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ABSTRACT

There have been a number of innovations and develofs in Western Australia in recent years on seaf recycled

materials in road pavement construction. Maternieded or being researched include demolition mdsef@ncrete,

bricks and tiles), asphalt millings, existing griampavement material, scrap rubber, glass, plasiicvitrified clay pipe.

There are sound environmental reasons for makie@fiecycled materials. In terms of cost, savindandfill fees are

a significant factor. In some cases, the addiiorecycled material to standard road pavementmaddesuch as bitumen
and asphaltic concrete results in an improvememptraperties. A key objective of this paper is toilitate the wider

adoption of the use of recycled materials in roaebpnent construction. This document was producedvagrking group

from the Western Australian Pavements Group (a crubuttee of Australian Geomechanics Society conmgis
Consultants, Main Roads WA, Local Government, Mat&Suppliers, Contractors and Researchers).

“Old boots, tin kettles and other things of thatkiformed a capital first foundation for a new roader a meadow. In
laying out a new estate, he knew of nothing begterept perhaps burnt ballast.ongrove (1879)



1. INTRODUCTION

Road construction materials have remained relativethanged in the last 50 years. Bitumen, asptaticrete, natural
gravels and crushed rock has proven themselvessodenver again for road construction and there lhaen few drivers
for change. However, developments in the lastdie@aound climate change and sustainability aggering pressure
for change in all industries and the road buildiegtor has begun to adapt. The dumping of demmohtiaste and asphalt
millings in landfill is no longer good practice atite recycling value of these and other inert nigteis now well
established. The introduction of significant lesvn landfill through legislation is further drigrthe recycling of these
materials which should no longer be viewed as wasteas valuable resources in their own right. Muork has been
done by both the private and public sector to drpart with new materials and techniques and nunetdal projects
have been constructed. Many procedures have agdamell beyond the trial phase and are now acceptathiques in
some sectors of the industry. To facilitate the af recycled materials for road pavement constrncin Western
Australia (WA) a group from Australian Geomecharegiety has put together a combined paper addretse use or
potential use of recycled materials for road cartdion in WA. Materials addressed include crustesycled concrete,
comingled demolition material, crushed vitrifiediglpipe, crushed glass, scrap rubber, asphaltgulland plastic.

2. SOCIAL AND ENVIRONMENTAL BENEFITS AND ISSUES IN USI NG
RECYCLED MATERIALS

2.1 BACKGROUND

There are approximately 187 500 km of roads in \Atasfustralia and over 30% of these are sealed {@hfedustralian
Local Government Association 2015 and Main Roads 20A4). The majority of the network was constrdalecades
ago and many of these roads are reaching the eritleof useful design life. Expenditure on road preation,
rehabilitation and reconstruction activities issitipping capital expenditure and this ratio isented to increase. The
mining and agricultural expansion in regional afeas seen a vast increase in the volumes of heghiglgs on country
roads and this has further driven the need for readbilitation activity. This is greatly exacerdd in the Wheatbelt
region of WA as deregulation of transport by treesgovernment and the closure of many railwaysltmes shifted more
grain and fertiliser cartage onto the road netwadcal Government is responsible for approximag89o of the total
road network (excluding Department of Parks anddif@ and private roads) and in 2013-14, 71% ofeaxjiture was
on maintenance and renewal. This increasing tiemdhabilitation and reconstruction activitiesdisving the case to
recycle the existing in situ materials rather th&@posing of them in landfill and importing virgmaterials.

To properly understand the potential impact of ciiag in the WA road industry it is desirable tdiemte the total
annual demand for gravels and aggregate in the ba#ding industry. In 2013/14 Local Governmenedsbout 1.9
million cubic metres (3.8 million tonnes) of roadnstruction material (estimated from reported dti¢is, WALGA

2015). Main Roads WA used about 1.4 million tonofoad construction material in 2013 (Main Rosda 2014).

Construction and demolition material has the paaétd provide a significant proportion of the tbgantity of material
required for road construction as evidenced by & abl

Table 1. Construction & Demolition Materials Relagtin WA 2012 -13 (Source: ASK Waste Managemendt320

Material Net Recycling (tonnes)
Asphalt 106 896
Bricks 59 624
Concrete 351721
Sand, Soil, Clean Fill and Rubble 661 855
TOTAL 1180 095




2.2. BENEFITS OF USING RECYCLED MATERIAL FOR ROAD CONSTR UCTION
2.2.1. Cost savings

Significant direct cost savings can be achievednbgitu recycling of existing road base materials.typical road
pavement can be recycled by in situ stabilisatiotess time than it would take for full reconstiant The savings in
transport and material costs are substantial. eraer also significant indirect savings througkduction in greenhouse
emissions, environmental degradation through quagrgctivities and a reduction in traffic disruptioln WA the in situ
reuse/recycling of existing road pavement materjaften with the addition of cement, bitumen or dignis routine
practice and is not addressed further in this paper

The use of construction and demolition materigbhast millings and other recycled products has bezgignificantly
more attractive since the increase in the lantHily in WA from $8 to $40 per tonne. Sending matetd a recycling
centre rather than a waste disposal site providesisaving in many locations.

2.2.2. Reduced Traffic disruption

In situ recycling of existing pavement materialulesin a reduction in heavy vehicle traffic thavwid be required to
transport new materials from quarry to site.

2.2.3. Reduction in Land fill

Land fill space is highly valuable and the occupaif this space by the discarding of inert redyidanaterials should
be avoided. The use of recycled materials for rmmaubtruction can play a significant role in redigcthe quantity of
material going to a landfill and conserving spamerhaterials that cannot be recycled.

2.2.4, Reduction in Atmospheric Emissions

The construction industry is a major contributooterall emissions and in coming years there valhiounting pressure
to reduce emissions. Recycling of existing makgrite use of construction and demolition mateaiad other waste
material provide a clear avenue to achieve sigmificeductions. The recycling of in situ materiadéng purpose built
recycling machinery is now a well-established tetbgy around the world. In situ recycling of roadsk material
significantly reduces emissions that would haveuo®a through the extraction and transportatiowiafin materials
and the disposal of the replaced material. Theofiskemolition material similarly produces savirtgsreplacing the
extraction and transport of virgin materials. Tise of demolition material does generate transmpmttmanufacturing
emissions but this is offset by the emissions Watld occur if it had to be transported and platced land fill site.
Similar arguments are relevant for the reuse dameed asphalt.

2.2.5. Reduced Environmental Degradation

Gravel, sand and rock for road construction aretimextracted by open pit excavation and often frondisturbed
environments. Damage to the environment is inelatdisough the loss of natural vegetation, aninadlitats and scarring
of the landscape. Large excavations can be dettahéo surface runoff and interfere with groundevainovement.
There will always be a requirement to mine natgralels in the regional environments but effortsstduce this should
be encouraged. The use of in situ recycling, deimolmaterial, recycled asphalt and other recyctexterials directly
offset the traditional use of quarried materidgtural gravels are a finite resource and goodityugiavels are becoming
harder to find, the use of demolition material &mel in situ recycling of existing materials preseatmore sustainable
solution.

2.2.6. Reduced Noise and Dust

Quarrying operations are noisy and require strainggss controls to prevent the generation of lamgeunts of dust.
The use of in situ recycling and recycled mateniglsreduce the dependence on quarried materlleen purpose built
equipment is used, the recycling of in situ matenartually eliminates the emissions of dust thatuld occur when
loading, unloading, placing and grading of matertArough conventional techniques.

Recycling of demolition material requires carefldmagement as recycling facilities may be locatdulitt up areas.



2.3. RESTRAINTS ON THE USE OF RECYCLED MATERIALS IN ROAD CONSTRUCTION

Industry surveys to identify inhibitors to the usferecycled products in road construction in WA édeen conducted
by Leek & Huband (2010) and by ASK Waste Manager(@dt3). The identified restraints from these sys/and from
information gathered from workshops conducted bystétem Australian Local Government Association (WALGare
summarised below:

» Alack of confidence in the performance of recygbedducts.

« Afear of change, the use of conventional techrécarel materials are well established and it isse&sicarry on
doing things the same way.

* A perception that the use of recycled materialssiases the level of risk in pavement performance.

» Concern over contaminants including heavy metalsgns and asbestos.

* Ignorance about product specifications and desigogulures.

» Insufficient information to assess the economicaatzges.

» Insufficient knowledge about construction technigjue

e Lack of a landfill levy outside the metropolitarear

« Performance concerns and a lack of promotion addrsement from state agencies especially concethimg
use of demolition material.

3. CRUSHED RECYCLED CONCRETE AND COMINGLED DEMOLITION
MATERIAL

3.1. TERMINOLOGY AND GENERAL COMMENTS ON THE USE OF DEMO LITION MATERIAL

The Western Australian Waste Authority defines Qaudion and Demolition Waste as “that which arigesm
construction, refurbishment or demolition actiwstie Construction and Demolition Waste materialduice concrete
brick, rubble, asphalt, metals (ferrous and noreigs), timber, wallboard, glass, plastics, asbestod and other
materials and products”. Construction and DenmiitiVaste is a valuable resource from which matéoiaonstruct
roads can be sourced. Not all such material italslai for recycling into road building material. orFpublic and
occupational health reasons asbestos is excludether is unsuitable due to the potential for degtimeh and termite
attack. Metals must be excluded as iron will oxéd&and expand causing problems analogous to concagteer.
Aluminium must be excluded as the alkali environtrefircrushed concrete prevents a stable oxide fager forming
and the material degrades to an expandable geslikstance.

Terminology with regard to crushed recycled coreratd crushed concrete containing other matetials as bricks has
not been standardized in WA (or in Australia). Wmber of pavement trial and demonstration projeate been carried
out in WA, some using material that is almost allshed concrete and some that had the crushedetermmingled
with other recycled construction material suchlag bricks and tiles.

For convenience the materials have been separdtethio classifications:

Crushed Recycled Concrete (CRC)s crushed construction and demolition waste toaitains at least 90% crushed
concrete and is largely free of deleterious contamis.

Comingled Demolition Material (CDM) is crushed construction and demolition wastedbatains 50% to 90% crushed
concrete, blended with crushed bricks, crushedtiles; reclaimed road base or reclaimed asphalt.

This division based on 10% or more of non-concisfer convenience when describing various dematistn projects.
In only one project (Kwinana Freeway) was the prtipo of material other than concrete accurateledeined. On
other field trials there was no direct measurehefgroportion of non-concrete material and tharditibn between CRC
and CDM was based on the description (e.g. “alicstrral grade concrete”) or photographs.

3.2, MAIN ROADS WA PERSPECTIVE ON CRC AND CDM

The eastern states of Australia have a long histotly the use of pavement material sourced fromstrootion and
demolition waste. In Western Australia, the indysdrhaving difficulty in gaining market acceptandespite the reports
of several successful demonstration projects witténstate including trials by the City of Kwinafpaeviously Town of
Kwinana), City of Canning, City of Cockburn and \Cif Gosnells.



Main Roads WA introduced a sub base specificattnCfRC/CDM in 1995 largely based on practice in Neswuth
Wales and Victoria. A Main Roads WA basecoursei§igation for the use of CRC/CDM was introducedi®04 and
withdrawn in 2011.

In 2012, the Main Roads CRC sub base specificatias withdrawn from general use due to concerns theerisk of
asbestos contamination. The Department of Enviestiad Regulation put in place new Guidelines ancehsing
Requirements for C&D Waste Recycling Facilitie2®il3 to more tightly manage the risk of asbestagasnination.

These guidelines require recycling premises tdrpptace asbestos management plans including aidiegttesting for
asbestos content.

In 2015, the Department of Environmental RegulatfgA) published additional Guidelines (Material Geiline:
Construction Products) on the maximum acceptalohitdi of other potentially hazardous contaminantgeaycled
materials. These Guidelines outline Recycling IRas’ responsibilities, but also make it cleaathlthe end user is
responsible for ensuring that the material isditdse.

Main Roads WA has continued to use CRC as a sub iaserial since 2013 (on Alliance contracts) wétiditional
management controls, including working closely vt Department of Environmental Regulation andObkpartment

of Health, and also engaging an independent asbesioert on each project to independently audittaastirecycled
materials for asbestos contamination.

3.3. LOCAL DEMONSTRATION PAVEMENTS
3.3.1. Kwinana Freeway, Main Roads WA

Background
MaingRoads WA constructed a C & D pavement dematistr section on Kwinana Freeway in 2009. The riec/c
basecourse material was supplied by All Earth Recy@nd referred to as “co-mingled”, but has baassified as CRC
in this paper based on the reported proportioroofeconcrete material.
The pavement was constructed on Tamala Sand subgraticomprised:

e 30mm - open graded asphalt

» 30mm - dense graded asphalt

e 10mm/5mm two coat emulsion seal on a prime

* 260mm — CRC basecourse

e 170mm — crushed limestone sub-base
Is was reported that a tightly bound surface waslpeced and the basecourse achieved a characteingtaensity of
101% of modified maximum dry density was dried baxB0% of optimum moisture content.

Laboratory Testing Results

The material properties of the recycled productdume summarised in Table 2. Typically, the resulticate that the
recycled basecourse material met the requireméite dlain Roads WA (MRWA) specification.

Foreign Material testing indicated that Sample 7hd8 0% asbestos. In addition, it showed that #mepte slightly
exceeded both the allowable percentage of highityemsaterial (brick, glass etc) with 5.1% retaingg@ecification limit
5%) and vegetable matter 0.1% retained (specifindimit 0%).

Table 2: Particle Size Distribution CRC basecowrsé&winana Freeway demonstration section.

Particle size distribution (PSD)
. . MRWA (.:RC Sample No: 7149 Percent| Sample No: 7042 Percent
Sieve size (mm) Specification for Passing (%) Passing (%)
Basecourse assing (% 9
26.5 100 100 100
19.0 95-100 100 99
9.5 59-80 61 73
4.75 41-60 42 52
2.36 29-45 32 40
1.18 20-35 26 33
0.600 13-27 20 25
0.425 10-23 15 19
0.300 8-20 11 13
1.150 5-14 6 7
0.075 3-11 4 4
LL (%) 35% max. - 35
LS (%) 3.0% max. - 0.4




Particle size distribution (PSD)
. . MRWA C.:RC Sample No: 7149 Percent| Sample No: 7042 Percent
Sieve size (mm) Specification for . .
B Passing (%) Passing (%)
asecourse
CBR Soaked (%) 100% min. 150% -
Los Angeles Abrasion o Sample No. )
value (%) 40% max. A4360 = 37
7 Days Unconfined
Compressive strength 1.0MPa max Sample No. Sample No.
(UCS) & soaked for 4 ' ' P09/752 = 0.3 MPa P09/753 = 0.18 MPa
hours

Deflection Testing

FWD curvature data for CRC, Crushed Granite RockeH&€RB) and Full Depth Asphalt (FDA) is plottedHigure 1 to
assist in characterising the relative stiffnesthefCRC base course material. Monitoring has beeducted at 6 monthly
intervals comprising FWD testing and rut measuresien

Average rut depth of the CRC trial section in OetoP015, six years after construction was 2.6mm.

Summary of Trial

It is clear that the material is very stiff haviagurvature response similar to full depth aspindicating that the base
course may be behaving as a bound layer. Unconéioegressive strength (UCS) testing undertakendonralance with
Test Method WA143.1 did not identify the materiallikely to be bound in service. The UCS valueseng to 0.3
MPa, suggesting that post construction hydratioceafient in CRC occurs over a longer timeframe tharstandard test
procedure of 7 days curing used with virgin cement.

Kwinana Fwy Extension Trial Sections - FWD Curvature On Wearing Course (Temperature Corrected - 2004 Method)
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Figure 1. Kwinana Freeway Extension DemonstraBentions — FWD Curvature (700kPa) on Wearing Course
(Temperature Corrected — 2004 Method).

3.3.2. GILMORE AVENUE TRIAL, TOWN OF KWINANA
Background
As part of an initiative by the State Governmenhg¢Ema 2004), Waste Stream Management set up auwtitst and
demolition material recycling plant at the Townkafinana landfill site to produce CRC basecourse suitlbase. Trial
sections were constructed on Gilmore Avenue betWeeltard Road and Mandurah Road by the Town of Kanmin
April 2003 with technical assistance from MRWA. €Thurpose of the trial was to compare the fieldquerance of
crushed recycled concrete (CRC) with conventionasieed granite road base (CRB) as a basecourseiahateétable
for road pavements. The trial is reported as a @REG however photographs of the stockpiles shaat there were some
clay bricks in the source material. In this paberGilmore Avenue material will be treated as CDM.
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Gilmore Avenue was designed for a 30 year desiffidrof approximately 7 million equivalent standaaxles (ESA).
Both the trial and control sections consisted B7& mm pavement made up of 150 mm limestone supbétbel25 mm
CRB or CDM base course. The surfacing consist&@Dahm dense graded asphalt.

Laboratory Testing of Gilmore Avenue Materials

Particle size distribution of the CRC and the CRRduin the trial are shown in Table 3 and Tablespectively. The
specification limits refer to the Main Roads WA 20€pecification for CDM basecourse. The particke slistributions
suggest the CRB supplied for this project was @ficn coarse aggregate while the CDM had a stigficiency in the
fine fraction (% passing 0.075mm). Index testingtfee CRB and CDM materials used in Gilmore Aveatgepresented
in Table 5. California Bearing Ratio (CBR) resdtseeded 100%.

Unconfined compressive strength (UCS) testing wasduacted to assess the extent of secondary cenoenthte to
residual unhydrated or partially hydrated cemenhéCDM stockpile at the plant site. The compasjgecimens were
wrap-sealed and cured for 7 days, then soaked fimuds and drained for 15 minutes prior to crushiige results are
also shown in Table 5. The mean 7 day UCS wasdfdare in the order of 0.85 MPa. It is now ratisgd that the
chemical reactions within CDM and CRC may be slothan for virgin cement and a longer curing perindsd to be
investigated.

Table 3: Particle size distribution of CDM usedditmore Avenue trials ex stockpile

Results (% passing)
MRWA Spec 501
saise | Jage | ool e
sieve size % Sample | Sample | Sample | Sample | Sample | Sample
(mm) passing) 7533 7534 7535 7536 03M18 03M19
Min. Max.
26.5 100 100 100 100 100 100 100 100 10
19 100 95 100 97 97 97 97 97 99
9.5 70 60 80 70 64 67 70 71 75
4.75 50 40 60 48 44 45 51 52 53
2.36 38 30 45 38 34 34 38 40 41
1.18 25 20 35 30 27 27 30 30 32
0.6 19 13 27 23 21 21 22 22 24
0.425 17 11 23 17 16 16 17 17 19
0.3 13 8 20 12 12 12 12 12 13
0.15 10 5 14 5 5 6 6 6 7
0.075 8 5 11 3 3 4 4 4 4
Table 4: Particle size distribution of CRB (CohtBection) used in Gilmore Avenue trials
MRWA Spec 501 Results (% passing)
AS 1152 Target specified limits
sieve size grading (% passing) Sample Sample Sample Sample
(mm) (% passing) - 03M127 | 03M128 | 03M129 | 03M130
Min. Max.
26.5 100 - 100 100 100 100 100
19 100 95 100 100 100 100 100
9.5 82 70 90 94 92 93 95
4.75 70 60 80 86 83 84 88
2.36 50 40 60 65 62 61 65
1.18 38 30 45 47 45 43 46
0.6 25 20 35 33 30 31 31
0.425 19 13 27 24 21 23 22
0.3 17 11 23 21 18 20 19
0.15 13 8 20 18 16 17 17
0.075 — 5 14 14 12 14 13




Table 5: Index testing for CDM and CRB used inn@ite Avenue trials

Test results
MRWA CDM CRB
Test Test thod S . 501
es est metho Fﬁ(re:its Sample | Sample | Sample | Sample | Sample | Sample
03M18 03M19 | 03M127 | O03M128 | 03M129 | 03M130
Liquid limit WA 120.2 35% Max 29.6% 28.9% 22.99 2% 22.9% 22.8%
Plastic limit WA 121.1 NS NP NP NP NP NP NP
Cone plasticity | - \ya 199 1 NS NP NP NP NP NP NP
index
Linear WA 123.1 3% max. 0 0 0.4% 0.8% 0.8% 0.4%
Shrinkage
i i 0,
California WA 141.1 100% | 17506 | 165% | 170% | 130%|  170%  160%
Bearing Ratio min.
Unconfined
Compressive WA 143.1 1.0 MPa 0.9 MPa| 0.8 MPa - - - -
max
Strength

Deflection testing Gilmore Avenue

MRWA undertook regular deflection testing on Gilradkve, initially using the Benkelman Beam, anddate Falling
Weight Deflectometer (566 kPa drop stress). Thaltgare shown in Figure 2. The values obtaingd thie Benkelman
Beam should not be directly compared to directlihttse measured with the FWD. It is noted the moéstontents were
high (over 80% of Optimum Moisture Content, modifitompaction) at the time of sealing.

The early Benkelman Beam results demonstrated & diffarence in curvature (d0 —d200) between ttieGCand the
CRB, with CDM having a 90 percentile value of 0.16 mm compared to a valué.2t mm on the CRB immediately
after construction.

The deflection testing indicates that the CDM reach minimum curvature (maximum stiffness) at y@ae, and then
increased in curvature (decreased in stiffness) tMesubsequent 11 years. Testing indicateslieaCDM section was
stiffer than the CRB sample throughout the engigt period, although the difference in deflectiarvature between the
CDM and the CRB sections began to reduce from @ct2d10.

90t percentile curvature values at 566kPa

0.30
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Benkelman Beam Falling Weight Deflectometer

0.25

Curvature (mm)

May 03 Oct 03 Jun 04 Sep 04 Nov 08 Oct 10 Oct 11 Mar 15

Figure 2: Deflection testing results (Curvature)@tmore Ave

Results of Trial

By 2010, the Gilmore Ave control section (CRB) hadensive rutting and fatigue cracking as showRigure 3 and
was reconstructed in 2015. The CDM section perfarimetter than the control, and in 2016 was stij@od condition
with a few transverse cracks similar to those pip@tphed in 2011 (see Figure 4). The relatively gmmsformance of the
CRB control section may be due to the deficiencyaarse aggregate, indicated by the particle s&tdklition testing.



Figure 3: Gilmore Ave showing one of many fatiga#ed sections in the CRB control section (Janry1)

Figure 4: Gilmore Ave showing one of isolated swerse cracks in CDM section (December 2011)
3.3.3. WELSHPOOL ROAD WESTERN AUSTRALIA

Background
The Welshpool Road study (Leek 2008) involved destration sections of different recycled materiahtinations and
compared them to a control section of conventiarakhed granite rock base (CRB). The trial pavénuewler
consideration is an 860 m long section of Welshptmad west of Sevenoaks St to Leach Hwy in Welshipabe City
of Canning. Welshpool Road carries approximatedd8,vehicles per day with approximately 15% ofitbhicles being
trucks, giving design traffic of approximately 20llian standard axles over a 30 year design life.
A trial was constructed to compare recycled materieom C&D Recycling to CRB. Construction commetide
November 2007 and was completed in March 2008.
The demonstration was expanded from using CDM abase to using CDM and CRC as basecourse maizftiat,
inspection of the compacted CDM subbase.
Four different pavement profiles were constructed:

e 250 mm of 25 mm CDM sub base and 150 mm of 20 mrB 6&secourse

e 400 mm of 25mm CDM basecourse

e 250 mm of 50 mm CDM sub base and 150 mm of 25 mr@ G&secourse

* 400 mm of 25 mm CRC combined sub base and basecours
The trial sections were sealed with a two coatrbén emulsion seal followed by 30 mm thickness afséegraded
asphalt.

Laboratory Testing
The maximum dry density (MDD) of the CDM and CRCter&ls used in the trial were compared to CRB. fEuycled
materials were found to have a lower MDD than cegsiock base (CRB) (1.95 tfnsompared to 2.21tfn The



optimum moisture content (OMC) of the CDM and CR&enials was higher than the OMC of the CRB (11%hgared
to 6%).

The City of Canning had previously undertaken Repead Triaxial (RLT) testing on CRB from variouswsces, and
CDM from C&D Recycling. These results are presgnteTable 6. The terms Stage 1, Stage 2 and Stagéer to
various stress levels in the test.

Classification tests were also undertaken on tloycied material and compared to the MRWA Speciiicatfor
CRC/CDM (2004). The particle size distributiontieg, for CRC and CDM are shown in Table 7 anddatk that the
recycled material was within the required gradingedope with the exception of the very fine andyvesarse fractions,
which were marginally out of specification. Atterpeesting indicates that the CRC and CDM samplke®wion plastic,
with the CRC sample exceeding the allowable lidundt with a value of 41% (specification limit 35%)

No index tests were undertaken on the CRB usedelshigool Road, but experience has shown that taeysupplying
this material has a good record for meeting theifipation.

Table 6: Results of repeat load triaxial testingpavement materials
used in the construction of Welshpool Road

Material Dry density Moisture content Resilient modulus (MPa)
(% MDD) (% OMC) Stage 1 Stage 2 Stage 3
98.2 76 210 Failed Failed
CRB 98.3 66 250 260 Failed
99.4 47 380 440 460
97.5 77 250 270 220
CDM 97.9 65 330 350 350
98.0 60 400 430 440
98.6 74 320 340 330
CRC 98.3 66 500 530 490
98.1 59 630 690 670
Table 7: Particle size distribution of recycledtenals in Welshpool Road
— 5 -
AS 1152 . MRWA Splc.ec..t501 specified Results (% passing)
sieve size T%‘,}Jet gra_tdlr;g (% Imits . CDM
6 passin 0 passina
(mm) p g ey Vi CRC 5/09/2007| CDM 5/09/2007, 13/12/2007
26.5 100 100 100 98 100 99
19 100 95 100 92 92 86
13.2 82 70 90 81 81 78
9.5 70 60 80 72 71 67
4.75 50 40 60 48 51 48
2.36 38 30 45 34 39 38
1.18 25 20 35 25 31 32
0.6 19 13 27 18 23 25
0.425 17 11 23 13 18 20
0.3 13 8 20 9 13 15
0.15 10 5 14 5 7 8
0.075 8 5 11 3 4 5

Deflection Testing

Falling Weight Deflectometer (FWD) testing was @adrout after construction (2008) and then at yetrltwo yearly

intervals until 2015. The results are detailedrigure 5. The curvature of the pavements constdufrtem recycled

products was less than the curvature of pavemanmtstrricted with CRB for the first six years. Simita what was
observed in the Gilmore Avenue trial, the curvatfrthe CDM pavement appeared to decrease withuimtieit reached

a minimum curvature in 2014, after this point thevature of the pavement began to increase. Taigltivas not as
apparent in the CRC pavement which appeared teedserdramatically over the first two years and thectuated

slightly over the period of testing. There is saumeertainty about the accuracy of the calibratbthe FWD with the

2014 results.
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Welshpool Road - 90* Percentile Curvature @ 700 kPa
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Figure 5: Curvature values at Welshpool Road
The initial FWD (566 kPa drop stress) data wasyaseal using EFROMD3 to estimate the back-calculkstger moduli.
The results are shown in Table 8, and show thatribdulus of the CRC and CDM is significantly greatean the
modulus of the CRB soon after construction.

Table 8: Layer moduli back-calculated from 2008 BV¢sults using EFROMD3

) Back-calculated layer modulus (MPa)
Pavement construction
Base layer Sub base layer
150 mm CRB / 250 mm CDM 641 722
400 mm CDM 1024 678
150 mm CRC /250 mm 50 mm CDM 1275 505
400 mm CRC 1042 527

Performance of Welshpool Road

The RLT testing on the materials used in Welshptadd is not definitive due to the small sample.sie@wever, the
initial indications are that the recycled produate less moisture sensitive and have a similarpithigher, modulus
value than the CRB.

The FWD testing, and the back-analysis of the mpdeihded to confirm the findings of the RLT tegtin.e. that the
modulus of the recycled demolition materials ishieigthan that of the CRB.

The demonstration project found that the CDM andCGid Welshpool Road performed at least equally, @ossibly
better than CRB. The recycled material was foumde stable at a range of moisture contents, eagilked and
compacted, and withstood the effects of turninfjitrhetter than CRB. After six years of traffickjnsome widely spaced
shrinkage cracking were observed in Welshpool Roathe CRC section, as shown in Figure 6. As Bt 2016, no
such cracking has been observed in the CDM section.
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Figure 6: Welshpool Road —CRC section showingstvarse crack (January 2015)
3.3.4. Warton and Nicholson Roads

Background

The City of Gosnells used material sourced fromitahRecycling to construct a section of Warton Bodhis material
was CRC sourced from all structural concrete. Citgof Gosnells was concerned about the appatiffimess developed
by the material during construction. At the sammeetthe City of Canning was constructing Nicholfoad using a
comingled recycled material (CDM) from C&D Recydin

RLT Testing

RLT testing was undertaken on samples from bothtéWidRoad and Nicholson Road post-construction,thadesults
are shown in Figure 7. Resilient moduli of sampexovered from the pavement were lower than thaaoiples taken
from stockpiles (see figure 12).

There are two possible reasons for this, samplpapation or material differences, either in suppiyas a result of
working the material during construction. As abting was undertaken by the same person, italy/ltkat the differences
are more attributable to material breakdown duigngstruction, but more work would be required tmfto this
assumption.

1200

# Capital Demolition 60% OMC Warton Rd
© Capital Demolition 80% OMC Warton Rd

@C&D Recycling 60% OMC Nicholson Rd

OC&D Recycling 80% OMC Nicholson Rd

Modulus (MPa)

50 100 150 200 250 300
Normal Stress (kPa)

Figure 7: RLT test results from Warton Road (CREY Nicholson Road (CDM) materials

Deflection Testing
FWD testing was carried out by ARRB Transport Rese&roup (ARRB) in February, 2010 at various lamad. The
deflection, curvature and layer moduli are sumnearis Table 9.

12



Table 9: Deflection, curvature and back calculdéggr moduli for Welshpool, Nicholson and Wartonade

Road

Pavement Details

Mean
deflection
(mm)

Mean
curvature
(mm)

Basecourse
modulus
(MPa)

Sub-base
modulus
(MPa)

Welshpool

30 AC
150 25mm CRB
250 25 mm CDM/
Sand subarar

0.28

0.07

900

1200

30 AC
150 25mm CDM
250 25 mm CDM
Sand subdrac

0.16

0.03

4200

4400

30 AC/
150 25mm CRC
250 50 mm CDM
Sand subarac

0.13

0.01

5000

5000

30 AC
150 25mm CDM
250 25 mm CDM/
Sand subarac

0.11

0.01

5000

4900

Warton

30AC
200 25mm CRC
350 limestone
Sand subdrac

0.20

0.05

5200

6300

Nicholson

30 AC
150 25mm CDM/
250 25 mm CDM
Sand subarac

0.16

0.03

3800

4100

The FWD testing indicates (back calculated) in-sitduli of between 3800 MPa and 5200 MPa for thgaled products
and 900 MPa for the CRB. The back calculated maatalisignificantly higher than the post construtiRLT results.
At the time of FWD testing, Welshpool Road had beeservice for nearly 2 years while Nicholson R@ed Warton
Road had been in service for approximately 6 montheere is a likelihood that that the cement mriaterial underwent
post construction hydration and formed a boundrlaykhis bound layer may result in the developnainshrinkage
cracking and fatigue cracking of the basecourse.

If the post hydration of the pavement materialsvjates sufficient strength and remains stable, thenlow curvature
values should result in very long asphalt life, uisk of reflection cracking originating in thedund CRC/CDM layers
does exist. Research undertaken at Hong Kong Rbiyie University (Poon et al. 2008) indicates thiae post
construction hydration effects may be controlledlibyiting the active fines in the <0.15 mm size.s such, further
research into the performance of recycled pavenieatssing on controlling the < 0.15 mm source miateeeds to be
undertaken to assess the effects in the field peeoce.

This may require an adjustment to the crushingsamdening operations if shown to be successful thahthe <0.15

mm size particles are not sourced from concretedasaterials.
All of these pavements have developed some craasrghown in Figure 8 and Figure 9.
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Figure 8: Warton Road Eity of Gosnells (January 2012)
Transverse crack in asphalt surface on CRC base

ST

Figure 9: Nicholson Road — City of Canning (Jaguy15)
Transverse crack in asphalt surface on CDM basmPparimer seal

3.4. STRATEGIC WASTE INITIATIVE SCHEM (SWIS) RESEARCH PR OJECT
3.4.1. Background

Curtin University of Technology gained a researcdmngjunder the SWIS scheme administered by the Bregartment
of Environment and Conservation, and contracted BRIRoup to coordinate the project. The aim of fhrigject was to
assess the performance characteristics of roadsbaseed from recycled crushed concrete and toldigeespecification
for the application of this product in road constion.
Road base from three material sources were testaeding:

» Capital Demolition CRC material, predominantly stural grade concrete with no brick and tile

* All Earth and C&D Recycling CDM material, which éecontained predominantly non-structural concrdth w

some brick and tile, estimated to be between 10841&f6 by weight

3.4.2. Laboratory Testing
Maximum dry density (MDD) and optimum moisture content (OMQC)

MDD/OMC testing of the three recycled products fdtimat the dry density ranges between 1.86 t/m3a@6lt/m?3 while
the OMC ranges between 10.9% and 11.3%
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Particle size distribution

The particle size distributions are shown in Fighte The grading shows that all materials were ilofines, and that
for the samples tested, the grading of the All lzantiterial was out of the Fuller grading envelopédhe fine side, and
the grading for C&D Recycling was slightly out dEtenvelope on the coarse side.

Unconfined compressive strength of CDM and CRC

UCS testing is summarised in Table 10. Tests wadertaken on samples cured for both 1 day anég8 én additional
sample was tested at 7 days. These results statvihire is some degree of rehydration occurrinthanrecycled
materials, and that there is considerable varigthetween suppliers.

The variability between C&D Recycling and All Eatst results is not viewed as a difference in @ssing methods,
instead it provides an indication of the potentaliation in source materials.

Table 10: Results of UCS testing on CDM and CRGevials

Supplier Description UCS 1 day cure UCS 7 day cure UCS 28 day cure
Capital Demolition CRC 668 - 1625
C&D Recycling CDM 220 - 474
All Earth CDM 541 - 1323
All Earth CDM 625 979 1023
Material Grading Curves
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Figure 11: Particle size distribution for CDM a@&C materials in SWIS project investigation
RLT testing

RLT testing was undertaken at Curtin University taplicate samples of recycled material sourcednfrihe three
suppliers, and two samples of new quarried CRB ffoemex and Boral. The samples were compactednsitgeat
OMC, and dried back, prior to testing. Whilstsitdesirable to allow a period of time to allow theisture to redistribute
through the material, this was not undertaken iimirhte the effects of post compaction hydratiorceient in the
recycled samples.

The relationship between modulus and normal sforsthe various materials tested at 60% and 80% Q&/&hown in
Figure 12 and Figure 13.

The Capital Demolition CRC had the highest modulakies. The All Earth and C&D Recycling CDM hadhiar
values. All of the recycled materials showed sigaifitly higher modulus values than that obtainemnfthe CRB
materials.
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Axial Modulus vs Mean Normal Stress at 80% OMC
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Figure 12: Modulus vs. normal stress for recy¢leBC and CDM) and quarried CRB materials at 80% OMC

Axial Modulus vs Mean Normal Stress at 60% OMC
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Figure 13: Modulus vs. normal stress for recy¢leBC and CDM) and quarried (CRB) materials at 60RCO

In order to assess the potential changes of moduithstime, one product was selected to undertakdient modulus
testing at 60% OMC after a period of 1 day, 7 dagt 28 day curing. All Earth CDM was chosen, agjiresents the
middle range of the uncured performance testinge results of bulk stress verses resilient modatashown in Figure
14.
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VARIATION OF MODULUS WITH TIME
All Earth Material
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Figure 14: All Earth resilient modulus at 1, 7 &&ldays
3.4.3. Conclusions of SWIS Testing on CRC and CDM

Testing by Curtin University has confirmed that titimum moisture content for CDM is higher than @RB. It has
also been found by repeat load triaxial testing IRLthat the resilient modulus of the CDM is higltean CRB by a
factor of two or more. The RLTT also showed tihat $ource of material strongly influences the moslalf the recycled
material.

3.5. CONCLUSIONS REGARDING THE USE OF CDM AND CRC IN PAVY EMENTS IN WA

Recycled demolition materials containing largelynamte, with some brick, tile, ceramics, and recesteoad making
materials are being used in pavements through@utvrld, including some parts of Australia, but @éawt gained
acceptance by Local Government and Main Roads ist&¥te Australia. Research undertaken on projextpteted in
WA show that the recycled materials can perform whlen they are used appropriately. IPWEA and WAL(ZA16)
have recently published a revised Specificatiorttier supply of recycled material is road base @arsd sub-base on
local roads.

Based on the trials reported, it appears that ma&teariability is an ongoing issue with CRC and K@Dn Western
Australia. This complicates the interpretatiortrédl results as whether or not a material behagea bound layer (and
is subject to fatigue and shrinkage cracking) ddpemm the blend of material used. Short term {7 ada28 day) UCS
testing is not a reliable predictor of bound bebawi Until a reliable predictor of bound behavi@ideveloped for CRC
and CDM it would be prudent to assume bound behavidhe use of a thin layer of CRC or CDM oveuabound sub
base should be avoided. On heavily trafficked s0@BC and CDM can be used as a sub base withieisattthickness
granular base or asphalt to supress reflectiorkitrgc With appropriate design, advantage can kentaf the high
moduli of CRC, by using as a sub base to incrdaséatigue life of asphalt layers above.

On lightly trafficked roads (e.g. local streets) CBnd CDM should be used as a sub base (belownalgrdayer) or as
full depth pavement below the asphalt surfacinghevé CRC or CDM are used full depth some transvehsekage
cracking can be expected (as occurs with lategtavel and ferricrete). For local roads, this @& of structural
significance but can have significant aesthetic @mtract compliance ramifications.

For heavily loaded roads, consideration needs wiv@n in mechanistic pavement design to the ptesting term

reduction in moduli of CRC and CDM from very higtitial values, due to micro-cracking induced byftedoading.
There is currently no published transfer functiomllow for this and designers must make their aasessment.
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Close management of source material and indepeieigirig is recommended to manage the risk of &sbes
contamination. Inclusion of metals such as steélaaminium must also be avoided.

4. CRUSHED VITRIFIED CLAY PIPE
4.1. VITRIFIED CLAY PIPE

Vitrified clay is formed by heating clay to a vdnigh temperature such that it fuses. Vitrifiedygepe was commonly
used for sewers in Perth up until the mid-197@és the advantage that it is resistant to theiacidnditions that develop
due to hydrogen sulphide in sewage. Vitrified diag been replaced by plastic pipe for new seviecs the mid to late
1970s. The Ascot Waters development was construgtete site of former clay pits and kilns usegtoduce vitrified
clay sewer pipe. The clay pits had been backfiit reject and broken clay pipe. As part of tadevelopment of this
area for residential use the clay pipe and othestavavas excavated from the backfilled pits andaegd with sand.
Materials were sorted as they were excavated. résgting stockpile of broken vitrified clay sewgipe was either a
liability, with a high cost for disposal at a laildér an asset that could be used to produce abssle for residential
streets in the redevelopment of the site.

4.2. TRIAL CRUSHING
A trial crushing of the vitrified clay and of th@mcrete rubble was carried out in 1995. The crisiuecrete had an

excess of sand sizes for use as a road pavememtandsed for temporary haul roads and as filleSl@ind facsimile
from that time indicate that the crushed clay gipmplied with the specification limits set out iafile 11.

Table 11: Specification for crushed vitrified clpipe at Ascot Waters

Sieve size Percentage Passing
mm
53.0 100
375 95 - 100
19.0 50 -85
6.7 30-55
2.36 25-50
1.18 20-40
0.6 15-35
0.3 10-25
0.15 5-15
0.075 2-9
Liquid Limit (%) <30
Plastic Limit (%) <20
Plasticity Index (%) <10
California Bearing Ratio (%) >80
Characteristic Clegg Impact Value _ >30
Wood & Organic Matter (%) _<05
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4.3. ROAD PAVEMENTS AT ASCOT WATERS

Waterway Crescent, Cygnus Road, Lakewood Avenuevandus lanes in Ascot Waters were constructed®®6 using

the crushed clay pipe as a sub base. Detailsveihpant composition are summarised in Table 12.

Table 12: Pavement composition at Ascot Waters

Layer Material Typlcazln':'r?]l)ckness
Surface Asphalt 40
Basecourse Crushed granite 100
Sub base Crushed clay pipe 450
Subgrade Sandy Clay

Benkelman Beam tests were carried out on the cdetgpleavement and Clegg Impact Value tests carnigcbo the
compacted crushed clay pipe. The results are suisedan Table 13.

Table 13: Tests on completed pavement at Ascoek¥at

Test Average Standard Deviation
Peak deflection DO (mm) 0.76 0.14
Deflection 300mm from peak D300 (mm) 0.42 0.09
Clegg Impact Value on Crushed Clay Pipe 37 7

Pavements at Ascot Waters have performed well sianstruction in 1996 in a low traffic volume eroriment.

It is unlikely that such a large source of vitrifielay pipe will become available in the futureMA. However the data
is of historical interest.

5. BLENDED AND CRUSHED FERRICRETE AND CONCRETE
5.1. ORIGINS OF BLENDING FERRICRETE AND CONCRETE

The idea of blending and crushing recycled concnétk ferricrete (laterite cap rock) was first poged in 1996 by
Warren Slater (of Quarry Park Pty Ltd) as a medndilising demolition rubble from the Broome meatks. Samples
from concrete and ferricrete crushed separatelyevassessed for particle size distribution. Thémkparticle size
distributions were calculated for various combir@dportions of the two materials. The Broome stlely to a
recommended blend of two parts ferricrete to orequancrete.

In 1997 the Eastern Metropolitan Regional CoureMRC) commissioned a trial of a blend of ferricré2eparts) and
concrete (1 part). The ferricrete came from thel Rél waste disposal site where it had been exial/as part of
construction of waste cells. The concrete camm frecovered concrete road kerbing and similar ssurdhere were
two reasons for the trial:

» Adding moist ferricrete to the dry concrete befoneshing was intended to reduce the dust creatéiooncrete
crushing process.

* Based on theoretical particle size distributiohe,lilended material should have superior propdditse crushed
concrete on its own.

5.2, VICTORIA ROAD DEMONSTRATION SECTION (CITY OF SWAN)

A blend of crushed recycled concrete and crusheitifete was used to construct a 500m long sedifdrictoria Road
in West Swan between West Swan Road and Tomlin Rdaé typical pavement composition is shown inl&dlz.
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Table 14: Pavement composition at Victoria Roadst/avan

Layer Material Typma(l;l::)ckness

Surface Asphalt 40
Basecourse Crushed Concrete and Ferricrete Blend 110
Sub base Crushed Limestone 235
Subgrade Clayey Sand

Falling Weight Deflectometer (FWD) tests were atrout on the completed pavement. Deflection regntirmalised
to a drop stress of 566kPa) are presented in THhleClegg Impact Value tests were carried outtendompacted
basecourse immediately prior to application ofghiener seal. The results are also presented iteTeh

Table 15: Tests on Victoria Road

Test Average Sg?g&;?}
Peak deflection DO (mm) 0.67 0.18
Deflection 300mm from peak D300 (mm) 0.30 0.09
Clegg Impact Value on Crushed Concrete and Ferrienéte to Primer sealing 58 3

Clegg Impact Tests were also carried out on spawned the blend compacted in a CBR mould. Using-lirear
regression, the following relationship was derived:

CIV=649 RJ7'76RW_0'56
Where: R is dry density ratio, modified compaction (expezsas a ratio, not as a percentage)
Ry is moisture ratio (moisture content divided bydediory optimum moisture content).
A visual assessment of the pavement in 2016 (abbyears after construction) indicated very goodgmmance with
defects limited to meandering cracks adjacent toetbm Bay fig trees at two locations.

5.3. PROPERTIES OF BLENDED AND CRUSHED CONCRETE AND FERRICRETE USED IN THE
VICTORIA ROAD DEMONSTRATION PROJECT

Subsequent to the crushing of the material usedbtwstruct Victoria Road in West Swan, testing fartiele Size
Distribution, Atterberg Limits and mechanical prajes was undertaken. These results are summanseable 16.
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Table 16: Properties of Blended and Crushed Fetgaind Concrete from Victoria Road

Sieve size Percentage Passing by Wet Percentage Passing by Dry

mm Sieving Sieving and Decantation
26.5 99 100
19.0 88 87
16.0 83
13.2 78
9.5 69 67
6.7 58

4.75 51 49
2.36 39 38
1.18 29 31
0.6 22 25
0.425 18 21
0.3 16 18
0.15 11 13
0.075 8 10

0.0135 5

Liquid Limit (%) 23 (cup) 26 (cone)
Plasticity Index (%) 4 (cup) 8 (cone)
Linear Shrinkage (%) 2.4 2.4
California Bearing Ratio (%) > 210
i o ety
Maximum Dry Compressive 4.9
Strength (MPa)
Los Angeles Abras.ion (%) on a4
sample from Red Hill stockpile
Flakiness Index (%) 9
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5.4. INVESTIGATION INTO THE EFFECTS OF POST CONSTRUCTION HYDRATION OF CEMENT
IN CRC AND BLENDS OF CRC WITH FERRICRETE

Research has been undertaken at Curtin Universibtgghnical Laboratory to investigate ways to lithé strength gain
exhibited by CRC and thus reduce the risk of théen® becoming bound and developing cracks. $trisngth gain is
thought to stem from the post construction hydratibthe Portland cement content contained in tRECTwo different
methods are examined; firstly, by blending withringon pozzolanic materials to limit the capabilit cementitious
bonds to reform, and secondly by the forced devetoy of micro-cracks by recompaction during thdyestages of
curing.

Unconfined compressive strength tests (UCS) werfopeed at Curtin University Geotechnical Laborgtoin these

tests, different blends of CRC with Brick & TilegRerricrete were compacted in cylinders. All t3dinders were oven
dried back to 60% of OMC and then wrapped and ctoell6 days. This was undertaken to ensure Heasamples has
an even moisture distribution, and to allow for gast compaction hydration of the cement to develdpst cylinders

were not soaked before crushing.

Two materials were investigated for the blendingah pozzolanic materials with the CRC:
e Ablend of brick and tile.
e Crushed ferricrete.

Figure 15 and Figure 16 show the material usedlfarding with CRC in this research.

Figure 15: Crushed brick and tile used in this aese Figure 16: Ferrterased in this research

The results of UCS testing are summarised in Table
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Table 17: Test results of UCS (56 days) tests o@ @Rd blends

Average UCS | 2 RiElE
Material (unsoaked) cs Number of
U replicates
(MPa) (MPa)

100% CRC 0.77 0.094 5
90% CRC with10%
Brick and tile 0.70 0.041 8
70% CRC with30%
Brick and tile 0.89 0.102 7
50% CRC with50%
Brick and tile 0.77 0.075 7

0 .
90/9 CRC with 10% 0.87 0.135 7
Ferricrete

0 )
70/o_ CRC with 30% 0.94 0111 7
Ferricrete

0 .
50/9 CRC with 50% 0.76 0.077 6
Ferricrete

No consistent trend for the effect on UCS with dlddition of either ferricrete or brick and tile@RC was found.

The research showed that the blending of eithtéieo€rushed brick and tile or ferricrete reduceddr shrinkage but the
strength of the materials as measured by the UnemhfCompressive Strength Test (UCS) was littled&d by the
blending of these materials.

6. RECYCLED ASPHALT PAVEMENT AND WARM MIX
ASPHALT

6.1. BACKGROUND

Recycled asphalt pavement (RAP) is a product caimgyia blend of graded crushed rock, sand, filhek lEitumen which
is available from pavement rehabilitation or regecand surplus asphalt production. When RAP ityaed, it generally
comprises 4 to 5% bitumen by mass with the balgecerally consisting of well graded, clean harcabile aggregate.
It has significant commercial value primarily besawf its quality mineral aggregates and bitunfRAP can be used as
aggregate and bitumen in new asphalt, granularmeselayers, general fill, and as a wearing coatséace for gravel
roads or parking areas.

The value of RAP is generally wasted when it ilisdower value applications such as granular pe layers or fill,
as the residual bitumen and high quality aggregatet warranted in these applications. It mayppropriate to utilise
RAP in these lower value applications when it is tinly locally available material or where the RARs been
contaminated or is not viable to use in hot asgiediuse of long haul distances. The benefitiouRAP in low value
situations should be considered on a case-by-Gsis.b

RAP is typically recovered by milling or excavatiegisting asphalt pavements or as waste from asphaduction.
RAP that is recovered by milling or as plant wastgenerally clean RAP with no contaminates. RA#& ts recovered
to full depth by conventional excavation can becamgaminated with granular base course duringgh®wval process.

RAP is used in hot mix asphalt to varying degréesughout the world. In United States of Amerippr@ximately 80%
of all States allow in excess of 25% RAP in intediage and surfacing layer mixes, although only &l#&% of states
actually use in excess of 20% RAP in new pavem@ustralian Asphalt Pavement Association, 2010).

In Germany a federal law was passed in 1996 trakds wherever possible recycled materials are tesbd over virgin
materials during road construction. Therefore, akgiroduced from RAP that is of an equal qualityirgin aggregate
must be given preference to a virgin mix (NoltiRigbesehl & Denck, 2011).
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The Netherlands are particularly focused on rengctiue to the shortage of new mineral aggregatesge crushed
stone) as well as limitations set to waste largifilhd typically use up to 50% RAP in base cours®ldn course and
dense wearing course mixtures (Mohajeri, 2015).dvggwork is being carried out to increase the RARtent with the
ultimate goal of 100% RAP mixes.

6.2. AVAILABILITY OF RAP IN WESTERN AUSTRALIA

RAP in Western Australia is quite a limited res@ues most of the pavements comprise thin layeespiialt on deep
granular pavements, unlike other parts of the wtivid have had thick lift asphalt pavements for yngears and their
rehabilitation strategies require considerable liepf material to be removed.

Notwithstanding RAP does get collected in Westeunstfalia and used by the asphalt suppliers oninedads. In recent
times the asphalt suppliers have seen the finabeiafits of using RAP and are now consciouslyigiiting the product
with a view to incorporating it in larger quantig time goes on and confidence in its use increases

6.3. LIMITATIONS TO USING RAP

Currently Main Roads WA does not permit the usmofe than 10% RAP into their mixes and they dopeoinit its use
in the surface wearing course. Many Local Govemtrbedies permit RAP and recycled glass to be irsdteir asphalt
wearing course.

If higher percentages of RAP were permitted inrtliees, it is likely that the asphalt suppliers wbirivest more in their
plant as the commercial gains are more consideeabibe RAP content is increased.

6.4. WARM MIX ASPHALT
6.4.1. Introduction

Hot mix asphalt is manufactured by blending gradggdregates, mineral filler and bitumen togethehe Viscosity of
bitumen is influenced by temperature, and the highe temperature, the less viscous it becomessé&prently, the
asphalt is mixed at a temperature that ensuresnikeis workable but the bitumen is not excessivekdised by
overheating it. The optimal temperature for hok rasphalt is approximately 1%, if it is heated above these
temperatures the bitumen deteriorates rapidly winfthences the long term performance of the ni¥xoduction of hot
mix asphalt at lower temperatures results in rédndh the bitumen viscosity and oxidation, butgaets problems with
workability and compaction.

Warm mix asphalt (WMA) employs a technology thahperarily reduces the bitumen viscosity at lowenperatures
by other means. This allows the mix to be manufactat lower temperatures, keeping the mix workahl# permitting
compaction to take place.

6.4.2. Types of Warm Mix Technologies

There are numerous WMA technologies and producth@market, which rely on one of four of the feliag systems
to temporarily reduce the viscosity of the bitumen

6.4.3. Free Water Systems

Free water systems blend the hot bitumen, watercantbressed air in an expansion chamber which leadsviolent
increase in volume of the bitumen. The hot bituroenverts the water to steam leading to the bitufoaming. The
foamed bitumen has a reduced viscosity but expanis6 times its normal volume due to the presesfceitumen
bubbles filled with air and steam which allowsdthe readily mixed with the aggregate. After theing process is
complete the bulk of the foam has collapsed wigmall quantity remaining as trapped bitumen foartha asphalt.
These trapped bubbles improve the workability efrtix and eventually collapse during compactiorieAthe mix has
cooled it closely resembles conventional asphaile Yolume of water in the mix during foaming isslélsan 5ml/r of
asphalt mix. Consequently, moisture related isswesot a consideration. The free water systemadagpted for the
demonstration project discussed in this documémtas chosen as it has very low operating costsrmbyhe initial out
lay. Typically, warm mix asphalt is placed afQ&. Manufacturers are Astec, Gencor, Maxam, Meekansteel and
Terex.
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6.4.4. Water Carrying Additives (Chemical)

These additives are blended into the mix as amygedient comprising 20% water and 80% mineratifilWhen they
are introduced to the mix the moisture convertstéam which in turn produces foam. WMA can be peeduand placed
at temperatures as low as §20The chemical water carrying additives are syitteeolites such as Aspha-min, and
Advera WMA,

6.4.5. Water Carrying Additives (Non-Chemical)

The coarse aggregates are heated and blendeditwitieln, followed by the addition of fines that at& moisture content
of 3%. The moisture in the fines generates steaiohwh turn creates foamed bitumen in the mix atgeratures as low
as 106C.

6.4.6. Chemical Additives

Chemical additives can be introduced to reduceirtternal friction of the mix. They have no effeat the binder
properties and are typically blended or pumpedtiméoplant. They include Evotherm ET, Evotherm DEVotherm 3G,
Cecabase and Hypertherm. Typical mixing tempegatare 85 to 140C

6.4.7. Rheological Modifiers

Rheological modifiers are typically added into thiéumen or the mix and temporarily alter the bindeeological
properties. As the mixes cool, the properties itelack to the original properties. Products incl@esobit, Rediset,
TLA-X, Thiopave and Sonne Warmix. The recommendéxing temperatures are around 22D, Sasobit is endorsed
and used by MRWA as a means of reducing compat¢timperature during multiple lift rehabilitation vikoand in
situations where long haul distances are demaritleds also been used during the manufacture awgplent of open
graded asphalt during the cooler winter months egpeed in Western Australia.

It appears that the injection of water into the msixhe most effective long term solution as ituiegs an initial capital
investment thereafter there is no cost for the taddilt appears as though the chemical additives @eological
modifiers pricing will be driven by the cost of @égg. The pricing targeted to keep the product edfgictive to warrant
the savings of using it. As the price of energya&ses, so will the cost of the additive likelyrise. This is not likely to
be the case with free water systems.
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6.5. BENEFITS OF WARM MIX ASPHALT

In the US and Europe, it has been the contradbatshitave driven the adoption of WMA as it has bieeimd to improve
the quality of the completed mat. The benefits ®hg warm mix asphalt include, improved and exténderkability,

consistent compaction, energy savings, reducedsanis extended paving season, increased hauhdéstaeduced
issues with crack sealant, less oxidized bind&rneg of construction, reduced brittleness of bindgsroved rideability.

WMA can be adopted for most existing HMA mixesh&tWMA technology is applied. The plants need tarioelified
to introduce one of the chosen technologies.

Testing by National Centre for Asphalt TechnolobyCAT), Auburn USA, Kvasnak (2010) has found that Hitumen
is less oxidized than HMA immediately after placendout the rate of oxidation of binder in WMA isitially more

rapid and is equivalent to HMA after 2 years. Laltory testing of fresh WMA indicates that it isdestiff and or prone
to rutting in the laboratory but this has not begperienced in the field.

Tensile strength ratio testing is considered orth®fimost important parameters of the WMA and altfimlower values
are observed in the laboratory there has not bedncaeased occurrence of stripping in the fielde Greater risk of
manufacturing low temperature asphalt is the riskat removing all the moisture from the aggregatehe lower

temperatures during the drying and heating progdssa consequence, the dwell time in the planbéseased as the
temperature is lowered. This has a direct impadherproduction rate of the plant.
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WMA is ideally suited to the inclusion of RAP a®tresidual stiffness of the oxidized binder in B%&P is offset by the
reduced oxidation of the fresh binder when aspbkadtoduced as a WMA. There is a view that in sphaats where the
RAP is blended with the virgin stone, the hardeder pre-coats all of the aggregate, leaving the éxidized binder
available for the structure of the mix. This in@esthe durability of the mix in the longer term.

Typical hot mix asphalt is manufactured at &7 @hereas warm mix asphalt can be produced at tepes of the order
of 130°C or lower. This reduction in temperature has aifigant impact on the heating energy costs. Thesfomixing
temperature leads to less fume/smoke productiom tlee mix which is a health benefit to the asppédcing crew.
Mixing at lower temperature leads to less initigidation of the bitumen. Although not consideremhajor contributor
to long term performance (Dickinson 1984) this mthn in construction related oxidation is still nedicial to
performance.

6.6. IMPLEMENTATION OF WARM MIX ASPHALT IN WESTERN AUSTR  ALIA

Warm mix asphalt has been used in WA by Main Ro&dstern Australia (MRWA) in one form or another foany
years as it recognized the benefit of using antagdio the bitumen which extends the compactiaretof a hot mix
asphalt. Research by Hurley (2005) of NCAT sugg#sis asphalt can be produced at %C3@f Sasobit is used and
compaction temperatures of PM0are possible, provided the aggregate is adeguditield.

6.6.1. Sasobit and Long Haul Distances

Sasobit is a pelletized wax, when added to bituteerporarily reduces the viscosity of the bitumenlstfit is hot and
does not appear to have any significant negativg term effect on the asphalt after it has cootatlia in service. It has
been used in WA for a while, as it allows asphabé manufactured at 1%0 and hauled significant distances. The long
haul distances lead to cooling of the mix belownmalr desirable compaction temperatures and stibwadla quality
product to be placed. There have been situatiorsentie mix has been hauled over 400km and theuptaedccessfully
placed.

6.6.2. Sasobit and Polymer Modified Binders

Wearing and intermediate course asphalt mixeseingiproduced to new air voids specification (<&) require A15E
binder to be used. The A15E binder is a blend £fasity grade bitumen with about 6% SBS polymeedddrhe A15E
binder makes the mix very difficult to compact he temperature reduces. On major projects thisystod placed
throughout the year, and the low ambient tempegatlgad to a rapid loss of temperature and a naik ¢hnnot be
compacted to less than 7% characteristic air vioidise mat, despite an increase of compactive teffor

The addition of Sasobit to the mix showed a maiketease in the workability, compaction temperatmd density of
the mat with the finished product achieving thec#jmd compaction.

6.6.3. Sasobit and Warm Mix Asphalt in Road and Airport Rehabilitation

Rehabilitation of heavily congested freeways, airgaxiways and runways, can only be carried ouhiwia very
restricted time window of less than six hours gthi Deep lift asphalt up to 350mm thick is normpakquired and is
placed in layers of about 80 to 100mm. The resitieat build up in the repairs, leads to temponasyability in the mix
whilst it is hot and can lead to over-compactiorsevere rutting when subject to traffic on openifige use of lower
temperature asphalt in these situations reducessigual heat build up, completion time, and thle of early age rutting.
Mix temperatures as low as P@have been used in these situations.

6.7. WMA AND RAP TRIALS ON GREAT EASTERN HIGHWAY, WESTER N AUSTRALIA
6.7.1. Implementation and Acceptance of WMA and RAP

The award of the Great Eastern Highway road prdjgdIRWA to the City East Alliance was based onphemise that
very high sustainability targets were achievedpAs of this sustainability KPI, the Alliance usestycled sand for fill,
crushed recycled demolition waste for sub basey als® undertook to implement, demonstrate andtoactsvarm mix
asphalt with and without recycled asphalt paven@ntthe route. Free water foamed bitumen technofogythe

production of WMA was selected, as after the ihitiapital outlay, apart from routine maintenancetted foaming
manifold, only water was required for the productaf the foam.
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To address the concerns of the introduction ofrién technology, various implementation and risk kvsinops were
held to address the concerns, and identify theesobthe work. The Alliance committed to an Astesefwater foaming
manifold which was retrofitted to the existing aslplplant. Some compatibility issues were expeenaith the retrofit
which led to delays in the implementation of the Whn the project, but were eventually resolved.

A trial section area along the route was identified detailed plans were prepared so that theidmsatould be monitored
in the future.

6.7.2. Trial Section Layout

The trials were located between the intersectidrBetgravia and Belmont streets on the west bowardageway but,
were limited to the left through lane (outer lanEhis section was chosen as it had the least nuoflresidential and
business accesses and would lead to the least arabdisruption should the section need to be dofe further
monitoring and performance evaluation. Geotechritoaiition Paper 7 Clayton (2010).

Asphalt mixes used in the trials were the MRWA awpd Boral job mix 33 (JM33) which is a continugugraded
20mm mix using C320 binder that made up the bulkhefintermediate layers of the structural pavemehe layers
were placed in lifts of around 60 to 85mm with lutid cationic emulsion tack coat (CRS Cat 30) izppdt each interface
at a rate of around 0.6 LAn The upper layer of the intermediate mix andwearing course asphalt was the Boral
(JM34), a 14mm continuously graded mix using an Afelymer modified binder. The mixes were all contpd to
96% marshal density with a minimum allowable matwaids content of 3%. A water proofing spray seab applied on
top of the first layer of 14mm mix and comprised@mm +5mm double-double seal using 2.0 166 CRS60/170
applied as 1.1 and 0.9 L#rto each layer respectively. Geotechnical Posiaper 7. Clayton (2010).

There are nine individual trial sections which At®m to 150m in length which extended from chairZ@g0 to chainage
4300. The aim of the trials was to construct indliNl sections that had only WMA with and without RAt different
locations within the pavement and compare the pmdoce of each section over time against the comthich is
essentially the balance of the project.

RAP cannot be placed in a conventional dryer aséked flame would burn, deteriorate and evenégtie bitumen
bound to the RAP particles. RAP was limited to 18¢4nass as the asphalt plants in Perth at theltadeéo dry and heat
the RAP by blending it with the hot virgin aggregas it entered the elevator and hot screeningtmndge bins.

The pavement has a sand subgrade with a designo€BRand the sub base comprises a crushed line&taicarenite)

or crushed recycled concrete. Due to constructipediency requirements Section 5a had an additiagal of 20mm

DGA applied so a Section 5b was created to enduseetions were of the same profile. Section 9 halib base of
crushed recycled concrete and its performance dmutdnked against Section 4 which was identicallirespects except
it had a crushed limestone sub base.

6.7.3. Risk Assessment.

A very detailed risk assessment was undertakenhbyAlliance, which was carefully recorded in thdigkice’s
Geotechnical Position Paper 10a. Clayton (2010g fisks were identified and as part of the triaBnagement or
mitigation measures were implemented as requirkd.riBks that were identified, included

e Variation of grading and binder content when RARssd

« Moisture content in the RAP stockpile and the eenpWMA with RAP
e Clogging of the bag house system due to damp fines

* Poor aggregate coating

« Increased rutting due to under aged binder in tbhe m

* Poor fatigue properties due to RAP inclusion and &M

« Asphalt deterioration due to stripping

* Ravelling of the wearing course due to poor adhmeaial coating

Further workshops were arranged to align each efctntributors to the process and seek acceptdrbe drials by
MRWA branch heads that covered, Materials EngimggrAsset Maintenance, Major Projects Director&li¢y East
Alliance Board and the Commissioner of MRWA. A mgement plan was agreed and the trials were pednitte
proceed, acknowledging that if they were succedbiy would make a significant contribution to btk industry and
the environment.
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6.7.4. Implementation of WMA

During the implementation of the WMA, the newlytialsfoaming manifold was used to produce HMA (dZPand the
paving crew immediately acknowledged that the pebaas easier to place and compact. There was kechamcrease
in the density achieved and the overall finish waproved. As a consequence, the foaming apparaas wsed
continuously during the production of the HMA fhietentire project.

Continuously graded mixes (20mm and 14mm) weredaidg C320 binder and the placing temperatures Vesvered
to 140 C. The workability was found to be quite accepgabith no detrimental effects on the asphalt testilts.

The aim was to construct the WMA trials at 43Mut during normal production as the temperatdrth® mix was
reduced it was found that drying of the aggregads not always satisfactory and binder coating vedsioceptable. A
temperature of 14C was found to be acceptable for the mixes produiddC320 binder.

6.7.5. A15E Binder Does Not Foam Well

During this process it was found that A15E did foatm very satisfactory and only small reductionteimperature were
possible. Laboratory foaming trials carried outwhd that the expansion ratios of foamed C320 were7 with half-
life of 120 seconds whereas the A15E had expansitias of 3 and a half-life of 60 seconds. CleaHg foaming
properties of highly modified binders are impedgadh®e high viscosity irrespective of binder tempere.

Performance testing on WMA and WMA& RAP, includée tevaluation of the mix modulus, indirect tenstiength,
tensile strength ratio (TSR stripping evaluatidajigue and wheel rutting showed no significanfetiénce in the test
results of mixes produced at P@and at 17¢C.

6.7.6. Trial Pavement Construction

For the asphalt plant to accommodate the WMA ttiadsmix had to be produced first thing in the niografter which
the plant temperature had to be increased baakieentional temperatures to meet the rest of tiieints’ needs. Clearly
this restriction will remain a significant road blofor the implementation of WMA on future projecisless there is a
dedicated plant for the project, or there is augty wide change.

The mixes were placed without significant eventt bofortunately the 14mm DGA with A15E layers canthe
considered WMA as it was not possible to lowertdraperatures satisfactorily.

6.7.7. Trial Section Performance

The various trial sections comprising RAP/hot nib4P/warm mix at the time of writing the trials halveen in place
for three years and an annual visual inspectionnivdgevealed any difference in the performancehefpavement.
MRWA view this section as a long term trial and @awn their business plan in the following yearsxttract samples to
check lead indicator performance such as moduldggict tensile strength and possibly fatigue igsiin the foreseeable
future, to assess the performance.

7. USE OF RECLAIMED ASPHALT WITHOUT BLENDING
7.1. BACKGROUND

The City of Canning has had a policy of storingralid profiling from any road construction or maimnce operations
for future use, and this includes reclaimed asgfhah profiling jobs where only thin layers of agthare removed prior
to resurfacing.

For many years, the City offered free tipping atdindfill site for this material, and recycled thaterial in various layers
depending on the type of road.

The material has been used widely as a sub bakeawy duty pavements, and as a base in residgraie@ments.
Reclaimed asphalt has been used in hard standess wher time with the heat of the sun in summex nfaterial becomes
lightly bound and resists traffic quite well.

Over the years however, other organisations haalisee the value of recycled pavement materialsla@dupply of free
material from other road agencies has now becoareesc
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7.2 PERFORMANCE

The City has undertaken no specific performands @s the recycled asphalt material, but has bbknta monitor the
performance of roads using recycled materials fanyryears. In the case of heavy duty pavementgiogrsignificant

truck traffic, it has only been used as a sub bhsee have been no performance issues obsenthd Rb year history
of using this material in a sub base applicatiat ttould be attributed to the sub base.

In the case of lower volume roads, such as Card& [ Cannington, the entire road was construcatgdg reclaimed
pavement material with a large proportion of asph@his road carries 1700 vpd with 4% heavy vedsand is now 22
years old and showing no signs of distress. Themant consists of 300mm of RAP on a sandy clagmde with
30mm asphalt surfacing.

Many other existing pavements in Canning in redidéareas have been constructed with RAP and arfenming as
well as any conventional pavement after more tlapears, showing no signs of distress.

7.3. CONCLUSION REGARDING THE USE OF RAP WITHOUT BLENDIN G

Reclaimed pavement from old road pavements caressfidly be used as a base in low volume roadsarmdsub base
in high volume roads. Where a high proportionsitaalt exists in the reclaimed material, it makesxcellent hardstand
surfacing for informal truck and machinery parkiangas, and will over time under the influence adtfeom the sun,
become sufficiently bound to remain stable underitig vehicles.

8. RECYCLED PLASTIC IN ASPHALT

According to A'Vard,D. and Allan P. (2014) the plastic recovery rat§astern Australia is 8%:

“Overall plastics consumption in Western Australiduring the 2013-14 financial year was
168,200 tonnes, based upon a per capita estimatising national overall plastics
consumption data. Overall recovery of plastics fidfA during the same period was 13,400
tonnes, giving an overall plastics recycling rafe8o.”

This provides the opportunity to incorporate reeycplastic into asphalt mixture aiming to reduce pilastic waste and
its undesirable environmental consequences. kerd¢ason, the performance testing of modified akghixtures by
recycled plastic before application to the roadisgment is essential.

8.1. EXPERIMENTAL STUDIES AT CURTIN GEOMECHANICAL LABORA TORY

This section is a summary of studies carried o@watin University Geomechanical Laboratory on eliéint recycled
plastic additives as binder modifiers. A Coopeeelitracking apparatus was used to measure tlegutisistance, Four
Point Bending Beam apparatus (provided by IPC Gldwstralia) used to study the fatigue performaacel IPC
Universal Testing Machine (UTM-25) used to condudirect Tensile Test to obtain resilient modulfigsphalt mixes.
The asphalt mix which is used as control mix ingéhére program was AC10 with 75 marshal blows aiming bitumen
class 320. Mix aggregates were provided by BGC Haae WA. Table 22 shows the standards followe@d&zh testing
type. It should be noted that the percentagel ofiadlifiers presented in this section are percesddyy mass of bitumen.

It must be noted that these projects were undertakdinal year undergraduate research projectsamgle sizes were
small. Trends may not be statistically reliab@nly the results of wheel tracking tests are reggbim this paper as there
is a lack of consensus on the reliability of thieipretation of the fatigue and modulus test data.

Table 22: Standards followed to investigate oningttesistance, fatigue performance and resiliesdutus

Test Standard
Wheel Tracking AG:PT/T231 (2006)
Four Point Bending Beam AG:PT/T233 (2006)
Indirect Tensile Test AS 2891.13.1 (2013)

Plastics were blended by two methods depending®mielting point of the plastic. Where the meltrmint was lower
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than the temperature of the hot bitumen a highrsimlawas used. Where the melting point of thagtic was higher

than the bitumen temperature, the plastic was atli#te hot aggregate.

8.2. THE EFFECTS OF PLASTIC ON ASPHALT PROPERTIES

Average test results on rut depth asphalt mixesfieddy waste plastic additives are summarisetible 23. According

to Table 1, increasing the percentage of bitumedifieos resulted in improved rut resistance.

Table 23: Summary of test results on rutting pennce of asphalt mixes modified by waste plagtiitves

Average Rut Depth
Researcher Modifier Type % Modifier g P
(mm)
Control Mix 0 5.05
15 2.7
Elamen E. (2013)
HDPE & EPDM 3 2.25
6 1.3
Control Mix 1 (Sup. B) 0 5.05
Control Mix 2 (Sup. B) 0 2.6
3 4.4
EVA
Li K. (2014) 6 3.9
15 5.2
PP (Sup. A) 3 4.15
6 1.9
9. RECYCLED GLASS IN ASPHALT

9.1. BACKGROUND

In 2002, Meda Sicoe of Fulton Hogan (then PionemdServices) approached the City of Canning reopggsermission
to undertake trials of reclaimed glass in aspha@lie aim of these trials was to determine if thepprtion of glass then
being rejected for recycling back to glass couldibed in asphalt instead of being landfilled.

The City of Canning agreed to the trials, and g \esic method of introducing the glass to asplvalt adopted. This
involved screening the glass to remove light weigtitaminants, and crushing the glass with a rollére asphalt was
laid in two locations, Ranford Road in Canning Viateich is a very heavily trafficked road, and GlenitWay, a lightly
trafficked residential street.

Due to the size of the glass particles, interestpegtral results were achieved at night undetdjdiut no other significant
performance differences have been noted over tteeeding 14 years. As part of a trial to determieeffects of early
skid resistance of Stone Mastic Asphalt, by chaB&\ and glass asphalt were laid at the same tinkaimford Road,

and testing by WA Police showed the glass asplaaltdlightly better skid resistance than both SMA aonventional

dense grade asphalt without glass.

Following these trials, Fulton Hogan establisheflaas crushing plant and commenced producing asfoindhe City of
Canning containing a minimum of 5% crushed glass, la3y 2011 had used over 100,000 tonnes of otherwasted
glass in asphalt.

The reuse of glass has now become more criticdlAg as there is no glass reprocessing plant in A& the market
prices for clean reclaimed glass is such thatnbisonger economic to transport glass to Adel&deeprocessing.
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9.2, PROPERTIES OF GLASS ASPHALT

It is always essential when changing the constitosterials in a product to ensure that the peréoree of that product
is not compromised. Fulton Hogan undertook extent@sting on a range of asphalts with and witlgbass, and with
and without RAP (reclaimed asphalt pavement). &hests showed that the performance of the asphalhot affected
by the glass.

9.2.1. Particle Size Distribution

The glass is crushed to a size of 3 mm maximum aize the particle size distribution of the glasshiown in Table 24.
Table 24: Particle size distribution of crusheaisgl

AS 1152 sieve size (mm) Min. Max.
4.75 100
2.36 80 100
1.18 0 30
0.6 0 12

The glass is then blended into the asphalt to cefitze sand size particles, whilst retaining trségiejob mix specification
for each mix

9.2.2. Trial mixes with and without crushed glass

The trial mixes manufactured to compare the perdoee of the asphalt containing glass to conventionas are shown

in Table 25. The mixes cover a range for lightydotheavy duty applications.

Table 25: Trial mixes tested with and without glas

Trial mix size Trial mix grading Marshall blows Appli cation Glass added
10 mm Dense 50 medium traffic none
10 mm Dense 50 medium traffic 5%
10 mm Dense 75 heavy traffic none
10 mm Dense 75 heavy traffic 5%
7 mm Dense 50 light traffic none
7 mm Dense 50 light traffic 5%
7 mm Dense 35 light traffic none
7 mm Dense 35 light traffic 5%
9.2.3. Indirect tensile (resilient) modulus of asphalt cotaining crushed glass

Indirect tensile modulus is a fundamental propeftgsphalt that relates to the way a pavementheitlave under load.
The results of testing are shown in Figure 21. sehesults show that the glass has no signifidéetteon the indirect
tensile modulus of the asphalt when glass is addéeu of sand.

9.2.4, Fatigue testing of asphalt containing crushed glass

Testing for the fatigue performance of glass adplvak undertaken on the trial mixes. These reshitsved some
possible effects on the fatigue performance of alsfly the addition of glass. Tests were undertalkta@wo strain levels,
both well above what the design strain level wdugdin a normal application in deep strength asphalte testing at
130Que, showed an improvement in fatigue performancéhi®i0Omm/50blow and the 7mm/35 blow mixes, butearease
for the 10mm/75 blow and 7mm/50 blow mixes. At [d8®nly the 7/35 blow showed a higher fatigue Ide glass
asphalt, however this is an unrealistic strainamgment applications.

It should be noted that only 3 beams were testedctt strain level and these results are not aligtgignificant. Further
testing over a larger number of beams would beireduo determine the effects, however on the bafsthis testing,
there is little evidence that the glass has arceffe fatigue.
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Figure 21: Indirect tensile modulus test resuftaephalt containing glass

Modulus (MPa)

9.2.5. Tensile strength ratio of asphalt containing crushe glass

The tensile strength ratio is a test to determhee rhoisture sensitivity of an asphalt. The higther ratio, the less
susceptible to moisture damage an asphalt willfbgure 18 shows the results of the testing undlertan the trial mix.
There is no significant difference between conwél asphalt and glass asphalt.
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Figure 22: Indirect tensile strength ratio testutes on asphalt containing glass

Tensile Strength Ratio (%)
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Table 28: Fatigue Testing of Asphalt with Crushddss

sl?lzc:erryr?]?rll) M;ZSVCZI" ;;lgzz K n R? Cycles to failure

Applied strain 130ue 70Que
10 50 None 10076 3.95 1 2.87 X'14 37,365
10 50 5% 2168 7.5 1 1.46 x°10 4,810
10 75 None 2778 6.36 0.99 2.9121( 6,465
10 75 5% 2226 5.98 1 2.36 x&10 1,008
7 50 None 3853 5.78 1 3.21 x°10 19,113
7 50 5% 2719 6.66 0.96 6.16 x810 8,375
7 35 None 2373 7.12 0.96 9.58 ¥1( 5,956
7 35 5% 2658 6.91 0.98 1.14 x°1Q 10,103

9.3. DISCUSSION ON THE USE OF CRUSHED GLASS IN ASPHALT

The application of glass asphalt in the City of @lag has diverted a large quantity of glass frondfdl to a useful
application. There is no evidence from the tetd dafrom the field that the application of glasasphalt is detrimental
to the performance of the road surfacing. The @it€anning requires that all of its asphalt whk exception of Stone
Mastic Asphalt contains 5% glass, and further ngstto determine if this can be raised is continuing

Increasing the glass content of asphalt signifigaatbove 5% is not recommended at this stage agskef moisture
susceptibility may increase.

Recycling glass by crushing it and using as fingragate in asphalt is not a high end use of a mhtbat takes a lot of
energy to produce in the first place. Recyclinglafss containers as glass would be preferablés i$kturrently not
economic in WA as there is no glass recycling figcih this State. Crushing glass and using iagphalt is preferable
to burying it in a landfill but should be seen asterim step until full glass recycling is avdila in WA.

10. SCRAP RUBBER IN BITUMEN SPRAY SEALS
10.1. BENEFITS OF SCRAP RUBBER IN SPRAY SEALS

Scrap rubber, more appropriately described as tattlior crumbed rubber, typically derived from iedhtyres, may
be used to modify bitumen to improve its perfornmircsprayed surfacing treatments. The use otypis of binder in
Western Australia was initiated by Main Roads WAItitise what would otherwise be scrapped vehigies and at the
same time provide an improved binder for use whandsard bitumen did not perform adequately suchtan sealing
cracked pavements. Typically cracks in a pavemftreflect through a thin bituminous surfacingless it is

specifically designed to minimise reflection craaki Use of rubberised binders provides one mefmsnimising such

cracking. As use of rubberised binders has largebn confined to Main Roads WA, most other autiesripreferring

use of alternative commercial polymer modified leirg] this report mainly focuses on the practicethefMain Roads
WA.
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10.2. TERMINOLOGY FOR SCAP RUBBER SEALS

The terminology used in this paper generally canforto Australian Standards, Austroads or Main RoOAHS
terminology. The fundamental terms used are dsvist

e Bitumen — a very viscous liquid or solid consistofghydrocarbons and their derivatives which isssabtially
non-volatile and softens when heated. It is oleifrom native asphalt or by refining petroleunsait a
refinery.

« Polymer modified binder — A binder consisting oflymeric materials dispersed in bitumen with enhance
binder performance for particular applications.

e Scrap rubber/crumbed rubber/ granulated rubbebbBuparticles manufactured from waste or reclaimmbtier
products such as vehicle tyres and graded to cortor specified size range. Typically, it com@sis. mixture
of Styrene Butadiene Rubber, Butyl Rubber and NétRubber, depending on the source and the ruldser h
been vulcanised during the tyre manufacturing gece

* Rubberised Bitumen — A bituminous binder contairardispersion of from 5 to 25% by mass of crumhstber.
It comprises a two phase system of vulcanised nupb#icles dispersed in bitumen where the pasielee
partially digested and partially swollen by theaktion of bitumen oils.

e Sprayed sealing — The sprayed application of abitaus binder followed by an application of aggtegar his
may comprise multiple coats of binder and aggregate

e Strain Alleviating Membrane (SAM) — Application afsprayed seal using a rubberised bituminous biasler
final surfacing treatment.

e Strain Alleviating Membrane Interlayer (SAMI) - Aligation of a sprayed seal using a rubberised hitoos
binder as a treatment prior to application of a #dphalt overlay.

*  Waterproof Membrane for Concrete Bridge Decks - lAgagion of a sprayed seal using a rubberised bitoos
binder to a concrete bridge deck as a treatmeot fwriapplication of a thin asphalt overlay.

Main Roads WA typically differentiates between wsecrumbed rubber modified binder and other polymedified
binder. This does encourage use of scrap rubluehelp reduce the disposal problem of the estimh@@dhillion vehicle
tyres scrapped each year in Western Australia (8Mdstnagement Board. November, 2005).

10.3. HISTORICAL BACKGROUND ON THE USE OF SCRAP RUBBER IN WA

Main Roads WA began investigating the use of crudmeap rubber in bituminous binder in the late(97At this time
use of rubberised binder was in its infancy in ¢lastern states and there were no commerciallyadnlaibupplies in
Western Australia.

Main Roads WA sourced the waste rubber ground effficle tyres by tyre retreaders by providing wdstes at the
premises of a number of tyre companies. This rizdteas collected, stockpiled under cover, thenmemtially screened
to an appropriate size and handling and perform#nls commenced. The Plant section of Main Rodelseloped
suitable blending facilities and road trials comeezh in May Drive Kings Park in 1980 (a SAM trialpdaon the
Heirrisson Island section of the Causeway in 1383AMI trial). These sections of pavement werelyarhcked (the
underlying pavement on Heirrisson Island was legeaind there was large block cracking and pumpinjnes).
Conventional seals would not have prevented réfleatracking. Both trials were successful and wigse of rubberised
binders followed, their use expanding to includel@ation on concrete bridge decks. Supply of gatgbber ceased
being a problem as commercial companies made apat®pecycled rubber crumb available and bindgpBers
marketed pre-blended rubberised binder.

Further trials were carried out on a badly crackeell road to extend performance based knowledgeodfified binders.
These trials included scrap rubber modified birated proprietary polymer modified binders (Leach &réiman 1994
and 1996). Although the trials indicated a ranfibinder types could be used satisfactorily, in th&in use of scrap
rubber modified binders was limited to the Metrdfawl area because of handling and logistic diffiesl It was generally
focussed on applying SAMIs when resurfacing Peithésn Roads, Highways and Freeways.
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At the same time as the first field use was beirglenof rubberised bitumen, ARRB was investigathng theoretical
basis for specifications for the rubber crumb aad ko obtain the most effective dispersion of thetiples (Dickenson
E J, 1984). This work provided a scientific bdsisbest practice specifications and binder pretxara

10.4. THEORETICAL CONSIDERATIONS

It has long been known that cracks in pavementallysteflect through thin bituminous surfacing ineatively short
time, depending on the nature and cause of th&srac

Modification of the flow and deformation propertiesbitumen by adding elastic polymers was invedgd by Oliver
and Dickinson (1977). Their work included inveatign of blends of scrap rubber blends in bitumed the effect of
the nature and production method of the crumbetleubn the modified binder properties, a key propleeing elastic
recovery.

It was found that for all types of scrap rubbecré@asing the concentration in the mixture produmedncrease in the
elasticity of the product. It was also found th#ferences in the composition of the scrap rubbeerms of the types of
rubber present and the method used to producethp subber influenced the elasticity of the blend.

Rubber particles produced by a tearing process asichsping at ambient temperature were foundéoaot much more
readily than those produced by hammer milling &foer cooled by liquid nitrogen. Microscopic exaatian indicated
that the morphology of the rasped particles inaluderfaces covered with porous sponge like nodulate the low

temperature produced particles had smooth fac&his discovery lead to the development of a metbbessessing
morphology which is now included in most specifiocas for crumbed rubber.

Oliver (1982) investigated the effect of the tengpere and time of digestion of the scrap rubbdsinmen in terms of
the types of rubber in the scrap rubber. This valrwed there were significant differences and Itlodh temperature
and time should be controlled. These requiremamrsiow reflected in specifications.

The use of scrap rubber to modify bitumen does rttma improve elastic properties. It also has tiing effects
(Scrap Rubber Bitumen Guide 1995):

* Anincrease in the softening point temperature

* Areduction in the temperature susceptibility (loivg of brittleness temperature)
e Anincrease in resistance to deformation undesstat high temperatures

e Anincrease in ductility at low temperatures.

These properties make scrap rubber modified bituiohesl for use at the relatively high binder apafiion rates that are
necessary to mitigate the risk of reflection cragki Although there is not complete understandirgjldactors involved
in reflection crack alleviation, SAM and SAMI trea¢nts are considered most effective when the agigtavement or
surface cracks have relatively stable fatigue @ackhe treatment of shrinkage cracks which opehcémse markedly
with changing environment is not as effective, @liph some reduction in the extent and width oetfbn cracking can
be expected. SAMs or SAMIs are only intended faopligation to pavements, which are basically sostmdcturally,
apart from the occurrence of cracks. The treatsngmbuld be carried out before the pavement hasweakened by the
ingress of water through the cracks.

10.5. RECENT USES OF RUBBER SEALS IN WA

In the Metropolitan region of Perth, the primarg us rubber seals has been as 14mm/7mm double&loedals with
15% rubber in the binder. The objective has begrdved stone retention and reduced temperatuoetilsility of the
binder.

Since 2010 over 100 sections have been sealeceiMétropolitan region using rubber seals as a isthdleviating
Membrane (SAM). Initially only using medium curiagtting oil (2%) when conditions were cool at nightit later the
addition of cutting oil became routine. GeotexHeinforced Seals (GRS) now routinely include 5%ber to reduce
the risk of flushing.

In 2014 resurfacing was carried out on the heavdificked Great Northern Highway about 100km nasftPerth (in a
rural region) with a 16mm/10mm double/double ressahg S45R binder.

In 2014 resealing (SAM) trials were carried outngsS45R binder on the Leonora Laverton Road (abh@0km from
Perth). One of the objectives of the trial waslémonstrate that S45R can be transported longndesawithout the
binder deteriorating. The existing road had extenblock cracking and a low traffic volume (75 i&bs per day in
each direction with about 30% heavy vehicles). Bineler application rate for the S45R was 2.4 kb7, A problem

36



that can occur with rubber seals is an uneverdbdistribution of binder leading to a defect reéefto as “tram tracking”.
On the Leonora Leinster road trials this problens weercome by using A4 spray nozzles, doublingtardard number
of pump revolutions and doubling the spray truckesh

10.6. MAIN ROADS WA GUIDELINES ON THE USE OF SCRAP RUBBER IN SEALS

The basis for Main Roads requirements for the @iselderised bitumen is given in Engineering RoadeNNo 7 (ERN
7) “Bitumen Scrap Rubber Seals”, which was firstiesd in 1985. This Road Note was upgraded anssted in 2003.
This road note has been augmented by Main Road$Spéaification 503 “Bituminous Surfacing” and Spagfion 511
“Materials for Bituminous Surfacing”.

ERN 7 (2003) provides the following guide to thegortion of scrap rubber required in the bindentléor various uses,
the proportion of MC Cutter to be added and biralgplication rates. These guides are summariséikeirfiollowing
tables.

Table 29: Recommended Proportions of Scrap Ruldvehé various Uses

Use % Rubber Content (by mass of residual binder
excluding MC Cutter)
SAM 15-18
SAMI 17 - 20
Waterproof Bridge Deck Membrane 20
Double coat geotextile seals (from MR Specifica®b03) 5

Note the rubber should be considered part of thielual binder.

Reference should be made to ERN 7 and Specificafi®8sand 501 for design guidance and material ptppequirements. These
documents are available on the Main Roads WA web sit

10.7. CONCLUSIONS REGARDING THE USE OF SCRAP RUBBER

Bitumen scrap rubber sealing has been used by Riaénis WA to alleviate reflection cracking and wateof concrete
bridge decks since the 1980s. Use was initiatesdl edad trials to verify the effectiveness of SAkMd SAMI treatments.
The ongoing use of these treatments has been sfucasd a large portion of the metropolitan maiad, highway and
freeway system has been resurfaced using a SAMI fwire-sheeting with a thin asphalt surfacingorérecently use
of scrap rubber sealing has been extended intolel@atat geotextile sealing to minimise the risksofface cracking.
Besides being cost effective, treatment with sctégier sealing does have environmental benefiteliping to reduce
the problem of disposal of used vehicle tyres anekpected to remain a standard construction tgqabni

11. RECYCLED PLASTIC IN PERMEABLE PAVEMENTS

Geocells manufactured from 100% recycled high demglypropylene have been used with free draigiggregate in
fill on very lightly loaded pavements in WA. Thgure below is of a road in the Sea Spray Carawak Rear Perth that
has given several years of satisfactory service.
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Figure 23: Nero Pave permeable pavement

12. CONCLUDING COMMENTS

Western Australia has a good history of carryingresearch and construction of demonstration r@agiment projects
incorporating recycled materials. The use of RAfRa(low percentage) in asphalt has become roasifias the recycling
of existing granular pavement materials using carmed foamed bitumen. The use of scrap rubbeitinmen seals
looked like becoming routine in the 1990s but cactiors found it more convenient to use polymers.

Some Councils such as the City of Canning have rhecleaders in the use of recycled construction derdolition
material, RAP and crushed glass in pavements.

At this stage it is recommended that CRC and CDNréxgted as bound materials when designing hetitiicked road
pavements.

Areas requiring further research before routindiaption are the use of recycled plastic and scuifper in asphalt.

13. DISCLAIMER

Although this publication is believed to be corrattime of printing, Australian Geomechanics SggiEngineers
Australia and the Authors do not accept responigybiibr any consequences arising from the use ®friformation
contained in it. People and organizations using itiformation must apply and rely on their ownlskiid judgment to

the issue they are considering.
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