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The use of recycled materials in our asphalt 
pavements 

Maximising the use of recycled materials in our asphalt pavements 
Transport for NSW (TfNSW) remains a leader in promoting the use of recycled materials into asphalt 
pavements. The Pavement and Geotechnical (P&G) Unit of Engineering Services plays a significant role in 
encouraging innovation into pavement materials, design, construction and maintenance practices. P&G 
works closely with industry through joint research projects and participation in demonstration and 
field trials to minimise technical risks to TfNSW from unknown or new recycled materials being 
introduced in the market regularly.  

Reclaimed Asphalt Pavement (RAP) Recycling into asphalt pavements 
The use of processed reclaimed asphalt pavement (RAP) asphalt mixes is the most common form of 
asphalt recycling and is considered standard practise in NSW. Technical data suggests that the use of up 
to 15per cent RAP has little or no impact on the properties of the asphalt mix. While asphalt specifications 
in NSW allow up to 30 per cent RAP in asphalt mixes, it was observed that where the proportion of RAP 
exceeds 15 per cent, the bitumen grade should be adjusted to a softer grade of binder than otherwise 
specified to compensate for the stiffness of the aged binder in the RAP.  

TfNSW and the asphalt industry remain committed to maximise the consumption of RAP in asphalt to 
encourage sustainability in the asphalt industry provided the engineering properties of the asphalt mixes 
are not compromised. TfNSW also acts as a supplier of RAP to NSW asphalt suppliers derived from their 
Illawarra maintenance operations. An example of the processing of this RAP is shown in Figure 1.  

 
Figure 1- RAP processing in the Illawarra (2019) 

 
Current research projects on RAP in NSW include: 

• Investigations into the properties of RAP in NSW 
• Developments of blend viscosity tables which will better assist suppliers to adjust binder type to 

accommodate higher percentages of RAP in asphalt mixes. 
• Promote good RAP management for all suppliers in NSW in line with recommendations in the 

Australian Asphalt Pavement Association (AAPA) RAP management guide  

  



4  |  Paving the way 

Use of Recycled Crushed Glass (RCG) in asphalt pavements 
The use of recycled crushed glass (RCG) into asphalt pavements is not new in NSW as its asphalt 
specifications allowed up to 2.5 per cent of RCG in asphalt pavements. To date considerable amount of 
asphalt containing RCG have been produced and laid in NSW. 

Recently however the TfNSW Pavements Unit conducted an investigation into the potential of increasing 
this percentage in base courses for asphalt up to 10 per cent in line with innovation being promoted within 
the asphalt industry globally. This investigation found no adverse impact of the addition of up to 10 per cent 
RCG for asphalt base course applications and as such TfNSW have amended RMS R116, R117, R118 and 
R121 Specifications to accommodate such changes. In terms of its physical and mechanical properties, it 
behaves in a very similar manner to sand and has a similar particle density.  

P&G Unit recently teamed up with the Sydney Maintenance Contract North Zone and an industry partner to 
investigate the use of RCG up to 5per cent into asphalt wearing course. As a trial, pavements containing 0 
per cent, 2.5 per cent and 5per cent RCG in wearing courses were laid on Carlingford Road, Epping on 1st 
April 2019 (see Figure 2). Initial results from the trial found no major issues during and after construction. 
The pavement will be monitored for a number of years and the outcome of the trial will be used to make 
appropriate changes into our asphalt specifications.  

  

 
Figure 2- Recycled Glass Aggregate Trial on Carlingford Rd, Epping (2019) 
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Use of crumb rubber in our asphalt pavements 
Asphalt mixes containing crumb rubber are routinely used in NSW, particularly in the Hunter Region, to 
produce flexible mixes which have superior resistance to reflection cracking from underlying stabilised base 
and sub-base pavement materials. An example of the use of crumb rubber asphalt mix being used to 
control sub-base reflective cracking is shown in Figure 3.  

 
Figure 3- Mix used for improvements in crack retardation properties 

Use of steel furnace slag in our asphalt pavements 
The generation of steel furnace slag (SFS) aggregates as a by-product from the production of steel from 
molten iron is commonly used in asphalt mixes in NSW. When cooled these aggregates produce a hard 
and much denser material than standard aggregate types. These aggregates typically have a higher 
polished aggregate friction value (PAFV) and improved skid resistance and resistance to abrasion. SFS is a 
non-metallic product which consists of calcium silicates with fused oxides of iron and aluminium.  

SFS aggregates are typically used in areas which require improvements in skid resistance such as 
intersections and other identified areas. It is used as an alternative to the natural quarried materials such as 
rhyolite which offers superior skid resistance performance but is diminishing and expensive.  
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Overview of Different Mix Types Used in NSW 
TfNSW have a range of different asphalt mix types commonly used on the network including stone mastic, 
open graded and dense graded asphalt. An example of the fundamental differences between the different 
mix types in terms of their volumetric composition is given in Figure 4.  

 
Figure 4- Typical asphalt mix components (adapted from AGPT Part 4B, 2014) 

Stone Mastic Asphalt (RMS R121 Specification) 
Stone mastic asphalt (SMA) is used primarily as a surfacing course where surface characteristics are 
considered critical. SMA is designed with a high proportion of coarse aggregate to generate stone on stone 
contact between the coarse aggregate particles within the mix with the resulting skeletal voids being 
partially filled by a mixture of binder and fines (mastic). The coarse texture tends to offer relatively low 
permeability, high resistance to rutting and high surface texture which helps in reducing the generation of 
water spray during rain periods.  

The inter-particle friction of the coarse aggregate is a significant consideration and care must be taken in 
the selection of aggregate source in terms of shape and particle micro-texture. The mix design and the 
subsequent production process must ensure that the voids in the coarse aggregate skeleton are sufficient 
to contain the mastic and the appropriate air voids if satisfactory performance is to be achieved. To achieve 
this, the grading should remain relatively coarse and gapped in the vicinity of the 2.36 mm and 4.75 mm AS 
sieves. The quality of aggregate supply must be consistent for the duration of the work. The relatively high 
proportion of mastic requires special attention to be paid to all aspects of the production and paving 
process if a homogeneous product is to be achieved. These include the possibility of segregation due to 
insufficient mixing time, binder drainage during haulage, binder segregation during paving/rolling and 
flushing on opening to traffic. 

SMA is generally not used lower in the pavement structure because of its relatively high cost and lower 
design stiffness both of which tend to result from the relatively high binder content. The surface condition of 
the existing pavement will also impact on the suitability and performance of SMA. Existing pavements with 
low deflection/curvature, good shape and free of cracking offer the best chance of success. Figure 5 gives 
an example of the increased skeletal structure and increased texture which can be realised with the use of 
stone mastic asphalt.  

Figure 2.2:   Typical mix components by volume 
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Figure 5- Example of increased texture and skeletal structure of stone mastic asphalt 

 
 
The main drivers for the use of stone mastic asphalt in lieu of dense graded asphalt predominantly relate 
to:  

• Increased surface texture 
• Increased rut resistance 
• Good fatigue resistance 

The current SMA Specification R121 specifies two nominal mix sizes 10 mm and 14 mm. An overview for 
the combined particle size distribution and binder content can be found in the Specification available on the 
internet. In addition to the limits specified for combined grading and binder content, an acceptable 
production tolerance must also be met. The use of polymer modified binders (PMB) are mandated in SMA 
mixes for a durable and rut resistant mix 
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Open Graded Asphalt (RMS R119 Specification) 
Open graded asphalt (OGA) has comparatively high air voids (generally in the range of 20 to 25 per cent) 
and relies on the mechanical interlock of the aggregate to generate in-service stability. Compared to other 
mix types, OGA only has relatively small amounts of filler and fine aggregate. Therefore it is vital that OGA 
aggregates have high angularity and mixes have sufficient surface texture. Typical OGA characteristics 
include; good skid resistance, reduction in tyre noise, improved drainage and reduced water spray during 
rain (see Figure 6 for example of typical OGA surfacing). OGA is generally not recommended for use at 
intersections due to its relatively lower shear strength.  

 
Figure 6- Example of OGA improved surface texture and free-draining properties 

 
The current OGA specification R119 specifies two nominal mixes, 10 mm and 14 mm. An overview of the 
combined particle size distribution and binder content is provided in the Specification on the internet. In 
addition to the limits specified in the Specification, acceptable production tolerances must also be met. The 
uses of polymer modified binders (PMB) are mandated in OGA mixes for a durable mix. 
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Dense Graded Asphalt (RMS R116 Specification) 
The most commonly used asphalt specification in NSW is the R116 Specification (heavy duty dense graded 
asphalt). Dense graded asphalt (DGA) has a continuous distribution of particle size and filler (from coarse 
to fine) and a generally lower air voids content in the range of 3 to 7 Per cent. This mix type provides the 
most beneficial load carrying characteristics and as such is the most widely used asphalt for heavy duty 
traffic applications. Generally this mix is to be used for high stress locations such as traffic lights, stop and 
start locations, climbing lanes and in roundabouts where asphalt is used. It is also required anywhere 
where the traffic loading is greater than 107 equivalent standard axles (ESAs).  

Under the current DGA Specification R116 six nominal mixes are specified. The most common asphalt mix 
types used in NSW include AC14 (predominantly for wearing courses and upper intermediate layers) and 
AC20 (predominantly for intermediate and base course applications). Other mix types available for use 
include, AC5, AC7, AC10 and AC28 mix sizes. An overview of the combined particle size distribution and 
binder content is provided in R116 Specification and is available on the internet. In addition to the limits 
specified, acceptable production tolerances must also be met. Depending on purpose of the mix both 
conventional and modified binders (PMB) can be used in DGA with the mix being specified for a variety of 
different applications. (Figure 7 shows use of DGA over a bridge deck on the Woolgoolga to Ballina Pacific 
Highway upgrade). 

 
Figure 7- Correction dense graded asphalt paving on Richmond River Bridge (2019) 
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Light Duty Dense Graded Asphalt (RMS R117 Specification) 
R117 offers requirements for an asphalt mix, known as Light duty dense graded asphalt (LDGA), suitable 
for lighter trafficked roads. LDGA has a continuous distribution of particle size and filler (from coarse to 
fine), generally lower air voids content in the range of 3 to 7 % and is only suitable for applications where 
the traffic loading is less than 107 equivalent standard axles (ESAs). 

The current Specification specifies seven nominal mixes, such as AC5, AC7, AC10, AC14, AC20 and two 
fine gap graded mixes, FGG7 and FGG10. These mixes are not routinely used in urban areas due to the 
heavier traffic loadings; however they are often used by council’s roads with lighter traffic loadings.  

Crumb Rubber Asphalt (RMS R118 Specification) 
R118 Specification caters for the use of crumb rubber asphalt (CRA). CRA is generally used as a single 
wearing course layer and is intended for areas where there is a need to reduce the risk of reflective 
cracking in asphalt overlays when placed over existing cracked asphalt, cracked concrete pavements and 
pavements containing cracked heavily bound pavement courses.  
This mix is also a heavy duty mix and is most commonly used in the Hunter region where there is a specific 
need to control reflective cracking to improve the service life of the existing pavements.  

Specifications currently under development 
P&G Unit of Engineering Services is committed to continual research and development in the area of 
asphalt technology and specification improvement. Currently two specifications are under development: 
RMS R126 and RMS R127 Specifications.  

High Modulus Asphalt – EME2 (RMS R126 Specification) 
High modulus asphalt (EME2- Enrobés à Module Elevé Class2) is high strength asphalt with a maximum 
aggregate size of 14 mm. EME2 mix design relies on a performance based asphalt mix design process. For 
EME2 applications, two different classes of binder are available for use. These include both Pen 15/25 and 
10/20 hard penetration grade binders in accordance with EN 13924-2006. The asphalt and bitumen 
industry in Australia have been very supportive in this development work. This specification is in its final 
stages, and when finalised it is expected to result in significant reductions in asphalt pavement thickness for 
a range of different asphalt pavement structures across NSW.  

Dense Graded Asphalt for Bridge Decks (RMS R127 Specification) 
Work on R127 Specification is also in progress. The specification requirements of dense graded asphalt 
correction and wearing course laid on top of bridge decks has been investigated. The aim with this mix will 
be in reducing the permeability of asphalt over bridge decks to give better overall durability to both the 
pavement and bridge structure.  
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Transport for NSW Pavement Design Tools 
TfNSW produces a number of pavement design tools to assist pavement designers in the design of asphalt 
pavements in accordance with the Austroads Guide to Pavement Technology Part 2, 2017 (Austroads 
Guide). 

Flexible Pavement Design Software (FPD2) 
For the design of flexible pavement structures in accordance with the Austroads Guide an excel VBA 
program known as ‘FPD2’ is available. The FPD2 program supersedes the earlier version ‘FPD.’ 
FPD2 allows users to input pavement design and traffic loadings details into the program and then 
assesses the damage caused by the specified traffic loading on each pavement layer within the flexible 
pavement structure over a given design period. The program utilises CIRCLY 5.0 for the determination of 
strains within the pavement layers, and is currently compatible with Windows 7 through to Windows 10. 
This program has been developed to produce consistent results with that of the commercially available 
CIRCLY7.0 software. Currently consultants using CIRCLY7.0 will not be able to utilise the FPD2 interface 
for pavement designs and will have to rely on stand-alone use of CIRCLY7.0. An example of the software 
entry screen is provided in Figure 8. 

 
Figure 8- Entry screen for FPD2 Version 1A 
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An interactive user menu has been developed to mimic the logical steps required in the pavement design 
process and is shown in Figure 9.  

 

 
Figure 9- Standard User Menu Display for FPD2 Version 1A 

 
 

To assist users in designing pavements that conform to the requirements of RMS Specifications, a number 
of typical pavement profiles have been built in to the program and are available as options for use to 
consultants when designing asphalt pavements. There are three full depth asphalt pavements (which are 
shown in Figure 10) as well as three deep-strength pavements (asphalt over heavily bound sub-base) and 
three composite pavements (asphalt over lean concrete sub-base). These standard pavement profiles can 
also be found on the RMS internet using the following link.  

https://www.rms.nsw.gov.au/business-industry/partners-suppliers/documents/standard-
drawings/typical-pavement-profile-standard-drawing.pdf  
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Figure 10- Standard Asphalt Pavement Profiles available for use in FPD2 Version 1A 

 
A range of different asphalt mix types can be used in the pavement structure in FPD2. The user can input a 
range of different mix sizes and binder combinations (e.g.  AC10 C450, AC14 C450, AC20 C450). For 
simplicity, standard parameters such as the modulus ratio, Poisson’s ratio and layer interface condition for 
asphalt are pre-set, while the user must input the layer thickness, modulus, and volume of binder (%). 
Additionally, the fatigue constant for use in design calculations is automatically calculated from the inputted 
values. An example showing the user interface for each asphalt layer input is provided in the Figure 11.  
 

 
Figure 11- Asphalt Layer Input details for use in FPD2 Version 1A 

 

The critical microstrains are determined using the strain values from CIRCLY5.0. When the calculation is 
run, the program informs the user as to whether their pavement designed has ‘passed’ or ‘failed’, based on 
whether or not the cumulative damage factor (CDF) for all layers is less than 1 and is shown in the Figure 
12.  
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Figure 12- Output for pavement design optimisation 

 
The user can then view the full results for their pavement design, as well as print a variety of reports 
detailing the results from both FPD2 and CIRCLY 5.0. A non-conformance list is also available which lists 
any features of the pavement design that do not conform with the RMS Supplement to the Austroads Guide 
as well as other standard RMS conventions.  

Recognition of Crack Healing in NSW asphalt pavement designs  
Based on research carried out to quantify the increase in crack healing with increasing temperature, the 
Austroads guide introduced suggested upper limits that may be used for the design traffic loading for 
asphalt fatigue damage calculations. Due to the increase of crack healing in asphalt with increasing 
temperature, the design traffic loading limit reduces with increasing temperature and is shown in the Table 
1.  

Weighted Mean Annual Pavement Temperature ≤ 25oC 26 - 34oC ≥ 35oC 

Design traffic loading limit (DESA) 4 x 108 2 x 108 108 
Table 1 – Design Traffic Limits used in FPD2 (Table 7.9, AGPT Part 2, 2017) 

 
Given the design traffic considered for the performance of bound materials is expressed in Heavy Vehicle 
Axle Groups (HVAG), the upper limit can then be converted to HVAGs using the equation below: 

𝑁!" !"#"$ =
𝐷𝐸𝑆𝐴!"#"$

(𝐸𝑆𝐴/𝐻𝑉𝐴𝐺) 

 
These limits have the potential to save considerable costs and thickness in design of asphalt pavements 
particularly in heavily trafficked roads subjected to warmer climatic conditions year round.  
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Pavement Traffic Loading Software (PTL2) 
PTL2, which supersedes PTL, helps determine pavement traffic loadings to be used in the pavement 
designs.  

This software program has three main functions,  

1. Determination of an initial AADT for the beginning of the pavement’s design life, based upon a 
projection of historical AADT data 

2. Determination of site specific Axle Group Proportions (for use with a TLD) based on classification 
count data 

3. Determination of pavement design traffic, as per Austroads Guide Chapter 7. 

The effect of road capacity on the final value of design traffic is now considered and incorporated into the 
program. A calculation is performed to determine the maximum annual volume of heavy vehicles that could 
physically traffic the road, and if the original design traffic in terms of heavy vehicles exceeds this maximum 
value, then the road’s capacity has been reached, and the maximum annual volume of heavy vehicles 
should be adopted as the design traffic. These levels of traffic saturation are more likely to occur in an 
urban environment, and when they do occur, this consideration of traffic capacity in the determination of 
design traffic can yield significant thickness savings in the design of asphalt pavements in NSW. 

In NSW, there are a number of weigh-in motion (WIM) stations which collect axle group and load data for 
all vehicles trafficking the site. This data can be used in the development of a traffic load distribution (TLD), 
which details the proportions of all axle group types and the load magnitudes applied to each type present 
within the distribution. A TLD is required for asphalt fatigue calculations, and as such, is an essential input 
for FPD2. An example of the structure of the TLD is shown in Figure 13.   

 
Figure 13- Condensed TLD constructed from collected weigh in motion  
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AC Modulus Software 
AC Modulus software helps determining the asphalt mix modulus for incorporation into the pavement 
design process. The excel VBA program utilises the binder modulus equation derived using Ullidtz (1987) 
and a corrected adjustment factor with the mix modulus calculated using Bonnure’s (1977) equation. This 
builds on the original work carried out using the Van der Poel Nomograph to calculate a binder modulus. 
Details of this work can be found in the following literature; ‘a new method of predicting the stiffness of 
asphalt paving mixtures, AAPT Proceedings, Volume 46, 1977, pp. 64-104’, ‘Pavement Analysis, 
Developments in Civil Engineering, Volume 19, 1987.’ Functions provided in the program include,  

• User selects from available asphalt and binder types 
• Modulus adjustment factor is pre-set based on mix type and binder grade selected 
• Asphalt mix and binder properties are pre-set but can be modified if the user wishes to use 

alternative values 
• Loading speed and WMAPT for the particular site must be entered by the user 

An example of the user interface and required input parameters is provided in the Figure 14.  

 

 
Figure 14- Input parameters for AC Modulus Software 

 

The program then provides the user with the adjusted mix modulus (MPa) and binder volume (%). These 
parameters can be used as input into the design pavement structures containing asphalt materials as 
shown in Figure 15. 
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Figure 15- Output for AC Modulus Software 

Access to RMS Pavement Design Tools 
To receive copies of the RMS pavement design programs and sign up to the distribution list for updates, 
please email TfNSW Pavements and Geotechnical team at, pavements@rms.nsw.gov.au. 
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