform material consisting of synthetic rubber or natural rubber from car or truck tyres, or a mixture
of both, and free from cord, wire, fluff and other deleterious materials
e meet the specified particle size distribution requirements.

Main Roads uses S45R as a sprayed seal binder with 15% CR in C170. The allowable limit increases to
18% in open-graded asphalt mixes. TMR allows 18% CR in C170 bitumen sprayed seals while DTP permits
9% in high-stress seals. DIT have conducted CR field trials containing 15% rubber. Currently, there are no
material or NZTA construction specifications that either prohibit or permit the use of crumb rubber (Wu et al.
2020). Table 2.4 summarises the Australian SRTA’s requirements for CR.

Table 2.4:  Australian requirements for crumb rubber

Jurisdiction

Specification or Guide

Application

Allowable limit for CR

Main Roads Specification 503 Sprayed seal (GRS) 5% rubber
WA (Main Roads 2018a)
Specification 509 Sprayed seal 15%
(Main Roads 2018b)
Specification 517 Asphalt 18%
(Main Roads 2023b)
TMR QId MRTS11 Sprayed seals 5% (unmodified seals)
(TMR 2019a) 9% (high stress seals)
> 15% (extreme stress seal)
MRTS18 PMB v
(TMR 2019b)
DTP Vic. Section 408 Sprayed bituminous Sprayed seals 5% (unmodified seals)
. surfacing 9% (high stress seals)
(VicRoads 2022) > 15% (extreme stress seal)
Section 421 Crumb rubber binder 2.5-3%
(VicRoads 2020)
Section 422 v
(VicRoads 2019c)
TINSW D&C Specification 3256 Crumb rubber v
(TANSW 2020d)
QA specification R118 Crumb rubber asphalt v
(TINSW 2020e) 2% minimum
QA specification 3252 PMB 10-16% minimum
(TANSW 2020f) Based on treatment
DIT SA RD-LM-S1 Pavement marking v
(DIT 2019a)

Many US state transportation agencies have evaluated the use of crumb rubber in bitumen used to
manufacture asphalt, resulting in differing states of practice (Van Dam et al. 2016). The Caltrans) standard
specifications (Caltrans 2018) and ADOT (2008) state that crumb rubber modifier should be added at 20%.
The NMDOT standard specification (2019) allows a minimum of 5% crumb rubber content for polymer-
modified asphalt (NMDOT 2019). The Texas Department of Transportation (TxDOT) specification (2014)
specifies graduation requirements along with a minimum of 5% crumb rubber for rubber-asphalt crack
sealing and asphalt-rubber binders. CR binders produced in South Africa typically contain 18-24% crumb
rubber but the allowable limits are not specified (Austroads 2021b).

The incorporation of CR in asphalt increases viscosity and elasticity to improve rutting resistance and fatigue
cracking in pavements. Moreover, CR-modified binders in sprayed seals are readily used in applications
subject to heavy turning loads (Austroads 2022c). Crumb rubber modified (CRM) binders have effectively
been used to mitigate reflective cracking of failed and damaged pavements (Austroads 2022c; COLAS 2020;
GeoPave Materials Technology 1997). In concrete applications, incorporation of CR using the dry process
has been found to increase ductility and impact resistance. However, it is generally weaker than traditional
concrete due to poor bonding between rubber and cement (Austroads 2022c; Lim et al. 2020a).
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The implementation and performance of CR in roads is dependent on the compatibility between the rubber
and bitumen. It is influenced by (Harrison et al. 2019):

e processing variables such as temperature, mixing time and process
e base binder properties
e recycled tyre rubber properties including processing methods, particle size, natural and synthetic content.

Environmental issues

According to the Tyre Stewardship Australia (2022), CR, in comparison to conventional bitumen, introduces
a minor increase in risk to the surrounding environment, During asphalt construction there is a minor to
moderate fuming risk for construction workers. However, fumes and airborne particles from CR were not
above SafeWork Australia standards and would not result in carcinogenic or negative symptoms for asphalt
construction workers. Similarly, a CRM binder field trial in Western Australia demonstrated that the levels of
airborne contaminants (e.g. PAH and VOC) at the work site were below exposure limits and standards
(Middleton 2022). Moreover, there are leaching concerns associated with the release of metals such as zinc
into the surrounding environments from CR. However, Gheni et al. (2018) found that the CR combined with
bitumen can reduce leaching of metal by up to 50%.

There are concerns associated with the segregation and degradation of crumb rubber binders. Degradation
is addressed by limiting the storage time between the binder manufacture and use, and/or storing and
transporting the binder at the lowest practicable temperature (Austroads 2021b). Moreover, segregation is
addressed by equipping storage tanks or trucks with augers or paddles so that the crumb rubber remains
dispersed in the binder (Austroads 2021b).

Due to economic and processing costs and the recycling rate, the availability of CR is not consistent, and
this can limit greater use of CR in road applications. Despite this, over the long term a significant cost saving
is expected from the reduced amount of bituminous binder and enhanced performance.

2.1.5 Reclaimed Asphalt Pavement

Recycled or reclaimed asphalt pavement (RAP) is derived from milling old asphalt pavements. RAP material
is classed as either ‘Class 1’ or ‘Class 2’ (Austroads 2022a). Class 1 RAP consists solely of asphalt and is
generally used in ‘new’ asphalt to reduce the use of virgin aggregates and bitumen. Class 2 RAP comprises
asphalt and contaminants such as unbound granular material, As such, it is deemed unsuitable for use in
‘new’ asphalt pavements.

Post milling, RAP material is generally stockpiled, crushed, graded and tested before being recycled into
new hot mix asphalt or used in cold in situ recycling applications (Bressi et al. 2021). It is noted that the
milling and crushing can cause aggregate degradation. In cold recycled RAP, the mixing is achieved through
the incorporation of emulsified or foamed bitumen with 1-2% cementitious additive to improve early strength
and moisture resistance. In hot recycled RAP, the mixing occurs at high temperatures with fresh bitumen,
aggregate and rejuvenators or softening agents. Hot recycled RAP mixes have superior mechanical
properties when compared with cold recycled RAP mixes (Austroads 2022c).

Use of reclaimed asphalt in pavements

Whilst RAP is preferably used in the production of new asphalt layers, it has been reported that RAP is often
used in Europe in unbound granular layers, up to 60% in some countries due to the excess supply of RAP
(Austroads 2022c). RAP is also blended with other recycled materials as virgin aggregate replacement. RAP
in foamed bitumen-stabilised (FBS) pavements has been investigated with results showing no noticeable
difference in rutting between FBS pavements with 50% RAP and 0% RAP (Austroads 2019c). For use as
bituminous sealing aggregate, RAP meets the material property requirements for virgin aggregates, with
improved workability due to the residual binder (Austroads 2022c; Federal Highway Administration (FHWA)
1997). Consequently, there is improved bonding of RAP in sprayed seals when compared to virgin
aggregates.
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RAP technology is well established and regarded as a standard practice among SRTAs. The usage limits,
specifications and guidance on the use of RAP vary between Australian SRTAs. Generally, RAP contents of
less than 15% have marginal effects on mix properties. Currently, Australian SRTAs typically permit between
15 to 25% RAP in surface layers and 15 to 50% in basecourse layers. In New Zealand, up to 15% RAP can
be added to all DGA mixes, with higher RAP contents being permitted provided quality control and suitable
manufacturing procedures are demonstrated (Austroads 2016a and 2022b; Waka Kotahi NZ Transport
Agency 2024; NZTA 2020). TMR permits up to 20% RAP in DGA wearing courses, up to 40% in DGA in
other applications, and up to 15% in high modulus asphalt (EMEZ2). In Western Australia, up to 10% RAP is
permitted in basecourse applications for Class 1 materials and up to 15% for Class 2 materials (IPWEA &
WALGA 2019). Main Roads allows 0—10% and 11-25% RAP for level 1 and level 2 usage.

The FHWA defines a ‘high’ RAP content as over 25% (FHWA 2020). US transportation agencies generally
permit high percentages of RAP (25% or greater) in pavement layers; however, fewer than 50% of states
use more than 20% RAP (Van Dam et al. 2016). Caltrans allows up to 25% RAP in all pavement layers. The
maximum allowable RAP content used by NMDOT (2014) is 35%; however, where the RAP content is
greater than 15%, asphalt binder properties are required to be investigated. TxDOT (2014) permits up to
10% RAP in DGA wearing course, 30% in intermediate course, and 40% in basecourse layers. The
Specification for highway works (UK Department of Transport 2021) allows RAP to be used in bituminous
wearing courses, binder courses, regulating courses and basecourses. Its use in unbound layers it is limited
to 50% for type 1 and 2 mixtures; however, 100% is permitted in type 4 mixes. The permitted RAP limits
between Australian and US practices are generally similar. Jayakody et al. (2021) found that increasing RAP
proportions in granular blends increased the rapid settlement of the material during initial loading during
repeated load triaxial (RLT) testing.

The Australian SRTA’s requirements for RAP are presented in Table 2.5.

Table 2.5:  Australian requirements for RAP
Jurisdiction Specification or Guide Application Allowable limit for RAP
Main Roads WA Specification 501 Subbase(!) 15%)
(Main Roads 2023a) CRC
Specification 504 Wearing course Not Permitted
(Main Roads 2021a)
Specification 510 Asphalt intermediate course Level 1 <10%, Level 2 <
(Main Roads 2021c) 25%, Level 3 =40%
Specification 515 Base and subbase 10%
(Main Roads 2021d)
TMR QId MRTS30 Dense-graded asphalt 30% (base, intermediate
(TMR 2022a) and corrector courses)
Dense-graded asphalt (surfacing) 20% (surfacing)
15% (DGA with PMB and
multigrade bitumen)
MRTS32 EME2 15%
(TMR 2022b)
TN 183 Dense-graded asphalt (high percentage RAP) 40%
(TMR 2019c)
DTP Vic. Section 405 Regulation Gap Gap-graded asphalt 10%
Graded Asphalt
(VicRoads 2014a)
Specification 407 Dense-graded asphalt 25% (Level 1)
(VicRoads 2021a) 40% (Level 2)
Section 802 Bituminous cold and warm mixes v
(VicRoads 2014b)
TN 107 Base/subbase (Class 3) 15%
(VicRoads 2019a) Subbase (Class 4) 40%
Section 813 20% (base)
(VicRoads 2021b) 50% (subbase)
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Jurisdiction Specification or Guide Application Allowable limit for RAP

TINSW . Specification D&C R116 . Wearing course (heavy duty) 20% (wearing course)
(TFNSW 2021a) 40% (other than wearing
course in heavy duty DGA)
Specification D&C R117 Wearing course (light duty) 25% (wearing course)
(TANSW 2022) 40% (other than wearing
course in heavy duty DGA)
Specification D&C R121 Stone mastic asphalt Not permitted
(TINSW 2020c)
Specification D&C 3051 Unbound or modified base and subbase(23) 40%
(TINSW 20200) Bound base and subbase® 40%
DIT SA RD-BP-S2 Asphalt 10% (course wearing
(DIT 2022b) course)
20% (fine dense mix
asphalt)
50% (other than wearing
course)
RD-PV-S1 Base/Subbase (Class 1-3) 20%
(DIT 2022a)
DIPL NT Standard specification for Asphalt 10% (wearing course)
roadworks v5.1 N
DIPL (2022a) Base 15%
IPWEA and WALGA Specification for the supply Base 10% (Class 1)
of recycled road base 15% (Class 2)
(IPWEA & WALGA 2019)

—_

Foreign material in RCC.

For unbound or modified base materials for Traffic Categories A and B, RCC must be sourced on structural concrete.

3. For unbound or modified base materials for Traffic Categories C and D and unbound subbase, bound base and bound, RCC from structural
and non-structural concrete are acceptable.

N

Environmental and cost-related issues

There are no reported health, safety and environmental risks associated with RAP. However, consideration
should be made where RAP contains previously-recycled material. Austroads (2022c) reported that
incorporation of 25% to 50% RAP can decrease overall material costs by 20 to 35%. This represents a cost
savings throughout the asset’s lifecycle. It is noted the economic benefits will vary between projects,
location, material availability and application.

2.1.6 Fly Ash

Fly ash is an industrial by-product of coal combustion in power plants. It is widely used in construction
materials due to its non-hazardous nature in terms of corrosivity, ignitability and reactivity. There are toxicity
concerns associated with fly ash with potential heavy metal leaching. Dust hazards can result from fly ash
due to its low density and particle size; however, this is suitably managed by keeping the material moist and
covered during storage.

Fly ash is a fine non-plastic material with pozzolanic properties. The amount of calcium in the fly ash is an
indicator of its behaviour. Fly ash is classified as either Class F or Class C depending on the calcium oxide
content (Austroads 2022a). Class F fly ash is derived from black coal and has lime content of less than 7%.
Class C, on the other hand, is derived from brown coal and has a greater lime content, ranging from 15 to
30%. The compliance requirements of fly ash are defined in AS/NZS 3582. Its products are defined by
fineness, loss on ignition, moisture content, SOs content, and aggregate applications.
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Use of fly ash in pavements

Fly ash is a widely used additive used in cement to improve workability, strength and durability. Currently,
Australian SRTAs permit the use of fly ash as a supplementary cementitious material in concrete and
pavements, with limits not defined for application in asphalt.

TNSW and TMR permit up to 40% fly ash in concrete pavement basecourse layers and 75% in lean mix
concrete subbases.

Main Roads permits the use of fly ash as a filler in micro-surfacing. In blended cements it permits up to 25%
fly ash for concrete structures and culverts.

Fly ash has also been used in the cementitious stabilisation of granular pavements (American Coal Ash
Association 2003). For stabilisation works Austroads specifies a maximum fly ash limit depending on the
binder mix, ranging from 40 to 75%. Generally, Australian SRTAs only specify fly ash limits when used as a
supplementary cementitious material.

The FHWA (1997) reported that fly ash can be added up to 5% by aggregate weight for use as a filler in
asphalt pavements. Similarly, the Specification for highway works (UK Department of Transport 2021) allows
fly ash to be utilised as a filler in bituminous materials. Fly ash reduces the moisture susceptibility of the
binder and stripping potential due to its pozzolanic nature and act as a bitumen extender. However, asphalt
pavements with fly ash have had compaction issues related to inconsistent softened bitumen. In subbase
and basecourse stabilisation applications high volumes of fly ash are reported to lead to erodibility issues.

ADOT (2008) allows up to 20% of the Portland cement to be replaced with fly ash for lean mix concrete
basecourses. Caltrans (2018) and NMDOT (2019) specifications do not permit fly ash as a filler in hot mix
asphalt (HMA); however, as a supplementary cementing material (SCM) in concrete there is an allowable
limit of 50%. The Southern African Bitumen Association permits fly ash to be used as a filler in asphalt
(SABITA 2022).

Table 2.6 summarises the Australian SRTA’s use of fly ash.

Table 2.6:  Australian requirements for fly ash

Jurisdiction Specification or Guide Application Allowable limit for FA
Main Roads WA Specification 302 Select fill 25%
(Main Roads 2020) Concrete structures
Specification 820
(Main Roads 2023c)
Specification 410 Backfill Not specified
(Main Roads 2021e)
Specification 507 Microsurfacing Not specified
(Main Roads 2017a)
Specification 515 Base and subbase Not specified
(Main Roads 2021d)
TMR QId MRTS07B In situ stabilisation Not specified
(TMR 2021d)
MRTS07C Foamed bitumen (in situ) Not specified
(TMR 2021g)
MRTS08 Plant-mixed heavily-bound (cemented) pavements Not specified
(TMR 2021h)
MRTS09 Foamed bitumen (plant-mixed) Not specified
(TMR 2021e)
MRTS10 Plant-mixed lightly-bound pavements Not specified
(TMR 2021i)
MRTS39 Lean mix concrete subbase for pavements Not specified
(TMR 2018a)
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Jurisdiction

Specification or Guide

Application

Allowable limit for FA

MRTS40 Concrete pavement base 40%
(TMR 2018b)
DTP Vic. Section 306 SCM in blended cement — cement-treated subbase 30%
(VicRoads 2019d)
Section 307 SCM in blended cement 30%
(VicRoads 2008)
Specification 407 Dense-graded asphalt(® Not specified
(VicRoads 2021a)
Section 520 Compacted concrete pavement courses Not specified
(VicRoads 2018)
Section 815 SCM in blended cement — cement-treated subbase 30%
(VicRoads 2016b)
TINSW Specification D&C 3051 Unbound or modified base and subbase('2) 10%
(TFNSW 2020b)
Bound base and subbase®@ 10%
Specification D&C 3211 SCM in blended cement — concrete pavement 40%
(TANSW 2020a) base
SCMin blended cement — lean mix concrete 75%
subbase
TCCS TCCS MITS 04 Base and subbase Not specified
(TCCS 2019a)
TCCS MITS 02C Subgrade Not specified
(TCCS 2019b)
DIT SA RD-PV-S1 Base/subbase (Class 1-3) 67% (3% consisting of 2%
(DIT 2022a) fly ash and 1% lime)
RD-PV-S2 Plant mixed stabilised pavement Not specified
(DIT 2019b)
DIPL NT Standard specification for Stabilisation Not specified
roadworks v5.1
DIPL (2022a)
DIPL (2022b)
Austroads AGPTA4L-09 Binder (in cement) blends) 50%
(Austroads 2009) Binder (in lime) blends) 75%
Binder (in lime-fly ash GGBFS) blends) 50%
Binder (in cement-fly ash GGBFS) blends) 40%

1. For unbound or modified base materials for Traffic Categories A and B, RCC must be sourced on structural concrete.

2. For unbound or modified base materials for Traffic Categories C and D and unbound subbase, bound base and bound, RCC from structural
and non-structural concrete are acceptable.
3. Intermediate and basecourse.

Quality and viability related issues

Risks associated with the fly ash include product variability (chemical and physical) and quality control due to
the composition of coal and combustion process. Quality control of fly ash applications can be maintained by
ensuring that the source materials do not vary. Moreover, the location of the coal combustion power plants
relative to the site are vital in the economic viability of using fly ash.

2.1.7 Slag

Slag is a by-product from manufacturing process of steel and iron. It is commonly grouped into 4 categories:
ground granulated blast furnace slag (GBFS), blast furnace slag (BFS), basic oxygen steel slag (BOS) and
electric arc furnace slag (EAF). Slag is an acceptable alternative to natural aggregates (Austroads 2022c).
DTP recognises the potential use of slag in roadworks, however VicRoads (2011) refers the user to contact
DTP for technical advice for specific requirements.
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Use of slag in pavements

Slag has been widely used throughout Australia and New Zealand as aggregate in engineering fill, unbound
granular materials, asphalt and sprayed seals and stabilisation applications. The Australasian Slag
Association (ASA) has published several guidelines for the use of slag in road infrastructure.

In the USA, slag is typically used as aggregate for the construction of concrete and pavements.
(Austroads 2022c). Slag materials in granular pavements enhance the strength due to its pozzolanic
properties, if activated.

According to the ASA (2002) slag aggregates can potentially improve constructability in wet climates due to
their reduced moisture sensitivity compared to virgin aggregates and also to enhance uniaxial compressive
strength (UCS). In asphalt and sprayed seal applications, steel slags have superior performance
characteristics, including enhanced skid resistance and crushing compared to traditional aggregates. Ground
GBFS is commonly utilised as a cement substitute.

BOS and EAF slags generally contain free lime. When exposed to water, the reaction induces aggregate
swelling. TINSW specifies that slag derived from the BOS process is not permitted for use in pavements
(upper zone of formation (TFNSW 2020g). Similarly, the VicRoads (2011) cautions its use in unbound
aggregates unless it has undergone a hydration program. Leaching of heavy metals is generally associated
with slags, but these are typically below environmental limits. However, slags potentially create alkali
leachate which can impact the surrounding environment. The weathering of steel slag in a controlled
environment can minimise the leachate potential.

Australian SRTAs typically permit 50 to 90% slag as a SCM material. TINSW allows up to 100% slag in
unbound, modified and bound basecourse and subbase layers, while other SRTAs, including Main Roads,
do not indicate allowable limits. The NZTA notes the modification to sealing using slag aggregate chip seals
but does not define allowable limits. Sabita (2022) permits slag to be used as a filler and aggregates in
asphalt.

Table 2.7 summarises the Australian SRTA’s requirements for slag.

Table 2.7:  Australian requirements for slag

Jurisdiction Specification or Guide Application Allowable limit for Slag
Main Roads WA Specification 302 In situ stabilisation 60%
(Main Roads 2020)
Specification 410 Backfill Not specified
(Main Roads 2021e)
Specification 507 Microsurfacing Not specified
(Main Roads 2017a)
Specification 515 Base and subbase 60%
(Main Roads 2021d) In situ stabilisation
Specification 820 Concrete structure 65%
(Main Roads 2023c)
TMR QId MRTS07B In situ stabilisation Not specified
(TMR 2021d)
MRTS08 Plant-mixed heavily-bound (cemented) pavements Not specified
(TMR 2021h)
MRTS10 Plant-mixed lightly-bound pavements Not specified
(TMR 2021i)
MRTS39 Lean mix concrete subbase for pavements Not specified
(TMR 2018a)
MRTS40 Concrete pavement base 65%
(TMR 2018b)
DTP Vic. Section 306 SCMin blended cement — cement-treated subbase 90%
(VicRoads 2019d)
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Jurisdiction Specification or Guide Application Allowable limit for Slag
Section 307 SCM in blended cement 50%
(VicRoads 2008)
Cementitious binder in a slag-lime blend 90%
Specification 407 Dense-graded asphalt(® Not specified
(VicRoads 2021a)
Section 815 SCM in blended cement — cement-treated subbase 50%
(VicRoads 2016b)
Cementitious binder in a slag-lime blend 90%
TINSW Specification D&C 3051 Unbound or modified base and subbase(2 100%
(TFNSW 2020b)
Bound base and subbase®@ 100%
Specification D&C 3211 SCM in blended cement — concrete base 65%
(TINSW 2020a)
SCMin blended cement — lean mix concrete 50%
subbase
Stabilisation of earthworks Not specified
TCCS TCCS MITS 02C Subgrade Not specified
(TCCS 2019a)
DIT SA RD-PV-S1 Base/subbase (Class 1-3) 67% (3% consisting of 2%
(DIT 2022a) fly ash and 1% lime)
RD-PV-S2 Plant mixed stabilised pavement Not specified
(DIT 2019b)
DIPL NT Standard specification for Stabilisation Not specified
roadworks v5.1
DIPL (2022a)
DIPL (2022b)
Austroads AGPT4L-09 Binder (in cement) blends) 60%
(Austroads 2009) Binder (in lime) blends) 70%
Binder (in lime-fly ash GGBFS) blends) 50%
Binder (in cement-fly ash GGBFS) blends) 40%

1. For unbound or modified base materials for Traffic Categories A and B, RCC must be sourced on structural concrete.

2. For unbound or modified base materials for Traffic Categories C and D and unbound subbase, bound base and bound, RCC from structural
and non-structural concrete are acceptable.

3. Intermediate and basecourse.

2.1.8 Municipal Solid Waste Incineration

Municipal solid waste incineration (MSWI) with energy recovery is a preferred option in dealing with
municipal solid waste (MSW) (Poulikakos et al. 2017). The incineration reduces the volume of waste up to
80% to 90%. Fly ash and bottom ash are the resulting residues from the incineration of MSW. The fly ash is
largely used in partial replacement of Portland cement. The bottom ash has courser dimensions, with a lower
hazardous content compared to fly ash due to a number of inert materials (Poulikakos et al. 2017). MSWI
bottom ash is an atypical granular material that can be used as a partial substitution of natural aggregates.

Use of municipal solid waste incineration in pavements

MSWI bottom ash tends to satisfy the requirements as an unbound material. TINSW (2020f) permits bottom
ash (derived from coal combustion furnaces) in public road related infrastructure however does not specify
any limits or requirements.

A number of field studies summarised by Lynn et al. (2017) have evaluated MSWI bottom ash. The results
showed it has 70% of the strength of crushed rock. In bound layers, MSWI bottom ash demonstrated
encouraging crack resistance properties. At low contents, it can be used in the bituminous-bound
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basecourse and wearing course layers. Higher bitumen contents are required with MSWI bottom ash to
satisfy the design limits. MSWI in asphalt results in increasing skid resistance with no significant effect on
susceptibility; however, there is an increase in rutting deformation (Lynn et al. 2017).

The Netherlands, Denmark and Canada re-used over 90% of MSWI bottom ash in subbase and fill
applications, while other European countries are further investigating its suitability for use (Lynn et al. 2017;
Reid 2001).

2.2 Documentation of Recycled Materials Usage

Documentation of the usage of recycled materials in road infrastructure are not widely accessible/available in
Australia with only limited road trials reported. The reference guide for Recycled and sustainable materials at
main roads (Main Roads 2022a) describes the recycled materials that have been used and the trial sites.
However, consultation with key Western Australian stakeholders have highlighted that the documentation of
recycled material usage in road pavements, and the associated construction records of assets built with
recycled materials, are not kept in a centralised database. However, Main Roads do liaise with projects and
suppliers and collect quantities used for annual reporting.

Based on discussion with Main Roads, the following can be concluded:
e Main Roads does not capture the location of RAP for several reasons.

— Up to 10% RAP may be used in all asphalt intermediate course (AIC) layers without advising Main
Roads.

— Level 2 (11-25%) may be placed in AIC layers. If, for example, L2 was only placed in one of 4 AIC
layers, it is too complex to capture where RAP may be incorporated and no benefit is expected from
recording that data.

— There is expectation that RAP will behave the same as AIC with virgin material. The location of RAP
is not recorded as its performance is not monitored.

e Main Roads have good Integrated Road Information System (IRIS) records of rubber use in wearing
course layers (OGA, GGA and spray sealing):

— When construction data is updated the drop-down menus capture all the rubber surfacing treatments.
— Main Roads do not monitor S45R in sprayed seals, but can easily do so if required using condition
data collected using the Traffic Speed Deflectometer (TSD).

e Main Roads may use glass as subsoil drainage material or bedding material but construction data does
not drill down to that level of detail in IRIS. There is no plan to use it in asphalt due to cost-related issues
and in concrete due to alkali-silica reaction (ASR) issues.

e CRC in subbase under FDA is captured in IRIS.

e Main Roads routinely reuse redundant material in the highest level application possible but this is not
captured and monitored.

Other Australian SRTAs, including TMR and DTP, have published technical notes (e.g. TN193 (TMR 2020)
and TN107 (VicRoads 2023)) which identify permissible recycled materials without documenting the sites
and records where these recycled materials were previously used. It supports the idea of having a
centralised database located at Main Roads which documents the use of recycled materials on the Western
Australian road network in order that their performance can be monitored.
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3 Long-term Pavement Performance Monitoring

Performance prediction of pavement behaviour is critical in estimating life cycle costs. Long-term pavement
performance (LTPP) monitoring seeks to better understand pavement performance under various traffic
loading and environmental conditions (Austroads 2019b).

The LTPP monitoring program was first established in 1987 in the USA to study the rapid deterioration of the
US highway network and to gain a better understanding of pavement performance. The US-LTPP program,
which originally formed part of the Strategic Highway Research Program (SHRP) has to date involved the
monitoring of over 2,500 asphalt and Portland cement concrete (PCC) pavement test sections across the
USA and Canada, covering a wide range of climatic and soil conditions. Austroads developed its own LTPP
monitoring program in 1994—95 in order to calibrate Australian pavements (traffic and climate) against the
US-LTPP.

The LTPP programs broadly aim to (Austroads 2019¢c; FHWA 2015):

e improve traffic prediction and characterisation

e improve the characterisation of materials

e enhance the consideration of environmental effects in pavement design and performance prediction

e evaluate and use the pavement condition data for asset management

e evaluate existing and/or develop new pavement response and performance models

e provide guidance for maintenance and rehabilitation strategy selection and performance prediction

e quantify the performance impact of specific design features (e.g. presence or absence of positive
drainage, differing levels of pre-rehab surface preparation, etc.)

e prepare guidelines for LTPP which focus on both site establishment and data collation.

3.1 Australian Long-term Pavement Performance Monitoring

The establishment of the Austroads LTPP sites was based on the SHRP criteria, with pavement types similar
to those selected in the US-LTPP program selected (Section 3.1.2). Following the Austroads LTPP study,
guidelines for the establishment of LTPP sites were developed using the following site selection criteria
(Clayton 2000):

e consideration of pavement composition and type of pavement surfacing

e availability of materials testing information

e availability of construction and maintenance history

e suitability of vertical and horizontal alignment (i.e. no sharp curves and no grades steeper than 2%)
e minimum section length of 200 m

e consistency of subgrade conditions

¢ availability of traffic volume and composition information

e practicality and safety issues

e availability of information allowing estimation of the local climate of the road segment

e availability of road use data.

3.2 International Long-term Pavement Performance Monitoring

3.2.1 United States

The US-LTPP sites are generally about 150 m in length. They are monitored at about 15 m intervals with a
15.2 m (about 50 feet) material sampling section at the end of the monitoring segment (FHWA 2021). The
test section is preceded by a 152 m (about 500 feet) long maintenance control zone and immediately
followed by a 76 m (about 250 feet) long control zone.
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Two types of pavements were examined in the US-LTPP studies: General Pavement Studies (GPS) and
Specific Pavement Studies (SPS) (FHWA 2015). The GPS investigates in-service pavement sections to
evaluate general performance, while the SPS investigate the influence on performance of specific features
such as drainage, layer thickness and maintenance or rehabilitation treatments.

A number of US state highway agencies formed part of the US-LTPP program including:

e Arizona Department of Transportation (ADOT)

e Colorado Department of Transportation (CDOT)

e Texas Department of Transportation (TxDOT)

e Minnesota Department of Transportation (MnDOT)

e Pennsylvania Department of Transportation (PennDOT)
e New Jersey Department of Transportation (NJDOT)

e Kansas Department of Transportation (KDOT).

Table 3.1 shows the LTPP pavement study types.

Table 3.1: US-LTPP pavement study types

Type Description Type Description

GPS1 | Asphalt concrete’ pavements on granular base | SPS1 | Strategic study of structural factors for flexible pavements
GPS2 | Asphalt concrete pavements on bound base SPS2 | Strategic study of structural factors for rigid pavements
GPS3 | Jointed plain concrete pavements SPS3 | Preventive maintenance effectiveness of flexible pavements
GPS4 | Jointed reinforced concrete pavements SPS4 | Preventive maintenance effectiveness of rigid pavements

GPS5 | Continuously reinforced concrete pavements SPS5 | Rehabilitation of asphalt concrete pavements

GPS6 | Asphalt concrete overlay of asphalt concrete GPS6 | Rehabilitation of jointed Portland cement concrete
pavements pavements

GPS7 | Asphalt concrete overlay of Portland cement SPS7 | Bonded Portland cement concrete overlay of Portland
concrete pavements cement concrete pavements

GPS8 | Bonded Portland cement concrete overlay SPS8 | Study of environmental effects in the absence of heavy loads

GPS9 | Unbonded Portland cement concrete overlay or | SPS9 | Validation of strategic highway research program asphalt
Portland cement concrete pavements specification and mix design

SPS10 | Warm mix asphalt overlay of asphalt pavements

Source: FHWA (2015).
1 The term ‘asphalt concrete’ used in the USA is the equivalent to the use of the term ‘asphalt’ in Australia and New Zealand.

In the US context, the LTPP studies have been evaluated by comparing the recycled materials mixes versus
virgin aggregates. The LTPP program applied the US-LTPP protocols to study RAP in flexible pavement
rehabilitation. The results from the study indicated that the recycled materials performed equally or
outperformed virgin materials (Chow & Badra 2018; FHWA 2011).

Measuring the deflection, rutting, roughness and cracking at the LTPP sites is important if pavement
performance, and road asset management generally, is to be properly assessed. LTPP sections in Australia
with recycled materials are scarce in comparison to the US-LTPP program. However, some local
governments (LGs) in the USA have access to the Accelerated Loading Facility (ALF) as an alternative test
to the LTPP program (Lim et al. 2020b).

3.2.2 New Zealand

The New Zealand LTPP program involves 145 LTPP sites throughout the country (Neaylon et al. 2017). The
sites were divided into two groups based on the maintenance requirements: no maintenance is allowed other
than pothole patching and more extensive maintenance such as resealing and pavement strengthening.

The selection criteria for the New Zealand LTPP sites include:
e climate based on 4 moisture sensitivity conditions
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o traffic volume classifications

e pavement strength determined from pavement thickness and adjusted structural number
¢ pavement condition expressing condition and age

e geometric criteria.

The New Zealand LTPP program has been benchmarked against the Canterbury Accelerated Pavement
Testing Indoor Facility (CAPTIF) accelerated pavement testing programs.

3.2.3 South Africa

LTPP studies were first initiated in South Africa in 1991 to investigate the relationship between LTPP and
heavy vehicle simulations (Anochie-Boateng et al. 2015). The selection of the LTPP sites by the Western
Cape Government (WCG) was based on similar pavement types and environments, where detailed traffic
count data and traffic characteristics affecting the performance of the pavement could be obtained.

The WCG LTPP program included (Anochie-Boateng et al. 2015):

e ftraffic counts

e visual assessments

e field data collection

e sampling and testing of asphalt

— coring at distressed sites
— laboratory testing on asphalt cores and extracted binders

e analysis of stiffness, permanent (plastic) deformation, strength, and moisture sensitivity tests results for
asphalt layers

e evaluation of ageing models for the bituminous binder

o development of stiffness and performance models for asphalt materials.

The South African LTPP program has benchmarked against the Heavy Vehicle Simulator (HVS) programs
(Jones & Paige-Green 2003).

3.3 Long-term Pavement Performance Data Collection

The monitoring of LTPP sites focuses on understanding the pavement response primarily from the effects of
climate and traffic loading. The integrity of the data collection process and monitoring is pivotal to its
success. The Austroads guideline stipulates that the data collection regime adopted should be uniform and
consistent to ensure the success of long-term pavement performance monitoring (Austroads 2019b). Some
Australian LTPP trial sites have monitoring frequency of once every 5 to 6 years for strength testing and
every 2 years for a functional condition survey (Clayton 2000). For weaker pavements, such as the additional
LTPP sites, a full annual monitoring survey is required. The US-LTPP program, however, stipulates that data
be collected at least annually (FHWA 2015).

Generally, data collection at LTPP sites is divided into a number of categories as shown in Table 3.2. Key
performance parameters monitored include strength, rutting, cracking, roughness, gravel loss and loss of
shape.
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Table 3.2: LTPP data collection

Category Purpose

Administration

Automated Weather Station (AWS) Understand the influence of environmental conditions on performance by collecting site-specific
information, e.g. air temperature, humidity, precipitation, solar radiation, wind direction and wind
speed.

Climate Understand the influence of environmental conditions where AWS was not used. Climate data includes
precipitation, temperature, wind, and humidity.

Dynamic load response Measure the response of the pavement under controlled loading conditions.

Ground Penetrating Radar Evaluate the pavement structure and record layer thickness data.

Inventory Collect inventory data, including location, pavement type, layer thickness, material properties data and
information regarding previous treatments.

Maintenance and rehabilitation Successful data analysis requires maintenance and rehabilitation data is to be collected for each LTPP
site.

Materials testing Sampling and testing at all sites in order to determine pavement cross-sections and layer thicknesses.

Monitoring To evaluate pavement performance including deflection, distress, drainage, distress, friction,
roughness and rutting. This data is collected at given intervals and frequencies.

Deflection Use the FWD to measure the deflection response of the LTPP sites to assist in pavement life
prediction.

Distress Document surface conditions including cracking, deformation and rutting using visual inspection and
photos.

Drainage Provide information of drainage features and their possible influence on the condition of the pavement.

Friction Perform friction tests.

Profile Measure the pavement roughness which is used to indicate the level of service.

Rutting Measure rutting in the wheelpaths.

Source: FHWA (2015) and Austroads (2019b).

It is worth noting that distress surveys in US state highway agencies are based on the procedures presented
in Miller and Bellinger (2014).

3.3.1 Arizona Department of Transportation

The ADOT LTPP study (FHWA 2015) focused on distress, longitudinal profile and FWD deflection data.
Distress was tracked over time and grouped according to failure mechanism (i.e. traffic/load-related and
climate/materials-related) into structural and environmental damage. The results indicated that roughness
and roughness progression alone could not be used to represent the condition as several test sections did
not exhibit changes in roughness in proportion to the amount of fatigue cracking. Moreover, the sections that
had reached the end of their service lives did not necessarily have roughness values that would trigger
rehabilitation (FHWA 2015).

3.3.2 Colorado Department of Transportation

The CDOT LTPP program (FHWA 2015) included instrumentation (e.g. dial gauges, thermocouples, and
surface-mounted strain gauges) to measure the temperature and load-induced deflections and strains. The
effectiveness of various sealant materials, methodologies, and the effects of sealed versus non-sealed joints
on the performance of rigid pavements was monitored (FHWA 2015).

3.3.3 Texas Department of Transportation

The TxDOT LTPP (FHWA 2015) program involved an evaluation of the effectiveness of typical and
promising maintenance treatments for asphalt pavements. The sites were inspected at 6 months and
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annually for 8 years. The pavement distress surveys were conducted in accordance with Miller and Bellinger
(2014) for cracking, patching and potholes.

TxDOT used the LTPP program to develop guidelines for local calibration of the Mechanistic-empirical
Pavement Design Guide (MEPDG) (FHWA 2015). The pavement test section followed the typical layout of
US-LTPP site. Additionally, the LTPP sites served as ongoing reference source and diagnostics for
engineers and transportation professionals (FHWA 2015).

3.3.4 South Africa

The South African LTPP program (Anochie-Boateng et al. 2016) included the monitoring and laboratory
evaluation of field samples to develop a comprehensive database. Monitoring of 6 sites was performed
biannually. However, the South African LTPP program only ran for a relatively short period of time. The data
collected included a visual assessment and measurement of rut depth, pavement temperature, density,
moisture content and deflection. The results showed similarities between the HVS and LTPP rutting data in a
heavily-trafficked section although for low trafficked sections greater rutting was observed in HVS compared
to LTPP (Anochie-Boateng et al. 2016).

3.3.5 Austroads

Austroads (2019a) funded a LTPP and LTPP maintenance study of over 30 sites across Australia covering a
large range of traffic and climatic conditions. The LTPP sites were set up on pavements with thick asphalt or
a bound base overlying a bound subbase. The site monitoring involved roughness, rutting and pavement
strength measurements in addition to recording visual surface conditions and maintenance treatment
activities. The sites were initially monitored annually; however, following a review of the performance of each
site, monitoring was revised to make more effective use of the budget. The sites with low distress were
monitored once every 5 to 6 years for strength testing and every 2 years for a functional condition survey,
while sites with faster rate of deterioration were still monitored annually (Austroads 2019c).

3.4 Comparison of Long-term Pavement Performance Programs

Flexible pavements previously used in the Australian LTPP monitoring program were equivalent to the US
GPS1 and GPS2 sites, while the US LTPP focuses on a number of pavement structures. The New Zealand
and South African LTPP programs do not define pavement types and site establishment; instead, they focus
on the availability of level of traffic, age of the road and layout data. The climate data in the Australian LTPP
is measured using the Thornthwaite Moisture Index (TMI) while freezing index is used across the US-LTPP
program. Table 3.3 presents a comparison of the LTPP protocols.

Table 3.3: Comparison of the LTPP programs

Monitoring module Australian LTPP US-LTPP New Zealand LTPP WCG LTPP
Site length 150-200 m 152 m Not defined Not defined
Pavement type Flexible Flexible Not defined Not defined
Rigid
Climate ™I Freezing Index Pavement
Rainfall and temperature temperature
Profile Walking Profiler String line method/algorithm
Multi-laser Profilometer Automated transverse
profiling
Deflection FWD (40, 53, 70 kN) FWD (26, 40, 53, and 71 kN) FWD FWD (40 kN)
10 m intervals 15.2 m intervals 50 m interval
OWP and BWP IWP, OWP and BWP
Traffic AADT AADT
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Monitoring module Australian LTPP US-LTPP New Zealand LTPP WCG LTPP

Surface distress Visual . Visual . Visual . Visual

Digital imaging or by Digital imaging Imagery
automatic distress
detection devices
Data collation Drainage, GPR, automated Maintenance details
weather station
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4 Consultation — Road Asset Audit

Discussions were held with Main Roads and selected local government agencies (LGs) to gather data
related to road assets incorporating recycled materials. A communication strategy was prepared and the
relevant organisations were contacted via email or telephone. The intent of this task was to:

e evaluate the existing situation

e investigate what type of recycled materials are incorporated into road pavements
e explore to what extent the use of recycled materials is recorded

o identify if performance monitoring is in place.

A data collection template (see Appendix A) was prepared to ensure that all the required information was
collected and documented. Main Roads’ relevant staff were asked to fill in the template for those projects
where recycled materials were used.

The National Transport Research Organisation (NTRO) project leader and Main Roads project manager
jointly selected 10 LGs, and the NTRO project leader coordinated with those LGs to request data related to
the recycled materials.

The following challenges were faced during data collection:

e There was no contact list of the people available who were involved in the use of recycled materials in
their respective organisations. Therefore, inquiries were directed to their general inquiry phone numbers
or emails which was a time-consuming process.

e There was no central database in each organisation to record the use of recycled materials; as a result,
there was an uncertainty regarding of data availability and responsibility.

o Generally, the LGs considered it an external request and data availability was not certain. Therefore, in
addition to the long waiting time for responses, the data provided was incomplete for most of the LGs.

4.1 Main Roads

The NTRO project leader held meetings with Main Roads’ relevant staff identified as the source of
information by the Main Roads’ project manager. After discussions regarding the project objectives and the
nature of the data required, the data collection template was distributed for completion.

Main Roads provided data related to recycled materials for 3 projects only. The templates were only partially
completed as some information could not be retrieved. Moreover, the information provided may not have
been complete as the Main Roads’ IRIS database does not cater for all possibilities; for example, if a RAP
level 2 mix was used, the database only reported that a dense-graded 20 mm (DG20) mix was used.

IN terms of the performance monitoring of the recycled materials, Main Roads has no performance
monitoring in place or relevant field trials except for the Kwinana Freeway trial.

The data collected from Main Roads is attached in Appendix B.

4.2 Local Government

Selected LGs were asked to share information related to the use of recycled materials in their relevant
jurisdictions. Table 4.1 summarises the information collected.
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Table 4.1:

Summary of LGs

Template
filled

Recycled materials
reported

Source of recycled
material

City of Bayswater

Response

Yes

Yes

CR, RAP

Unknown

Comments

Used in basecourse and wearing
course

20% RAP

City of Swan

Yes

Yes

CR, plastic
(plastiphalt)

Recycled tyres

Provided data related to 2 projects
CR consumed in binder

City of Kalamunda

Yes

Yes

CR

Not provided

CR consumed in binder

Recycled material data provided for
four projects

City of Canning

Yes

Partially

CRC

Construction and
demolition (C&D)
waste

Used in basecourse and subbase
layers

Testing indicated that CRC
basecourse material was at least as
strong as conventional material

City of Perth

Yes

No records of recycled materials
exist.

City of Wanneroo

Yes

No

Talked to the responsible person
over the phone and shared the
template, however, no response
received.

City of Cockburn

No

Responded the general inquiry
stating that the request will be
forwarded to the engineering
department. No response despite
multiple reminders.

City of Sterling

No

Contacted City of Sterling over the
phone and submitted an online
inquiry as directed. No response
despite multiple reminders.

City of Subiaco

Yes

Yes

CR

CR consumed in binder

Performance monitored by regular
inspection

City of Cambridge

Yes

Yes

CR,CRC

e CRC - Crushed
demolition

o CR-Recycled
tyres

CR - used in binder
CRC - used in basecourse

Key: CR = crumb rubber, RAP = recycled asphalt pavement, CRC = crushed recycled concrete.

The data collected from the LGs is presented in Appendix C.

4.3 Other Stakeholders

Other stakeholders include prominent material suppliers, private road operators (e.g. mine sites) and key
industry or recycling bodies (e.g. Tyre Stewardship Australia). At this stage only Main Roads and selected
LGs were contacted for data collection.

4.4 Benefits of Consultation

The benefits of the consultation with Main Roads and LGs were as follows:

e The outcome of the consultation resulted in an enhanced understanding of the existing situation
regarding the use of recycled materials and availability of the data.
e The consultation process provided an opportunity to collaborate with LGs and develop relationships.
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o Useful information regarding the use of recycled materials in different LGs was collected, including types
of materials, quantity and challenges.
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5 Pilot Data Capture

5.1 Database Development

A pilot database was developed to enable the collation of data related to local and state-wide road assets
incorporating recycled materials. The database template was developed in the form of a simple Excel
spreadsheet so that the data could be transferred to a new database template or software in the future if
required.

Data from different organisations (Main Roads, LGs) was summarised in separate spreadsheet tabs. Some
LGs provided data for a single project whereas others provided data for multiple projects. All projects of an
organisation were populated in the same tab. Note that the Main Roads tab presents all data supplied as a
part of this project.

The following details related to recycled materials were summarised in the database:

e Organisation or department responsible for the project where recycled material was used.

e |s the use of recycled materials properly documented?

e Location and brief introduction to the project.

e Dimensions of the road assets (sections) incorporating recycled materials.

¢ Date and contact details of the person who filled out the template.

e Date when the pavement was constructed or opened to traffic.

e Pavement type and configuration/structure.

e Type of surfacing.

o Rehabilitation and/or maintenance status.

¢ When last rehabilitated and details of rehabilitation.

e Existing pavement condition.

e Type and severity of pavement distress.

e Details of the conventional and recycled materials used.

e Indication of the pavement layers where recycled material was used.

e Application of recycled materials (e.g. replaced of fine aggregate, consumed in binder, etc.).

e Percentage and quantity/volume of recycled materials used.

e Maximum allowable usage limit and specification requirements.

e Source of the recycled material(s).

e Recycled materials’ mixing process.

e Details of any processing required and laboratory testing conducted to evaluate the recycled materials.

e Challenges faced and the response or strategy to manage those challenges.

e Cost issues related to recycled materials procurement, processing, transportation, handling, testing,
placement and construction.

e |s the performance of the recycled materials being monitored?

e |If performance is being monitored, then what is the overall performance of recycled materials to date?

e Environmental risks identified and how those risks were managed.

The pilot database is presented in Appendix D.

5.2 Database Update

After the pilot data capture, the project team continued to follow up with the LGs and Main Roads to capture
more data regarding the use of recycled materials in their relevant jurisdictions. Data for additional projects
were added in Table 3.1 and populated in the database.
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Guidelines for further updates to ensure up-to-date information include:

e Liaise with LGs to collate information for existing projects where recycled materials are being used.

e Follow up with the LGs on a weekly basis to ensure the data has been captured.

e Invite LGs to provide future projects and give them a suitable timeframe to capture data for the
completed projects.

e Share the central database with the LGs and Main Roads regional staff.

Main Roads has provided quite limited information related to the use of recycled materials. They need to
record missing details regarding their use of recycled materials used on its network.

5.3 Indicative Cost to Populate Database

At this stage, only a very rough estimate (Table 5.1) could be made of the cost of populating the database
based on the following assumptions:

e one data entry operator

e data collection related to 50 projects

e data analysis

o monthly newsletter/communication with the stakeholders.

As just discussed, LGs and Main Roads staff will be invited to populate the database with additional projects.
During this data collation phase, costs to provide the data will be recorded in order that the Table 5.1
estimates can be refined.

Table 5.1: Indicative cost to populate recycled materials database for 50 projects

Action Units Unit price ($) Cost ($) Comments

Enter and maintain database (hours) 50 250 12,500

Request, follow up and collect data (hours) 110 250 27,500 Data collection

Purchase of database software (item) 1 10,000 10,000 If required

Software annual maintenance (lump sum) 1 1000 1000 If applicable

Material testing in the field and laboratory (items) 50 750 37,500 If required (limited testing)

Data analysis and monthly newsletter (hours) 24 250 6,000 12 updates during a year
Total estimated cost ($) 94,500
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6 Framework for Monitoring Performance of
Reused and Recycled Materials

6.1 Framework for Performance Monitoring

The framework for monitoring recycled materials is based on in situ performance monitoring of pavements
incorporating recycled materials. The Austroads Guide to pavement technology part 4E (Austroads 2022a)
provides a recycled materials assessment framework for the selection and evaluation of appropriate recycled
materials in terms of their technical, economic and environmental suitability for a particular project. It should
be noted that the framework described in this report addresses the performance monitoring of recycled
materials in pavements: it does not cover the evaluation and selection framework for recycled materials.

Monitoring of the performance of recycled material is critical if overall performance and lifecycle costs are to
be estimated and the use of recycled materials in pavements enhanced. The objectives of the monitoring are
to:

e evaluate existing practices related to the use of recycled materials in pavements

e improve design methods, mix and blending practices and the processing of recycled materials

o develop and implement a laboratory testing program

e improve construction practices for pavements incorporating recycled materials

¢ determine the effect of recycled materials on overall pavement performance, including material
properties and durability, pavement response to loading, environment, construction quality, pavement
distress patterns and maintenance requirements.

This framework for monitoring performance of recycled materials can be divided into the following parts:

e capturing data related to the use of recycled materials

e assessment of pavement condition and defects

e data analysis

e comparison of the performance of recycled materials compared conventional or virgin materials
e reporting and documentation.

6.1.1 Capturing Data Related to the Use of Recycled Materials

A fundamental step in the monitoring of recycled materials is data collection. This data should be kept in a
database in a computer-based environment. The collected data should be documented in a systematic
approach to provide input to data analysis work. Climate and traffic loading are two primary factors affecting
a pavement structure’s performance. Climate affects mainly the properties of the materials in the pavement.
Therefore, climate- and traffic loading-related data should be an integral part of data collection process.

The key data collection activities that should be conducted are as follows:

Develop and maintain data collection procedures and protocols.
Ensure different LGs follow the same data collection procedures.
Document problems to provide input for future data analysis.

Ensure data collection quality by checking and inspecting as required.

The data collection template prepared and used as a part of this project divides the data into 3 major
categories:

e Basic information related to the project (e.g. location, length, timing) and contact details of the
organisation responsible for data collection.

e Pavement details, including pavement composition and surfacing type, overall current condition and
rehabilitation details, if any.
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o Details of recycled materials, including types and quantities of the conventional and recycled materials
used, source of the recycled materials, specification limits, and any laboratory testing and processing
involved.

In addition, the data collection template also requires project-specific information, e.g. environmental impact,
challenges faced as a part of their procurement, sourcing, processing, usage in construction, and the
operating environment. Data should be collected for each project separately and kept in a central database
for future reference.

Details of the data to be collected are summarised in Section 4 and a sample data collection template is
presented in Appendix A.

6.1.2 Assessment of Pavement Condition and Defects

The assessment of pavement condition is based on factors such as structural integrity, roughness, skid
resistance, rate of deterioration and maintenance operations. Some distress types such as cracking,
ravelling, weathering, and polished aggregates may not result in decreased structural capacity but may
restrict functional usage. Recycled materials are used in pavements in 2 scenarios:

e as a part of maintenance and/or rehabilitation of existing pavements
e construction of new pavements.

If the recycled materials are used in an existing pavement as part of repairs or rehabilitation, the
performance monitoring of the recycled materials involves pavement condition assessment before and after
their incorporating into the pavement. The condition of the pavement before the incorporation of recycled
materials will be compared with the condition data collected after the incorporation of the recycled materials
to evaluate any change in pavement performance.

The performance factors to be measured in the existing pavement prior to incorporating recycled materials
include:

e visual assessment

e evaluation of the existing pavement strength and structural adequacy (deflection testing)

e determination of the structure of the existing pavement through ground penetration radar (GPR)
measurements

¢ measurement of roughness, texture, rutting and crack detection using network survey vehicle (NSV).

If the new pavement is designed and constructed with recycled materials, the pavement condition and
defects assessment may include:

e visual assessment
e the collection of field data, e.g.

— deflection (FWD or TSD) (Test Method WA 326.2 for FWD (Main Roads 2017b) and Austroads Test
Methods AG:AM/T006 for FWD (Austroads 2011) and AG:AM-T017-16 for TSD (Austroads 2016b))

— crack detection (Austroads Test Method AG/T018 (Austroads 2016c))

— rutting measurement (Austroads Test Method AGAM-T009-16 (Austroads 2016d))

— roughness (Austroads Test Method AG:AM/T001 (Austroads 2016¢e))

— surface texture (Austroads Test Method AGAM-T013-16 (Austroads 2016f))

— skid resistance (Test Method WA 310.1-2022 (Main Roads 2022b))

e coring of distressed sites (if required)
e laboratory testing, which may include:

— testing of asphalt cores for modulus, density, binder content and particle size distribution

— permeability (Test Method WA 117.3 (Main Roads 2012))

— moisture sensitivity testing for asphalt (Austroads Test Method AG:PT/T232-07 Austroads (2007))

— environmental impact testing (e.g. microplastics, leaching, emissions, minimum concentration of
chemicals).
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The scope of the assessment should be tailored to suit the expected failure mode. A reasonable timeframe
for the assessments should be maintained. For an existing pavement, an assessment should also be
performed before incorporating recycled materials for comparison. For new pavement, an assessment
should be conducted immediately after construction and then at specific intervals. Visual inspections could
be carried out every 6 or 12 months as deemed appropriate. Visual assessments may be conducted more
frequently than deflection testing (if applicable).

6.1.3 Data Analysis

The collected data should be analysed in order to establish, if possible, the causes of any observed distress.
It should be noted that the distress may or may not be related to the recycled materials; therefore, a careful
analysis is required.

A comparison of the performance of the recycled materials with the virgin material can contribute to an

improved optimisation of the use of recycled materials in pavements. Data analysis should be conducted and
reported, including any lessons learnt.

6.1.4 Reporting

Reporting of the performance monitoring should be completed at every stage of the monitoring process.
The outcome of the implementation of this framework will not lead to an improved understanding of recycled
materials practice but also the refinement of the framework for the evaluation and selection of recycled
materials for road pavements.

A flowchart for the monitoring of recycled materials is presented in Figure 6.1.
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Figure 6.1: Framework for performance monitoring of recycled pavement materials
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6.2 Indicative Costs of Long-term Regular Monitoring

It is not possible to estimate the exact cost of monitoring the performance of recycled materials due to
variations in pavement materials, construction practice, project-specific conditions and the operating
environment. The indicative costs presented in Table 6.1 are estimates for annual monitoring based on
experience with similar testing. The monitoring is likely to be required over a number of years.

Table 6.1:  Indicative cost for monitoring performance of recycled materials (Year 2024)
Action Unit price ($) Units Cost ($) Comments
Recycled materials data capture 250 1 250 Estimated cost as per
(hours, database software price) Table 5.1

Pavement condition and defects assessment

Coring If required.
Visual assessment 875 1 875 Include traffic management
cost of $175/hr
Rutting 250 1 250 If any
Deflection (TSD or FWD) 3,000 1 3,000
Crack detection 200 1 200
Roughness, surface texture and skid resistance 600 1 600
Laboratory testing 2,250 1 2,250
Data analysis 350 1 350
Comparison of performance of recycled materials 300 1 300
versus virgin materials
Environmental performance assessment 750 1 750 Testing and reporting
Key findings and conclusions 350 1 350
Project management 100 1 100
Total ($) 9,275

Note: Cost estimate is based on monitoring 1 km section of the road for single data collection.

Developing a Framework for Auditing and Long-term Monitoring of the Performance of Recycled Materials 33
TC-423-1-3-12d



7 Key Findings

The government and SRTASs’ focus on a circular economy have promoted strategies that have increased the
utilisation of a wide range of recycled materials in road infrastructure. There is no consistent approach
regarding the usage of different recycled materials in different pavement layers and their relevant allowable
limits. Key findings following a review of Australian and international practice are as follows:

The requirements for the consumption of RCC are governed by its properties and the percentage of
foreign materials. SRTAs in Australia and overseas specify different allowable limits of RCC in different
pavement layers. For example, Australian SRTAs permit 100% RCC in unbound pavement layers, NZTA
and WSDOT permit up to 100% RCC in basecourse layers, and TMR allows up to 10% RCC in DGA.
The major application of RCG is basecourse and subbase layers, asphalt wearing courses and
earthwork backfill. Main Roads permits up to 3% RCG in subbase layers and 100% in earthworks
applications, whilst TMR permits up to 2.5% in wearing courses and 10% in DGA. TINSW, on the other
hand, allows up to 2.5% of RCG in DGA and SMA, with increased limits for other wearing courses. The
allowable limits specified by US DOTs are closely aligned with Australian specifications.

Crumb rubber is commonly adopted in sprayed seals in Australia. Main Roads allows 15% CR in sprayed
seal and 18% in asphalt, TMR allows 18% in C170 bitumen sprayed seals, while DTP permits 9% in
high-stress seals. On the other hand, CRM binders produced in South Africa typically contain 18 to 24%
CR.

RAP is largely used in the construction of new asphalt pavements. TMR, DTP and TINSW permit up to
30 to 40% RAP in different pavement applications. TMR allows up to 10% RAP in basecourse
applications for Class 1 and up to 15% for Class 2 materials whereas RAP is not permitted in asphalt
wearing courses. Main Roads specifications for RAP are conservative compared to other SRTAs as the
impact of the RAP on the binder is generally negligible below 15%. Main Roads allows 10% RAP in
asphalt intermediate courses; this increases to 11-25% and 26—40% for level 2 and level 3 respectively.
The US road agencies permit a high percentage of RAP (25% or greater); however, it has been reported
that the blends incorporating RAP are increasingly susceptible to poorer early permanent strain
performance when the RAP exceeds 15% of the blend’s proportion.

Fly ash is widely used as an additive in cement to improve workability, strength and durability and as a
supplementary cementitious material in concrete and pavements. Slag is recognised as an acceptable
alternative to natural aggregates. Generally, SRTAs do not specify allowable limits for slag with the
exception of TINSW, which permits up to 100% in unbound or modified and bound base and subbase
layers. As SCM material, all SRTAs typically permit 50-90% slag.

Recycled plastic in pavement applications is currently an emerging trend. It is currently being trialled and
allowable limits have yet to be set by SRTAs.

The prediction of pavement behaviour is critical in estimating life cycle costs. Long-term pavement
performance (LTPP) trials are being used to gain a better understanding of pavement performance under
various traffic loading and environmental conditions (Austroads 2019c). Documentation of the usage of
recycled materials in road infrastructure is not widely accessible/available in Australia with only limited
road trials reported. None of these road trials are LTPP sections.

The Australian LTPP program has generally focused on flexible pavements. It was developed from the
US-LTPP program which covers a wide range of climatic and soil conditions in the USA and Canada. In
general, LTPP site establishment considers a number of basic criteria and information such as pavement
composition and type of surfacing, availability of material information and construction history, traffic
volume information and climate.

The monitoring of Australian LTPP trial sites occurs once every 5 to 6 years (structural condition) and
every 2 years (functional condition), whereas, and depending on budgetary constraints, data on US.TPP
sites is collected at least annually. It should be noted that only limited LTPP monitoring has occurred for
sites incorporating recycled materials.

In terms of data capture, Main Roads provided information related to three projects only. This is partly due to
the lack of a central database to record the use of recycled materials. In addition, there is no mechanism for
the performance monitoring of recycled materials. Some LGs provided data related to multiple projects.
Conversation with the responsible officers in LGs indicated that there is high interest in the use of recycled
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materials and their impact on long-term pavement performance, rehabilitation and whole-of-life costs. Most of
the LGs contacted supplied partial information due to challenges in extracting information from the project
documents. Engaging with project managers post-construction is difficult because staff move to other
projects/roles and they have to try and access relevant information from project records.

A database was developed to capture the information required for analysis related to the use and
performance of recycled materials. Based on this information a framework for the performance monitoring of
recycled materials was developed as well as indicative costs of monitoring the performance of recycled
materials.
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8

Conclusions and Recommendations

Based on the project findings, it can be concluded that none of the jurisdictions contacted as a part of this
project systematically record the use of recycled materials in road infrastructure. It is recommended that the
use of recycled materials be documented in a central database managed by the relevant jurisdictions. Each
jurisdiction should consider developing a LTPP monitoring program for recycled materials which includes
guidance on site selection, database development and the frequency of performance measurement.

A lesson learned from the consultation with Main Roads and LGs is that it will be more effective if
stakeholders such as LGs and material suppliers are involved in the project as research partners. In the end,
they are beneficiaries of the outcome of the project and their early involvement would be helpful in shaping
the project and facilitating the data collection process.

Based on the outcomes of this stage of the project, the following recommendations are suggested:

e Develop a research proposal for Stage 2 of the project focussing on:

Data collection from Main Roads and LGs related to recycled materials.

The analysis of the data collected and the sharing of the key findings with the stakeholders.
Conduct a virtual workshop at the start of stage 2, just after the inception meeting, to: discuss the
findings of stage 1, invite LGs to discuss the scope of stage 2, and get them involved in the data
collection process.

WA Local Government Association (WALGA) staff need to be engaged from the start of the next
stage to enhance communication and collaboration in order to maximise the benefits of the project
outcome.

Use the results of the data analysis to address the issues related to the environmental impacts of
incorporating recycled materials in pavements and the effects of recycled materials on pavement
rehabilitation.

Develop a best practice guide which addresses the selection, use and management of recycled
materials in pavements.

e Main Roads and LGs should amend their inventory database to include all reused/recycled materials and
products to ensure that the data is routinely captured.

o Establish a central database at Main Roads to demonstrate technical leadership in the documentation
and promotion of the use of recycled materials in road pavements.

e Share the key findings of the data analysis and lessons learned with all stakeholders on an annual or
biannual basis. This will enhance their knowledge and enable them to make more informed decisions
related to recycled materials.
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Appendix A Recycled Materials Data Collection
Template

The first section of the data collection spreadsheet includes basic information, such as the organisation,
project, name of the person who has filled out the template and size of the project. The second section
contains information related to the pavement, including pavement construction date, type, surfacing and
configuration and rehabilitation status. The third section captures details related to the conventional and
recycled materials used, location, quantity, source, and percentage of the recycled materials as well as
specification requirements, testing and processing requirements, environmental, performance monitoring
and cost-related issues.

The template was shared with Main Roads and LGs staff involved in data collection related to recycled
materials.
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Recycled Materials Data Collection

|Drg anisation

|Total Projects

Project

Basic Info

LG/Ong anisaion
{eg. Gy of Perth, Main Roads)

Project
{eg. White Road Rehab |

Project locaon
(eg. Coomdindes, SLK, Sidesireds
i)

Project leng® \Who flled in fis te rplate
{morkms} {Name position}

Contact details Dae filled in

{Mbbile, email {daimmiyyyyd

Pavement Details

Paement type and

(eg. sprayed seal, thin asphalf
nane)

Daie :L;:‘\:anﬂ'iﬁ conssuchon or| coniguraiion

o:je: o (g unbound granular
{odimmyyyy |3sphalt & thickness of layers)
|Surfacing bpe Fehab stafus

{e.g. once twice)

When last iehabilitated?

Details of rehabilitation
(eg. iype. malerid used)

(Onerall current pasement
condiSon
{eg. poo, fir, good)

Disiress fype and severity
{e.g.cracking, meliing,
pofhales & minor, moderate,
severe)

Recycled Materials Details

Convensional maesal used
{eg. crushed aggregae, asphalt
i)

Recycled matesal used
{eg. RCC, RCE, CR, RAF)

Pawement lyers vhers ecycked
material ves used
{eg. basecourse, subbase, fll}

| Applicaion ofrecycled
matend
{e.g. replacement of fine
|2ggregate, consumedin
binder)

| Source of Recycled Materid
{where thematerial derved from?)

Perceniage ofrecycled
matend used
{eg 20% 25% 15%

Was any processing Totd quanity or volume
resquired dlone & fe sie beioe used in e project

use? {e.g- tonnes, m3)

Vevium dloveble usags fmit ;We" mite:ial mixing
{eg. 3.5% 1086, 20%5 [eg“d'yss,s.ee: eic)

| Specficaiion/Guide
{eg. MRWA Spec 501)

Any kb fesing periormed
lon e recycled materid
and what ves e resulf?

Challenges faced and howhose
challenges ver tackled?

Costissues

Recycled matenals performance

Emsonmental issues and
risks iderified and how
hose risks were managed?

Is the recyded materials used
documenied?

Is pefomance of e
recycled materials being
monitored ?

(ifyes, vher?) (f yes, howd)
Overall Cc
Abbreviations

RCC: Recycled Crushed Conarete
ROG: Crushed Recycled Glass
CR: Crumb Fubber

FAP: Reclamed or Recyded Asphalt Pavement

ECL Tye: End of Lile Tyre
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Appendix B Main Roads Data

Organisation

Main Roads Western Australia

Total Projects

3

Project 1

Kwinana Freeway Trial

Basic Info

LG/ Organisation
(e.g. City of Perth, Main Roads)

Main Roads

Project
(e.g. White Road Rehab.)

Kwinana FwyTnal Mie

Project location
(e.g. Coordinates, SLK Side streets
eic.)

HO15, SLK56.38 -56 48

Projectlength

Who filled in this temp late

(e.g. poor, fair;, good)

potholes & minor, moderate,
sewere)

(mor kms) 100m (Name, posifion) zak birchall

Contact details . . Date filled in

(Mobile, emsi @k birchall @mainroadswa.gov.au @dmmiyyy 29032023

Pavement Details

Date of pavement construdtion or zj:gg"ﬁ;m%pe ad 258mm CRC

opened to trafiic 2009 (e. unbound granular 150mm CLS

(dmmmyyyy) & SHIET Yellow Sand
asphalt & thickness oflayers)

Surfacing type

(e.g. sprfy\?dieaf thin asphalt 30mm OGA Rehab status =IO

’ : 30mm DGA (e.g. once, twice)
none)
. o Details of rehabilitation

When last rehabilitated ? nia 6.0 tye, materialused) nfa
Dist y d severty

Qverall current pavement [e|5 ri:;gfe :19”?:" EiL)

condition fairigood e & 4 Minor cracking and minor ravelling

Recycled Materials Details

Corventional material used
(e.g. crushed aggregake, asphalt
eic.)

OGA, DGA, ES, CLS, Yellow Sand

Recycded material used
fe.g. RCC, RCG, CR, RAP)

CRC

Pavement layers where recycled
material was used
(e.g. basecourse, subbase, fil)

Basscourse

Application of regyded
material

(e.q. replacement of fine
aggregate, consumed in
binderj

Basecourse Matenal

Source of Recycled Material
(where the matenal denved from?)

All Earth Recyclers

Percentage ofrecycled
material used
fe.g. 2.0%, 2.5%, 15%)

100% of basecourse

Was any processing
required/done at the site before
use?

Total quantity or volume
used in he project
(e.q. tonnes, m3)

Maxium allowable usage limit

Recycled material mixing

(e.g. MRWA Spec. 501)

and what was the resuft?

na process
(6.9.3.5%, 10%, 20%) o dy. wetefc)
e Any lab esting performed .
Specificaion/ Guide P8D,LS, LL, CBR, MDD, OMC, LA Abrasion
P MRWA Spec. 501 on the recycled material

Al Passed

Challenges faced and how those
challenges were tackled?

Cost issues

Recycled materials performance

Envronmertal issues and
risks identified and how
those risks were managed?

Is the recycled materials used
documerted?
(if yes, where?)

Is performance of the
recy cled materials being
monitored?

(if yes, how?)

‘Yes, Trials conducted every 6 months

Ov erall Comments
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|Project 2

|Armada|e Road to North Lake Road Bridge

Basic Info

LG/COrganisation
(e.g. City of Perth, Main Roads)

Main Roads

Project
(e.g. White Road Rehab.)

Armadale Road to Notth Lake Road Brdge Project

Project location
(e.g. Coordinates, SLK Side streets
etc.)

H023, SLK15.81-16.06

Project length

Who flled in this template

(e.g. MRWA Spec. 501)

and what was the result?

(mor kms) 250m (Name, position) zkbirchal
E:;Ez :5:;;5 zak.birchall@mainroads.wa.gov.au {Ddszamﬂ‘lsfy;;] 2210312023
Pavement Details
) Pavemert type and
Date of pavement constudion or configuration 288mm Asphait
opened to traffic 2021
(e.g. unbound granular, 150mm CRC
(dalimmyyyy) )
asphalt & thickness oflayers)
Surfacing type
atpe Rehab status
(e.g. sprayed seal, thin asphalt 40mm AIC ) - z=ro
(e.g. once, twice)
none)
Details of rehabilitation
/ ili ? ; It
When last rehabilitated ? nia . nia
Dist [ d severity
Overall current pavement [els rifasct:ir?e :19”?:“ erity
condition fairigoed o & & Minor Cracking, some cunature
potheles & miner, moderate,
(e.g. poor, fair, good) ]
sewers)
Recycled Materials Details
Corventional material used )
(e mc?usln’?end amreer;bu:se hatt  |Asphak FERCELNIE ST EE CRC
o BT P (e.g RCC, RCG, CR, RAP)
etc.)
Application of recy ded
Pavemert layers where recycled mate rial
material was used Subbase (e.g. replacement of fine Subase forFDA
(e.g. basecourse, subbase, fil) aggregate, consumed in
binder)
) ) Percentage of recyded
(s the bt dotvsd ) el used 100%kofsutase
( R ‘ fe.g. 20%, 2.5%, 15%)
Was any processing Total quantity or volume
required/done a the site before used in the project ~19,000-29,000 tonnes
use? fe.g. tonnes, m3)
Maxium allowable usage limit o SEEEEIEE 2T
(e.g. 3.5%, 10%, 20%) a LALEEE
(e.g. dry, wetefc)
= = e Any lab testing performed
Specification/Guide )
- MRWA Spec. 501 on the recy cled material

Chalenges faced and how those
challenges were tackled?

Cost issues

Recycled materials periormance

Envronmental issues and
nsks identified and how
those risks were managed?

Is the recycled matenals used
documented?
(f yes, where?)

Govemmert of Western Australia 2021

Yes, Roads to Reuse: economic benefits case study,

ks performance of the
recycled materials being
monitored?

(if yes, how?)

Overall Comments
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|Project 3

|Wann eroo Road / Beach Road

Basic Info

LG/Organisation
(e.g. Gty of Perth, Main Roads)

Main Roads

Project
(e.g. White Road Rehab.)

Wanneroo Rd / Beach Rd

Project location
(e.g. Coordinates, SLK, Side streets

etc.)

HO35, SLK11.59-12.35

Project length

Who filled in this template

(mor kms) 760m (Name, position) akbirchall
Contact details . E Date filled in

zak birchall@mainroadswa.gov.au 22032023
{Mobile, email) ¢ (ddimmiyyyy)

Pavement Details

Date of pavement construction or

Pavement ty pe and
configuration

etc.)

(e.q. RCC, RCG, CR, RAP)

opened to rafic 1977 150mm Crushed Rock
Al ) (e.g. unbound granular,
{ i asphalt & thickness of layers)
Surfacing type
(e.g. sprayed seal, thin asphalt, 30mm GGAR REhd} Stamf )
none) (e.g. once, twice)
When last rehabiltated? 2020 Detais of rehabllitdion o, o, tacing, GaAR
(e.g. type, material used)
, , Distress type and seventy
v E@" current pavement ) (e.g. cracking, raeliing, i
condition FairGood ) moderate cracking
(e.g. poor, fai, good) potholes & minor, mederate,
- o sewere)
Recycled Materials Details
Comventional material used Recvcled meerial used
(e.g. crushed aggregate, asphalt  |Crushed Rock, Granite Aggregate ecycle enal use GGAR, CR

Pavemert layers where recycled
material was used
(e.g. basecourse, subbase, fill)

Wearing Course, Binder Medifier

A pplication of recycled
matenal

(e.g. mplacementoffine
aggregate, consumed in
binder)

Consumed in Binder

Source of Regyded Material
(where the material derived from?)

Percentage of recycled
matenal used
(e.g. 2.0%, 2.5%, 15%)

Was any processing
required/done at the site before
use?

Total quantity or volume
used in the project
(e.g. banes, m3)

Maxium allowable usage limit
(e.g. 3.5%, 10%, 20%)

Recycled matenal mixing
process
(e.g. dry, wet efc.)

Specification/ Guide
(e.g. MRWA Spec. 501)

MRWA Spec. 517

Any lab testing performed
on the recycled material
and what was the result?

Challenges faced and how those
challenges were tackled?

Costissues

Recyded materials performance

Emvronmental issues and
risks identfied and how
those risks were managed?

Is the recycled materials used
documented?
(fyes, where?)

Is performance of the
recycled materials being
manitored?

(if yes, how?)

Overall Comments

Abbreviations

RCC: Recyded Crushed Concrete

RCG: Crushed Recycled Glass
CR: Crumb Rubber

RAP: Reclamed or Recycled Asphalt Pavement

EOL Tyre: End of Life Tyre
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Append

ix C LG Data

Organisation

City of Canning

Total Projects

1

|Project 1

|Upgrade of Welshpool Road |

Basic Info

LG/Organiration
o Vg 28 P, Plode
Basdal

Cilysf Canning

:: ojest Pl Upyrade abWelebpuat Buad
Prajestlazation
fres Vrondiinalon, S8, S | $rom s prisl wral of Srarsashe 511s Lessk Huy isWelabpast
abeerlo v
Proioct] 5 Wha filled inthis
rejsstionyt e vemplote Koilh M ARRD prafoasinnsl
oy S8, poelieaf
Cantazt dorailr DareFilladin
S bdon, i S e el

Pavement Details

Date of pavement
carrtrustionarapened ta)

Pavementtype and
<enfiquration

Material fadons e mobonded
y

-

Corstrustion and demalition uarts

resyclod marerial
wred

Lole 2020 Lok 2022 Foe solovel groeelon,
tufil': bl B B rbrror ob
flimaeenl £ f
Surfacinqtype
. Fiehabrratur
e preed ek M optalt ooy mmney Bular]
Whenlartrehabilitated? D'“'".' . g
u_hq} L
Owerall surrent D"":.:" ¥peand
pavement candition '::“-" :‘.“ il
Fo g pron Roviny gondl P g
Recycled Materials Details
Canventional material B danantd
ured % Casalraslion snd demalifine malsrial [ERE]
dna mw«h.f EYPE N oo SO RO 00, SUPF
Favemont layors ubore Applisetinnuf .
reeycledmarterial uar Ruad Base rocyclod mﬂtﬂ.lf'
& " Lo eploscaoel sb Sien
e wpeegeln, ereeemed i
o Bomansnnny sabbons, K00 _
Fource af Reeyaled Forcontaqe of

War any pracesring
roquiredfdone attherite
befareurs?

Tetal quantity or
velume wadinthe

project

Laa iy £

Maxium allowable uraqe
limit

Rezysled material
MiXing pra<ers

racklad?

S LEN, RN, SENY fn gy i f
e - Any lab tarting
¥ i
SpeccationiGuide  |IPWEA-WALGA Recycledbarerpec porfarmedonthe
recycled materialand
Challenger Faced and houl
thars zhallenqor usre Cartirrusr

Rezyeledmateriale
perfarmanse

Tertingindicatod thattho roadpavement
produsedwingrecycledmarorial uar atlearn
arstrang, and parriblestranger, than
sonventionalraadbare. Further vartingaver

time harrhounthat the resysled pradust qaine

cocriderablest: thoagith curing and ir o

Envranmental rusr
and rivks identifisd
and how thars ricks
were manaqed?

lrthorocyclod matoriale

brperfarman<e of the
recy<led mate

wed documentod? F A =
(if yor,ubere?) o
. (if yor, hout]

Orerall Comments

Akbreoviatinar
RCC:Recycled Crurhed G
RCG: CruwrhedRecycled Gl
CR:Crumb Rubber
RAF:Recloimed or Recyel
EOL Tyre:End of Life Tyre
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lars

led Arphalt Favement




Organisation

City of Swan

Total Projects |2
[Project 1 | Talbot Road Resurfacing
Baczic Info
LG/Drqaniration Cily of Swan
o Vg AW Pl P Rrdaf
Prajoct Tolbal Rd Bronrfaning
Fon g BRI Rp o Rrbid

Projectlacation
En Crrmdinnfng, SAAL 2dn
oo b f

Enlive prajellraglh [Pangors Sor [H]SLE 430 - @ Cannnr RISLE 2.25]

Eislesilaad LI Vha fille din thir Hiskarl Hewman, Haphall snd Seal Engivers

| o sobmaf [ "

Cantact detaile B PRES0E alab ol arumis oman.sssqannis :r:-:::”“ = e

Pavement Detail=

Date af pavement P“",‘“'":f”" A iatinywerfuns el sepball snsfons uilh qronel bunrunarer
sanstructionerapenedte | 00000 oo sadvraralb]

rraffle 8 aobrord grveclons Rapball sarelogonmplolod wilk o urad [SAMI]5d griorle srw
i corbli B Biekorse ab' -

Surfacinqtype

s eproend ook, e cophol, | Sral [FRHI e segbatl Rehabstatur Hears

avort e

Whenlart rehabilivared?

suialesssnsiles

Detailr of
rehakilitation
S s Sgpn, momnd el snndl

SLE A0 2.25 [Fall widlh]

Famarsnile SAHI IR forsnb rabber]
UK .25 fealbbased]

= DeaildTs
SUNALIN - 225 faaelbbansd]

Ouerall currentpavement
condition
fog pann, Koiny goadf

Pain

Dirtrear type and
reverity

Recycled Materials

Details

wanaqed bylbe

yobuaing al Dunqara Cie [S)ialeraralion fmanayed

by awanphall

Coanventional material
wred

Rocyclod matoriolurod

Honmpod onman B

Lo g LEL L SN LRI

faphalt Plastis lplasliphall]
o ponsadind sggmngalo, sopboti foge MO A OF, A
~nf
fpplicationof recycled
Favementloyersuhere material
recy<ledmaterisluarwed o mmp e m e o e smedinbindes
e Feecreecen, eokbeen SNE B 4
Feadmr
Source of Recycled Fercentaqeof
Material fudmns r maionind  |Rocycledplrticbaar recycledmaterialured |Hppran ik

War any procerring
requiredidans attherite
befare we?

Tatal quantity ar
valume wred inthe
projest

S fewwe, oS

D200 ok wupball nned Fur lhe salice prajeal, 3701 of snaluinable
Teial saphall

Maxium allauable wraqe

Recycled material

(iF yor,ubers?)

(iF yor, hou?)

limit “Hor defined mixing pracess el
Lo g XEN L SEVY Lo g Angy wnfindn f
s e ~Combination of IPWEAIAAPA Arphalt Spoc, :":"::“;:‘::h ollesston sedoesio oesasioe. 1 bieba
ecike wide e Y & spballosmplon and wnnring, ol bighs,
P i ;IR::\:_:D»G 501, MRWA Spe< 509 and MRWA R s Ihonsussl. 4llreanlte "
F sihak saar bhe ragult?
Uay of the btrial ambient tompatures reached 45
Challenqor facedandhou | Joqrecr,rovery hot and notideal conditions far
thare challonqor uers tho trial. Compactionrollinguar requiredtabe | Cortirruer Gpralrades sisWALGH rqnslrn snmpleled Far snmpelilior rales
tacklod? delayed more than wual, otheruire pick up of the
Envranmentalinsuss
Recyeled materiale *Perfarminquell,noreflective cracking rhaving | and rirkr identified and .
perfarmance or potholesd dofFormation hauthare ricks were ’
manaqed!
lrtho recy<lod materialr ?.:*fl::":::.::;:h
wred dacuments 4t ~Cantainsd within arphalt dolivery dockerr % g 2, Hew, bisonasl orlene] siveslivaprabivns
beingmenitars 42

Orerall Comments

traffic conditions.

“Suantypizally preforve complotedthers trialr wring a‘rample are o’ rather than the ubele road andvhir uar the care onthirproje et too. 1lans af the
projoct uar comploteduringthertandard troatmont, uhilet tho othe rlane war comploted wring tho trial arphalr. By laying artondard andteialro ction
adjacentra cachother perfarmance canbe diresrly comparedvartandardvreatment, ubilrt maintainingidentical genaraphical, vemperal, geometric and
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Project 2

Yest Swan Road Surfacing

Basic Info

LG!Organization
Lo g ity o/ Forth Moin

Civy of Suan

Project
fon g BWits BwodBokah j

Wert Suan RdRerurfacing

Project location
£ g Coordinotor, SN, Side
rtrostrate )

“Lengthof rurtainable arphalt - SLE .31 - 161 (300m)

“Entire projetlonqth (Millhowre R4SLK 1.10 - Loake PISLK 1.34)

Project length

Who filled in thiz

H H. <SsqalE
RS TeOm Mizhael Furphalt and 3
Contact detailz I a . Date filled in
Mo z 04EET00 386 & vy /2. L3fzoze

Pavement Details

Date of pavement
construction or opened to

Pavement type and
configuration

~Exirtinqrurface: old bitumenrroal (with qravel barocaurre

unknoun

{on g trpn motovial
wad?

191112019 undernoath)
traffle Lo o vedous s granwior, Brphalt averlay comploted
L — arpholt & thickaner of
S\lrhcing type = Onze, likely the originalreal or may have had arercal completod at
Lo qrproyadesod thiv Fuphalt fhhab St-ﬂﬂt‘.‘ ramertaqe but dat b b1 wralated maint
arpholt, mows, o s D) patching complotedin 2018 and sarly 2019
pholt, mone)
~fuphaltoverlay:
SSLEL10- 131 and SLK1E1-1.8%
Unke Mayb. likely the originalreal Detailz of ~fArphaltrhoulders: 40mm DGATO/ TS+ AISE+2RON
nknoun. Maybe never likely the ariginalreal or may e .
e ~Arphalt I 1 d0mm DGATIMRWAINT+A1SE
When lazt rehabilitated?  |have hadaroreal comploted atramertage but date rehabilitation b anminatanen: Shmm *

=SLE1L31-1.61

~fArphaltrhoulders: 40mm DGAIMI TS+ A5+ 22R0E

=frphalt runningr lanes: d0mm crumb rubber (qap qraded, 1dmm,|
aqqreqats)

Owerall current pavement
condition
£n o poov, Fois, qood}

Fair

Diztress type and
severity

“Loureverity patholing (addrorrod by the rolated maintenance
patehing)
“Lowreveritystable snviranmental sracking

Recycled Materials Details

£ g KKy Aty ey

fng by watate )

Specification/Guide
Lo MEWN Spo e S0 1)

~Combination of IPWEAIAAPA, Azphalt Spee,
MRWA Spec 501, MRWA Spec 503 and
MRWA Spec ST

Challenges faced and how
thoze challenges were
tackled?

Recycled materials
performance

Conventional material used| Recycled material used

fnp erurhadogoragots, Fuphalt £ g BOG BOS, OF, CR{crumb rubber)
arpboltste Lol

Pavement layers where Application of

recycled material was recycled material

wzed Furphale L g raplocomant of fine | Conrumedinbinder
Lo darecovrarvldars, I T

| i Ain s

Source of Recyeled Percentage of

Material fudara the Recycled tyres recyeled material used |-Apprax 152
motorial dorive dirom} fog &Ry S8y MRy

wu‘any oot . L=l qoantlt!,l o TTéxof arphalt ured for the entire project, 215t of rurtainable trial
requircdidone at the zite | No volume uzed in the arphalt

before uze? project

Maxium allowable uzage Recycled material

limit Mot defined mixing process Wer

Any lab testing
performed on the

-Due to high traffic counts, project completed
on nightzhift 2o zuztainable trisl mix needed ot
be appropriate for nightshift which it waz

Srandard arphaltramplor and coringoecuring, at higher Frequensy|
thanwrual. Al rerulir complicd

recycled material and

Coztizzues

Opentender via WALGA oquater comploted For competitive rater

-Performing well, no reflective cracking showing
or potholes! deformation

Envronmental izzues
and rizks identified
and how thozse risks

Iz the recycled materials
uzed doc ted?

~Contained within azphalt delivery docketz

(if yes, where?)

Iz performance of the
recycled materialz
being monitored?

[if yez, how?]

“For, biannual (or leer) visualinsps ot

DOverall Comments

-Swan typically prefer to completed these trials using 3 "sample area’ rather than the whole road and thiz was the case on thiz project too. 213 of the project waz
completed uzing the standard treatment, whilzt 1#3 waz completed uzing the trial azphalt. By laying  standard and trial zection adjacent to ¢ach other
performance can be directly compared to standard treatment, whilzt maintaining identical geographical, temperal, geometric and traffic conditions,

Abbreviations

RCC: Recycled Crushed Concrete
RCG: Crushed Recycled Glazz

CR: Crumb Rubber

RAP: Reclhimed or Recycled Azphalt Pavement

EOL Tyre: End of Life Tyre
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Organisation City of Bayswater

Total Projects 1
| Project 1 | Widgee Road Resurafcing |
Basic Info

LG{0rqaniration

s Villp b ey Poie Rewdef

Citysf Bugunssler

FPraject
fm i RN R Red b

Widyer Buad - Ruad Rennrfaning

Frojectlocation
A Vorondipafing, SR, Sk
ainede sdod

FromAlesasder De la Combona Ruad

iy ThaFlladin thir
:’:::::‘nq‘h W= Q:!ngpr : TissHeng | Teakaiaal OFfiars]
Canxesk dsvaily Malbung Clarke [Ralbeny.ClasbeQhigsusles.viqon.ss] Darefillsdin nAnnn
F T LA g e

Pavement Details

IPcwmon-! kype and

[if your, how?)

Date of pavement P = p—
carrtructionor openedta PTT Ty etm. S erin e
g swbrrod pocrrion, *ilee SIHACR
rraffle opbull B 1 hinbaree o8 e ABAC PSHE 20X RAP
[AA e el Logoraf
Surfacinqtype
Fohabrtatuar
3 anphall
L T R v ||'-!- amae, luias]
Whon lart rohabilivate 4 =t
ieY
Querall currentpavement D'"“," N
<andition oo wrsabing, rourliag
. .- gy ranrlling,
ot pomn 2o pend olbslosb giver, paderale
Recycled Materials Details
Conventional material ured 5
Fecy<led material wed| <k
P ball
f:} St | S R0 A0 0, 007 |RAP
Applicationof recycled
Favementlayerr uhere material
recyeled matorial uarured |bosrsnnrar Burarl PR
Sn e Breraercen, codbors, WY e, seresmed e
Bladlnnf
SeurcenfRocyeled Percontaqe of
Matorial fofiomn thn matenind | unknoun recycled materialured | INXRAF
Honmimnd Borr
R PR AT I dinth Sk SEHACE
. . svalume wredinthe =
;o:uluﬁd:lw atkherite no R B340 of 1AG FSHD 20X RiP
efare wre? i ot
Maxium allawable wrage Reeyzledmaterial
limit misking procers
fag LL0 L AR L g A fnkn f
FkE : Ay lab barti
Specification!Guide .::::'m:;:::h. .
PR Spe
i ik d recyzledmaterial and
Challenqerfazed and hou
thare challengor uere Cartirruer ==
vackle 47
z Envranmental vruer
Reeyeledmateriale . = o
”rr:":‘": e nauruerafar, and ricke identificd and
houthars rirkr uere
e the recycled materiale Iruricmunu-,f o
wred dasumentse 4t r“.“"‘".“!"“h
e being man od?

Orerall Comments

Abbraviatinar

RCC:Recycled Crurhe d Concrote
RCG: Crurhed Recyaled Glars

CR:Crumb Rubber

RAF:Reclaimed or Recycled Auphalt Favement

EOL Tyre:EndofLife Tyre
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| Organisation City of Kalamunda
4

Total Projects
[Project 1 [Arthur Road Resurfacing |

Basic Info

LG/Organization

£in g Oty F Farth, Main City of Kalamunda

| Avodr}

:‘\Tﬁh&.im'&) Arthur Road Lormurdic Rorurfacing

Project location

L g Comaw sinotar, SLHK Side EBetueon Silvardals RD and Albertt RD Lormurdis; SLK0- SLK 205

| rtrsatrate )

Project length 208 ‘Who Filled in thiz Shaphal Subedi
| o domar} template

Contact details $92579950; Shaphal Subsdi@kelamunds.uaqav.y | D3¢ filled in 200202023
LMadite om ot} Lyl

Pavement Details

Date of pavement r:::;;:::‘::? .

::';::‘"‘"‘" oropenedte | e fng unhounderanvier,  |Laterite

arpdalt & thichnovr of
{édimmilyyyy} Joyanr}
Surfacing type B
chab statuz

(AQJ}N!}'&‘I{Q{ thin arpdaty, |Puphalt B e anze (O101/1983)
Lasss —

‘when lazt rehabilitated? 1801112022 (OR) ?‘“"” of rehabilitation |\ -1t inctallof 30mm 100G CrumbedRubber TSMB

IETE55 EYpe A

Dvcral! current pavement severity

condition Gaad (.9 sracking, ravelling,

fr g pooe, Foir, qood) potholer & minor,

Recycled Materials Details
Conventional material uzed

Recyeled material uzed

fng crurhadogoragots, PAuphalt, srurhed agare qate CR
baatc } £ 0 BOG BOG, OF, BAF}
Application of recycled
Pavement lagers where material
recycled material was used  |Woar Courre Lo raplocomant ol fine | Concumodinbindor
£ o darscovrnroddara, S} eqerrgots, conrumadin
N dar}
Source of Recycled Percentage of recycled
Material fodora thomotoriol material uzed 18
drsin dhrpm} L 2Ry Ky SRy
5 Total quantity or
o lume used in the
requiredidone at the site No s T Tm3
before use? LS -
Maxium allowable uzage a:ycled material
limit mixing process
| Loa S8 AR D37 Lo ez siitotind
lab testi
Specification/Guide M‘; i o | ; f -
MR S, SO performed on the Futan Hogqan harn's pravide dur any infarmation
& el recycled material and
Challenges faced and how
these challenges were No Costizsues Ha
tackled?
; Envronmental izsues
o e Good and rizks identified and [Ma
performance

how those ricks were
Iz performance of the

Iz the recpcled materialz

uzed documented? Mo ::z1fo::?:t::": te
(if yez, where?) [if yes, how?)

Overall Comments
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[Project 2 [wittenoom Road Resurfacing |

Basic Info

LG/Organisation City of Kalamunda

| feq Oty of Ferth Maly

Project . ; Wittenoom Road, High Wycombe Road Resurfacing
| feq liite Soad Sehalk

Project location
fe.q Coorainates SLA, Qe | Wittenoom Rd between Kalamunda Rd to Hulley RD:; (SLK-0 to SLKEO)

streels eta ) E—
Project "?9‘*" 10 Whofilledin this Shaphal Subedi
iy
Contact details 832579950; Shaphal Subedi@kalsmundawagov.ay |Date filledin 210202023
| Mihife el S
Pavement Details
Date of pavement Pavement type and
construction or opened to 110311965 configuration Laterite
trafflc [e.q unbouwnd qramiar,
| fadimmdumn? asnbalt & thickress af
Surfacing type Rehab stat
. Straved <eal thin Asphalt [: ::;*:J;:e] Once (1011993 )
asphal nonef 9 s _
\When last rehabilitated? | 261112022 mﬁ asaphalt install of 20mm 10 DG Crumbed Rubber 75
Overall current pavement D|stre§s type and
condition Good [sevemy i e
: e.9. cracking, ravelling,

fog pocv. fak poca} potholes & minor
Recycled Materials Details
Conventional material Recycled material
used Asphalt, crushed aggregate used CR
| fea orushed soareaale fea SR BOG OF
Pavement layers where Application of
recycled material was recycled material o
used Wear Course fe.q replacement of Consumed in binder
fe.q basecowrse, subbase, A QA EGNE,
W7 COREUTed i lingier?
Source of Recycled Percentage of
Material fmdere the material recycled material 18.00%
| gerved Som
Was any processing Total quantity or
requiredidone at the site volume usedinthe
|before use? project
Masium allow able usage Recycled material
lirmit mixing process 5m3
| fea Q8 AR 2057 ?&M_ﬂ:{:}
Specification/Guide p::;:::zlsg:?he
A recycled material and
Challenges faced and how Mo Tt Mo
those challenges were
Recycled materials EISTOnmenty Issuss

rfzrmanoe Good and risks identified MNo
i~ and how those risks

Is the recycled materials Is pe[flo‘: aﬂc?_c':'-he
used documented? No :::; :-.o::;z:‘?s Ne
¥ yes, whete? '
(if yes, where?) (if yes, how?)

Overall Comments
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[Project 3 |Grace Road Resurfacing
Basic Info

LGIOrganisation City of Kalamunda

 fe.g Giv of Perth Main

Project
i i

Grace Road Kalamunda, Road Resurfacing

Project location
feq Coordinates SLA, Side
sreets eta )

Grace Road between Robins RD and Betti RD

Project Ieggth 10 Who filed in this Shaphal Subedi
Contact details £92579950; Shaphal. Subedi®k alamunda.wa.gov.au 9“ filledin 200212023
| ilhite emaill cadmmAnn

Pavement Details

Date of pavement Pavement type and

construction or openedto |yozie7s configuration Laterite

traffle fe.q unbovnd granulsr,
| Ll duiel aspbal § thickness of

Surfacing type

fe.q spravedseal this Asphalt f:?::::at:::e] Once
| asphal nonel = _ _|
\When last rehabilitated? | 2811112022 Detall.s.of - :quphalt install of 20mm 10 DG Crumbed Rubber 75
Overall current pavement Eistte.ss type and

poncon Good [see;c::iking ravelling

{e.q pocy, fai, gocg) ks & i

Recycled Materials Details

Conventional material Recycled material

used Asphalt, crushed aggregate used CR
| fea crushed soaregate fea SO0 A0 (7

Pavement layers where Application of

recycled material was recycled material .
used Wear Course fe.q replacement of Consumed in Binder
fe.q basecowrse, subbase, Aive SQareqare,
il gmmmr

Source of Recycled ercentage of

Material fmbere the materis’ recycled material 18%

- 2

Was any processing Total quantity or

requiredidone at the site volume usedinthe 4m3

before use? project

Masium allow able usage Recycled material

lirmit mixing process
| fea Q&G M 2057 feq g wel &G

Specification/Guide A::lll?;:ds:ﬁhe

B ::e cled material and

recycled matenal ar

Challenges faced and how Mo R Mo

those challenges were

Reoycled materials Envronmental issues

performance Goed and risks ndentlfn?d No

and how those risks

Is the recycled materials g perflzrdmanfe.: e

used documented? No [Soycred Meeces No

: being monitored?

(ifyes, where?) ,

if how?)

Overall Comments
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[Project 4 |Rich Street Resurfacing
Basic Info
LGiOrganisation City of Kalamunda
Project A Rich Street Gooseberry Hill Road Resurfacing
| feq Lhite Soad Sehak
Project location ) )
fe.q Cocrdnates RLA, Dde |Rich Street between Davies Crto Parke RD
| streets et ] _
Project length Who filled in this -
- 89m Shaphal Subedi
Contact details 892579950; Shaphal Subedi®@k alamundawagov.au |Datefiledin 200212023
LiMnhie emaill Saimme
Pavement Details
te of pavement Pavement type and
constiuction of openedto | yazig74 configuration Laterite
traffle fe.q unbound granmis,
| faididmmedumel asphalt & thickness Gf
Surfacing type B
. . ehab status
feq spraved sesf thin Single Seal (e.9. once, twice) Once
asphat, none) = _ |
When last rehabilitated? | 241112022 Detall§ of o asghalt install of 30mm 10 DG Crumbed Rubber 75
Overall current pavement Dlstre;s type and
Py Good (s: ; ec:::::king. ravelling,
o pocy fak 2000 potholes & minot
Recycled Materials Details
Conventional material Recycled material
used Asphalt, crushed aggregate used CR
.&LW fea SO A0E OF
avement layers where Application of
recycled material was recycled material
used Wear Course fe.q replacement of Consumed in binder
fe.q baseccuwse, subbase, Aive aqaregate,
o o Juingiert
Source of Recycled Percentage of
Material fmdere the materia recycled material 18
; . :igsed
\Was any processing otal quantity or
required/done at the site volume usedinthe Im3
| before use? project
Maxium allow able usage Recycled material
limit mixing process
fea 28 A And éeg e el efG )
ific ation!Guid ny lab testing
Speoificationd = performed on the
e recucled material and
Challenges faced and how Mo Co Mo
those challenges were
K Envronmental issues
Recycled material
pefomance Good andrisks idertified  |No
and how those risks
Iz the recycled materials s pe-rf;x:\a'bce‘o: e
used documented? Mo tel?yc - m'atena‘?s Mo
(if yes, where?) being monitored?
. (if yes, how?)

Overall Comments
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=

Total Projects

Ci‘l'yofCarrlbridge
3

[Project 1

| Oceanic Drive Westbound Rehabilitation

LG/Organization
fo o 9ty of Forth, Modn Boodr}

Teurnef Cambridge

Project

Dzeaniz Drive Wertbound ( Tullowte Hautrss ) - Read Rehabilivation

Pavement Details

oo 2hite Bed ool
Project location
£ Cor dinatar, SLK, Side 257w 362
sotrate J
Project length 1050m Wha filled la this HMulenqaKabenqele
2 template
Contact details 0% 9285 3150, Mkabenqele @cambridqe.wa.qav.au Dots filkedln 26-May-23
Liladils oo ail? Ll

Date of pavement construction

|Pavement type and

how those rizks were

Iz the recycled materials uzed
documented?
(if yez, where?)

Yez - AzzetFindy

or opened to traffle Feb-23 eo“‘gwa“? wP Crumb Rubber Gap Graded Arphaly, 350mm
(O mmiyyyr? o m. o _:"
Surfacing type Arphalt Rehab status 38 Voarr
Lo arnrovedee ol thin ared ot izel
When lazt rehabilitated? Feb-23 Detaile of "‘""“'_"'“":: Crumb Rubbor Gop Graded Arphalt
ra
Overall current pavement D:suc_::s type and
condition Excollont :““'t” u . Minar
" o.q.cracking, ravelling,
£ 0 poae, Foiv, qond} ahalesimions
Recycled Materials Details
Conventional material used Acphalt [Recycled material used} oR
oo cruhedeosoiootoarrdolt Lon BOGECE GEENE.
Apphication of recycled
Pavement layers where material
recycled material was used Barscourre £n o rigdocomintod fine | ConrumedinBindsr
L g harscovnrs, rodd ara, G0 SPPra POl CORFWIS TR
Anlog i
Source of Recycled Material Percentage of recycled
fuhovs thomotorsal dovivad Recycled Tyres material used Fercentage ratia
| frpmsF Lo bt SR3 (837
Wz any processing Total quantity or
requiredfdone at the site No volume uzed in the 1,482,800m cubod
| bofore yse? project .
Maxium allowable uzage limit Percentage ratio :?;:def‘:ﬁt:“l
o RN 03 200 9 process
:u i*b! swctoted
Ml " ny lab testing
s"“:""'“”‘m“ﬁj PSTSH2 parformed on the
e SXLEEeY, recycled material and
Challenges faced and how Nil Cozt izzuez Market Price Variations
those challenges were
g Envronmental issues
Recycled materialz e o=
y Excellent and rizks identified and [Ne
performance

Iz performance of the
recycled materialz
being monitored?

[if yez, how?)

ingand 5 ¥

Dverall Comments
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Basic Info
LGFOJQ&“IS&!IOI\ - Town of Cambridge
Project . s Southport Street (Lake Monger - Buz Exit) Road Rehabilitation
Project location
{e.g. Coordinates, SLN Side SLK 0510 0.85
stroots otef I
Project |zngth 350m Vho filledin this Mulenga Kabengele
Contapt det‘ails 08 9285 3150 Date filled in 30-May-23
| fodiite, omaif? Lddimmlnd
Pavement Details
Date of pavement Pavement type and
construction or opened to configuration Azphalt
trafflc fog. mbomdgrm‘:r
o ol A, A 2
Surfacing type Asphalt Rehab slatl..!s , Once
(2.0, once, twics
= Details of
‘When last rehabilitated? Apr-23 == Crumb Rubber
Oi d
Overall current pavement s“e.ss SR
condition Excellent [se“'"tgﬁ - Severe
5 «.g. cracking, ravelling,
fe.g. poor, Lok, goodl} potholes & minor
Recycled Materials Details
Conventional material used | , zphalt Recycled material cR
Application of
pplication
Pavement layers where recycled material
recycled material was used |Baszecource fo.g. repiscemont of five Conzumed in Binder
fo.9. basocowse, subbase, I} IGGrogAe, consumed in
Binclor?
Source of Recycled Material Percentage of
finhere the matorial derived Recycled Tyres recycled material used | Percentage Ratie
tromi} 200 25 1537
Was any processing i otal quantity or
requiredidone at the site No volume used in the 475,500M cubed
 before yse? %dmkd ]
- _— aterial
Mazium allowable usage limit : st
fog. SEL 10 208 Percentage ratio mixing process
fea gy wet 200}
o . Any lab testing
?f“ﬂ;ﬁf"mu'g; o PSTS12 performed on the
A recycled material and
5‘2‘:::3: :::":: ::?ehw Mone Costissues Market Price Variations
[those challenges we
Recucied materials Envronmental issues
eriglmame Excellent and risks identified and| No
P how those risks were
. [ f f
I5 the recycled materials 'z:et:l:;:“:r::::s i
used documented? Yes - AssetFinda, Project Register be'g itored? Yez - Conditional Monitoring and Surveys
(if yes, where?) a g O
[if yes, how?]

Overall Comments
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[Project 3 |Ulster Road Resurfacing
Basic Info
LG’mga"'salon - Town of Cambridge
Project ; Ulzter Road Rezurfacing
Project location
fe.g. Coordlnates, SLK Side  |Floreat
stroots otef B
Project Ie?ngth 620m Who filled in this Mulenga Kabengele
Contact details 08 9285 3150 Date filled in 3000512023
| i odiite, omaifd Ladimmdpp
Pavement Details _
Date of pavement Pavement type and
construction or opened to wowiaes| configuration Acphalt
trafflc £o.g. unbound granaor,
/il e Aussassss 7 i of
Surfacing type Azphalt Rehab status Once
(2.9, once, twvice)
When last rehabilitated? May-23 Detallf o“ Recycled Tyres
Overall current pavement ism-_ss HpEaG
condition Excellent MNIW“ - Moderate
g r. fi, 7 (¢.9. craf ng, ravelling,
Recycled Materials Details
Conventional material used Aspholt Recycled material cR
| (o2 crushod saaroaate, sinhalt used
Application of
Pavement layers where recycled material
recycled material was used |Baszecource fe.g. repivcomont of fine | Consumed in Binder
fo.9. basecowse, subbase, (i} IGGrOPIe, CORSUMET i
dingor}
Source of Recycled Material Percentage of
finkere the matorial devived Recycled Tyres recycled material used | Percentage ratio
trom¥} i £e2,208 25T (53]
Was any processing Total quantity or
requiredfdone at the site No volume used in the 933,000M cubed
- R : led ial
Maxium allowable usage limit : e L
fog. ST 108 200 Percentage ratio miking process ,
Lo gy et 242,
R - Any lab testing
Specification/Guide PSTSI2
etformed on the
fo.g. MR Spoc. 204 re lod material nd
Challenges faced andhow |, Costissues Market Price Varistionz
those challenges were
Recycled materials Envronmental issues
e"gmme Excellent and risks identified and| No
P w th risks were
Is the recycled materials :Z:HIF:;“;\:::: :;; L5
used documented? Yes - AssetFinda, Project Register b e::; monktored? ez - Conditional Monitoring and surveys
(if yes, where?) (it yos, how?) ’

Overall Comments
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(Project 4

[Road Infrastructure - Various Locations

Basic Info

LG#Organisation , Town of Cambridge
Project ) 5 Foad Infrastructure
Project location
fe.g. Coordinates, SLK Side Yarious locations - Refer to the details below
Stroots e} _ —
Project :ingth 3764k 'tw’ho filled in this Mulengs Ksbengele
Conla‘ct dettalls 08 3235 3150 Date filled in 29-May-25
L lodile, omaif? Ldammdpr?
Pavement Details
Date of pavement Pavement type and
construction or opened to 311002013 configuration Rrecycled Conerete 200mm-300mm
traffle Le.g. wnbownd geanuly,
| Lo sl zspdalt £ thizknoss of
Surfacing type ) Recyeled Concrete Rehab statl.!s 1-80 yearz
| (o0 soraved soof thiv 2oodalt, (e, once, tyrice)
When last rehabilitated? 311012023 :3“"3"_5 of - Recycled Concrete
Overall current pavement D's"e.ss Bpeaed
condition Excellent severity ; " Tinor
- &.g. Crac . ravelling,
fe.g. poor, ok, good} E-,og;hks &"Einor "
Recycled Materials Details
Conventional materialused |p .. o Azphalt Pavement and Recycled Aggregates Recycled material RAP
| fe.g crushod saaroaots, soplolt ysed
Application of
Pavement layers where recycled material
recycled material was used | Baze fo.g. rapiocomont of fine | Mew Construction
fo.g. basocowse, subbase, (W} 2ggregate, consumed in
— bingtord
Source of Recycled Material . Percentage of
fikere the material derived Crushed Demolition recycled material used | 100%
from P} 201 25L 1537
Was any processing Total quantity or
requiredfdone at the site Mo volume used in the 100,863,000m cubed
 before yse? project :
Mazium allowable usage limit 505 to 1002 Hf?“ded makerial
fog. SEL 10T 201 g g mixing process
e s
o s ny lab testing
?f“:;if!_‘om’s"'g; 2 MRTS102 performed on the
o e ___|recycled material and
Challenges faced and how  |Use of some recycled materials reduces road life
those challenges were as material degrade with the sun due to changes |Costissues Project funding constraints
tackled? in asphalt properties. TOC expected roadlifeis |
- Envronmental issues
m. T I - =
eoaieiiaa. Excellent and risks identified and
performance how t e
- Is performance of the
Is the recycled materials . e: W
used documented? Yes, AssetFinda Y . Ve, through annual surveys and conditional monitoring
(if yes, where?) being monitored?
. f [if yes, how?)

Overall Comments
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[Project 1 |CLUBB AVE Resurfacing !

Basic Info

LG/Orqaniration
Lo C¥ty o Farth, Masn
| Bnadel

City of Subisca

Praject
fo g Bte BoadBadod 7

CLUBE AVE Revurfacing Praject

Frejectlacation
£ Coor dinotar, SEA,
S trestretiod

From: LUTHAVE To: SELBY ST

Date af pavement
corstructionor openedio
traffls

HA

canfiquration

fing vedound granvlor,

Projoctlenqth 10%m Wha fillsdinthir Daniel Gharemi, Senior Project Engineer
£ e e § tomplate
°;"“f" ::::::' 0451940004, daniela@rubiace.ua.qav.ou 5:,“ ""‘:‘;y > 410972023
Parement Details
Favementtypeand

Unbound granular Favement with thin 20 mm
arphalt uearing courre.

arp b alt & thichknovr of
(o mmryyry} sy
Surfacingtype R
habsbat
{ngrpropedesod thin | Crumb Rubbor Donre Gradod frphalt i Onee
P g (e.q.0nce, tuice)
Whon lart rehabilitated? | 200342021 Detsile of rohabilitotion] o pobtor Donrs Graded drphalt
Lo trpan motarsal
Duorall current Dﬂ"::”r” and
pavement candition Good Pl i Cracking
e Fais. anaal? {#.q. cracking,
et ravelling, cotholer &
Recycled Materials Details
Conventional material Recyeled material wred
wred Puphalt Lo BOG BOG, OF, CR
oo crurkedoporspate, ot L
Pavementlayers uhere Applicationafrecycled
recyclod marerial uar material
wred H& fog raplocomantsd | Caraumedinbinder
£ harscovers, Pina 2@ Qrigata
v ars, Sl e wema o e e

Saurceof Recycled

Percentaqenfrecycled

a5

Mararial fasdoras ths Sourcedfrom Wa by Fulten Heqan materialured 154
motariol dnrived from G Lo g &2 iRy S8y AR
2 Tatal quantity ar
Wae Sey pIAEarrian wolume wodinthe
requiredfdens atthorite |Hao Bratect 05T vanne
bofore wel e
Maxium allowable waqe Recyeled marerial
Timit 182 mixing pracors Wer
fng 28 My DRy o oy, watate
Any lab vorting
Specification!Guide performedonthe
Spec. 516 ¥
£ g MBI Spac. KoL} pes resycled material and o
ahatiar the rorylt?
Challerqer Fazed and hoy|
thare challenqer uere MH& Cork rrusr H&
vackled?
LA 1 T I e b
Recyecled materialr and rickr identificd and
HA&
performance Gued howthare rickr wore

brthe recycled maroriale
wed documented?

{if yor, uhore?)

Yor, City of Shiaca CM9

lrperformances of the
recy<led materialr
beingmonitarsd’

(if yor, how?)

Yor, reqular virwalinspoction

Orerall Comments
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[Project 2

| WOOLNOUGH ST Resurfacing

Basic Info

£ poev, Foir, gond}

[&.q. cracking, ravelling,

phomlor & pminme

LG!Organization City of Sublaca
s Cte nt Forth Mai
Project WOOLHOUGH ST RerurfasingFrajest
| loa doilite Bnpdlod ol }
Project location
£ Comrdinotar, SLK, Fram: NORTHMORE ST Te:ROBERTA ST
| Srdlertropirote - - -
PI'OF."t ltnglh I50m Who Filled la this Daniel Gharemi, Senior Project Engineer
z template
Contact details 0451940004, daniclq@rubiaca.ua.qav.au Date filled in 40902023
LAl it Lidimmeerrrl
Pavement Details
Date of pavement Pavement type and
COnStIUCtion of optned HA configuralioﬁ Unbound qranular pavement with thin 30 mm arphalt
to traffle £ g uwedoue o granular, uearing courre
Lol e acrd ot & thicdaonr ol
Surfacing type skatuz
S prprayadesad thin Crumb Rubbor Dorve Graded Arphalt ?clﬂb -tatur ) Once
o B d, REe,
Lacnd ot spnc?
When lask rehabilitated? |se02/2021 Details of rehabilitation 1o 4 g bhor Donre Graded Arphatt
fz‘;A frrs forsaluesdt
Owerall current pavement Dlitﬁ.ﬂ# type and
condition Goad gercriy Cracking

Recygcled Materials Details

Conventional material

Recyeled material wzed

how those ricks were

Iz the recycled materialz
used documented?
[if pes, where?)

Yez, City of Sbiaco CM3

uzed Puphalt =1
& ) 5 i @ BOG BIOG, OF, BIFF
ﬁnmenl layerz where Application of recycled
recyeled material wasz material
ysed H& £ @ zoplocomint ol fine Carrumedinbinder
foo darscovernreldars, eoeragetey conrwme o
v inalas &
[ et Recycled #cr-:enlage of recycled
Material dudars rbe Sourced from Wa by Fulton Hogan material uzed 152
o o & Loo £ Gy S8y #87
Waz any processing Total quantity or
requiredidone at the zite | No wolume used in the 18%vonne
before uze? project
Maxium allowable usage Recycled material
limit 15% mixing process Wet
S8 At St Lo v s tote t
P - Any lab tezting
Specflcalmfﬁu::; Spec. 516 performed on the Yor
{ne L recycled material and
Challenges faced and
how those challenges NA Costissues Ha
were tackled?
- Environmental izzues
Reepeled materialz
Fead mater Good and rickz identified and |NA
performance

Iz performance of the
recycled materialz
being monitored?

[if yez, how?]

Yor, reqular virualinepection

DOverall Comments
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[Project 3 [DAKIN ST Resurfacing ]

-
Basic Info

LG!Organization City of Subiaca
| o Gt nf Eareh Mass
Project DAKINST RerurfacingPrajoct
Lo doite BpodBad ol }
Project location
£na Coordinator, SLA, Fram: MORTHMORE ST Ta:STEVEMS ST
Sidertrpotestold
Pfqﬁtt |¢hg“l 120m Who fillad Ia thiz Daniel Gharemi, Soniar Praje st Enginser
| lmpe b remplate
Contact details 0451940004, danicla@rubiaca.us.qov.au Date filled in ahon1zozs
(Ml e pit? S mmtv vyl
Pavement Details
Date of pavement Pavement type and
construction or opened NA configuration Unbaund qranular pavement material with thin 30 mm
to traffle £ g undovndgronwlor, | arphaltucarinqrurface
| (ot d acedalt 8 thickaner ol
Surfacing type - .
Lo arprayadesal thin Crumb Rubbor Dorwe Graded frphalt . .t-‘.\t'l'; Once
| arpdod mpnel [e.q.0nce, tuice)
When last rehoabilitated? 1700242021 ?‘“'" of rehabilitation | & bbor Denve Graded Arphalt
N Y
Overall current pavement Digtrecz type an
condition Geed EaverRy Cracking
Ln a e, fode, qawal? (&.q. sracking, ravelling,
Recycled Materials Details
memond materied Arphalt Recycled material uzed oR
f: a ) " £ 0 BOG BOG, OF, BIFG
Pavement layers where Application of recycled
recycled material was material
used HA £ o riplocomintodfine | Conrumedinbinder
L g darseovrrn rvldars, Seqragots, conrvmadin
WA Aivalord
Source of Recyeled Percentage of recyeled
Material fubars the Sourced from WA by Fulton Hogan material used 155
; - 2 Loa by B Ky fEyy
Waz any proceszing Total quantity or
required/done at the zite | Mo volume uzed in the 0.65 vanne
before uze? project
Maxium allowable usage Fecycled material
limit 15% mixing process Wet
| fo g SX Ajs SRed Loi S st s ted
e N Any lab testing
SpecificationdQuide Spec. 516 performed on the Vor
Lin o MRIN Spare, SRS} .
recycled material
Challenges faced and
how thoze challenges NA Cosztizzues H&
were tackled? : .
Recyeled materialz Enw.onm_:ntal s
Good and ricks identified and [H&
performance -
how those ricks were
Iz the recycled materialz ks P“: c;mar:«. T the
uzed documented? ez, City of Shiaco CM3I recyciec my ma; Ver,roqular virwalinepection
(i yes, where?) being monitored?
. [if pez, how?)
Overall Comments
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| Project 4 |OLD HAY ST Resurfacing |

Basic Info

LG:‘OI‘guns&hon City of Subiaca
R
Project OLOHAY ST Rerurfazing Prajest

i

Project location
£ Conrdnotor, SLK, |Fram: Hay 5t Ta: Dakin St
Y Lie k.

PM’F“ |¢l\gk|'| F00m, :P.l’o::ed in thiz Danicl Gharemi, Seniar FrajectEnginesr
Limar b} SMPIAS
Contact details 0451340004, danisla@rubiaze.us.qov.ou Dote filled fn 410912023
| P imdite s aidld S eyt
Pavement Details
Date of pavement Pavement type and
conztruction or opencd configuration Unbaund qranuler pavement matorial uith thin 30 mm
H&
to traffle fn @ vedownd granwlor, arphalt wearinqrurfaze
Lol e m i i acrdole £ ehicaor ol
Surfacing type pr——
Lo grproyidrasd, thin Crumb Fubbor Donre Graded Arphalt — 'ta“r Once
¥ 2 (¢.q. ance, tuice)
When lazt rehabilitated? 1700202021 Details of rehabilitation |6,y wupbar Donse Graded Arphah
Overall current pavement Ei"'f” type and
condition Gaed savarity Cracking
It Ao, 5 (¢.q. cracking, ravelling,

sntbalar & micns

Recycled Materials Details
Conventional material

Recycled material used

':ftd ) . Forhal L BOG BOG, OF, BFG CR
Pavement lapers where Application of recycled
recycled material was material
ysed IHA £ B 2N e Imont DY L Corrumedin binder
fog Parscovera rolbdars, QL golay, COmrumS T
il disalant
Source of Recycled Percentage of recycled
Material dusdars tha Sourced from WA by Fulten Hegan material used 15
| motorial doriig dfenm™? Loa DRV DKy 1SyE
Waz any procezsing Total quantity or
requiredidone at the site | No volume used in the 0.37 venne
before uze? project
Maxium sllowable usage Recycled material
limit 15% mixing process Wer
Looa S8y Ay DRyd f\.‘.l&g aototed
et - ab testi
Specicotion/Guide Spec, 516 p:‘iomed o:r:‘h Vor
N R T recycled material and
Challenges faced and
how thoze challenges NA Cosztizsues HA

were tackled?

Environmental izzues
Good and ricks identified and [Ha&

how thoze rizks were
Iz performance of the

recycled materials
being monitored?

[if yez, how?)

Recyeled materials
performance

Iz the recycled materialz
used documented? Yeg, City of Sbiaco CM3I
[if yez, where?)

Yor, reqular virualinrpection

Overall Comments
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[Project 5

|ROWLAND ST Resurfacing

LGJO‘?“”“‘“ Cityof Subiaze

Project L, [RownanosT RuutacingPraioat

| o dllite Ko d Kok

Project location

£ g Coarabinotar, SLA, Fram: HAY 5T Te:BARKER RD

| Sidewtrcotected —

p""-"l“-t hhglﬁ 120m Who filled in thiz Daniel Gharemi, Senioar Project Enginesr
| imprdme? template

Comc . 0451940004, danisla@rubisso.ua.aov.au D e 410902023

LM e bl pomaitd Sty d

Pavement Details

ate of pavement
construction or opencd

Pavement type and
configuration

Unbound qranular

to trafflc o wadoved oranwlor,
Lol d Aot & phickaosral
Surfacing type P
€N rprayrdsand his Crumb Rubber Denre Graded Arphalt e o Once
Lok possd (e.q.once, buice)
When lact rehabilitated? |2100342021 Detailz of rehabilitation | o\ bother Donre Gradod Arphalt
Lo Lenin s toriol s &
Owerall current pavement D'Ft"f” type and
condition Good o) Cracking
fnd Fair, pond? (e.q. cracking, ravelling,
FBBF, . Shalic® misas
Recycled Materials Details
Conventional material Recycled material woed
ysed Arphalt CR
P Lo d - g BOG BOG, OF, BAFG
Pavement lagers where Apphication of recycled
recycled material was material
used HA fong ripdocomont ol fins. | Gonrumedinbinder
Lo Parscoweraroldara, POQrn Ol ORI
| iy Lindurl
Source of Recyeled Percentage of recycled
Platerial fadors the Sourced from WA by Fulton Hogan material uzed 15
— - Loa SR LSk (537
Waz any processing Total quantity or
requircdidone at the site [ Mo volume used in the 0.76 tanne
before use? project
Paxium allowable uzage Recycled material
limit 15% mixing process Wet
| foo S8 At Dytsd Log grr pptofe b
. ) Any lab testing
SP“"“"MM"':‘ Spec. 516 performed on the Ver
(i AT recycled material and
Challenges faced and -
how those challenges NA Cost izzues H&
were tackled?
- Environmental izzues
Recycled materials e
g R Good and rizks identificd and |HA
performance ;
how those risks were
Iz the recycled materials ke perlio; m::-:c_o:’the
uzed documented? ez, ity & 1< % = Vor, reqular virual inrpe ction
d4 47 Yez, City of $bisco CM3 recycled materials
(if yez, where?) being monitored?
: [if yez, how?)

Overall Comments
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[Project 6 |SUBIACO RD Resurfacing
Basic Info
LGJO'?M'::“M City of Subiaco
Project ., |svemcoro Ruwtacinaprsica
Project location
£ g Coordinotar, SLA, Fram: HAMILTON ST Ta: THOMAS ST
| Sidoctecoiectid _
PI'OMH khgm Sl Who filled in thic Danicl Gharemi, Senior Project Enqincor
| i pr e} li.‘.ll_'lphtt
Contact detailz 0451540004, daniclq@rubiaco.ua.qav.ay Date filled in dI0aI202E
L, o aid Lidlmmrty el
Pavement Details
Date of pavement [Pavement type and
<onztruction or opened H& configuration Unbound qranular uith thin 30 mm arphalt uearingrurface
to trafflc £ g vndovs o granwlos,
Cadl s i arrd ot b tickencrof
Surfacing type Frehab status
fnqrprayederal thin Grumb Rubbor Donre Gradod Arphale ‘ f Onco
| aredoly spng i (¢.q.0ncs, tuice)
‘When lagt rehabilitated? | 13404r2021 Details of "h"b"'““':: Crumb Rubber Denre Graded Arghalt
Owerall current pavement S‘ml?;s type and
condition Good ceverity Cracking
o p raur fodk e dl) (e.q. cracking, ravelling,
A 5 =y e
Recycled Materials Details
Conventional material IFI«yck A material woed
yzed Arphale CR
a e " L BOG, BOG, OF, BIF G
-gaw;mqnl laypers where Application of recpeled
recycled material was material
uzed HA Lo ropSoesmint o8 fins Coanrumedinbinder
fog harscoveraroddara, PN QOIS CORFWEA T
Ll Aiedlasl
Source of Recycled Percentage of recycled
Material fudors the Sourced from % & by Fulton Hogan material used 152
Y ¥ i Loa Lty S8y (83
Was any processing Total quantity or
requircdidone at the site | No volume used in the z.55 enne
befors uze? project
Paxium allowable uzage Recycled material
limit 15% mixing process Weot
| fona S8 At DRy i}. 2 létf. ml_AuJ
P— - ny lab testing
SP‘ETM“M"G":’; Spec. 516 performed on the Ver
e Spes. S} recycled material and
Challenges faced and
how thoze challenges MA Cost issues H&
| wers tackled?
- Environmental izzues
Recycled materials Ry
i Good and rizkz identificd and |NHA
P, how thoze ricks were
Iz the recycled materials :’ :i’:;:::::;i the
uzed documented? Yes, Cil}l of Sbiaco CM3 . '5' . A e Yor, reqular virwalinrpection
(iF yez, where?) being monitored?
. : [if yez, how?]
Overall Comments
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|Project 7 | CUNNINGHUM TCE Resurfacing|

Basic Info
LGJD«garﬁsakion 5 City of Sublaca
L g ity oF Farth Mosn
Project . N
i g Shstn Bmad Bedad 7 CUNNINGHUM TCE Rarurfasing Froject
Project location
£ Conrdinatos, SLA, Fram: STUBBS TCE To:MILLINGTON AVE
| Sidartrontratet
:::!:::;ngth 200m Who ﬂl::d in thiz Daniel Gharemi, Senior Froject Engineer
Contact details . . Date filled in
(Mol s o3l 0451940004, Janisl g@rubisco.us.qov. oy P : ; AMITOZE
Pavement
Date of pavement [Pavement type and
construction or OPthd HA -:onfiguution Unbournd granular uith thin arphalt usaringrurfaze af 20mm
to traffle £ wndo e d g anwlor,
| fd iyl arphelt & ehicksoor o
Surfacing type T
Lo grprayedeod thin Crumb Rubber Derrs Graded frphalt |?¢h‘b '“:“_' ) Onee
arpda > &. 9. ORC, RIS,
When lazt rehabilitated? | 1500402021 |D“'°'!’,°f, Grumb Rubber Donre Graded frphalt
Owerall current D"’"? %6 type nd
pavement condition Geed '(""""""9 = e |Crocking
. &.q. eracking, ravelling,
Lo poor, foir, qnod} enthalor & minar
Recycled Materials Details
Conventional material |Recpeled material uzed
uzed Arphalt £ BOG BOG, OF, CR
o crucked sosncsotin BTG
Pavement layers where Application of
recycled material waz [recycled material
used H& Love roplocomont ol fine | Conrume dinbinder
Lo darscpvarnroldars, sqaragots, eonromadin
Ll Mo dorj
Source of Recycled Percentage of
Platerial fadors the Sourced from WA by Fulton Hogan recycled material uzed |15
sm ot sl dive s dFroms Lo g Bty 2Ry MY
Waz any proceszing Toral quantity or
required/done at the Mo volume used in the 163 tanno of OF
site before uze? project
Paxium sllowable uzage Recycled material
limit 15% mixing process Wet
Lo Ky Ay DRy é\a e wntabe i
AR ; Any lab testing
Specification!Guide s
pec. 516 performed on the Vor
B - Kk,
e fres B recycled material and
Challenges faced and
how thoze challenges | NA Coct izcues HA
were tackled?
Brecycled materisls Environmental izsues
etf!:man 5 = Good and rizkz identified  [NA
P and how those rizks
Iz the recycled materialz :::TL‘:::::E ::‘!hc
uzed documented? Yes, City of Sbiaco CM3 ¥ 3 _; Yor, reqular virnaling pe ction
(iF vez, where?) being monitored?
yes, X [if yez, how?)
DOverall Comments

Abbreviations

RCC: Recycled Crushed Concrete

RCG: Cruzhed Recycled Glazz

CR: Crumb Rubber

RAP: Rechimed or Recycled Asphalt Pavement
EOQL Tyre: End of Life Tyre
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Appendix D Pilot Database

The pilot database spreadsheet captures basic information including organisation, project location and
dimensions. The section related to details of the pavement includes pavement construction completion date,
pavement type, configuration, surfacing and rehabilitation status. The section on recycled materials provides
details of the conventional and recycled materials used, quantity, source, processing, testing, specification
limits, challenges faced, performance monitoring and cost-related issues.
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