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ABSTRACT 
Regardless of the technologies utilized in their design and construction, all roads are subject to 
gradual and varying rates of deterioration caused by the use they receive and thus have to be 
constantly maintained and reconstructed as needed. In addition, expanding world populations and 
increased demands for more efficient roads are also catalyzing a need for new-road construction.  
This increased demand for road (re)construction is putting pressure on available building materials 
and resulting in a decrease in the supply of these natural materials. 
 
This paper explores the local government use of construction and demolition (C&D) waste as a road 
pavement material. A municipality located in the western suburbs of Sydney, Australia has become 
recognized as a model in the promotion, production and implementation of recycled C&D material. The 
city council of this municipality, Fairfield City, has established a Sustainable Resource Center (SRC) 
charged with conducting a variety of geo-technical testing at various locations around the Local 
Government Area (LGA). The areas are being tested to determine their suitability for the utilization as 
a road pavement material. The center is also responsible for the collection and procession of the 
recycled materials and the production of numerous compositions of the final product, which are also 
subjected to testing at the same center. The aim of this paper is to investigate the effectiveness of 
these efforts being carried out on a local government scale.  
 
Keywords: Pavement recycling, RAP, Pavement base, Pavement sub-base, Pavement subgrade,  
 
1 INTRODUCTION 
Regardless of the technologies that have been utilized in their design and construction, roads 
subjected to heavy traffic suffer from frequent exhaustion, and this deterioration results in the need for 
constant pavement maintenance and reconstruction. In addition to this, global demands for new roads 
and arteries are also increasing the utilization of the natural materials used in road building. This 
increase in demands for these materials is causing both a rise in prices and is depleting the availability 
of these materials, thus causing harm to the natural environment. This increased demand comes at a 
time when the world is also trying to push for sustainable practices, especially in the construction 
industry and in governmental organizations. The need to find a way to use recycled materials to 
maintain and (re)construct road pavements is therefore becoming ever more important.  
2 RECYCLED MATERIALS SUITABLE for ROAD and PAVEMENT CONSTRUCTION  
It has been demonstrated that recycled construction and demolition (C&D) materials can be used in 
the place of virgin materials in the maintenance and construction of roads.  The most common 
recycled and readily available materials used for road pavements are recycled concrete, bricks and 
blocks, as well as recycled asphalt pavement (RAP). These recycled materials have, however, certain 
characteristics that differ from their virgin equivalents. GreenSpec (2010) notes that many of the 
significant material properties of recycled materials differ significantly from non-recycled materials and 
must be used cautiously.  
2.1 Recycled concrete, bricks and blocks 
Recycled concrete, bricks, and blocks come from a large number of sources, including small and large 
scale construction projects, road pavements, and demolition works. Utilizing these materials to make 
recycled products has the benefits of: 
 

 Reducing the percentage of landfill disposal; 
 Reducing costs of buying and extracting raw materials; 

 Reducing the energy needed for the production of usable materials. 
 
While concrete aggregate and brick and block material are all chemically stable, their recycled state 
physical properties can hinder their effectiveness as a construction material due to undesirable 
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grading following crushing. It has been found that a material produced solely from recycled concrete, 
bricks and blocks will be deficient in the smaller particle size fraction--the fines portion. To compensate 
for this, certain additives such as fly ash or slag must be added to the material in order to fill this 
grading void and generate a suitable product. 
 
Australian Standard AS HB 155–2002 designates a guide to the properties of Recycled Concrete 
Aggregate (RCA) and distinguishes between two types: Class 1A-RCA (little or no brick within its 
composition) and Class 1B-RCA (can contain up to 30% RCA). Because the supply of recycled 
materials is not constant and is dependent on many different providers, no constant or predictable 
inflow capacity exists; therefore, the demand for the material can easily cause the availability of the 
recycled product to fluctuate between excessive and meager. The large number of suppliers also 
implies that there will be a great variability in the stockpiles of material, and therefore consistency in 
the testing of the final product can be difficult to obtain. 
2.2 Recycled asphalt pavement (RAP) 
Recycled asphalt pavement is the recycled wearing surface layer of a flexible (bituminous) pavement. 
Because the primary source of the material is from extracted road pavement (while a small percentage 
also originates from asphalt footpaths), this material is primarily sourced from municipal and other 
government road departments’ maintenance and road upgrade agencies. As government agencies 
and municipalities are working to support sustainable practices it becomes much easier to organize 
the recycling of asphalt pavement waste. 
 
Kennedy et al. (1998) list a number of benefits associated with the use of RAP: 

 Preservation of existing profile 
 Conservation of asphalt and aggregate resources 
 Reduction of energy consumption 
 Reduction in cost (energy prices and virgin aggregate prices) 

 
There are various recommendations for RAP content in mixes and the effect on their properties, 
although typically percentages range between 20 – 50% RAP due to various factors such as material 
consistency. The perception of quality decreases with increased RAP percentages and requirements 
of RAP in terms of some operational qualities and processing of the material. 
2.3 Stabilized concrete and asphalt products 
The AustRoads Recycled Materials Guidelines (AustRoads 2011) outlines the use of various binders 
in conjunction with the recycled C&D materials used for unbound road pavements. Two types of bound 
materials indicated are: 
 

 “The use of crushed concrete in combination with cement in the manufacture of modified and 
bound cement stabilized base course”  

 “The use of RAP in combination with bitumen emulsion to manufacture a bound base course 
and sub-base”  

Using a binder with an unbound material is advantageous as it provides for an increase in the 
material's strength. One consideration is that the rigidity of the material also increases; this can be 
either a desired or undesired property, depending on the intended use of the pavement and the design 
of other layers of the pavement profile. 
2.4 Glass and other alternatives 
Although C&D material contains large percentages of the two material types already mentioned, other 
materials can also be considered for their potential use within road pavements. With the exclusion of 
steel and other common building metals (such as copper for piping), glass follows concrete and RAP 
as being one of the most abundant materials that can be utilized through recycling processes as a 
suitable option for this kind of use.  AustRoads outlines the main sources of glass cullet, explaining it 
is “typically collected via bottle recycling banks, curbside collection schemes, and from premises 
handling large quantities of containers. The term ‘cullet’ also refers to waste glass produced as a result 
of breakage and rejection on quality control grounds during the manufacturing process.” The 
advantages of using glass as an aggregate can include (Skumatz, 2007): 
 

 Having the potential to “improve the quality of gravel in an aggregate mix”; 
 Ability to “enhance permeability of road surface and decrease stream runoff” ; 
 Reduce costs. 

The utilization of glass aggregate as an additive to road pavements has gradually increased over the 
past few decades. Some parts of the world consider glass to be a trusted option and therefore use it 
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more frequently than most other areas. Concrete containing glass cullet as aggregate typically 
displays higher resistance to abrasion than equivalent materials that use quartz sand or similar 
materials as fine aggregate. Reduced drying shrinkage is also often observed for mixes containing 
glass cullet aggregate, and also powdered glass cullet is pozzolanic, meaning that it will react with 
lime to form stabilized materials. As a result of this, cement combinations comprising these two 
materials will produce lower compressive strengths than Portland cement alone. However, there are 
clear economic benefits associated with the use of cullet as a cement component.  
2.5 Slag and Ashes 
Industrial slag and bottom and fly ash can also be considered for use in recycled road pavements. 
Their physical and chemical properties give them advantages in terms of strength, grading, workability. 
Concrete hydration makes these materials suitable for inclusion in recycled road bases and they also 
are used in non-recycled pavements. 
3 FAIRFIELD CITY SUSTAINABLE RESOURCE CENTER  
The city of Fairfield, a local municipality located in the western suburbs of Sydney, Australia is 
recognized as a model in the promotion, production and implementation of recycled C&D material. Its 
city council has established a Sustainable Resource Center (SRC) that has been charged with the 
responsibility of carrying out a variety of geo-technical testing at various locations around the Local 
Government Area (LGA) to determine their suitability for the use of road pavements constructed of 
recycled C&D material. The center is also responsible for the collecting and processing of recycled 
materials as well as the production of numerous compositions of the final products. 
3.1 Collecting 
The SRC has capitalized on the high cost and many negative environmental impacts of landfills and 
incinerators and is making a profit from the collection of recycled C&D material, which originates from 
a vast number of sources. Waste is accumulated from the city's own waste collection service, as well 
as from many of that of the nearby cities.  It is also gathered from  large companies working in the  
construction and demolition fields, from private contractors involved in all types of building works 
ranging from minor residential to large scale commercial  projects, and from individuals requiring a site 
to dispose of private building waste. The success of the center is largely due to the competitive fees 
they charge for the permission to dispose of waste when compared to the fees demanded by landfills. 
According to DEWHA’s 2009 Full Cost of Landfill Disposal in Australia report: “Total costs for urban 
and rural landfills are similar - ranging between $42 and $102 per ton of waste in urban areas and 
between $41 and $101 per ton in rural areas, depending on the level of management controls and 
prevailing climate, while the SRC charges from “$4.40 a ton to $22.00 a ton depending on the 
material” (FCC 2011). This price advantage not only allows the SRC to make a profit on the material 
they collect, it also discourages landfill disposal, thus promoting a host of positive environmental 
consequences. 
3.2 Processing 
The SRC has a well established system of processes that allow the raw materials that are brought and 
deposited to the center as waste to become useable and sustainable products for use in the 
construction and maintenance of roads within the local government area. There are three different 
products that enter the center, which are placed in stockpiles where they await processing. They are: 

 Concrete waste 
 Excavated road base 
 Milled asphalt concrete 

 
As the materials enter the SRC as waste, they are neither clean nor uniform products and therefore 
must undergo a screening process to extract as much of the undesirable contaminants out of the 
materials as possible. Concrete requires more interventions than the other products as there are a 
huge number of sources that deposit this material. 
 
Concrete as a building material has been in use for many years and as a result, its constitution has 
been researched extensively, allowing a vast range of variations to be in use today. This means that 
when it is deposited as waste and stockpiled together in one location, there is almost no uniformity 
whatsoever, causing some difficulty from a recycling point of view.  The main constituents of concrete 
are water, sand, cement and aggregate, and although water is standard, the sand can be 
interchangeable with cheaper substitution products such as fly ash and slag. Cement can also be of a 
different make, often using chemical influencing additives such as accelerant and retardant to improve 
workability and setting.  Steel reinforcement is used in almost all concrete in the construction and 
building industry. Meaning there are large amounts of this present in waste concrete, in addition to 
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various building plastics that are highly common. This high variability leads to varying chemical and 
physical properties of concrete, including strength, making its recycling quite challenging.  
 
The first operation for the concrete is to be loaded into a large impact crusher that breaks up the 
blocks of concrete that are often held together with steel reinforcement. As the blocks are crushed in 
the machine, the steel breaks loose and a magnet is positioned above the conveyor belt carrying the 
material forwards to remove the steel and stockpile it to an offside location. The steel is sold by the 
SRC as recycled steel. During this process, material that is larger than 24mm in width is classed as 
oversize material, which means that it has not been broken down enough to move forward. It is then 
removed by the machine and placed back into the initial raw feed for further breakdown. Once the 
material is free from steel, the conveyor moves it along where a worker removes the plastic 
contaminants by hand. It is then stockpiled for screening. In the screening process the material is fed 
into a screener, which involves a series of various sized screens that separate the material into sizes 
of 22mm, 14mm and 10mm aggregate and sand. 
 
The excavated road base product is produced by a much less complicated method than the concrete. 
It is screened for oversize material and waste, and the moisture content is modified prior to use to 
match the optimum moisture content (or 80% in order to allow water to be added on site while laying 
and compacting). This product is suitable for use as a road base, as proven by the test results given 
later in this report, although it can also be combined with varying a mounts of cement to form a semi-
rigid pavement (up to approximately 2% cement) or rigid pavement (up to approximately 4% cement).  
 
Milled asphalt concrete (AC) is brought to the SRC in large blocks, due to its binding properties from 
the bitumen component within its make up (for which the material is utilized). The process of recycling 
this product is to crush it into smaller sized pieces and then reuse it as crushed asphalt concrete 
(CAC) or recycled asphalt pavement (RAP), which are interchangeable classifications. 
3.3 Manufacturing 
The plant is capable of producing stabilized road based products using cement in combination with the 
recycled road base (RRB) material. The equipment required for this is called a pug mill and it has a 
simple process that allows it to combine materials with cement to increase the strength properties of 
that material. The pug mill consists of two cement silos (triple blend cement is used by the SRC which 
is a mix comprised of 60% Portland cement, 20% fly ash and 20% slag) and two input bins, which are 
used to store the material (in SRC’s case, the RRB). The materials are combined slowly as they travel 
along conveyors where water is added and paddle mixers blend the materials together. The mixture is 
then carried by the output belt into trucks for delivery on site. The method is convenient and effective 
as the mixing process is completely automated and provides the desired end product. The only issues 
with the machine are that, if not cleaned, a build-up of hydrated cement can result and affect the 
produced mixes. The process also requires constant testing and calibration of the mix proportions to 
ensure their accuracy. 
 
The combination of the road base product and specific aggregates taken from the recycled concrete 
make up a product called DGB20 (Densely Graded Base 20mm), which is an unbound road base 
material. DGB20 is a suitable road base material. 
4   ENGINEERING PROPERTIES of C&D MATERIALS 
The DGB20 material is an unbound material, meaning that it must have a well-graded composition, 
otherwise  the  resulting  insufficient  compaction  will  act as a  major  hindrance  to  its  optimum 
performance. The DGB20 samples that were tested for particle size distribution satisfied the 
requirements of GreenSpec. The material also successfully complied with the RTA 3051 specification 
apart from the 13.5 μm sieve as this sieve is not available at the testing facility. This means that the 
DGB20 material made from recycled concrete and road base can meet the same requirements as 
non-recycled material in terms of particle distribution. The RRB material was tested with different 
portions of CAC (RAP) due to its mix being used commonly in order to utilize the binding properties of 
the CAC to improve the RRB. The various mixes tested were of 85%-15% RRB-CAC, 70%-30% and 
60%-40%. The results show that the two mixes with more CAC did not meet the GreenSpec 
requirements for the grading around the 9.5mm and 13.2mm particle sizes. This means that the 
material did not have enough particles of the larger sizes, which will greatly affect the overall material's 
properties, particularly its strength. 
 
“The primary purpose of the unconfined compression test is to quickly obtain a measure of 
compressive strength for those soils that possess sufficient cohesion to permit testing in the 
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unconfined state” (ASTM, 2011). Both DGB20 and RRB have this characteristic and are tested to the 
GreenSpec provision that the maximum UCS equal 1.5 MPa. The two materials display various 
results, with the RRB having a higher UCS of 0.87 MPa (average) and the DGB20 a UCS of 0.58 
MPa, which are together acceptable results . The test data from the NATA accredited laboratory 
(Cardno Bowler) show a UCS of 0.3 MPa for DGB20, which is significantly less than the SRC result, 
though still below the allowable upper limit. The RRB material tested by Cardno Bowler displays an 
average result of 1.0 MPa, supporting the SRC tests variation between the two materials as shown in 
Table 1. 

Table 1 Laboratory Test Results 

 
Test (units) 

SRC Cardno Bowler (NATA lab ) Allowable limits 

DGB20 RRB DGB20 RRB Greenspec RTA 3051 

UCS (MPa) 0.58 0.87 0.3 1.0 max. 1.5 max. 1.0 

MDD (t/m3 ) 1.853 1.984     

OMC (%) 15.3 11.3     

CBR (% ) 52.5, 100.6 96.5, 95.9   min. 60  

Liquid Limit (%)  23.4   ma x. 27 ma x. 23 

Plasticity Index 
 

(%) 
 

 
0.8 

  
 

ma x. 5 
 

ma x. 6 

MDCS (MPa)   2.3 2.0 min. 1.7 min. 1.7 

The Maximum Dry Density (MDD) and Optimum Moisture content (OMC) tests are important because 
they stipulate the maximum compaction that a material is capable of and the water content that is 
required to allow this to occur. This is significant for the CBR test as maximum compaction is sought 
after for that test method in order to determine the strength of the material. The tests show differences 
between the two materials; the DGB20 has a higher OMC, though a lower MDD a t 1.853 t/m3, 
whereas the RRB has a lower OMC which means it requires less moisture to get it to maximum 
compaction, which is denser than the MDD at1.984 t/m3. 
 
The California Bearing Ratio is an empirical strength test, and hence requires a material to be at OMC 
to allow its strength capabilities to be analyzed. The GreenSpec specifies that the CBR value must be 
a minimum of 60% for class R2 material (for traffic loads less than 106 ESA), and it is not specified for 
class R1 material (for traffic loads greater than 106 ESA). The DGB20 material tested shows varying 
results for the CBR value with one result giving a CBR of 100.6% and another with a CBR of 52.5%. 
The reason for this large variation can be found to result from the inconsistency of the original raw 
feed of recycled concrete from which the materials produced. The second result does not comply with 
the specification, and therefore the material is not suitable for use as road pavement, although, the 
batch  may be  retested from  other areas  of  the  stockpile  to determine  if  this  is an accurate 
representation of the stockpile. The CBR results for the RRB are much more consistent at 95.9% and 
96.5%, which indicates the material has excellent load-bearing properties and is a reliable material in 
respect to uniformity. 
 
The plastic index test is carried out by using the portion of a specimen that has particle size less than 
425 μm which is suitable for a material like RRB because it contains silt, which is essentially the only 
material that passes through the 425 μm sieve. DGB20 has less RRB in its composition as it is 
displaced by the recycled crushed concrete aggregates and therefore contains less silt, making the PI 
negligible. The plasticity test done on the RRB yielded results well within the GreenSpec tolerances, 
with the liquid limit result  at 23.4, which is 3.6 below the limit of 27 LL, although the RTA 3051 limit for 
non-recycled material is 23, which was almost achieved by this sample. The PI was 0.8, complying 
with the RTA 3051 specification of maximum 6 and the more stringent limit of 5 specified by 
GreenSpec for the stronger variation of recycled DGB material. 
 
The outsourced testing by Cardno Bowler displays the result for maximum Dry Compressive Strength 
(MDCS), which is not undertaken by the SRC. The result for the DGB20 material is compliant with 
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GreenSpec and RTA 3051 with a result of 2.3 Mpa, a result that is well above the minimum allowance 
of 1.7 MPa. The ABC particle distribution is an alternative method for determining the grading of a 
material in terms of particle size and the Cardno Bowler test shows the material is non-compliant with 
the RTA ABC- ratios. The results do not fall outside of the tolerances by a large amount, though are 
deemed unsuitable according to the RTA 3051 specification. The MDCS for the RRB is 2.0, again 
above the tolerances, showing suitable properties. Liquid limits for both materials could not be found 
due to slipping in the bowl (as noted on test reports). The field density report shows a site where the 
pavement material has been designed to be compacted at a minimum of 98% standard relative 
compaction. The result shown has been achieved with the two sample locations returning results of 
98.5% and 99.5% standard relative compaction. 
5 RECOMMENDATIONS 
Overall, the results from the tests conducted were found suitable and reliable enough to determine the 
relevant properties of the various types of road pavement materials used by the FCC-SRC, although 
there are a few simple factors that could improve the results’ accuracy and reliability by a small but 
important amount. 
 
In the interest of consistency and reliability, a laboratory with an accreditation from the NATA 
organization will assist in maintaining a universal level of confidence in the findings within the industry. 
Although without this accreditation results are still valid, it is always an advantage to have the 
accreditation for confirmation of quality. 
 
With an inconsistent product such as recycled concrete aggregate, multiple test specimens are ideal 
so that errors and unreliable results do not occur. The practice of finding an average result from a 
number of samples is a beneficial idea that will increase reliability. 
6 CONCLUSIONS  
In conclusion, recycled materials can be suitable for use as road base on a local government scale, 
although they may not be suitable for heavy duty roads such as freeways and motorways. Frequent 
testing and monitoring of the production materials and processes are strict requirements in order to 
achieve the greatest potential of the recycled material. Monitoring of the recycled input must a lso be a 
primary aim, as there are impending prospects of refining the raw feed into more uniform collections in 
order to allow the control of the output material with greater confidence. 
 
The densely graded 20mm material is most suitable for flexible pavements, whereas the recycled road 
base is more suitable for rigid pavements. This is due to the silty composition that acts as a binder 
within the RRB material for it prevents movement that the unbound DGB20 material allows. This kind 
of movement is detrimental in a rigid pavement for it will cause cracks to form at the base of the rigid 
layer and reflect up to the surface in a phenomenon known as ‘reflection cracking’. The RRB may also 
contain cement additive, making it a stabilized material and again best suit suited to a rigid pavement 
due to its lack of allowable movement. 
 
A continuing endeavor to investigate the material in increasing detail must be encouraged, as 
opposition to its widespread use is fueled by the lack of substantial evidence for the success of the 
material, hence the debate and rejection by numerous entities for which the material can be suited. 
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