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SUMMARY

In Queensland, the uptake of recycled material usage in unbound granular and
stabilised pavements has been relatively limited since the 2010 publication of
MRTS35 Recycled Materials in Pavements. This has been due to various
reasons, including the perception that recycled materials are inferior to virgin
materials and procurement barriers associated with having separate specifications
for recycled and natural/quarried materials. The aim of this multi-year project is to
facilitate the increased use of recycled materials in unbound pavements used by
the Queensland Department of Transport and Main Roads (TMR).

This report summarises recycled material assessment undertaken through
laboratory evaluation of several recycled pavement materials sourced from
various suppliers in Queensland, and the update to TMR specifications. The key
outcomes of this research are summarised as follows:

¢ Queensland suppliers producing RM001 and RMO003 recycled materials
consistently meet the characterisation and performance requirements of
MRTS35 Recycled Materials in Pavements. These materials show improved
performance compared to natural quarried materials and may therefore
provide a suitable alternative.

Although the Report is believed to
be correct at the time of
publication, the Australian Road
Research Board, 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.

¢ One recycled material mix incorporating up to 20% glass showed improved mix characterisation

properties and performance compared to the same material with 0% glass.

e MRTSO05 Unbound Pavements specification has been updated (July 2020 edition) to provide a single
specification for the supply of natural, quarried and recycled materials based on the findings of this

project.

Recommendations for the third year of this project includes:

e Disseminating research outcomes by conducting knowledge transfer workshops/webinars for industry

and internal stakeholders to consult the specification changes.

e Consult with TMR districts for demonstration project opportunities and assist with the monitoring and
surveillance of these projects to help address any issues where recycled materials are being considered.

Queensland Department of Transport and Main Roads Disclaimer
While every care has been taken in preparing this publication, the State of Queensland

expressed or implied, contained within. To the best of our knowledge, the content was comrect at the ime of publishing.
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1 INTRODUCTION

1.1 BACKGROUND

The specification MRTS35 Recycled Materials in Pavements (TMR 2018a) was originally published in 2010,
based on requirements defined in close consultation with the recycling industry in Queensland. These
requirements were largely based on Victorian and New South Wales practices at the time with modifications
to suit Queensland conditions and experience. Since this time, the uptake of recycled materials usage in
unbound granular and stabilised pavements has been relatively limited due to a number of factors including:

e A perception that recycled materials are inferior to virgin materials.

e Limited technical knowledge regarding the allowable proportion of recycled materials and the long-term
performance of these materials in certain pavement layers.

e In Queensland there is currently only a limited number of suppliers (compared to quarry sources) of
these materials, located mainly in South-East Queensland, and

e Recycled materials are specified and procured in a different manner to quarry products, which can
become an administrative barrier to their use.

In 2018, TMR endorsed a multi-year project under the National Asset Centre of Excellence (NACoE)
research program with the aim to identify how the use of recycled materials can be optimised on TMR
projects to achieve cost, sustainability and long-term performance benefits. The first year of the project,
documented in P94: Optimising the Use of Recycled Materials in Queensland for Unbound and Stabilised
Products — Year 1 (2018/2019) (Latter, Mohammadinia & Beecroft 2020) included a literature review of
existing practice in Australia. The findings are summarised as follows:

e The use of recycled materials is widely accepted in unbound and stabilised pavement materials
throughout Australia. While different agencies specify different limits, most of the publications identified
have shown that in terms of performance; recycled materials are suitable for base and subbase
applications.

e In general, state road agencies have strong alignment between specifications for traditional quarried
materials and recycled materials.

e Recycled materials such as crushed concrete, crushed brick, reclaimed asphalt pavement and crushed
glass have been widely used in Australia and may have scope for allowing increased percentages in
Queensland pavements.

e Regarding environmental considerations, there is general alignment across Australia in the testing and
threshold values allowed.

Recommendations for Year 2 of this project included sampling recycled materials from a number of suppliers
in Queensland and undertaking classification and performance testing to determine compliance against
specification limits. Performance testing using repeat load triaxial (RLT) and wheel tracker testing were
undertaken to develop specification limits for recycled materials and assist in updating the current TMR
specifications.

1.2 OBJECTIVE

The general objective of this project is to identify how the use of recycled materials can be optimised on TMR
projects to achieve cost, sustainability and long-term performance benefits. This report outlines the second
year of a multi-year project where the primary objective of Year 2 was to facilitate the increased use of
recycled materials in unbound pavements by updating the specification based on the performance
assessment of several recycled pavement materials sourced from various suppliers in Queensland.



1.3 METHODOLOGY

The approach undertaken is summarised as follows:

e Characterise the properties of two types of recycled material blends (RM001 and RM003) available in
Queensland by conducting laboratory testing — Section 2.

e Assess the performance of RM001 and RM0O03 recycled material blends available in Queensland by
undertaking tests that provide indicative measures of in situ performance — Section 3.

e Recommend updates to TMR specifications based on the results of laboratory testing — Section 4.

e Summarise key findings and recommendations for future years of research — Section 5.
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2 MATERIAL CHARACTERISATION

An exploratory laboratory testing regime on RM001 materials sourced from four suppliers in Queensland and
RMO003 materials sourced from seven Queensland suppliers was undertaken to characterise the engineering
properties and performance of these materials. However, it must be noted that only three samples of the
RMO003 materials were selected for full analyses and comparison to the RM001 materials. This included
undertaking petrographic analysis and material characterisation testing.

2.1 PETROGRAPHIC ANALYSIS

Petrographic analysis of rocks allows identification of the type of rock based on its mineralogy and texture.
The petrographic examination was conducted using a microscope, both in plane-polarised light (PPL) and
cross-polarised light to describe textures (geometrical relationships among component crystals), crystallinity
(degree of crystallisation), granularity (grain size), crystal shapes and the arrangement of crystals and
mineral content. Thin sections of the samples were prepared to permit detailed examination in transmitted
polarised light of random fragments. An approximate average composition of the aggregate expressed in
volume percent and based on a brief count of 100 widely spaced points falling within sectioned fragments
was determined following ASTM C295/ C295M-19 Standard Guide for Petrographic Assessment of
Aggregates for Concrete and AS 2758.1 Aggregates and Rock for Engineering Purposes Part 1: Concrete
Aggregates.

2.1.1 RM001 PETROGRAPHIC ANALYSIS

Table 2.1 presents the mineral composition of the samples sourced from the RM001 material suppliers in
Queensland for both the coarse (>2.36 mm) and fine (<2.36 mm) fractions. This shows an approximate
average composition of the supplied materials, expressed in volume percent, where each of the total
proportions for each supplier shall sum to 100%. Generally, these minerals as classified into three
categories, crushed rock aggregate which have fragmented from the recycled concrete aggregate as well as
the sand components and hardened cement paste within the concrete fragments. For engineering purposes,
the supplied samples may be summarised as consisting of a mixture of concrete fragments and liberated
fragments of various compositions.

Table 2.1: RMO001 mineral composition of the recycled material supplier samples
Coarse fraction (>2.36 mm) Fine fraction (<2.36 mm)
Description Sup:lier SupoIier Supplier | Supplier | Supplier | Supplier | Supplier | Supplier
Crushed rock aggregate
Olivine basalt 24% 14% - 12% - - - -
Finely veined and recrystallized chert 11% - - - - - - -
Slightly carbonaceous meta-siltstone 11% - - - - - - -
Andesite = 9% = = = = = =
Siliceous hornsfelsed phyllite - % 6% - - - - -
Chert/jasper - 4% - - - - - -
Meta-greywacke - 8% 15% - - - - -
Vein quartz - - 7% - - - - -
Granite - - 5% - - - - -
Trachyte - - 4% 17% - - - -
Sand components (within concrete fragments)

Quartz grains 9% 10% 12% 9% 24% 24% 19% 29%
Quartzite clasts 3% 6% 8% - 8% 8% 10% 5%
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Coarse fraction (>2.36 mm) Fine fraction (<2.36 mm)

Description
Sl Supplier | Supplier | Supplier | Supplier | Supplier | Supplier | Supplier | Supplier
A B c D A B c D

Altered rhyolite clasts 10% 18% 1%
Weathered rhyolite - - - - - 3% - -
Basalt - - - - 6% - - -
Basalt clasts - 4% - - - 5% 3% -
Feldspar - - - - - 2% - -
Feldspar grains 4% - 1% 2% 3% - 4% 6%
Meta-greywacke clasts 1% % 3% - 3% 3% 3% -
Siltstone - - - - 1% 3% - -
Siltstone clasts - - - - - - - 1%
Granite - - - - 5% 1% - -
Granite clasts - - 4% - - - % 5%
Greenstone - - - - 1% - - -
Greenstone clasts - 2% 4% - - 1% - 2%
Chert/jasper clasts - 4% - - - - - -
Mica (free grain) - - - - - 1% - -
Volcaniclastic sandstone clasts - - 4% - - - 5% -
Chert clasts - - 2% - - - 4% 6%
Vein quartz - - - - - - 3% 1%
Trachyte - - - - - - 3% -
Trachyte clasts - - - 22% - - - 8%
Calcite grains - - - - - - 1% -
Argillized clasts - - - - - - - 1%
Liberated pyroxene = = = = = = = 1%
Shell fragments <1% <1% <1% <1% <1% 1% <1% <1%
Hardened cement paste (within concrete fragments)
Normal hardened cement paste 16% 24% 17% 18% 29% 25% 23% 29%
blended with fly ash
Ettringite-effected cement paste 3% - 1% - 9% 14% 6% -
Carbonated cement paste 6% - 6% - 9% 9% 5% 6%
Vesicles 2% 1% 1% 2% 1% <1% <1% <1%

2.1.2 RM003 PETROGRAPHIC ANALYSIS

The mineral composition of the samples sourced from the RM003 material suppliers in Queensland for both
the coarse (>2.36 mm) and fine (<2.36 mm) fractions is summarised in Table 2.2. Similar to the RM001
petrographic analysis, the supplied RM003 materials may be summarised as consisting of a mixture of
concrete fragments and liberated fine fragments of various compositions.

Table 2.2: RMO003 mineral composition of the recycled material supplier samples

Coarse fraction (>2.36 mm) Fine fraction (<2.36 mm)

Description Supplier G (0% Supplier G

Supplier G (0% Supplier G

Supplier F glass) (20% glass)

Supplier F

glass) (20% glass)

Crushed rock aggregate

Basalt 16%

Andesite 6%
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Coarse fraction (>2.36 mm) Fine fraction (<2.36 mm)

Description Supblier F Supplier G (0% Supplier G Supplier G (0% Supplier G
PP glass) (20% glass) glass) (20% glass)

SiIicgous hornsfelsed 4% 23% 4% -
phyllite
Chert _ _ 4% _ _ _
Chert/jasper 1% _ _ _ _ _
Meta-greywacke - 10% <1% - - -
Quartzite _ 17% 9% _ _ _
Hematite pelite _ 4% _ _ _ -
Greenstone _ _ 10% _ _ _
Acid igneous _ _ 10% _ _ _
Volcaniclastic siltstone _ - 15% - - -
Granite _ 4% _ _ _ _
Sand components (within concrete fragments)
Quartz grains 26% 10% 6% 24% 23% 13%
Quartzite clasts 6% 3% 2% 6% 4% 5%
Weathered rhyolite - - - 7% - -
Basalt clasts 4% 3% <1% <1% 2% 3%
Feldspar 1% - - 3% - -
Feldspar grains - 1% 1% 2% 4%
Meta-greywacke clasts 9% 1% <1% 5% - 3%
Siltstone - - - 2% -
Meta-siltstone - - - - 3% 2%
Granite - - - 4% -
Granite clasts - <1% 1% - 3% 1%
Greenstone - - - - - -
Greenstone clasts 1% 3% <1% 4% 4% 3%
Chert clasts - - <1% - - -
Chert/jasper clasts 3% = = = = =
Limestone/calcite - - - 6% - -
Volcaniclastic sandstone - - - - 5% 4%
Chert clasts - <1 - - 3% 2%
Vein quartz - - - - 1% 2%
Siliceous hornsfelsed 6% - - -
phyllite
Trachyte - - - - <1% <1%
Calcite grains - - - - 8% <1%
Acid volcanic/tuffaceous - - - - 3% 4%
Calcite - - 2% - - -
Plant material - - 1% 1% - -
Shell fragments <1 <1 <1 <1 <1 <1

Hardened cement paste (within concrete fragments)

Normal hardened cement
137 13% 149 129 189 129
paste blended with fly ash 3% 3% o To 8% %
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Coarse fraction (>2.36 mm) Fine fraction (<2.36 mm)

Description Supplier F Supplier G (0% Supplier G Supplier G (0% Supplier G
i glass) (20% glass) glass) (20% glass)

Carbonated cement paste 15% 6% 3% 26% 10% 9%
Vesicles 5% 2% 2% < < <1
Grain coating
Asphalt - - - - 4% 1%
Clay coating - - - - 5% 6%
Misc.

Free silica content 40% 40% 30% 34% 34% 25%
Manufactured glass - - - - - 26%
fragment

2.2 MATERIAL CHARACTERISATION

221 RMO001 MATERIALS

The material gradation was undertaken in accordance with TMR test method Q103A Particle Distribution of a
Soil — Wet Sieving (TMR 2020a). The particle size distribution (PSD) results for each of the recycled material
samples tested by the TMR laboratory at Bulwer Island, Qld are summarised in Table 2.3 and depicted in
Figure 2.1. This generally shows that the material conforms to the MRTS35 specification grading envelope
except for Supplier B on the 2.36 mm sieve, showing minor non-conformance (NC) and the 0.075 mm sieve
for all suppliers, indicating a lower content of fines than required for all suppliers.

Table 2.3: RMO001 PSD results summary

Supplier MRTS35 limits*

I B R R R
100 100 100 100 100 100

Sieve size (mm)

265
19 97 98 98 95 95 100
13.2 83 86 82 83 78 92
9.5 70 71 67 72 63 83
4.75 51 56 45 49 44 64
2.36 37 50 35 38 30 48
1.18 26 36 26 31 - -
06 18 23 20 24 - -
0.425 15 19 17 20 13 21
03 11 13 13 16 - -
0.15 5.1 6 6.3 6.9 - -
0.075 29 26 4.1 44 5 11

*Specification limits are given based on those specified in MRTS35 (TMR 2018a) for RM001 materials.
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Figure 2.1:  RMO001 gradation curve
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Table 2.4 presents the results and property limits for each of the supplier sourced RM001 materials in
accordance with MRTS35. This shows that the coarse component of all tested materials complied with the
TMR requirements, although the wet/dry strength variation for each material was close the 35% limit.

In the fine component of the RM001 materials, Supplier A and Supplier B exceeded the MRTS35 liquid limit
(LL) of 35%. As noted in Griffin, Rice & Andrews (2016) it is common for porous aggregates such as those
derived primarily from crushed recycled concrete to have a LL significantly in excess of 25% but display a
plasticity index (PI) within an acceptable range. This is demonstrated by both the linear shrinkage (LS)
conforming for all recycled materials tested as well as the PI of all materials below the now superseded
MRTSO05 Unbound Pavements (TMR 2018b) limit of 6% for Type 2.1 materials. Notably, the coarse
component degradation factors for all suppliers is much lower than 40-50 degradation factor that is specified
for natural gravel and quarried materials, varying with material group.

MRTS05 (TMR 2020b) notes that a higher fines ratio can lead to a reduction in stability and strength while a

lower ratio increases permeability, poor surface and reduces surface stability for unbound pavement material
performance.

Table 2.4: RMO0O01 property results

Supplier

Test method MRTS35 limits*

Coarse component (> 0.425 mm)

Wet strength (kN) Q205ABC 97 101 1M1 93 285
Wet/dry strength variation (%) Q205ABC 32 32 31 34 <35
Degradation factor Q208B 7 9 3 5 -
Flakiness index (%) Q201 10 4 8 10 <35
Apparent particle density (t/m3) Q2148 2.69 2.64 2.68 2.63 -
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Supplier

e TS N -
N LN

Particle density dry (t/m?) Q214B 227 2.33 2.33 2.27 -
Particle density SSD (/m?) Q214B 243 245 2.46 24 -
Water absorption (%) Q214B 6.7 5 55 6 -

Fine component (< 0.425 mm)

Liquid limit (%) Q104A 37.8 39.2 332 34.0 <35
Plastic limit (%) Q105 35.8 36.6 30.6 30.0 -
Plasticity index (%) Q105 20 26 26 4.0 -
Linear shrinkage (%) Q106 1.6 1.6 14 3.0 <35
Weighted linear shrinkage Q106 24 30 23 59 <85
Degradation factor AS 1141.25.3 - - - - -
Fines ratio Q103A 0.19 0.14 0.24 0.21 -
Apparent particle density (t/m?3) Q214A 2.61 259 2.62 2.58 -
Particle density dry (tm?) Q214A 2.08 214 2.23 212 -
Particle density SSD (t/m?3) Q214A 229 232 2.38 23 -
Water absorption (%) Q214A 9.7 8.1 6.8 8.5 =

*Specification limits are given based on those specified in MRTS35 (TMR 2018a) for RM001 materials.

The maximum dry density (MDD), optimum moisture content (OMC) and California Bearing Ratio (CBR)
tests were conducted on each of the recycled material samples using both standard and modified
compaction. Testing also included assessment of the water absorption, degradation factor and unconfined
compressive strength (UCS). The results are presented in Table 2.5.

The results show that the variations between CBR values determined using standard and modified effort are
significant, with greater MDD and lower OMC determined when applying modified effort, the stability
increases with density. Additionally, the OMC for all samples is relatively high, where Supplier A and
Supplier B show in excess of 15% indicating the material has a propensity for water. Notably, the standard
MDD (1.80-1.91 t/m3) and modified MDD (1.89-1.99 t/m?) are comparatively lower than typical quarried
material (approximately 2.1 t/m?3or greater). This is an advantage because for construction projects there
would be less tonnage required to build the same pavement, thus leading to cost savings.

It can also be observed in Table 2.5 that the water absorption values for both the coarse and fine fractions
are relatively high and may indicate that similar to the LL results, recycled materials comprised of porous
material such as crushed recycled concrete has a propensity for water absorption. The UCS results for all
RMO001 materials easily conform to the MRTSO05 requirements of the 0.7 MPa limit indicating that the
materials will not act as a stabilised material.

Table 2.5: RMO001 MDD, OMC, CBR, water absorption and UCS test results

Supplier
Test method MRTS35 limits*
Standard MDD (t/m?) Q142A 1.80 1.81 1.91 1.88 -
Standard OMC (%) Q102A 16.5 15.5 14.0 14.0 -
Modified MDD (t/m?) Q1428 1.89 1.90 1.99 1.95 -
Modified OMC (%) Q102B 14.0 13.0 11.5 12.0 -
Standard CBR (%) Q113A 130 100 60 90 80
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Supplier

T T e [ o] .
c [ o
280 220 210 180

Modified CBR (%) Q113B -
Water absorption - fine (%) Q214A 97 8.1 6.8 8.5 =
Water absorption - coarse (%) Q2148 6.7 5.0 5.5 6.0 -
UCS (MPa) Q115 0.2 0.2 0.1 0.3 <07

*Specification limits are given based on those specified in MRTS35 (TMR 2018a) for RM001 materials.

The foreign material test results for each of the RM001 materials tested are summarised in Table 2.6. This
shows the material was generally free of foreign materials with the exception of asphalt in three of the four
suppliers.

Table 2.6: RMO001 foreign material test results

Supplier MRTS35
Constituent of foreign material Test method specification limits
Brick 0.2 0.6 05 0.6 <1
Metal, ceramics and slag (other than blast 0.0 0.0 0.0 0.0 <3
furnace slag) ' ' ' ' -
Plaster, clay lumps and other friable material Q477 0.0 0.2 0.0 0.1 <1
Rubber, plastic, bitumen not part of asphalt,
paper, cloth, paint, wood and other vegetable 0.0 0.0 0.0 0.2 <0.2
matter
Asphalt 05 24 21 22 <1

*Specification limits are given based on those specified in MRTS35 (TMR 2018a) for RM001 materials.

2.2.2 RM003 MATERIALS

The PSD data results for each of the RM003 samples tested by the TMR laboratory on Bulwer Island, Qld
are summarised in Table 2.7 and depicted in Figure 2.2. This shows complete compliance to the TMR
RMO003 specification envelope. It is noted that in Figure 2.2 the material from Supplier G (20% glass) leaves
the specification envelope at the interpolated 1.18 mm and 0.60 mm sieve, however, these two sieve sizes
do not currently have a specified percentage passing range and the next sieve, the 0.425 mm shows
compliance, so from a specification perspective this mix would be considered conforming.

Table 2.7: RMO003 PSD testing summary

Supplier MRTS35 limits*
26.5 100 100 100 100 100 100 100 100 100
19 95 99 98 99 95 100 99 95 100
13.2 - - - - - - - 75 95
9.5 67 81 78 82 70 76 76 60 90
4.75 49 67 57 68 52 55 55 42 76
2.36 40 54 45 58 43 42 42 28 60
1.18 31 41 36 51 37 - - - -
0.6 21 29 28 35 31 - - - -
0.425 17 24 24 28 28 20 19 10 28
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Supplier MRTS35 limits*

Sieve size (mm)
F G (0% G (20% J Lower
glass) glass)
12 18 19 22 22 - - - B

0.3
0.15 58 9.5 " 12 9.7 - = = -
0.075 35 5.9 76 8.5 7.2 6.7 53 3 11

*Specification limits are given based on those specified in MRTS35 (TMR 2018a) for RM003 materials.

Figure 2.2:  RMO003 gradation curve
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The property limits for each of the RM003 test results are summarised in Table 2.8. These results show that
the RM003 materials conformed to the MRTS35 LS specification limit of 4.5% max. Similar to the RM001
materials, the LLs for each material is high although notably, are generally lower than the RM001 LLs. The
coarse component degradation factors are also relatively low, similar to the RM001 materials.

Table 2.8: RMO0O03 property limit results

Supplier

Test method MRTS35 limits*

Coarse component (> 0.425 mm)

Wet strength (kN) Q205ABC - 87 98 108 - - - =70
Wet/dry strength variation (%) Q205ABC - 31 38 28 - - - <45
Degradation factor Q208B - 8 6 8 - - - -
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Supplier

'I MRTS35 limits*

Test method G (0%
glass)
8 13

Flakiness index (%) Q201 - 10 - =40
Apparent particle density (/m?) Q214B - 283 266 266 - - - -
Particle density dry (t/m?) Q214B - 229 229 230 - - - =
Particle density SSD (t/m3) Q214B - 242 243 243 - - - -
Water absorption (%) Q214B = 57 6.1 6.0 - - = =
Fines component (< 0.425 mm)

Liquid limit (%) Q104A 346 334 314 304 310 322 328 <35
Plastic limit (%) Q105 306 298 252 258 2716 262 27.8 -
Plasticity index (%) Q105 40 36 62 46 34 6.0 5.0 -
Linear shrinkage (%) Q106 16 14 26 22 22 1.6 2.0 <45
Weighted linear shrinkage Q106 27 33 62 63 61 32 38 <110
Degradation factor AS 1141253 - 39 - 25 - - - -
Fines ratio Q103A 021 025 032 03 026 034 0.28

Apparent particle density (t/m?) Q214A - 2.62 2.62 2.60 - - - -
Particle density dry (t/m?) Q214A - 219 219 232 = - - -
Particle density SSD (t/m?3) Q214A - 235 235 243 - - - -
Water absorption (%) Q214A - 750 750 406 - - - -

*Specification limits are given based on those specified in MRTS35 (TMR 2018a) for RM003 materials.

Table 2.9 presents the RMO003 test results for MDD, OMC and CBR using both standard and modified
compaction where applicable, as well as the water absorption and UCS results. The results show that similar
MDD and OMC values to the RM001 materials for both standard and modified compaction. Minimum CBR
requirements at standard compaction were generally met, except for the material from Supplier G

(0% glass), with a value of 35% although the 20% glass sample achieved a CBR of 60%. It is possible that
this difference is due in part to the accuracy of the CBR test method. Notably, the CBR value measured
when the samples were prepared using modified compaction were significantly increased for all three
suppliers tested, where the 0% glass mix improved to a greater value than the 20% glass mix although the
standard compaction value was lower. However, as this test was only undertaken on one sample this result
may have been affected by laboratory variability.

The water absorption values for both the coarse and fine fractions indicate that similar to the RM001 results,
the material may have a propensity for water absorption. The UCS results from all suppliers easily conform
to the MRTS35 requirements of the 0.7 MPa limit indicating that the materials will not act as a stabilised
material.

Table 2.9: RMO003 MDD, OMC, CBR, water absorption and UCS test results

Supplier

Test method MRTS35 limits*

Standard MDD (t/m?) Q142A 1.79 1.78 1.92 1.92 1.83 184 1.78 =
Standard OMC (%) Q102A 135 15.0 135 13.0 15.0 145 180 -
Modified MDD (t/m?) Q142B = 1.91 2.01 2.01 = - - -
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Supplier

Test method MRTS35 limits*

Modified OMC (%) Q1028 - 13.0 11.0 10.5 - - - -
Standard CBR (%) Q113A 90 60 35 60 60 60 80 245
Modified CBR (%) Q113B - 130 190 160 - - - -
Water absorption - fine (%) Q214A = 75 75 46 - - - =
Water absorption — coarse (%) Q214B - 57 6.1 6.0 - - - -
UCS (MPa) Q115 02 02 02 0.1 02 02 00 <07

*Specification limits are given based on those specified in MRTS35 (TMR 2018a) for RM003 materials.

The Table 2.10 summarises the results for each of the RM003 materials tested, showing that the material
conformed to the MRTS35 specification limits. It is important to note that the Supplier F material contained a
large proportion of brick (26.9%) although not a specified limit for RM003 materials. When sourcing the
materials, the project team requested suppliers to maximise the amount of brick that was incorporated so
help assess its impact at higher levels, however from visual inspection of the bulk sample it is apparent that
this result is due to sampling from the bulk sample.

Table 2.10: RMOO03 foreign material test results

Supplier
Constituent of foreign MRTS35 limits
material G (20% (% by mass)*
glass)
Brick 0 26.9 0.1 21 0 1.1 1.1 -
Metal, ceramics and slag
(other than blast furnace 0 0.1 0.3 0.1 0 0 1.3 <3
slag)
Plaster, clay lumps and
other friable material Q477 v v v v 0 0 O St

Rubber, plastic, bitumen

not part of asphalt, paper,
cloth, paint, wood and 0 0 01 0 01 01 01 <02

other vegetable matter
Asphalt 0 0 0 0 0 0 0.2 -

*Specification limits are given based on those specified in MRTS35 (TMR 2018a) for RM003 materials.

1.0 | P94 - Optimising the Use of Recycled Materials in Queensland for Unbound and Stabilised Products (2019/20 - Year 2) 13
TC-710-4-4-9a



3 PERFORMANCE ASSESSMENT

An exploratory laboratory testing regime was undertaken to assess the performance of RM001 and RM003
materials. Testing was undertaken on supplier sourced samples from Queensland and supplemented with
additional data provided by TMR, discussed in the relevant sections. Performance evaluation was
undertaken through RLT testing, wheel tracker testing and extra large wheel tracking (XL-WT).

3.1 REPEAT-LOAD TRIAXIAL

The RLT test provides an indication of the stiffness and rutting susceptibility of pavement materials, indicated
by resilient modulus and permanent deformation. This method is typically used as it closely replicates the

in situ loading conditions applied to pavement materials in which a constant axial stress is repeatedly applied
to the surface of the cylindrical specimen conditioned under a constant confining pressure. RLT testing was
conducted in accordance with TMR test method Q137 Permanent Deformation and Resilient Modulus of
Granular Unbound Materials (TMR 2020a). The specimens were prepared at two densities given by the MDD
obtained either under standard or modified compactive effort. For each density, the specimens were also
tested at a different degree of saturation (DOS) to assess the sensitivity to moisture, prepared by compacting
at the target moisture contents.

The RLT results are presented and discussed for each recycled material supplier in the following sections.

3.1.1 RM001 RLT RESULTS

Supplier A

RLT testing was conducted on material sourced from Supplier A at standard and modified MDD as
summarised in Table 3.1. The axial permanent strain measured for each loading cycle was plotted relative to
the target DOS for the material sampled from Supplier A prepared at both standard and modified MDD is
compared to the TMR assessment criteria in Figure 3.1. This shows that at 65% DOS and 70% DOS the
standard compacted material sourced from Supplier A continues to perform below the 4.0% strain limit up to
50 000 cycles but exceeds this at 100 000 cycles. However, at 75% DOS the material shows exceedance of
the maximum strain after 50 000 cycles while the standard compacted material at 80% DOS exceeded the
4.0% after only 10 000 cycles. Notably, when compacted at the modified MDD, the materials tested at 70%
DOS and 80% DOS did not exceed a permanent strain of 1.0%, indicating that this material will perform
significantly better if compacted at a higher MDD using modified effort.

The resilient modulus for each loading cycle plotted relative to the target DOS level for the Supplier A
material prepared at standard and modified MDD is presented in Figure 3.2. This shows the initial modulus
value, as well as the change in stiffness with subsequent load cycles for the different moisture conditions.
Although TMR does not specify criteria for the resilient modulus determined using the RLT test, high resilient
moduli at the design in situ moisture content is preferred. Figure 3.2 shows that for the samples prepared at
standard MDD, post-conditioning (after 1000 cycles) the resilient modulus decreases at all DOS levels,
where 70% DOS shows the highest resilient modulus of 350 MPa, falling to approximately 220 MPa at

100 000 cycles. Notably, the samples prepared at modified MDD show comparatively higher initial resilient
moduli of up to 390 MPa which continue to increase post-conditioning to approximately 530 MPa at 70%
DOS.

Table 3.1: Supplier A RLT testing conditions

Compaction Target dry density Target moisture Target DOS Target percentage of
effort (t/m?3) content (%) (%) OMC (%)
Standard 1.80 11.8 65 72
1.80 12.7 70 77
1.80 13.6 75 82
1.80 14.5 80 88

1.0 | P94 = Optimising the Use of Recycled Materials in Queensland for Unbound and Stabilised Products (2019/20 - Year 2) 14
TC-710-4-4-9a



Compaction Target dry density Target moisture Target DOS Target percentage of

effort (t/m3) content (%) (%) OMC (%)
Modified 1.89 10.8 70 7
1.89 124 80 89

Figure 3.1:  Supplier A permanent strain RLT results
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Figure 3.2:  Supplier A resilient modulus RLT results
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Supplier B

The Supplier B RLT permanent strain results tested at both standard and modified MDD using the test
conditions summarised in Table 3.2 are presented in Figure 3.3. This shows that up to 80% DOS the
standard compacted material from Supplier B was compliant in accordance with the TMR assessment
criteria up to 50 000 cycles with a permanent strain of 3.9%. Similar to the material from Supplier A, when
prepared at the modified MDD, the material from Supplier B did not exceed a permanent strain of 1.0%.

The resilient modulus results for the samples sourced from Supplier B prepared at standard and modified
MDD are shown in Figure 3.4. Similar to the Supplier A results, this shows that the samples prepared at
standard MDD, the resilient modulus decreases at all DOS levels post-conditioning with the exception of the
sample tested at 65% DOS. The initial moduli of the standard MDD samples range from 280-310 MPa,
whereas the moduli at 100 000 cycles ranges from 230-280 MPa, indicating relatively small changes due to
loading. Notably, the samples prepared at modified MDD show comparatively higher resilient moduli ranging
from 360-860 MPa at 70% DOS and 380-860 MPa at 80% DOS.

Table 3.2: Supplier B RLT testing conditions

Compaction Target dry density Target moisture Target DOS Target percentage of
effort (t/m3) content (%) (%) OMC (%)
Standard 1.81 11.3 65 73
1.81 12.2 70 79
1.81 13.0 75 84
1.81 13.9 80 90
Modified 1.90 10.3 70 79
1.90 11.8 80 91

1.0 | P94 = Optimising the Use of Recycled Materials in Queensland for Unbound and Stabilised Products (2019/20 - Year 2) 16
TC-710-4-4-9a



Figure 3.3:  Supplier B permanent strain RLT results
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Figure 3.4:  Supplier B resilient modulus RLT results
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Supplier C

Table 3.3 summarises the Supplier C RLT testing conditions while Figure 3.5 depicts the permanent strain
against loading cycle relative to the target DOS for each sample tested from Supplier C using both standard
and modified MDD. The results show that for standard compaction, at 65% DOS and 70% DOS the material
conforms to the TMR assessment criteria up to 100 000 cycles but exceeds the 4.0% permanent strain limit
at 50 000 cycles for both 75% DOS and 80% DOS. The specimens prepared at modified MDD, testing at
70% DOS and 80% DOS shows approximately equal performance, not exceeding 1.0% permanent strain up
to 100 000 cycles.
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Figure 3.6 shows the resilient modulus results from the Supplier C samples prepared at standard and
modified MDD. The samples prepared at standard MDD show similar initial resilient moduli (250-300 MPa)
and to moduli after 100 000 cycles (270-320 MPa) where it is notable that the 70% DOS and 80% DOS
samples both finished testing at approximately 320 MPa. Comparatively, the samples prepared at modified
MDD show higher resilient moduli ranging from 330-400 MPa at 70% DOS and 380-460 MPa at 80% DOS,
showing lesser improvements than observed between the standard and modified MDD samples than
Supplier A and Supplier B.

Table 3.3: Supplier C RLT testing conditions

Compaction Target dry density Target moisture Target DOS Target percentage of
effort (t/m3) content (%) (%) OMC (%)
Standard 1.91 9.5 65 68
1.91 10.2 70 73
1.91 11.0 75 79
1.91 1.7 80 84
Modified 1.99 8.8 70 77
1.99 10.0 80 87

Figure 3.5:  Supplier C permanent strain RLT results

8

Permanent strain (%)

1 10 100 1,000 10,000 100,000
Loading cycles
—— Supplier C @ 65 DOSSTD = ® = SupplierC@ 70DOSSTD ==& ~-Supplier C@ 75 DOS STD

——A - Supplier C @ 80 DOS STD == Supplier C@ 70 DOS MOD = + = Supplier C @ 80 DOS MOD
Assessment criteria

1.0 | P94 = Optimising the Use of Recycled Materials in Queensland for Unbound and Stabilised Products (2019/20 - Year 2) 18
TC-710-4-4-9a



Figure 3.6:  Supplier C resilient modulus RLT results
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Supplier D

The materials from Supplier D were compacted at standard MDD was subject to RLT testing at 65%, 70%,
75% and 85% DOS while samples prepared at modified MDD were tested at 70% and 80% DOS,
summarised in Table 3.4 and depicted in Figure 3.7 for permanent strain against loading cycles. This shows
that for the materials prepared using standard compaction at 65%, 70% and 75% DOS, the material
conforms to the TMR assessment criteria up to 100 000 cycles whereas the 80% DOS sample was
compliant at 50 000 cycles but exceeded 5.0% permanent strain at 100 000 cycles. Notably, both samples
tested using modified compaction did not exceed 1.0% permanent strain up to 100 000 cycles.

Supplier D resilient modulus results for samples prepared at standard and modified MDD are depicted in
Figure 3.8. The samples prepared at standard MDD for all DOS levels show relatively consistent resilient
modulus values for all load cycles, ranging from 330-590 MPa. In contrast, the samples prepared at modified
MDD show significantly higher resilient modulus values, ranging from 480-1440 MPa at 70% DOS and 630-
1360 MPa at 80% DOS. Notably, for the modified MDD samples there is a significant reduction in modulus
after 10 000 cycles from 1360-1440 MPa to 980-1090 MPa at 100 000 cycles.

Table 3.4: Supplier D RLT testing conditions

Compaction Target dry density Target moisture Target DOS Target percentage of
effort (t/m3) content (%) (%) OMC (%)
Standard 1.88 9.7 65 69
1.88 104 70 74
1.88 11.2 75 80
1.88 11.9 80 85
Modified 1.95 9.1 70 76
1.95 104 80 87

1.0 | P94 = Optimising the Use of Recycled Materials in Queensland for Unbound and Stabilised Products (2019/20 - Year 2) 19
TC-710-4-4-9a



Figure 3.7:  Supplier D permanent strain RLT results
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Figure 3.8:  Supplier D resilient modulus RLT results
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3.1.2 RM003 RLT RESULTS

Supplier F

The Supplier F RLT testing conditions at both standard and modified MDD are summarised in Table 3.5 with
the permanent strain results depicted in Figure 3.9. The results show that for standard MDD, at 65% DOS
and 70% DOS the material conforms to the TMR assessment criteria up to 100 000 cycles but notably, the
65% DOS sample exceeds the 1.5% strain limit at 1000 cycles whereas the 70% DOS sample narrowly
complies (1.47 mm). Additionally, at 75% DOS using standard compaction the permanent strain limit is
exceed at both 1000 cycles and 50 000 cycles. The material testing at modified MDD and 70% DOS or 80%
DOS show approximately equal performance, not exceeding 1.0% permanent strain up to 100 000 cycles.

The resilient modulus results obtained from RLT testing for the Supplier F materials prepared at standard
and modified MDD are presented in Figure 3.10. This material exhibited a relatively high range of initial
resilient modulus values for the samples prepared at standard MDD (250-420 MPa). Interestingly, the
highest initial resilient modulus for the standard MDD samples was observed at 70% DOS (420 MPa) while
the lowest value was obtained at 75% DOS (250 MPa). However, after 1000 cycles the resilient modulus of
the 70% DOS sample dropped to 320 MPa at 100 000 cycles whereas the 65% DOS sample showed little
change between 1000 and 100 000 cycles, finishing with a value of 380 MPa. Similar to observed for the
RMO001 materials, the samples prepared at modified MDD show higher resilient modulus values, ranging
from 400-480 MPa at 70% DOS and 410-680 MPa at 80% DOS, which increased with loading cycles.

Table 3.5: Supplier F RLT testing conditions

Compaction Target dry density Target moisture Target DOS Target percentage of
effort (t/m3) content (%) (%) OMC (%)
Standard 1.78 11.8 65 79
1.78 12.7 70 85
1.78 13.6 75 91
Modified 1.91 10.0 70 77
1.91 11.5 80 88
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Figure 3.9:  Supplier F permanent strain RLT results
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Figure 3.10: Supplier F resilient modulus RLT results
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Supplier G

Supplier G provided two material blends that were subject to RLT testing, one containing 0% glass and the
other containing 20% glass. The testing conditions are summarised in Table 3.6 and the permanent strain
results are depicted in Figure 3.11 and Figure 3.12 for the 0% glass and 20% glass mix, respectively. The
0% mix shows that at 65% DOS and 70% DOS the material comfortably conforms to the 4.0% permanent
strain limit up to 50 000 cycles, although the material tested at 75% DOS exceeds the 8.0% permanent strain
testing limit at approximately 25 000 cycles. Similar to the previous RLT tests for RM001 and RM003
materials conducted at modified MDD and 70% DOS or 80% DOS, the permanent strain did not exceed
1.0% at 100 000 cycles. Notably, the mix containing 20% glass only exceed 1.0% permanent strain at

100 000 cycles at standard MDD with 75% DOS and 80% DOS, thus indicating that the performance of the
material from Supplier G is improved with 20% glass contents.

The resilient modulus RLT results for the 0% glass mix and the 20% glass mix are presented in Figure 3.13
and Figure 3.14, respectively. It can be observed that for the 0% glass mix the resilient modulus values for
the 65% DOS sample prepared at standard MDD showed the highest resilient modulus of all samples tested
with a range of values from 580-910 MPa, significantly higher than the samples at 70% DOS (220-400 MPa)
and 75% DOS (290-420 MPa). The 0% glass mix samples prepared at modified MDD showed more
consistent results with a range of 450-590 MPa at 70% DOS and 380-480 MPa at 80% DOS.

The results for the 20% glass mix (Figure 3.14) show relatively consistent results for the samples prepared at
standard MDD at 65%, 70% and 75% DOS ranging from 350-570 MPa, whereas the 80% DOS sample
showed more variation, with a range of 440-820 MPa. Additionally, the modified MDD samples started out
with higher initial moduli than the standard MDD samples with 460 MPa at 70% DOS and 690 MPa at 80%
DOS but after 100 000 cycles finished with approximately the same modulus (520-570 MPa) as the 65%,
70% and 75% DOS samples prepared at standard MDD. These resilient modulus values for Supplier G
indicate these materials are suited for subbase applications in accordance with typical usages of natural
Type 2.3 materials.

Table 3.6: Supplier G RLT testing conditions

Compaction Glass Target dry Target moisture Target Target percentage of
effort content (%) density (t/m?) content (%) DOS (%) OMC (%)

Standard 0 1.92 9.1 65 67
1.92 9.8 70 73

1.92 10.6 75 79

20 1.92 8.8 65 68

1.92 9.4 70 72

1.92 10.1 75 78

1.92 10.8 80 83

Modified 0 2.01 8.2 70 75
2.01 9.4 80 85

20 2.01 7.8 70 74

2.01 8.9 80 85
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Figure 3.11:  Supplier G (0% glass) permanent strain RLT results
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Figure 3.12: Supplier G (20% glass) permanent strain RLT results
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Figure 3.13: Supplier G (0% glass) resilient modulus RLT results
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Figure 3.14: Supplier G (20% glass) resilient modulus RLT results
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3.1.3 ANALYSIS

RMO001 materials
Resilient modulus

The RLT resilient modulus results are presented in Figure 3.15 and Figure 3.16 for the samples prepared at
standard MDD and modified MDD, respectively. Additionally, to supplement the laboratory testing of the
recycled materials, TMR supplied a complete set of data from a TMR project for six commonly used Type 2.1
natural quarried material suppliers (identified as Supplier 1 to Supplier 6) which is also shown in Figure 3.15
and Figure 3.16. Although there are no TMR requirements for resilient modulus determined using the RLT
test, the presumptive modulus value of 350 MPa for RM0O1 materials in accordance with the TMR pavement
design supplement (TMR 2018c), was included for discussion.

Figure 3.15 shows Supplier A only achieves the 350 MPa benchmark at 70% DOS while Supplier B and
Supplier C achieve 350 MPa at 65% DOS. All samples from Supplier D exceeded 350 MPa. Comparatively,
the natural quarried material dataset includes few values above 60% DOS making comparisons difficult. It is
noted that the natural quarried material show values below 350 MPa at 50% DOS.

The resilient modulus of the samples prepared at modified MDD depicted in Figure 3.16 shows that most
samples exceed the 350 MPa benchmark. Notably, the RM001 materials all show compliance with
performance similar to, if not better than the natural quarried materials. Comparison of the samples prepared
at standard MDD (Figure 3.15) and modified MDD show that when the RM00O1 materials are compacted at
modified MDD the materials have higher resilient modulus values.

Figure 3.15: RMO001 vs. Type 2.1 natural quarried material prepared at standard MDD, RLT resilient modulus testing
results at 1000 cycles
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Figure 3.16: RMO0O01 vs. Type 2.1 natural quarried material prepared at modified MDD, RLT resilient modulus testing
results at 1000 cycles
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Permanent strain

The permanent strain from each of the RM001 materials tested at standard MDD at 50 000 cycles is
presented in Figure 3.17. The results show the majority of the samples tested were compliant to the 4.0%
permanent strain limit, as stated in MRTS05, with the exception of two samples at 75% DOS, one from
Supplier A and one from Supplier C and one sample at 80% DOS from Supplier C compacted at standard
MDD. Notably, in comparison to the RM001 materials, the quarried material RLT results show more NCs to
the 4.0% strain limit at less than 70% DOS, indicating that recycled material mixes may perform better in
service than some quarried materials.

The RLT permanent strain for the RM001 materials and Type 2.1 natural quarried materials prepared at
modified MDD are presented in Figure 3.18. This shows the RM001 samples compacted at modified MDD at
both 70% DOS and 80% DOS, did not exceed 1.0% permanent strain. Comparison of the samples prepared
at standard MDD (Figure 3.17) and modified MDD (Figure 3.18) shows that when the RM001 materials are
compacted at modified MDD the materials have significantly improved performance. Similarly, the Type 2.1
natural quarried materials prepared at modified MDD also performed better than the samples prepared at
standard MDD.

Based on the data presented, it is recommended that for RM001 materials the maximum DOS is 70%.
Although the data may indicate a higher value, limiting the maximum DOS to 70% will account for potential
variability in material quality and testing while the increased use of recycled materials in implemented in
Queensland. A comparison of the RM001 materials at 70% DOS is shown in Figure 3.19.
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Figure 3.17: RMO0O01 vs. Type 2.1 natural quarried material prepared at standard MDD, RLT permanent strain testing
results at 50 000 cycles
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Figure 3.18: RMO0O01 vs. Type 2.1 natural quarried material prepared at modified MDD, RLT permanent strain testing
results at 50 000 cycles
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Figure 3.19:  RMO001 RLT permanent strain testing results at 50 000 cycles and 70% DOS
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RMO003 materials

Resilient modulus

The RMO0O03 resilient modulus RLT results prepared using standard and modified MDD is depicted in
Figure 3.20. This also shows RLT data from five Type 2.3 natural quarried material suppliers provided by
TMR (identified as Supplier 7 to Supplier 11). The presumptive modulus value of 150 MPa for RM003
materials in accordance with the TMR pavement design supplement (TMR 2018c) was included for
discussion. This shows that all the data exceeds the 150 MPa benchmark and the RM003 materials
generally show higher values than the natural quarried materials. Interestingly, the resilient modulus of the
Supplier F and Supplier G with 20% glass prepared at modified MDD show lower values than the samples
prepared at standard MDD. These results indicate RM003 are suitable for substitution with natural quarried
Type 2.3 materials.
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Figure 3.20: RMO0O03 prepared at standard MDD and modified MDD vs. Type 2.3 natural quarried material prepared at
standard MDD, RLT resilient modulus testing results at 1000 cycles
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Permanent strain

The permanent strain results from each of the RM003 suppliers tested using samples prepared using
standard and modified MDD at 50 000 cycles is presented in Figure 3.21. The results show that the only
RMO003 material that exceeded the 4.0% limit with the standard MDD was the material from Supplier G with
0% glass at 75% DOS, where the test was stopped after approximately 25 000 cycles due to reaching the
maximum permanent strain (8.0%). Supplier G with 20% glass performed well at all the DOS levels. In
comparison to the natural quarried materials, the RM003 showed less non-conformance, similar to the
RMO001 materials (Figure 3.17). Furthermore, the results show that for the samples prepared at modified
MDD at both 70% DOS and 80% DOS, the permanent strain did not exceed 1.0%. This shows significantly
improved performance compared to the samples prepared at standard MDD, similar to the RM001 materials.

It is recommended that as per the RM001 material DOS limit, RM003 materials are limited to a maximum
DOS to 70%. A comparison of the RM003 materials at 70% DOS is shown in Figure 3.22
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Figure 3.21: RMO0O03 prepared at standard MDD and modified MDD vs. Type 2.3 natural quarried material prepared at
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Note: Supplier 10 sample tested at 55% DOS was terminated at 36 287 cycles.

Figure 3.22: RMO003 RLT permanent strain testing results at 50 000 cycles and 70% DOS
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3.2 WHEEL TRACKING

The wheel tracker test provides an indication of the deformation potential of the material. Testing was
conducted in accordance with TMR test method Q149 Deformation of Granular Material — Wheel Tracker
(TMR 2020a) at the TMR Bulwer Island Laboratory. Additionally, although not currently specified by TMR, a
report on Unbound Granular Characterisation (Department of Main Roads 2002) noted that a maximum final
rut depth of 2.5 mm at 10 000 passes is acceptable.

3.2.1 RM001 WHEEL TRACKER RESULTS

The wheel tracker test results for each of the suppliers at 70% DOS and 80% DOS prepared at standard
MDD are summarised in Table 3.7. 70% and 80% DOS were chosen for testing based on the outcomes of
the RLT, with these limits being considered to cover the point at which material may perform satisfactorily
(70%) and begin to show signs of moisture sensitivity (80%). It is worth noting that 80% DOS equates to
approximately 88% of OMC, which is typically close to the placement moisture content of lightly bound
materials

The results show that at 70% DOS permanent deformation of the tested materials does not show significant
variation between materials with a measured permanent deformation below around 1.0 mm after

10 000 passes. At 80% DOS the materials from Supplier A and Supplier B show approximately 2.0 mm
deformation whereas the Supplier C and Supplier D material both showed a deformation exceeding

4.00 mm. This shows only the material from Supplier C and Supplier D at 80% DOS would exceed the
acceptance criteria.

Table 3.7: Summary of RM001 wheel tracker test results

Standard dry density

Deformation at 5 000 cycles

Supplier (t/m?) DOS (%) (10 000 passes) (mm) Acceptance criteria (mm)*
1.80 70 0.72 <25
A 1.80 80 218 <25
1.81 70 1.15 <25
8 1.81 80 2.49 <25
1.91 70 0.90 <25
¢ 1.91 80 4.21 <25
5 1.88 70 095 <25
1.88 80 4.46 <25

*Note: Indicative acceptance criteria only.

3.2.2 RM003 WHEEL TRACKER RESULTS

Similar to the RM001 materials, wheel tracker testing was undertaken on three RM003 materials prepared at
70% DOS and 80% DOS using standard MDD, as summarised in Table 3.8. Results from Supplier G
showed that at 70% DOS the material containing 0% glass showed less deformation (0.24 mm) than the
sample with 20% glass (0.90 mm), however, at 80% DOS the 0% glass sample had a greater deformation
(1.40 mm) than the 20% glass sample (1.25 mm). This indicates that the material from Supplier G performs
well regardless of glass content. Notably, the sample from Supplier F showed a deformation of 4.71 mm at
70% DOS and a deformation of 14.98 mm at 80% DOS after only 650 cycles, postulated to have been
caused by moisture sensitive particles although this material showed adequate RLT performance. The
material from Supplier F at 70% DOS and 80% DOS exceeded the 2.5 mm acceptance criteria.

Table 3.8: Summary of RM003 wheel tracker test results

Standard dry density 5 Deformation at 5 000 cycles o 1

Supplier (thmd) DOS (%) (10 000 passes) (mm) Acceptance criteria (mm) (!
F 1.78 70 4.71 <25
1.78 80 14.98 @ <25
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Deformation at 5 000 cycles

Standard dry density

_ (1)
Supplier (tm?) DOS (%) (10 000 passes) (mm) Acceptance criteria (mm)
1.92 70 0.24 <25
G (0% glass)
1.92 80 1.40 <25
1.92 70 0.90 <25
G (20% glass)
1.92 80 1.25 <25

1. Indicative acceptance criteria only.
2. Test was terminated at 650 cycles.

3.3 EXTRA LARGE WHEEL TRACKER

The XL-WT test, utilising the Austrack wheel tracker and slab compactor is used to assess the permanent
deformation performance of granular material and is intended to be used as a complementary or alternative
test to the RLT test. The XL-WT test better represents in-service loading conditions by modelling the effect of
a rolling wheel on a specimen of material in laboratory (Austroads 2017).

This test was performed by preparing a specimen (length = 700 mm, width = 500 mm, and height = 300 mm)
using approximately 350 kg of raw material and compacting in six 50 mm thick layers using a segmental
steel compaction foot. The XL-WT test was performed under an 8 kN load, applied by a smooth tyre inflated
to 600 kPa for 40 000 cycles (80 000 passes) or until the specimen shows signs of significant deformation

(> 18 mm) in accordance with Austroads Test Method AGPT/T054 Determinate of Permanent Deformation
Characteristics of Unbound Granular Materials by the Wheel-tracking Test (Austroads 2015). Testing was
undertaken on RM001 samples from Supplier B, Supplier C and Supplier D in ARRB National laboratory in
Melbourne using a target DOS of 75% and the detailed test report may be found in Appendix A.

The XL-WT results for each of the tested RM001 materials are summarised in Table 3.9 while the results of
standard and marginal quarried material from Austroads (2017) are presented in Table 3.10. Comparisons
between the RM001 results and quarried material results show that the RM001 materials exhibited much
lower deformation values at similar moisture contents (where 75% DOS is approximately 80% OMC).
Additionally, the RM001 material surface deformation and maximum rut depth results are depicted in

Figure 3.23 and Figure 3.24. This shows that the material from Supplier D exhibited the least permanent
deformation at approximately 1.2 mm whereas the Supplier B material exhibited a deformation of
approximately 7.9 mm after 40 000 cycles. Similarly, Supplier D showed the lowest maximum rut depth at
approximately 1.9 mm while Supplier D showed approximately 11.4 mm after 40 000 cycles. It is important to
note that at the time of writing there is no robust or endorsed acceptance criteria for the XL-WT test.

Compared to the wheel tracker results at 70% DOS, the Supplier C (0.90 mm) and Supplier D (0.95 mm)
results were approximately equal whereas Supplier B (1.15 mm) exhibited more deformation. At 80% DOS
the wheel tracker showed inverse results with Supplier B performing the best (2.49 mm at 80% DOS),
followed by Supplier C (4.21 mm at 80% DOS) and Supplier D (4.46 mm at 80% DOS). Notably, in
comparison to the RLT results for samples prepared using standard MDD, the performance follows a similar
trend to the XL-WT with Supplier D showing the best results, followed by Supplier C and Supplier B at 70%
DOS. However, it is important to note that this is based on limited recycled material samples.

It is important to note that the XL-WT test was not performed on the RM003 materials, and as such, are not
available for comparisons.

Table 3.9: Summary of RM001 XL-WT results

Mean surface deformation (mm) Maximum rut depth (mm)

Supplier DD/MDD std (%) DOS (%)
B 99 75 22 7.9 35 1.4
98 75 12 3.6 1.6 53
D 100 75 0.7 1.2 1.0 1.9
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Table 3.10: Summary of standard and marginal quarry material XL-WT results

MC/OMC Mean surface deformation (mm) Maximum rut depth (mm)
Material DD/MDD mod (%) d (%
mod (%) 100 cycles 40 000 cycles 100 cycles 40 000 cycles
100 49 2.3 3.5(N 35 5.5
Granite 100 65 2.5 46 33 6.3
standard 100 70 34 94 4.7 124
plasticity 102 54 39 6.2 48 78
102 58 2.9 39 35 49
100 66 3.9 13.7 54 176
Hornfels 100 64 42 103 49 13.8
standard
plasticity 100 68 46 13.3 6.2 19.2
99 80 8.8 13.1@ 18.7 26.6@
96 62 6.1 16.3 7.3 19.9
Granite 101 71 46 19.39) 9.2 4140
increased n 4
plasticity 101 83 114 19.5( 24.9 42.3%
101 88 13.9 22.5@4) 241 39.9¢4)
Hornfels 98 58 2.3 5.1 42 8.1
increased 98 75 7.10) 17.80) 7.54 36.70)
plasticity 98 84 9.16) 24,2 19.1¢) 51.8
Granite 96 59 9.0 9.4 5.1 124
increased 96 60 7.7 16.7 111 22.9
plasticity+ o7 76 10.4 21.00) 149 31.80)

Measurement at 60 000 cycles.

Test was terminated at 500 cycles.
Test was terminated at 3000 cycles.
Test was terminated at 200 cycles.
Measurement at 50 cycles.

. Test was terminated at 8000 cycles.
Source: Adapted from Austroads (2017).

IR IR
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Figure 3.23: RMO001 XL-WT surface deformation test results
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Figure 3.24: RMO001 XL-WT mean maximum rut depth results
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3.4 ANALYSIS OF RECYCLED MATERIAL PERFORMANCE TESTING

The recycled materials sourced throughout Queensland and selected for evaluation were subject to material
characterisation testing and performance assessment using the RLT, wheel tracker and for selected mixes,
the XL-WT. The test results of the material from each supplier is summarised in Table 3.11. General findings
from the analysis of materials include:

e Material gradation compliance generally conformed for the RM001 materials from Supplier A, Supplier B,
Supplier C and Supplier D, although all of the suppliers showed NC in the lower limit of material passing
the 0.075 mm sieve. The RM003 materials all showed compliance. Notably, the RM001 materials were
coarser but analysis of results indicates this did not detrimentally impact performance. In situ, increased
fines would improve constructability which may not be reflected in the performance testing. In practice a
finer gradation may improve workability, handling and reduce segregation, however this has not been
considered in this testing.

e Atterberg limit and linear shrinkage compliance varied between suppliers for the RM001 materials, where
Supplier A and Supplier B exceed the 35% LL while conforming to the other properties whereas Supplier
C and Supplier D showed universal conformance.

e The suppliers generally produced material with consistent MDD and OMC, although the OMCs were
high, ranging from 13.0% from Supplier G (20% glass) to 18.0% from Supplier J, both prepared using
standard compaction. Modified compaction increased MDD and decreased OMC compared to the
materials prepared using standard compaction, where modified MDDs were approximately 1.9-2.0 t/m3
and the OMC had a range of 10.5% from Supplier G (20% glass) to 14.0% from Supplier A. However,
high OMCs are generally related to the porous nature of the recycled aggregates, generally confirmed by
the high water absorption. Notably, as the MDD of recycled materials is typically lower than observed for
quarried materials, less tonnage would be required to build the same pavement, thus leading to cost
savings.

e The CBR of the RM001 material from Supplier A, Supplier B, Supplier C and Supplier D is generally high
and suitable for basecourse materials (= 80% CBR) where the CBR showed significant increases using
modified compaction, improving from 130% to 280% from Supplier A. The Type 2.3 recycled materials
blends showed comparatively lower CBR values at standard compaction, with only one sample from
Supplier G (0% glass) showing a NC. Similar to the RM001 material, when compacted with modified
compaction the CBR showed a significant increase, up from 35% to 190% using the Supplier G (0%
glass) materials. This indicates recycled materials are a suitable substitute for natural quarried materials.

e Water absorption was high in both the fine and coarse particle tests, ranging from 4.6% fine from
Supplier G (20% glass) to 6.7% in the coarse fraction from Supplier A. This is likely due to the porosity of
the cement matrix surrounding the aggregate. Concrete is typically manufactured for very quick quality
aggregates with low water absorption values.

e All materials conformed to the UCS requirements, indicating they do not act as bound materials.

e RLT permanent strain results indicate that the RM001 materials were generally compliant below 80%
DOS when prepared using standard MDD whereas all the samples prepared using modified MDD at both
70% DOS and 80% DOS, the permanent strain did not exceed 1.0%. The RM003 materials performed
similarly at standard MDD, where samples below 80% DOS were generally compliant, and the samples
compacted using modified MDD did not exceed a permanent strain of 1.0% at 70% DOS or 80% DOS.
Notably, the RM001 and RM003 materials performed better from some suppliers than the natural
quarried Type 2.1 and Type 2.3 material blends, thus indicating recycled materials may perform better
than natural materials in situ.

e Wheel tracker results for the RM001 samples at 70% DOS showed consistent performance between the
four suppliers, ranging from 0.72 mm deformation in Supplier A materials to 1.15 mm deformation in
Supplier B materials. At 80% DOS Supplier A and Supplier B show relatively similar deformation values
of 2.18 mm and 2.49 mm, respectively while the deformations exhibited in Supplier C was 4.21 mm and
Supplier D was 4.46 mm. The RM003 samples showed a greater variation of performance between
suppliers, where Supplier F materials exhibited 4.71 mm of deformation at 70% DOS compared to the



0.24 mm and 0.90 mm measured for Supplier G 0% glass and 20% glass mixes, respectively. At 80%
DOS the material from Supplier G showed 1.40 mm (0% glass) and 1.25 mm (20% glass) deformation
while the Supplier F materials exhibited premature failure with 14.98 mm after only 650 cycles. RM001
and RMO003 wheel tracker results generally showed conformance to the 2.5 mm indicative acceptance
criteria.

The XL-WT results shows that the material from Supplier D exhibited the least permanent deformation at
approximately 1.2 mm whereas the Supplier B material exhibited a deformation of approximately 7.9 mm.
It was noted that in comparison to the RLT results for samples prepared using standard MDD, the
performance follows a similar trend whereas correlation to the wheel tracker results varied, especially at
80% DOS. Comparisons with natural quarried material results shows that RM001 materials exhibited
much lower deformation values at similar moisture contents.

Comparison of Supplier G (0% glass) and Supplier G (20% glass) results show that incorporating 20%
glass has decreased the LL, Pl and LS while maintaining the same MDD with 0.5% lower OMC for both
standard and modified compaction. Additionally, the 20% glass standard CBR value (60%) was
approximately double the 0% glass CBR value (35%), although the modified CBR showed a higher value
for 0% glass (190%) than the 20% glass mix (160%). Notably, the RLT at standard compaction with 20%
glass exhibited significantly better results than the 0% glass mix, although the modified RLT showed that
the 0% glass mix performed a little better (with the standard MDD for 50 000 cycles; 20% glass mix gave
low strains around 1.2% at both 75% DOS and 80% DOS, whereas 0% glass mix gave a higher strain
8% at 75% DOS). The wheel tracker results also showed marginal improvement with the 20% glass mix
compared to the 0% glass mix at 80% DOS whereas the 70% DOS results were better for the 0% glass
mix. This indicates that including up to 20% glass to a recycled material mix has the potential to improve
mix characterisation properties and performance.
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4 UPDATES TO MRTS05 UNBOUND PAVEMENT
MATERIALS SPECIFICATIONS

MRTS05 Unbound Pavements (TMR 2020b) applies to the supply and construction of unbound granular
pavements. In July 2020, MRTS05 was updated by TMR based on the outcomes of this research.
Generally, this update combined the content of MRTS05 with MRTS35 Recycled Materials for Pavements
(TMR 2018) to allow Type 2 materials to be seamlessly sourced from natural, quarries or recycled material
suppliers provided specification limits are achieved.

The update introduces the term recycled material blend (RMB), which is any subtype 2 material with greater
than 70% of the total being comprised from recycled materials and may be blended with less than or equal to
30% natural or quarried materials. Recycled material blends have different requirements to natural gravel
and quarried materials for the coarse and fine components and gradings. It is important to note that as

Type 2 material may be used where Type 3 materials are specified, the updated limits also apply to Type 3
materials.

The changes to MRTSO05 relevant to the use of recycled materials is summarised in Table 4.1.

Table 4.1: Revision register for MRTS05

Clause number Description of revision

2.0 Definition of terms Added, ‘Natural material may be used as a supplementary material, as an unbound material in its
own right or blended with recycled materials to produce an unbound granular pavement material
to the natural gravel definition.

Added, ‘When used in relation to TMRs quarry registration system, a quarry may also include a
material recycler' to the quarry definition.

Added definitions for brick, reclaimed asphalt pavement (RAP), recycled brick, recycled concrete,
recycled glass, recycled material, recycled material blend and surfacing.

4.0 Standard test methods Added, foreign materials Q477 and unconfined compressive strength Q115 tests.

5.2.2 Material production procedure Changed clause title from ‘Aggregate production procedure’ to ‘Material production procedure’.

Changed references to ‘quarry’ to ‘supplier and references to ‘aggregate’ to ‘material’.

Added procedure to manage the source recycled materials.

6.0 Supplier registration and source Changed references to ‘quarry’ to ‘supplier’.
material assessment

Added requirement that materials from all sources (including natural, quarried and recycled
materials) shall be registered and operated in accordance with the TMR Quarry Registration
System.

7.0 Material Added, ‘Type 2 material may be produced from either natural, quarried or recycled material'.

Added, ‘Type 2 material of the same subtype produced from either natural, quarried or recycled
material may be used where a Type 3 material is specified’.

Added, ‘'the use of a standard Type 2 or Type 3 material may not be suitable where a Type 4
material has been specified'.
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Clause number Description of revision

7.2 Type 2 unbound material Added a table detailing the allowable constituents for each Type 2 subtype (Table 4.2).

Added, ‘A material is considered to be a recycled material blend (and shall comply with the
requirements specified for recycled material blends) where more than 70% by mass of the total
material is sourced from recycled materials (that is less than or equal to 30% by mass is natural or
quarried material)'.

Added, ‘Where more than 30% of the total material is sourced from a natural gravel or a quarried
material, the combined material (as a whole) shall comply with the specified natural gravel or
quarried material requirement, including the coarse component satisfying the most stringent
properties of the relevant material group listed in Table 7.2.2 (Table 4.3)'.

Added, ‘Where applicable, different requirements have been specified for recycled material blends
and natural gravel/quarried materials. Where no distinction is made between recycled material
blends and natural gravel/quarried materials, the requirements shall apply to both’.

Added, coarse component requirements of recycled material blends (Table 4.3).

Added, fine component requirements of recycled material blends (Table 4.4).

Added, grading envelopes for recycled material blends (Table 4.5).

Added, pH (Table 4.6) and unconfined compressive strength requirements (Table 4.7) for any
subtype including recycled concrete.

Added, foreign material limits for any subtype including recycled materials (Table 4.8).

7.3 Type 3 unbound material Added, ‘Where a Type 3 material is specified, a Type 2 material of the same subtype may be used
in its place’.
Added, ‘The requirements for a Type 2 recycled material blend are also suitable for use as a Type
3 material'.

7.6 Supplementary materials Updated, not be self-cementing or cementitious in nature ‘(with the exception of recycled hardened

concrete which may include some unhydrated cement resulting from the crushing of the concrete,
but not added, but must comply with the UCS requirements specified)'.

Table 4.2: Constituents in Type 2 materials

Maximum limit of each constituent (% by mass of mix)

Natural gravel or Recycled materials

L i Recycled concrete “ Recycled brick Recycled glass*
0
0

2.1 100 100 0 0
22 100 100 15 15
23 100 100 20 20 20
24 100 100 20 45 20
25 100 100 45 45 20

Source: TMR (2020b).

Table 4.3: Coarse component properties — Type 2 (Recycled material blend)

Material group

Property
Recycled material blend

Wet strength (kN) 2.1 =85

22 =85

23 270

24 270
25 -

Wet/dry strength variation (%) 21 <35
22 <
23 <
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Material group

Property
Recycled material blend

24 <

25 -
Degradation factor 21,22 -
23,24 -
25 -
Flakiness index general (%) 21,22 <3
23,24 <40
25 -
Water absorption (%) 21,22 -
23,24 -

Source: TMR (2020b).

Table 4.4: Fines component properties — Type 2 (recycled material blends)

Subtype (recycled material blend)

L [l e e e

Property

Liquid limit (%) <35 <35 <35 <40 <40
Linear shrinkage (%) 1.0-3.5 1.0-3.5 15-45 15-6.5 15-75
Weighted linear shrinkage (%) <85 <85 <110 <195 -

Source: TMR (2020a).

Table 4.5: Grading envelopes — Type 2 (recycled material blends)

2.3and 2.4

Subtypes 2.1and 2.2

% Percent passing by mass

Test sieve size (mm)

75.0 = = =
26.5 100 100 100
19 95-100 95-100 84-100
13.2 78-92 75-95 69 - 95
9.5 63-83 60-90 56— 90
4.75 44 -64 42-176 37-11
2.36 30-48 28-60 23-63
0.425 13-21 10-28 8-30
0.075 5-11 3-1 2-14

Source: TMR (2020b).

Table 4.6:  pH of Type 2 material containing recycled concrete

Property Maximum value

pH 1
Source: TMR (2020b).
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Table 4.7: Unconfined compressive strength of Type 2 material containing recycled concrete
Property Maximum value Time for UCS test
ucs 0.7 MPa 7 days
Source: TMR (2020b).

Table 4.8: Limits of foreign materials in Type 2 material containing recycled materials

S ——— Test Subtvpe Maximum percent in mix

9 method yp (% by mass)
Brick 2.1 1.0
Asphalt 2.1 1.0
Metal, ceramics and slag (other than Al 30
blast furnace slag) :

: Q477

Plaster, clay lumps and other friable

. All 1.0
material
Rubber, plastic, bitumen not part of
asphalt, paper, cloth, paint, wood and All 0.2
other vegetable matter
Asbestos Not permitted

Source: TMR (2020b).
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5 SUMMARY AND RECOMMENDATIONS

Year 2 of this project aimed to facilitate the increased use of recycled materials in unbound pavements by
assessing the performance of several recycled pavement materials sourced from various suppliers in
Queensland and updating TMR specifications. Material assessment was undertaken through laboratory
evaluation using both the TMR Bulwer Island and the ARRB Melbourne laboratories.

From this report, the key findings may be summarised:

RMO001 and RM003 materials produced by recycled material suppliers in Queensland generally meet the
requirements of MRTS05 although there are noted issues with high LL values and achieving the required
PSD fines content.

Samples compacted using modified compaction show significantly increased CBR values compared to
those prepared using standard compaction for both RM001 and RMO003 materials.

RLT permanent strain results showed that when prepared at standard MDD, RM001 and RM003
materials generally did not exceed a permanent strain of 4.0% at 80% DOS. Additionally, no sample
prepared at modified MDD exceeded a permanent strain of 1.0% at 70% DOS or 80% DOS. Itis
recommended that RM001 and RM003 materials have a maximum DOS of 70%. RLT testing showed
that RM001 and RMO0O03 generally performed better than equivalent natural quarried material.

RLT permanent strain results for the RM003 mix with 20% glass, showed improved performance. RLT
prepared at standard MDD with 20% glass exhibited significantly better results than the 0% glass mix
(with the standard MDD for 50 000 cycles; 20% glass mix gave low strains of 1.2% at both 75% DOS and
80% DOS, whereas 0% glass mix gave a higher strain of 8% at 75% DOS).

Wheel tracker results indicated that both RM001 and RM003 materials generally demonstrate good
performance at 70% DOS whereas the 80% DOS performance showed greater variability. These results
generally conformed to the 2.5 mm indicative acceptance criteria.

The performance of the RM001 materials determined using the XL-WT indicates that the representation
of in-situ performance of the materials from the three suppliers tested (Supplier B, Supplier C and
Supplier D) may correlate to the RLT results. It was observed through comparisons with natural quarried
material results that RM001 materials exhibited much lower deformation values at similar moisture
contents.

Including up to 20% glass to a recycled material mix has the potential to improve mix characterisation
properties and performance measured using the wheel tracker and RLT test, although based on the
comparison of material from only one supplier.

Material characterisation and performance assessment of RM001 and RM003 materials indicates these
materials may be used as an alternative to natural quarried materials, showing improved performance
with lower MDD. This indicates less required tonnage required to build the same pavement with better in
situ performance, leading to cost savings for TMR.

These findings have been implemented into an update to MRTSO05 to provide a single specification for
the supply of natural, quarried and recycled materials. This specification gives the Contractor the option
to use recycled materials in suitable applications and is aimed to remove the incorrect perception that
recycled materials are inferior to quarried materials.

Recommendations for the third year of this project includes:

Disseminating research outcomes by conducting knowledge transfer workshops/webinars for industry
and internal stakeholders to consult the specification changes.

Consult with TMR districts for demonstration project opportunities and assist with the monitoring and
surveillance of these projects to help address any issues where recycled materials are being considered.
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APPENDIX A XL-WT TEST REPORT

This report presents the wheel-tracking test results of three recycled materials, sourced from three recycled
material suppliers (Supplier B, Supplier C and Supplier D) for performance assessment. The unbound
materials were tested at a 75% degree of saturation (DoS), with a wheel force of 8kN, for 40,000 tracking
cycles. The samples were homogenised prior to testing, by the Department of Transport and Main Roads
(TMR). The ARRB sample numbers of each material are listed in Table A.1.

A.1 MATERIAL CHARACTERISTICS

The material characteristics provided with the materials, by TMR, are seen in Appendix D. The key material
parameters for the assessment of the permanent deformation in the wheel-tracking test are the maximum dry
density (MDD) and the optimum moisture content (OMC) determined under standard (or modified) Proctor
compaction are summarised in Table A.1. The MDD and OMC were determined in accordance with TMR test
method Q142A (TMR 2020).

Table A.1: Density and moisture data of materials used (standard Proctor compaction)
Material Sample no. Standard MDD (t/m3) Standard OMC (%)
Supplier B 6437 1.81 15.5
Supplier C 6438 1.91 14.0
Supplier D 6439 1.88 14.0

A.2 TESTING PROGRAM

The testing program is based on the assessment of the permanent deformation of the crushed concrete
material at 75% DoS, with a targeted dry density (DD) of 100% of the standard MDD. The test parameters
were selected by TMR and testing and material conditions are defined in Table A.2.

Table A.2: Test parameters

Compaction Moisture
arameters conditions -
Supplier Thickness e cm‘:::;;i* Tracking
' : (mm) ] TGt | pomop | Target [ DOS (%) (cycles)
(tlm3) std (%) MC (%) (%)

B 6437 6546 300 1.81 13.0 75 +0.20 8 40000

C 6438 6485 300 1.91 100 11.0 75 +0.20 8 40 000

D 6439 6448 300 1.88 100 11.2 75 +0.20 8 40 000

*Additional moisture incorporated at the material preparation to cater for evaporation through the preparation and wheel-
tracking process.

To prepare for the test, the component materials were oven dried to constant weight at 85°C. The required
water was added to reach the defined moisture content during 3 batch mixes in a planetary mixer. Moisture
samples were taken after the mixing process and adjustments to the moisture content were made based on
these. The sample preparation and the wheel-tracking testing were performed in accordance with Austroads
Test Method AGPT/T054 Determination of permanent deformation characteristics of unbound granular
materials by the wheel-tracking (Austroads 2015). An improved compaction procedure was used to prepare
the specimen, as discussed in Section B.1.

The deformation characteristics of the materials were assessed under standard loading of 8 kN (pneumatic
tyres) for 40 000 cycles (equivalent to 80 000 load passes both ways) as detailed in Table A.2.
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A.3 WHEEL CONTACT STRESS

The tyre pressure is checked before testing and adjusted to 600 kPa if necessary. A wheel print analysis was
undertaken to establish the average contact stress for the wheel-tracking tyre. As per the test method, the
average imprint dimensions are 100 £+ 5 mm wide and 170 £ 5 mm long for an 8 kN load where the actual
print dimensions are summarised in Table A.3 and wheel print images may be found in Appendix E.

The calculated average contact stress under 8 kN is 617 kPa; within a close range to the standard reference
test conditions of an average contact stress of 637 £ 5 kPa provided in Austroads Test Method AGPT/T054
Determination of permanent deformation characteristics of unbound granular materials by the wheel-tracking
(Austroads 2015).

Table A.3: Tyre pressure results

Print dimensions

Contact point | Load (kN) Estimated elliptical surface (mm?) | Average contact stress (kPa)
Length (mm) | Width (mm)

0° 7.96 172 94 12 698 627
90° 7.97 173 96 13 044 611
180° 8.01 170 97 12 951 618
270° 8.1 174 97 13 256 611
Mean 8.01 172 96 12 987 617
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APPENDIX B TEST RESULTS

B.1 MATERIAL PREPARATION AND COMPACTION

Before compaction, the moisture was controlled to ensure the material was at the appropriate target
conditions. The results are summarised in Table B.1, showing that the material moisture contents were within
the tolerance of + 0.2%.

Table B.1: Moisture content after mixing

Post-mixing moisture content (%)

Target mixing

B 13.23 13.29 13.24 13.23 13.25
C 1117 11.35 1117 11.09 11.20
D 11.40 11.36 11.33 11.43 11.37

The compaction was undertaken in six 50 mm layers. For each layer, the vertical compaction force was
applied in displacement control sequences. For each elementary layer, the vertical force applied to the
compaction foot is increased gradually to reach the target height of 50 mm. The sequence is repeated six
times to build the 300 mm thick material slab. A two-part epoxy was applied to the surface of the compacted
material to minimize any potential moisture loss through wheel-tracking.

B.2 WHEEL-TRACKING RESULTS

Deformation of the sample surface is recorded using an automated laser which measures the height of the
sample surface relative to a fixed datum:

e The initial profile is subtracted from the actual laser profile to calculate the deformation induced by the
load at each loading cycle.

e Each deformation profile is smoothed to remove spikes from the laser readings.

e The mean deformation is calculated restricting the area of interest to the wheel-path (width = 110 mm).
The data taken for the average is restricted to a transverse position between the boundaries + 55 mm.

To provide extra information from the test, the maximum rut depth from the slab surface profile data is also
calculated through an analytical process. The deformation and rut depth data for all sample slabs is
presented in Section B.2.1 to Section B.2.3. Indications about the deformation and rutting rates are also
provided in Appendix F and photographs of the slabs pre- and post-testing are presented in Appendix G.

B.2.1 SUPPLIER B

The deformation and rut depth data for Supplier B is presented in Table B.2 and Table B.3 and plotted in
Figure B.1.

Table B.2: Supplier B overall mean surface deformation data

Cross-section

Number of Mean overall
0.0 0.0 0.0 0.0 0.0

0 0.0
10 0.9 0.9 0.7 1.1 1.3 1.0
50 1.6 1.7 1.5 1.9 20 1.7
100 20 2.1 20 23 24 2.2
200 24 26 25 2.7 29 26
300 26 26 28 29 3.1 2.8
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Cross-section

Number of Mean overall
2.9 2.8 3.2 383 34

500 3.1
1000 33 3.0 34 34 35 33
2000 3.7 35 3.7 4.1 44 3.9
3000 4.0 4.1 44 4.9 4.9 45
4000 4.4 4.6 4.7 5.2 5.2 4.8
5000 46 5.0 5.1 5.5 5.4 5.1
10000 54 6.0 6.3 6.6 6.3 6.1
15000 5.9 6.6 6.8 7.2 6.9 6.7
20000 6.4 7.0 7.2 7.6 73 71
30000 6.9 76 7.7 8.1 7.7 76
40000 71 8.1 7.9 8.4 8.0 79

Table B.3: Supplier B overall maximum rut depth data

Cross-section

Number of Mean overall
0.0 0.0 0.0 0.0 0.0

0 0.0

10 1.5 1.7 1.5 1.9 23 1.8
50 24 28 29 3.0 3.3 29
100 3.0 3.5 3.7 3.5 3.7 3.5
200 3.5 4.2 4.4 4.0 43 4.1
300 3.7 4.0 4.9 44 48 44
500 4.1 4.1 5.5 4.9 5.1 47
1000 46 45 5.6 4.9 5.2 5.0
2000 5.2 5.1 6.2 5.9 6.7 5.8
3000 5.6 5.9 73 71 74 6.7
4000 6.3 6.7 7.8 7.7 78 7.2
5000 6.6 7.3 8.4 8.2 8.1 7.7
10000 7.7 8.9 10.1 9.6 9.4 9.2
15000 8.5 9.6 10.7 10.4 10.1 9.8
20000 8.9 10.1 11.3 11.0 10.5 10.4
30000 9.6 10.9 11.8 1.7 141 11.0
40000 9.9 114 12.2 12.1 1.5 114
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Figure B.1 Supplier B overall mean surface deformation data and maximum rut depth data
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B.2.2 SUPPLIERC

The deformation and rut depth data for Supplier C is presented in Table B.4 and Table B.5 and plotted in
Figure B.2.

Table B.4: Supplier C overall mean surface deformation data

Cross-section

Number of Mean overall
0.0 0.0 0.0 0.0 0.0

0 0.0
10 0.7 0.6 0.4 0.7 0.7 0.6
50 1.0 1.0 0.7 1.0 1.1 1.0
100 1.1 1.1 0.9 1.2 16 12
200 1.2 12 1.0 14 1.9 1.3
300 1.2 1.3 1.1 14 20 1.4
500 1.3 14 1.2 1.6 20 1.5
1000 1.5 1.6 1.5 1.8 22 1.7
2000 1.7 1.8 1.8 2.1 23 1.9
3000 1.8 20 20 24 26 2.1
4000 1.9 21 2.1 24 27 22
5000 2.0 22 22 26 28 24
10 000 22 26 2.7 29 3.1 27
15000 24 28 3.0 3.2 34 3.0
20000 25 3.0 3.2 35 3.6 3.2
30000 2.7 3.3 3.5 3.7 3.8 34
40 000 28 3.5 3.8 4.0 4.0 3.6
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Table B.5: Supplier C overall maximum rut depth data

Cross-section

Number of Mean overall
0.0 0.0 0.0 0.0 0.0

0 0.0
10 0.8 1.0 0.9 1.2 1.1 1.0
50 1.2 14 1.3 1.7 1.3 1.4
100 14 1.7 1.6 20 1.6 1.6
200 1.6 1.8 1.8 23 1.7 1.8
300 1.6 1.9 20 24 1.9 20
500 1.7 21 2.1 2.7 20 2.1
1000 20 24 26 3.1 24 25
2000 22 28 3.1 3.5 26 28
3000 24 3.1 34 3.9 3.0 3.2
4000 2.7 3.3 3.6 42 3.1 34
5000 2.7 34 3.9 43 3.3 3.5
10 000 3.1 3.9 45 5.0 3.8 4.1
15000 34 44 4.9 53 42 44
20000 3.6 46 5.2 5.6 45 47
30000 3.9 5.0 5.8 6.0 49 5.1
40 000 4.0 5.3 5.9 6.4 5.0 5.3

Figure B.2  Supplier C overall mean surface deformation data and maximum rut depth data

Overall mean deformation I:’ID
El-00verall max rut depth ’

o
I

% (] f -9
L 1 1

—
|

Overall mean def. & max. rut depth (mm)

4

3 k]
10 10 10 10 10
Number of loading cycles

B.2.3 SUPPLIERD

The deformation and rut depth data for Supplier D is presented in Table B.6 and Table B.7 and plotted in
Figure B.3.
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Table B.6: Supplier D overall mean surface deformation data

Cross-section

Number of Mean overall
0.0 0.0 0.0 0.0 0.0

0 0.0
10 05 0.5 0.4 0.2 04 0.4
50 0.6 0.7 0.5 0.5 0.5 0.6
100 0.8 0.8 0.6 0.7 0.5 0.7
200 0.8 0.9 0.8 0.7 0.7 0.8
300 0.9 1.0 0.8 08 0.7 0.8
500 0.9 1.0 0.9 0.8 0.7 0.9
1000 0.9 1.0 0.9 0.8 0.8 0.9
2000 1.0 1.0 0.9 0.9 0.8 0.9
3000 1.0 1.1 0.9 1.1 0.9 1.0
4000 1.0 1.1 0.9 1.1 0.9 1.0
5000 1.0 1.1 1.0 1.1 0.9 1.0
10 000 1.0 1.2 1.1 1.1 1.1 1.1
15000 1.1 1.3 0.9 1.2 1.1 1.1
20000 1.1 1.3 0.7 1.3 1.1 1.1
30000 1.2 14 0.6 14 12 1.2
40 000 1.2 14 0.5 14 1.2 1.2

Table B.7: Supplier D overall maximum rut depth data

Cross-section

Number of Mean overall
0.0 0.0 0.0 0.0 0.0

0 0.0
10 0.8 0.8 0.8 0.7 038 0.8
50 0.9 1.0 0.9 0.9 1.0 1.0
100 1.0 1.1 1.0 0.9 1.1 1.0
200 1.0 1.1 1.1 1.1 12 1.1
300 1.1 1.3 1.2 1.1 14 1.2
500 1.1 1.2 1.3 1.2 1.3 1.2
1000 1.1 1.3 1.3 1.2 1.4 1.3
2000 1.2 14 1.7 1.4 1.6 1.5
3000 1.3 14 1.5 14 1.6 15
4000 14 1.4 1.6 14 1.7 1.5
5000 1.3 1.5 1.7 1.5 1.9 1.6
10 000 1.5 1.6 1.9 1.8 1.9 1.7
15000 1.6 1.8 14* 1.9 22 1.8
20000 1.8 1.9 1.0* 1.9 22 1.8
30000 1.9 1.9 1.0* 20 24 1.9
40000 1.8 21 1.2 2.1 24 1.9

* Sealing membrane delamination
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Figure B.3  Supplier D overall mean surface deformation data and maximum rut depth data
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B.3 POST-WHEEL TRACKING INVESTIGATION

B.3.1 POST-WHEEL TRACKING MOISTURE CONTENT

Two sets of moisture samples were extracted from each slab during testing to identify potential changes in
the moisture content of the slabs. Nine samples were taken from the top 100 mm and nine from the bottom
100 mm of each specimen as shown in Figure B.4. The moisture content results are shown in Table B.8 and
Table B.9.

Figure B.4  Schematic view of the moisture sampling pattern
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B.3.2 DENSITY TESTING

The final slab density was measured using the sand replacement method in two locations, taken on both
sides of the wheel path located at the centre of the slab as shown in Figure B.4Error! Reference source
not found. and the results are summarised in Table B.10. The sand replacement density provides an
estimate on the actual dry density of the slab specimen, however, density data may be affected by material
heaving on the sides of the wheel-path.

Table B.10: Measured dry density (sand replacement method)

Sand replacement DD (t/m3) Relative DD/DDyarget
(%)
B 1.81 1.83 1.75 1.79 98.90
1.91 1.90 1.83 1.86 97.61
D 1.88 1.89 1.85 1.87 99.63

B.3.3 ACTUAL TESTING CONDITIONS

The actual density and moisture content conditions (Table B.11) are defined as follows:

e The actual density is the average density measured from sand replacement testing on the two samples
centred in the un-trafficked area.

e The actual moisture content considered for the test is the average moisture from the seven moisture
samples extracted from the top 100 mm of the slab after testing.

Table B.11:  Actual testing conditions

Dry density (DD) Moisture content (MC) Degree of saturation (DOS)
Sample no. (t/m3) (t/m3) (%) (%)
B 1.81 1.79 99 13.0 12.8 75 75.2
C 1.91 1.86 98 11.0 10.6 75 72.3
D 1.88 1.87 100 1.2 10.9 75 73.8

* Degree of saturation calculated based on the target density and the actual moisture

B.3.4 POST WHEEL-TRACKING PSD

Particle size distribution (PSD) testing was performed on samples extracted from the slabs underneath the
wheel-path and the results for each supplier are presented in each of the following sections.

Supplier B

The PSD results from Supplier B pre- and post-WT testing are summarised in Table B.12 and depicted in
Figure B.5. This shows some breakdown of particles in the sieve sizes smaller than 1.18mm, showing up to
a 5% increase in material passing.
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Table B.12:  Supplier B pre and post-testing PSD data

Percentage passing (%)

Pre-testing
e [ we

19 98 97 98
13.2 86 81 83
9.5 71 68 69
6.7 - 58 59
4.75 56 54 54
2.36 50 48 49
118 36 38 38
0.6 23 28 28
0.425 19 23 23
0.3 13 18 18
0.15 6 1 1"
0.075 26 7.3 7.5

Figure B.5  Supplier B grading curves pre- and post-WT
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Supplier C

Supplier C PSD results pre- and post-WT testing are summarised in Table B.13 and depicted in Figure B.6.
Notably, the Supplier C materials showed little particle breakdown (< 3%) post-WT testing.
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Table B.13:  Supplier C PSD data

Percentage passing (%)

Sieve size (mm) Post-WT testing
Pre-testing
6485-X 6485-2

19 98 100 99
13.2 82 84 82
9.5 67 69 66
6.7 - 56 52
4.75 45 47 43
2.36 35 35 33
1.18 26 28 26
0.6 20 23 22

0.425 17 20 19

0.3 13 16 15

0.15 6.3 9 8
0.075 4.1 6.4 5.6

Figure B.6  Supplier C grading curves pre- and post-WT
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The PSD results from Supplier D pre- and post-WT testing are summarised in Table B.14 and depicted in
Figure B.7. This shows up to 4% breakdown in the smaller sieve sizes, from 0.425-0.075 mm.
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Table B.14: Supplier D PSD data

Percentage passing (%)

Sieve size (mm) Post-WT testing
Pre-testing
6448-X 6448-2
96 98

19 95
13.2 83 82 85
9.5 72 70 72
6.7 - 56 58
4.75 49 46 49
2.36 38 37 39
1.18 31 30 32
0.6 24 26 27
0.425 20 23 25
0.3 16 20 21
0.15 6.9 11 "
0.075 44 78 8.2

Figure B.7  Supplier D grading curves pre- and post-WT
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APPENDIX C TESTING SUMMARY

The specimens have been prepared and tested according to the wheel-tracking testing procedures for

unbound granular materials developed for Austroads (2013a; 2013b). The target and actual testing

conditions, as well as the WT results are summarised in Table C.1. Additionally, the three recycled material surface deformation and rutting performance results are
presented in

Figure C.1 and Figure C.2, respectively.

Table C.1:  Wheel-tracking test summary table
Dry density (DD) Moisture content (MC) WT results

Mean surface Maximum rut depth
Supplier | TargetDD | ActualDD | DD/MDD | Target | Actual | DOS deformation (mm) (mm)
(tm?) (t/m?) std (%) (%) (%) (%) 100 40 000 100 40 000
cycles cycles cycles cycles
75 22 7.9 35

B 1.81 1.79 99 13.0 12.8 114
C 1.91 1.86 98 11.0 10.6 72 1.2 3.6 1.6 5.3
D 1.88 1.87 100 11.2 10.9 74 0.7 1.2 1.0 1.9

Figure C.1:  Mean surface deformation summary
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Figure C.2: Mean maximum rut depth summary
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APPENDIX D INFORMATION PROVIDED WITH
MATERIAL SAMPLE

D.1 SUPPLIER B

Figure D.1:  Supplier B materials test report page 1

Materlals Services - Brisbans
Dapartmant of Transport and Main Roads
Buhwer island Laboratony

398 Tinglra Strect

Pinkenba, Cid, 4008

Teiephona: [07) 3066 3345

lnvrmiment
Materials Test Report
[T g p——— T R
Client:  ARRE Group Fat Tt
21 McLachian Street MATA
Fortitude Valey QLD 4006 N E::: f
Project: NACOE P4 - RMOO! Material Testng L PR . W SRR
S Labaoratony Mumber (Senicr kisheras Technoogist)
Location: 302 Diate: of Issue- SORC01S
FHess DOCUMENT SHALL %O BE REFATIDUCES EXGERT W FLLL
Sample 1D BIL1EW-0142-502 Method: Q1034
nmlsm s Date Tested: 7:07/2013
Source:
Material: RMOO1
Sampled By: Chient
Specification: MRTS35 - Recycled Matenal Blends for Pavements  ([Sieve Size % Passing Limits
Location: . _ 26.5mm 100 100
Client Sample ID: BS19/385 12.0mm 28 25— 100
13:2mm BE 78 -8
2.5mm T 83 -83
4.75mm 58 L4-54
—2“”’“ w T
1.1B8mm 8
Description Mathod Result Limits S00m 23
Apparent Particle Density of Soil [13108] 425pm 19 15-21
Apparent Particle Density (tim’): 204 ELET 13
Diate Tested &072Ma 150pm 6.0
Aiterberg Limits [0 1A 1050 T06] T5pm 28 -1t
Linear Shrinkage (%) Q106 1.8 9.5
Ligui Limnit {%) Q1044 g2 <35
Plastic Limit (%) Q105 6.6
Plasticity ndex %) Qs 28
Weighted Plasticity index (3%} 2105 49
Weighted Linzar Shrinkage (7%:) Q106 30 L85
Diate Tested 180772018
Degradaticn Facior - Fine Aggregate [AS T141.20.73]
Diegradation Factor 57
‘Wash water clear? s
Diate Tested 240772018
Degrdaton Facor 2208 R et
Diegradaticn Factor g
Diate Tested 23072018 —
Flakmess Tngex [J207] ) e
Flakiness Index (%) 4 - /
Date Tested 13 0R2019 el
Farlide Densiy - Coarss |02 148] x| P
Apparent Particle Density (tm™) 204 | RE e
Particle Densay Dry (tm®) 233 | &
Particdle Densdy S50 {tm") 245 «f - ,-v"'r, L=
Water Absorption (%) 50 = e
Rewision Year 2013 { _;_-_M'"”'p',’
Diate Tested 2072018 F o FUF § O F TTEY

Zample lesied a8 received
Apparent Partiie Density pericemed in accordance with Q109 [2017)
AS 114132 - Wieak Particies performed In accordancs wih 0217 [2018)

Frarm Mac PSRN Foaort fs. WA JEL PRVW-01 -0 1 T2 W SO0 T OES TLab by GoecireaES 1 tum m
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Figure D.2:  Supplier B materials test report page 2

Materlals Services - Brizbans
Departmant of Transport and Main Roads
Buteer island Labtaratony

396 Tingira Sireet

Pinkenba, Qid, 4063

- 1 | -
Cusensland Tetephons: (07] 3066 3345
fanvarmmeni
Materials Test Report
AemToiad Iy complance wth ISLAEC 1025 -
Client:  ARRE Group Fat Temtr
21 Mciachian Strest
Fortitude Valey QLD 4006 "\:‘I‘ f
Project:  NACOE P24 - RMOO1 Material Testing WATA Accredied Apprved ml:h'ﬂ-'m heary
JizhE Laboratory NUmber iSenior Materials Technoogst
pcatior e Darie of Issue: GES2H3
THS DOOUMERT SHdil WOT BE REFHODUCED EnCEPT M FLLL
Sample 1D: BELTZW-0142-502 Method: Q103A
f,m'g:.,“m._ ) Date Tested: 7072019
Source: -
Material: RMO01
Sampled By: Chient
Specification: MRTS25 - Recycled Material Blends for Pavements || Sieve Size % Passing Limits
Location: 26.5mm 100 130
Client Sample 1D: BS 190365 £2.0mm 28 95— 100
3.2mm BE 75 =91
2.5mm 71 65— B3
4.75mm 56 24— 54
2. 36mm 50 30 -4
— * 18mm 38
Diescription Method Result Limits G00pm 23
Farticle Densdy - Fine [ZZT2A] 425pm 18 1571
Apparent Parbicle Density (t'm”) 2.50 BRI 12
Particle Drensity Dry (tm®") 2.14 150pm 6.0
Particle Density S50 {tim”) 232 TSpEm 2.8 i-11
Water Absorption (%) B1
Rewvision Year 2018
Dtate Tested &'0R2018
Faride Sze Distnbutan of Sol - Vet Sieving [S103A]
Fines Ratio 0.14
Weak Fartides (A5 T141.27]
Weak Partickes %) 0z
Passing 2.38 mm Sieve %) 521
Diate Tested 508/2013
WetDry Srength Vanation [QI058EC]
Hominal Sample Size (mm) 20
Neure o i Combed ok e
Fraction Size -13.2 + 8.5 mm
Wet Strength (kN) 1M o
Diry Strength (kM) 143 = :
WetDry Strength Variation (%) 32 *1 /
Rewision Year 2013 "l e
Diate Tested 28082018 J gt
1 L
/ =
___,-v-"'""f' F
Y] ] i
T
Apparent Pariicie Density performed In accordancs wih Q109 (2017)
AS 114132 - Wealk Particies pefformed in accomdance wil G217 (2018)

Fort= Fie: TOU0N, Monsrl Fie WA T THL TRVwo A S 1 o SO POTE LIS Tiah by GpecirwiES T com Fugeiﬁrz
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Figure D.3:  Supplier B maximum dry density report
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Location: INa Dt of Issue: 150852018
THE DERTUMENT Sral L K0T BE REFRODUCES EXSEPT i FLLL
Location:
Sample 1D: BIL18W-0142-502 Diate Sampled:
Sampling Method:
Source: . B Material: RMDOY
Specification: MRTS35 - Recycled Material Blends for Pavements
Location:
Tested By: Jason Maudsley Date Tested: 11072018
O9: Adr Voiss Maximum Dry Densty - Siandard fQ1424]
Standard MDD (tfm”): 1.
Dry Densily (L] Standard OMC {%]: 15.5
11 S ’ MC Test Method: QilzA
----------------- Owversize Sieve (mm):
Gl Crversize Material (%)
Crversize % Basis:
Curing Duration (h): 24
LT Plasticity Determination Method: Q1044
1780 +
1770
1780 }
1180+ |
1040 1 :
1ot : KNS SSSCULEL N WL, N S Y W S ——
120 110 140 150 168 1Ta 8D LT 1]
Moisture Corsent (%)

Malsture Conbent performed In accondance wih Q1024 (2016}

Sith TS, Maport b MIOCCHL TRRLDTS2-8I0 -3 g M 0020 a O
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D.2 SUPPLIERC

Figure D.4:  Supplier C materials test report page 1

Materals Services - Brishana
Departmant of Transport and Main Roads
Bulwer island Labaratory

3596 Tingira Street

Pinkenba, Cid, 4008

- 3 | -
usenolnd Tesephone: (07] 3066 3345
Gndremmend
Materials Test Report
e e ———— T S T P
Client:  ARRE Group " Tntrg
21 McLachlan Strest
Fortitude Valley QLD 4006 "\:;‘ z
Project:  MACOE PB4 - RMODT Material Testing HATA Accredied Apprmved mllh-a-m!ew
Location: Laoratory Mumber {Senior Waterials Technoogisty
3 Diate of lsues SOS2013
THES ECCURERT Skl ] NOT BE MEPHDEUCED ERCERT B FLLL
Sample ID: BEL 10W-0142-503 Method: Q103A
f,m’gﬁ',,",m-_ ] Date Tested: 7072019
Source: I
Material: RMO01
Sampled By: Client
Specification: MRTS25 - Recwoled Material Blends for Pavements  |[Sieve Size % Passing Limits
Location: ) 7 B 20 B 100 100
Client Sample 1D B512/368 12.0mmi o8 25— 100
13.2mm g2 75 -92
B.5mm &7 65 - 83
4. T5mm 45 2454
2 36mm 38 30 -48
— 1.16mm 20
Description Method Result Limits G00pm 20
FApparent Parbicle Densitty of Soil T T0E] 425pm i7 15 -71
Apparent Particle Density {tm™): 285 200qEm 13
Diate Tested 170712018 150pm 6.3
Atterberg Dimits [QT0MATITOEQ 0] TSpm 4.1 i-11
Linear Shrnkage (%) Q108 a5
Lauueidt Limnit (%) Q1044 332 535
Plastic Limit {3} Q108 30.8
Phasticity index (%) Q105 28
Weighted Plasticity index {%) Q105 43
Diate Tested 072018
Degraaaton Facior - FINe Aogregacs [As 113 1.20.3]
Degradation Factor 28
‘Wash water claar? Yes
Ciate Tested 240712018
TDegradaton Facior [L20eg]
Degradaticn Factor 3
Diate Tested 230720118
Fakness Index [2071] 2w
Flakiness Index (%) g = ;
Diate Tested 15082019 *1 L'
Fariicle Densiy - Coarse [AZT4E] | T
Apparent Particle Density {tm®) 288 | 4
Particle Densiy Dry (m) 2.33 R /
Particle Density S50 {tim") 248 < : ¥
‘Water Absorption (%) 55 | Pt
Rewvsion Year 20138 1 e meem= T
Date Tested 2407/2018 [ =T
¥ ; 5 | £ ) }
Sample tested 26 recehed
Pariicie Density performed In acconance wiih Q109 (2017)
A3 1141.32 - Weak Paricies performed in accomdancs wiln G217 (2018)
Tomm e ToW, Mmoo Plm AT BLUAWW-OTAG-G0RT  Tg A U001 UG TLaD by Geectwa s | com Fage Tl 2
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Figure D.5:  Supplier B materials test report page 2

Materlals Servicss - Brisbana
Departmant of Transport and Main Roads
Butwer Island Laboraiony

3398 Tingira Sireet

Pinkenba, Gid, 4004

el et} - =
Oaansieed Telepnone: (07} 3056 3345
nvPrnment
Materials Test Report
AocTadind I Corslmhos Wi IBLEC 1105 -
Client:  ARRE Group s Tawkryg
21 MicLachian Street
Fortitude Valiey QLD 4008 '!\.'}" i; Z
Project:  NACOE PS4 - RMID1 Materia Testing NATA Accreshes Aoomves Signatony Artmany Nean
Location: Laboratory Mumber (Senior Maberiais Technooges
302 Diate of Izsus SORI0TS
T8 DOCUNENT SHALL HOT BE REPRODUCED EXCERT B FLLL
Sample 1D: BIL1EW-0142-503 Method: 21034
ﬁﬂ:“mﬂmm i Date Tested: 7/07/2013
Source:
Material: RMO01
Sampled By: Chient
Specification: MRTE3E - Recycled Material Blends for Pavements  [(Sieve Size % Passing Limits
Location: 268.5mm 100 Lo
Client Sample I0: B5190260 18.0mm o] Bi-100
13.2mm 82 TH-81
@ 5mm &7 53 - B3
4 T5mm 45 EERS.
2. 36mm a5 - 48
1.1Bmm bl i]
Description Method Result Limits G0lpm 0
Faricle Density - Fne [z 145] 425um 17 13-21
Apparent Particle Density {tim®) 82 A00pm 13
Particle Density Dry (tm™) 213 150pm 8.3
Particle Density S50 {tim’) 233 TEm 41 5—11
Water Abscrption (%) 6.8
Rewvision Year 2018
Date Tested &0R2019
Paride Sze Distnbumhon of Sol - Wel Sieving [T054A]
Fines Rato
Weak Parices 165 1131.50]
Weak Particies [%) 04
Passing 2.38 mm Sieve {3 3.8
Date Tested SDE2019
Wetlry Soength Vanaton [A5AB]
Nomnal Sample Size (mm) 20
Nature of Sample Crushed Rock
Fraction Size -132+ 8.5mm
Wet Strength (kN) 111
Diry Strength (kN 181
WetDry Stremgth Variation (%) 31
Rewision Year 2018
Date Tested JNDB2018

Sample tesied as received
Apparent Particie Densty performed in accondance with @103 [2017)
AS 1141.32 - Weak Particies performead In accondance wilh Q217 [2013)

Faoie Bz TSGR, Toacoyt Fie: WGR,| INL DIW-01A-S T T W SO TS GRS TLab by BpechwoEs 1 com ﬂaﬁm
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Figure D.6:  Supplier B maximum dry density report

Materlals Services - Brisbans
Dapartmant of Transport and Maln Roads
Bulwer i5land Labaratony

39E Tingira Sireet

Pinkenba, G, 4003

Telepnons: (07) 3056 3345

Quu-nlhnd
Gwrrnment
waimum ory Densy Report |

u-ﬁdhwmmﬁrﬁ_

Client: ARRB Group

21 McLachian Street "‘,1-.,

Fortitude VaSey CGLD 4006 i;"
Project:  MACOE PB4 - RMID1T Material Testng NATA Accredied m wm;ngm
L =2 Labomabory Number (Semior Maberials Technoiogist:

= 23032 Dz of Issue: 16052019
THS DOCUMENT SHALL &OT BE REFRODUCED EXCET N FLLL

Location:
Sampde 10 BIL18W-D142-303 Date Sampled:
Sampling Method:
Source: Material: RMBDO1
Specification: MRTS35 - Recycled Material Blends for Pavements
Location:
Tested By: Jason Maudsley Date Tested: 16072012
[Dry Density - Moisture Relationship |
0% Alr Voiss Madmum Dry Densty - Standand jO1424]
Standard MDD (thm7): 1.H
Cry Denslty (U] Standard OMC (%) 140
T s @ e e T = MIC Test Method: Q1ozA
Cwersize Sieve (mmj):
Crwersize Material {%):
Owersize % Basis:
Curing Duration {(h}: 3

Plasticity Determination Method: 21044

1y ¢ 4 | + 31 + + ] + | : i
"o 20 1o 14.5 150 o iva

Baishara Cansant (%}

a6 rede

e
Malsture Content performed In accordance with Q1024 (2016}

ST T p— LT A B T2 W ST OES ' Lab by SpmciwlE S con Fage icf i
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D.3 SUPPLIERD

Figure D.7:  Supplier D materials test report page 1

Materials Services - Brisbans
Dapartment of Traneport and Makn Roads
Bulwer island Labaratory

J9E Tingira Sireet

Pinkenba, G, 4008

Telepnone: (07) 3066 3345

Gvrrmment
Materials Test Report
Rezamaiad b e Wil IBOAEC LTS~ |
Client:  ARRE Group A T
21 McLachian Street MATA
Fortitude Valley QLD 4006 NS
e \
Project:  MACOE PB4 - RMD01 Material Testing NATA Aocresmed Aopmed Signatony Arsony Heary
Location: Laborationy Mamier (Senior Makedals Technongist)
= 302 DCiate of Izsue: SOSIMS
Tl DOGUMENRT SHALL MOT BE REPROEULED EXCERT I FLLL
Sample D BEL10W-0142-504 Method: Q103A
gdelg:,ﬁp;edz ; Date Tested: B/07/2013
Source:
Material: RMO01
Sampled By: Clent
Specification: MRTS25 - Recvwcled Matenal Blends for Pavements || Sieve Size % Passing Limits
Location: - 26.5mm 100 1o
Client Sample ID: B5180367 18.0mm 25 B3 - 100
132mm el TH-92
2.5mm T2 63 - B3
4. 75mm 48 A -64
|Other TestResults |50 -~ -
1.18mm 3
Description Method Result Limits B0y 4
FApparent Particle Diensity of Soil [GT08] 425pm 0 15 —21
Apparent Particle Density (tm™): 281 300pm 18
Fiterberg Limits [QTHAGTIGAIT0E] 150)m 68
Linear Shrinkage (%%} Q108 L5 TSpm 4.4 i-11
Laguued Limnit (%) Q1044 4.0 535
Plastic Limit {32) Q105 30.0
Plasticity Index %) Q105 40
Weighted Plasticity Index (32} 2105 T4
Diate Tested 4072018
Diegradation Facior - Fine Aggregate [AS 11471 25.7]
Diegradation Factor
Wash water clear? Yes
Diate Tested 240772019
Diegradation Facior [L20E0]
Diegradation Factor 5
Diate Tested 2H07/2019
Flakmess noex [W20T]
Flakiness Index (%) 10
Date Tested 150872018
Farficle Densiy - Coarse [U2 148]
Apparent Particle Density {t'm™) 283
Particle Density Dry (tm™) 2.7
Particle Density S50 {tfm?) 240
Water Absorption (%) 6.0
Revssion Year 2013
Date Tested 240772018
Farticle Densdy - Fine [TZ 14A] 1
Apparent Particle Density (tm) 2.58 i r r it F I F =t
Particle Density Dry {t'm™) 212 ) = . y
Particle Density S50 (t'm™) 230
Sample tesied 35 received.
Pariicie Density performed In accordance with Q109 (2017)
A5 114132 - Weak Paricies performed In accordance wilh G217 (2018)

Form Mo VEN, Report Mo MAT HL FiW-01 L5041 Ao B 0 P GE S TLm by SracirawiGt s | coam Fﬁw [4] z
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Figure D.8:  Supplier D materials test report page 2

Mafgriale Servicas - Brizhana
Department of Transport and Maln Roads
Bulwer island Labaratony

349E Tinglra Stireet

Plinkenba, Cid, 4008

45— ol = -
Cuesnilind Tefephone: (I7) 3066 3325
(anwrrnmieni
Materials Test Report
Boriadied 7 corchms miln IBLNEL ThGS- |
Client:  ARRE Group e Tastrg
21 Mclachian Sireet MATA
Fortitude Valey QLD 4006 W
Project  MACOE Po4 - RMOOT Material Testing MATA Accredbed. Aoprnved &mmmem
Lisction: Laboratory Mumber ;Senior Miaterials Technoigist)
202 Date of lzsue: SOS2013
THES GOCUMERT SHALL KET BE REPROCUCED ERCERT B FULL
Sample ID: BEL18W-D142-504 Method: Q103A
E:TEP:MW m Date Tested: £07/2019
Source: |
Material: RH001
Sampled By: Chent
Specification: MATS35 - Recycled Matenal Blends for Pavements  ||Sieve Size % Passing Limits
Location: | 256.5mm 100 10
Client Sample [D: BS519/257 18.0mim 25 25— 100
13.2mm 53 76 -9
B.5mm T2 63— B3
4. T5mm 42 L4-64
2. 36mm 28 50 -48
|Other TestResuts Vg a1
Description Method Result Limits G00pm 24
Particle Densdy - Fine [LIT2A] 4.25q8m pail 13 -3t
Water Absorpbion (%) &5 300pm L]
Rewvision Year 2018 150um 5.9
Date Tested &'0e/2019 Topm 4.4 S-1t
Parficle Size Distnbuticn of Soil - Wet Siewing [QT03A]
Fines Ratio 0.2
Weak Patides (RS TT81.2]]
Weak Particles %) 0.5
Passing 230 mm Sieve (%) ara
Date Tested 5082018
WelDry Shrengh vanabon [J20oAE0]
Mominal Sample Size {mm) 20
Hature of Sample Crushed Rock
Fraction Size -132+ 9.5 mm
Wet Strength (kN) 23

Dr Srengh () chart |
WetDry Strength Variaton (%) M

Revision Year 2013 i
Date Tested 20vDB/2010 . =

Sample tested as recelved.
‘Apparent Parikie Densiy performed in accordance wih Q109 [(2017)
A5 1141.32 - Weal Paricies performed In accondance wil G217 [2013)

Form Pie. PR, ot Fic MR | DOL 1 W= - o 3 PU-FOTE GES 1LaD by GrechmGES T.cam Fage 2ol 2

1.0 | P94 - Optimising the Use of Recycled Materials in Queensland for Unbound and Stabilised Products (2019/20 - Year 2) 69



Figure D.9:  Supplier D maximum dry density report

Materials Services - Brisbane
Department of Transport and Main Roads
Bulwer Island Laboratory

398 Tingira Street

Pinkenba, Qid, 4008

Telephone: (07) 3066 3345

Queensland

Government
Maximum Dry Density Report
Accredited for compiance with ISOMEC 17025 -
Client:  ARRB Group A\ Teng "
21 McLachlan Street NATA
Fortitude Valley QLD 4006 v
Project: NACOE P94 - RM001 Material Testing MATA Accredited Approved Signatory: Anthony Neary
Location: Laboratory Number (Senior Materials Technologist)
. 2302 Dite of Issue: 16/08/2018
THIS DOCUMENT SHALL NOT BE REPRODUCED EXCEPT N FULL
Location:
Sample ID: BIL19W-0142-504 Date Sampled:
Sampling Method:
Source: Material: RMOO1
Specification: MRTS35 - Recycled Material Blends for Pavements
Location:
Tested By: Jason Maudsley Date Tested: 18/07/2019
0% Air Voids Maximum Dry Density - Standard [Q1424]
Standard MDD {t/m?): 1.88
Dry Density (U Standard OMC (%): 14.0
RBRT 1 - v b A g T e S L MC Test Method: Q1024
L : ~ . Oversize Sieve (mm):
—r i Oversize Material {%):
| i Oversize % Basis:
o i Curing Duration (h): 2
| ! ] Plasticity Determination Method: Q104A
1850 l i :
I :
18401 -
|
|
1830+ -
i'
1,820 |
i
1.810 i
1.500% 13
12.0 13.0 14.0 15.0 16.0 17.0 18.0 18.0
Moisture Content (%)

Sample tested as received. BS19/367
Moisture Confent performed in accordance with Q102A (2016)

Form Mo: 18085, Report No: MOD:BIL1E8W-0142-504-2 ;¥ 2000-2018 QESTLab by Spectr=QEST.com Page 10f 1
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APPENDIXE WHEEL PRINTS

Figure E.1:  Wheel print, 7.96 kN, centred, 0 °C rotation

fyre reference: Tyre No ... /") i O vate: 8./.5../ 2. ..
jupport material: MDF (2. mm} @ Room temperature (°C): (%,
Mnndﬂm@hﬂ/liht

Tyre pressure (kPa/psi): 0067,

fertical load (kN): 7 (¢

dbservations: width= 94 mm,length= (72 mm

10

Figure E.2:  Wheel print, 7.97 kN, centred, 90 °C rotation

reference: Tyre Nol 124 R,5s.20
Tsr:punmﬂ: MDF (7. mm) Rovavios q0° :nhmpst . re (°C): ;¢
Tyre W:@ left / right
Tyre pressure (kPa/psi):

Vertical load (kN): 7.9 7¢v
Observations: width= ¢ mm,length= {73 mm

1.0 | P94 - Optimising the Use of Recycled Materials in Queensland for Unbound and Stabilised Products (2019/20 - Year 2) 71



Figure E.3:  Wheel print, 8.01 kN, centred, 180 °C rotation

Tyre reference: Tyre No L[5 (17)
Support material: MDF (.30 mm) Rowton - [ 800
Tyre positi left / right

Tyre pressure (kPa/psi): £oC

Vertical load (kN): 20|

Observations: width= 47 mm,length= |70 mm

Room temperature (°C): | &

10

Figure E.4:  Wheel print, 8.10 kN, centred, 270 °C rotation

reference: Tyre No S(5/11) 3,5
mw muw;nF (320 mm) Rotarier : 2 70° m'mm"u'd&; ¢
Tyre Mﬁnz@ left / right

Tyre pressure (kPa/psl): Goo
Vertical load (kN): %0 ¥~
Observations: width= q7 mm,length= |74 mm
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APPENDIX F DEFORMATION AND RUTTING

F.1

RATE

SUPPLIER B

Figure F.1:  Supplier B overall mean deformation and maximum rut depth data and rates
= 15 4| — — — Owverall mean deformation (Mean Isy error = 2.1e-02 mm)
E Al ====== Overall max. rut depth (Mean Isq error = 5.9e-02 mm)
5] 14t
E_ 109 H’
5 E . b
=
3 E ‘_+.++ wi
8 E 5] P Y
Q -
£ | --u--"":::-.-#r"w
@ E L e i R e
n T T T T
10° 10’ 10 10° 10* 10°
=
2
B 4 fSE=s
E w0 ™ Rrma,
£ 7 s
2 1 =B
z g LB
R g
= E — — — Owverall mean deformation ] "-ﬂluq__:l
EE g*|------ Overall max. rut depth FEge.
= 0
9 — — — — ;
®
EE 10’ 10° 10° 10* 10°

F.2

Mumber of loading cycles

SUPPLIER C

Figure F.2:  Supplier C overall mean deformation and maximum rut depth data and rates
Material 6438 - Slab 6485
8
a — — — Overall mean deformation (Mean Is« error = 1.4e-03 mm)
g g || FEEREE Overall max. rut depth (Mean Isq error = 1.4e-03 mm)
i _
2
S E 4 =
5 E Hr 4
= 4
s = A0
s B 2 ke
Hy -3-FF3-
R DR i &G
u T T T T
1IJcl 10 102 103 10 105
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E asy.
= . SEroeoL Ll
% 10” el T
= E T ¥y
&£ - B2
= E — — — Overall mean deformation et o8- . Bey.
E- E s || Overall max. rut depth ® L5 T
Z 810 T T i :
EE 40 10’ 10° 10° 10 10°
Number of loading cycles
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F.3 SUPPLIERD

Figure F.3:  Supplier D overall mean deformation and maximum rut depth data and rates

Material 6439 - Slab 6448

= — = =  Owverall mean deformation (Mean Isq error = 3.9e-03 mm)
E | eremee Owverall max. rut depth (Mean Isq error = 7.8e-04 mm)
g 1
E_2
i ++'r+"++| |
= E’ * _*_.*-
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o B 14 . '
e 10 U B
@2 ="
D T T T T
10° 10" 10° 10° 10° 10°
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= E — — — Overall mean deformation | ® o "-:l':-"-q
EE & [-a---- Overall max. rut depth = e
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APPENDIX G TEST PHOTOS

G.1 SUPPLIER B

Figure G.2: Sealed surface before wheel tracking

Figure G.4: Rut depth after 40 000 cycles

Figure G.5: Preparation for sand replacement
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G.2 SUPPLIERC

Figure G.7:  Surface after compaction Figure G.8: Sealed surface before wheel tracking

-

p—_ |

Figure G.9:

Sealed surf

ace after

-

wheel tracking

Figure G.12: View from right side when unmoulding

- oy - F
S A - ;
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G.3 SUPPLIERD

Figure G.13: Surface after compaction Figure G.14: Sealed surface before wheel tracking
g‘“’:w' o T i

Figure G.15: Sealed surface after wheel tracking Figure G.16: Rut depth after 40 000 cycles

Figure G.17: Preparation for sand replacement

1.0 | P94 = Optimising the Use of Recycled Materials in Queensland for Unbound and Stabilised Products (2019/20 - Year 2) 77



