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ABSTRACT

Crushed concrete waste is a by-product from bugldiemolition and constitutes a principal componeit
municipal solid waste consisting of concrete, sdmitk, rock, metals and timber. Over 50% of thiaste is
commonly sent to land-filled sites, resulting il fimpact on the limited capacity of land-filledesit Nowadays,
the sources of virgin natural aggregates are dsglby increasing in demand of using a virgin maten

building and infrastructure construction and maiatece facilities. This depletion leads to the sailion of
crushed concrete waste to replace natural aggegar®ad and highway construction. Of key sigmifice of
this study is to present alternative materialsré@d and highway construction on the productiothefproper
guideline for road base by using crushed concretstev Sophisticated tests were conducted to imadstithe
mechanical responses of compacted crushed corsubjected to applied loads simulated from traffiads.

Unconfined compressive strength, shear strengtanpaters, resilient modulus and permanent deformatfo
such material were determined. Our findings shotlhaticrushed concrete waste is able to utiliserasd base
material. The results of this study will enhanceréased use of crushed concrete waste in road ighdrdy

construction and will, therefore, alternatively ued consumption and costs in manufacturing virggregates.

Introduction

In recent times there has been an increasing telitirds finding more environmentally sustainable
practices in an effort to tackle modern challenggated to climate change, population growth and
pollution. This study presents the latest reseancthe performance of recycled construction and
demolition material as a road building materialWiestern Australia and recommends new technology
for this growth industry. Local Governments and usily are encouraged to be sustainable
development leaders with more sustainable roadlingilpractices and materials. The objective of
this research is to investigate crushed concrestenmaterial for a pavement material with suffitien
background information to enable interested pac@sstructing roads to have a good understanding
of the background as to how utilisation limits welexived. The study investigates the properties and
performance characteristics to enable practitiotersonfidently make use of recycled construction
and demolition materials in the construction ofd@avements.
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The existing road construction material specifimadi for recycled products were generally derived
from specifications for virgin rock aggregates, amddified slightly to allow for the different
properties of the recycled products (Austroads 2004e materials used as source material for the
manufacture of recycled roadbase stem from thetaai®mn and demolition industry. The term
commonly used to describe this material is confitncand demolition (C&D) waste. A literature
review was undertaken of Australian and internatidast methods for analysing the performance of
pavement materials. There seemed to be gaps inptbeious research undertaken into the
performance and characterisation of recycled mnaseriA significant amount of laboratory
characterisation of recycled materials and virgirargied aggregates was undertaken by Curtin
University. This testing provided a greater underding about the characteristics of recycled
roadbase sourced from construction and demolitiaterials and how these materials relate to newly
guarried materials. These test results were cordp@réhose, and they indicated that the materials
produced in Western Australia are comparable ifop@ance to those in other parts of Australia and
the world.

It seems that where recycled products are usey ateegenerally considered a second class material
suitable for subbase generally or base materidbfervolume roads. There are some interesting new
test methods which could be applied not only tycksd materials but also virgin aggregates used for
road construction. From field trials using recycleshcrete products an increase in stiffness was
observed after one to two years of service. Thera potential for recycled concrete products to
rehydrate and re-cement with time. This procesgebydration has not been fully investigated and
may result in a material that is too stiff and thit If rehydration continues and creates a bound
material the pavement then may be subject to fatfgilure of the basecourse. Further research is
needed to study the effects of blending other riasesuch as clay bricks and tiles, reclaimed adspha
pavement (RAP) and small amounts of clay materidd the crushed concrete to minimise the effects
of rehydration.

This study provides pavement material charactéoissitfor use by Local Governments and Industry
for the supply of recycled concrete based roadmagiase and fill materials. The limit use has been
developed based on the results of laboratory pstind field performance of pavements constructed
using recycled materials. Laboratory charactensatiof three sources of recycled materials (All
Earth, C&D Recycling and Capital Demolition) andotaources of virgin quarried aggregates (Boral
and Cemex) were undertaken by Curtin Universityhede results were used to give a greater
understanding about the characteristics of recyateaterials sourced from construction and
demolition materials and how these materials coegan local virgin materials. These tests results
were also compared to those in selected enginepapgrs and indicate that the materials produced in
Western Australia are comparable in performancéhdse in other parts of Australia and the world.
The laboratory test results show that the constituef the source material are significant to tregt
term performance of the pavement materials. Whereepent material contain only structural
concrete crushed from the demolition of reinforaeehcrete structures, rehydration of the cement
within the material may produce an excessively stdterial likely to fatigue with time. The blendjn

of small amounts of crushed clay bricks and tilppesrs to help minimise the risks of excessive
rehydration of recycled structural concrete. Thagiue effect of cement reacting with bitumen,
where cement fines may be pumped by traffic adtibmthe seal coat has been noted and will require
further research.

Laboratory Results and Discussion

Maximum dry density and optimum moisture content

The maximum dry density (MDD) and optimum moistaostent (OMC) tests were undertaken and
compaction curves are shown for C&D Recycling igufe 1, All Earth in Figure 2 and Capital
Demolition in Figure 3 (Main Roads Western Ausa&éD07).
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Figure 1:C & D Recycling compaction curve.
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Figure 2:All Earth compaction curve.
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Figure 3:Capital Demolition compaction curve.
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Material Grading Curves
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Figure 4:Particle size distribution for recycled materials.

Particle size distribution

The particle size distribution is shown in Figur@ain Roads Western Australia 2007). The grading
shows that all materials are low in fines, and floatthese samples at least, the grading of the All
earth material is well out of specification on tiiree side, and the grading for C&D Recycling is
slightly out of specification on the coarse siddneTcoefficient of curvature and Coefficient of
Uniformity for each material are shown in TabléWhilst the grading is out of specification for All
Earth, the coefficient of uniformity and coeffictesf curvature for all materials are within a talble
range.

Table 1:Grading properties of recycled materials.

P Results

roperty C&D |AllEarth [Capital
Dec 10 3.5 5.6
Dac 15 0.65 1.8
D1c 0.3 0.23 0.425
Coefficient of Curvature 33.3 15.2 13.2
Coefficient of Uniformity 0.8 0.5 1.4

Unconfined compressive strength (UCS)

Tests were undertaken on samples at 1 day and 28telays curing as shown in Table 2. These
results show that there is some degree of cemeatitign for recycled materials, and that there is
considerable variability between suppliers. A limsitapplied to UCS to prevent excessive brittleness
of a granular pavement material. This testing comdithat there is a gradual increase of strength wi
time, and should this strength gain be relatedetoydration of cement bonds as suspected, the
strength gain will be very dependent on the curegime. As pavements are typically dried back
before sealing, ideal curing conditions will not éstablished as is the case in the test conditlons.
practice, the increase in strength with time shawltdbe as marked as that in the laboratory.

Capital Demolition sources its concrete from st concrete, and the samples collected were only
concrete. All Earth and C&D Recycling receive sugmplof material from a wide range of sources,
and much of the concrete is non-structural housis,gaaving and kerbing from roadworks. There is
also a blend of other products mainly brick, tdand, aggregate and asphalt.
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Whilst there is a significant difference between &ecycling and All Earth, this should not be
viewed as a difference in process, rather an itidicaf the potential variation in materials. MRWA
specification 501 requires a 7 day UCS value of\0F& to 1.0 MPa. Based on the results in Table 2,
it is likely that 7 day value for UCS will be poteally in the range of 0.37 MPa to 1.2 MPa (Main
Roads Western Australia 2006). Further testingdgiired, and extraction of cores from existing road
pavements will be undertaken by Curtin as partngfoing research.

It is recommended that further research is undertato investigate the potential for recycled
pavement materials to rehydrate and under whatittonsl rehydration occurs. There is little research
into the rate of rehydration of crushed concretd #me assumption that 90% of the potential
rehydration is achieved in 28 days is not suppdiru the testing of field trials. Further UCS iagt

of specimens cured in a condition that represdmsas-constructed pavement for 60, 90, 180 and 360
days should be undertaken and if necessary théfispgon reviewed.

Table 2:Results of UCS testing.

Supplier UCS 1 day UCS 28 day
cure (kPa) cure (kPa)

Capital Demolition 668 1625

C&D Recycling 220 474

All Earth 541 1323

Repeat load triaxial testing (RLT)

RLT tests were undertaken on triplicate sampleseofcled demolition roadbase sourced from the
three suppliers from All Earth, Capital Demolitiamd C&D Recycling, and two samples of new
quarried roadbase from Cemex and Boral (Voung arnithiide 2000). The relationships between
modulus and normal stress for the various matetésked at 60% and 80% OMC are shown in Figure
5. In this figure, AE represents All Earth, CAP regents Capital Demolition and CD represents C&D
Recycling, all of which are the recycled materi@&M represents Cemex and BOR represents Boral,
both of which are high quality quarried and crusheahite roadbase materials (CGRB). The highest
modulus values were obtained by Capital Demolitieith All Earth and C&D Recycling showing
similar values. Both Boral and Cemex roadbase si&aved very similar values. All of the recycled
materials showed significantly higher modulus valtlen that obtained from the CGRB materials.

The Capital Demolition roadbase, which is predomilyastructural grade concrete with no brick and
tile clearly showed the highest modulus values. Ahdearth and C&D Recycling roadbase which
contained predominantly non structural concretdnwitme brick and tile, estimated to be between
10% and 15% by weight, showed good modulus valiggsfisantly higher than the values shown by
the new CRB of Boral and Cemex.

International Conference on Sustainable Built Envionment (ICSBE-2010)
Kandy, 13-14 December 2010



216

Modulus vs Normal Stress @ 60% OMC
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Figure 5:Modulus vs. normal stress for recycled and quarrieatlbase materials.
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VARIATION OF MODULUS WITH TIME
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Figure 6:All Earth resilient modulus at 1, 7 and 28 days.

The above tests were undertaken without curing, iandrder to assess the potential changes of
modulus with time, one product was selected to rtalle resilient modulus testing at 60% OMC over
a period of 1 day, 7 day and 28 day curing. AlttEanaterial was chosen, as it represents the middl
range of the uncured performance testing. The tesil this testing are shown in Figure 6, and
indicate a clear increase in stiffness with tinmeptactical terms, a higher modulus value will iesu
lower curvature values and hence a longer fatieef an asphalt surface.

Conclusions

Test results have confirmed that the optimum moésttontent for recycled crushed demolition

roadbase (CDRB) materials is higher than for crdstpanite roadbase (CGRB). It has also been
determined by repeat load triaxial testing (RLTHattthe resilient modulus of the CDRB is superior
to that of CGRB by a factor of two or more. The RL&lso showed that the source of material
strongly influences the modulus of the recycledeariat.

In order to differentiate between products, newindiddns should be included to differentiate
materials into sources. It is proposed that thewong definitions be used, and will be used ie th
discussion from here on:

CGRB — conventional new roadbase manufactured friogin granite rock

CCRB(S) — crushed concrete roadbase containingstnictural grade concrete
CCRB(N) — crushed concrete roadbase containing rmmtystructural grade concrete
CDRB(x) — crushed demolition roadbase containingjaof predominantly concrete with

clay brick, tile and sand containing approxirhaié&o concrete.

The reason for this is that CCRB(S) may be tod istiits raw state for a basecourse and could tead
premature shrinkage and or fatigue type cracki@CRB(N) may be suitable for roadbase, as is
CDRB(x) where x is yet to be determined. There ipaya value of x suitable for base application,
and a value for subbase application. The Capitahdi&on material would fall into CCRB(S) class,
and the RLTT shows a very stiff material. This nheysuitable under thick layers of asphalt, or as a
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subbase for heavy trafficked pavements. Howevemay not be suitable for a heavy trafficked
pavement with thin asphalt due to possible fatig@aeking. The Capital Demolition material showed
a modulus value of approximately 3 times that ef @GRB.

CCRB(S) can be blended with clay brick or tile tonh CDRB(90), that is 90% concrete with 10%
foreign material, which would make a good generappse base for heavy trafficked pavements.
The CDRB(x) which comprises the All Earth materdald C&D Recycling material, where x is
thought to be around 90%, showed very similar maslwialues of about twice that of CRB. Particle
size distribution (PSD) of the materials to not pdetely fall within the current MRWA specification,
but this does not seem to affect the performandkeomaterial in the RLTT. Unconfined compressive
strengths were undertaken on all recycled maggraid here significant variations were observed.
Tests were undertaken at 1 days and 28 days cUrimgy.results are interesting in that in this thet
high modulus Capital Demolition material and thevdo modulus All Earth material showed similar
results, where the C&D Recycling material which hasimilar modulus to All Earth showed a much
lower value. The All Earth material, consideredb&othe best compromise between modulus and UCS
was subjected to more study using the RLTT andcstiaaxial testing at 1 day, 7 days and 28 days
curing to determine if there was significant refatdm occurring in the material.

This investigation has considered Australian andrirational trends in the use, performance and
specification for roadbase material sourced fromstmction and demolition materials. However, no
specifications currently give limits for modulugynopressive strength. Therefore as a starting point,
limits for these values have been estimated basethe results obtained from Curtin University
testing associated with this investigation. Theatuas will need revision as more data becomes
available, but by including them now in the spexeifion and testing for these properties, a data bas
will be established which will allow a more critlaaview in the future.
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