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A Synthesis on the Effects of Two Commercial Recycled Plastics on the 
Properties of Bitumen and Asphalt 
Greg White 

Abstract: The desire to develop sustainable infrastructure, including pavement structures and materials, is ever 
increasing in recent times. One opportunity is to partially replace high-cost bituminous binder with low-cost 
recycled plastic in asphalt mixtures. This synthesis combines the various research efforts to understand the 
effects of two commercially available recycled plastics, known as MR6 and MR10, on bituminous binders and 
asphalt mixtures. Using common test methods from the United Kingdom, the United States and Australia, 
generally consistent and significant effects were observed in various base bitumen grades and various common 
asphalt mixture types. Binder resistance to flow and binder elasticity both increased significantly and were 
associated with the three to four grade increases under the Performing Grading system. Similarly, mixture 
stiffness and mixture resistance to deformation increased significantly, while crack resistance and moisture 
damage resistance were not significantly affected. The effects of MR6 and MR10 were generally similar to the 
effects associated with conventional polymer modification of asphalt binders and asphalt mixtures, particularly 
those effects associated with plastomeric polymers. 

1. Introduction 

The desire to develop sustainable infrastructure, including pavement structures and materials, is ever 
increasing in recent times [1]. Given the diversity of pavement structures, which can include cement concrete, 
asphalt mixtures, granular crushed rock, and natural gravels, the opportunities for sustainable pavement 
construction are broad and many. When considering sustainability opportunities, it is important to take into 
account the effect on the durability and expected life of the pavement, as well as the reduction in financial or 
environmental cost of the more sustainable solution [2]. That is, an initiative that reduces the new pavement’s 
greenhouse gas emissions by 20% is not really sustainable if the pavement only lasts 50% of the life of the 
conventional solution [3]. It is also important to understand that sustainability initiatives are only viable if the cost 
to collect, process, and reincorporate a recycled material or product is less expensive than the cost of the material 
or product that it replaces [4]. For this reason, the replacement of high-cost materials, such as bituminous binder, 
and cement, with recycled or repurposed materials is a great interest. 

One opportunity is to replace high-cost bituminous binder with low-cost recycled plastic in asphalt mixtures 
[1]. However, there are many types and forms of recycled plastic and only a few of them are well suited to 
recycling in asphalt mixtures [5]. As detailed later, some researchers and practitioners have recycled plastic into 
asphalt mixtures in many diverse ways, ranging from simply shredding plastic containers, crates or car bumpers 
and adding them to asphalt mixture production, right through the depolymerization of waste plastic and blending 
of the recovered raw polymers into bituminous binder [6]. 

This paper presents a synthesis of research on two commercially available recycled plastic products for the 
modification and extension of bituminous binders in asphalt mixture production. The aim is to provide a summary 
of the effects of the two products on bitumen and asphalt and to consider the general trends found across various 
research efforts. The products, known as MR6 and MR10, are intended to be plastomeric and elastomeric, 
respectively. This synthesis is focused on the physical and mechanical properties of the bituminous binder and 
asphalt mixtures produced with both recycled plastic products. Environmental and practical issues, such as 
leaching, fuming, and storage stability, are not addressed here. 

2. Background 

2.1. Use of Recycled Plastic in Road Pavements 

Many countries have now reported the use of recycled plastic in asphalt mixture production, either as an 
aggregate extender, a bitumen extender, or a binder modifier. For example, Vancouver (Canada) incorporated 
plastic crate waste as a warm mixed asphalt wax additive in 2012 [7] and Rotterdam (The Netherlands) 
announced a plan to produce recycled plastic segments in a factory for road construction in 2015 [8]. Moreover, 
Janshedpur (India) reported reducing bitumen usage by 7% by mixing shredded recycled plastic during asphalt 
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production [9]. More recently, a New Zealand asphalt contractor added shredded engine oil containers to asphalt 
at Christchurch Airport [10] and an independent asphalt producer includes recycled plastic as bitumen extended 
in every ton of asphalt produced. South Africa commenced recycled plastic trials in 2019, on a road near Jeffrey’s 
Bay [11]. In Australia, a comparative trial of three recycled plastic extenders and modifiers was constructed in 
May 2018, which was shortly followed by trials in Melbourne [12], Sydney [13], Adelaide [14], and Canberra [15]. 
Previous use of recycled plastic in the United Kingdom has recently been expanded to include roads and 
highways from Cumbria in the north, to Kent in the South, and many counties in between [16]. Even the United 
States has now performed trials in San Diego [17] and, more recently, in downtown Los Angeles [18]. 

It is clear that there is great interest in the use of recycled plastic in bituminous binders and asphalt mixtures. 
It is also clear that different trials have taken very different approaches to using different kinds of plastic and this 
can only lead to confusion about the technology. 

2.2. Plastic Recycling in Asphalt Mixtures 

As stated above, there are many approaches to recycled plastic in asphalt mixtures. The polymer and form 
of plastic, the aim of the user and the local logistics will all influence the most appropriate approach to make. 
However, these same factors will also affect the properties of the resulting asphalt mixture and the long-term 
performance of the road surface. In general, there are four approaches to recycled plastic in asphalt mixtures: 

• Uncontrolled waste disposal. Uncontrolled incorporation of variable plastic with only minimal processing to 
reduce the particle size to be comparable to asphalt mixture aggregates. This offers minimal return on the 
investment and a higher performance risk. 

• Aggregate extension. Hard plastic does not melt at typical asphalt production temperatures but can partially 
replace or extend the aggregate in the mixture. However, the aggregate is much less expensive than the 
bituminous binder, so this approach provides a lower return on the investment. Some performance 
enhancement is often reported due to the reinforcing nature of the plastic, which is often flexible in nature. 

• Binder extension. Soft plastic can be melted into the bituminous binder to partially replace or extend the 
binder without necessarily enhancing its properties. This provides a greater return on the investment than 
aggregate extension because the binder is significantly more expensive than the aggregate. 

• Binder extension and modification. When soft plastic is used to modify, as well as extend, the bituminous 
binder, the effects can be similar to those associated with traditional polymers for binder and mixture 
modification [19]. 

The use of plastics that can both modify and extend the bituminous binder is the most beneficial approach 
to recycling plastic is asphalt mixtures. This is because the extended bituminous binder is expensive, but the 
polymers that would otherwise be used for asphalt mixture performance enhancement are even more expensive. 

2.3. The Products 

Both MR6 and MR10 were developed and are produced by MacRebur Ltd. [20]. In 2015, MR6 was 
developed to: 

• Productively consume a portion of waste plastic otherwise destined for landfill. 
• Reduce the cost of new road construction and maintenance. 
• Increase the strength and durability of local roads. 

MR6 was developed to improve deformation resistance via an increase in asphalt mixture stiffness. MR10 
was developed to produce a more elastomeric and crack resistant bituminous binder. Both products are 
manufactured from 100% recycled plastic that was selected for its physical properties, as well as being otherwise 
not economically recyclable. That is, the plastic used to produce MR6 and MR10 would otherwise be disposed 
of in landfill because there are no viable alternate recycling opportunities at this time. 

The original MR6, was developed in a pelletized form. This included melting, extruding, and cutting of the 
recycled plastic. This produced dense pellets with homogenous color (Figure 1). The density of the pellets was 
determined to optimize the international shipping costs, which are based on the worse case of product volume 
and weight. By adjusting the packed density, the volume-based and weight-based shipping costs were equal, 
which is the most efficient for shipping. MR10 was also developed as a pellet (Figure 1). However, to improve 
the distribution of MR6 through the asphalt mixture when a dry-mixing process is used, MR6 was converted to a 
shredded form in 2019. Due to the different chemical composition of MR10, it is still produced in a pelletized form 
(Figure 2). 
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Figure 1. Original (a) MR6 pellets and (b) MR10 pellets. 

 

 

 

(a)  (b) 

Figure 2. Current (a) MR6 shreddings and (b) MR10 (unchanged) pellets. 

3. Research Methods 

The data presented in this synthesis are extracted from existing publications on the effects of MR6 and 
MR10 on bituminous binder and asphalt mixture properties. The applicable publications are summarized in Table 
1. In all cases, the recycled plastic was added at a rate of 6% of the bituminous binder mass. 

The general approach taken in the various research efforts detailed in Table 1 was to test otherwise 
nominally identical samples of bituminous binder and/or asphalt mixtures, produced with and without recycled 
plastic. The binder and mixture samples were typical of materials used for local and highway road construction 
in the United Kingdom and Australia. The binders were either viscosity (in Australia) or penetration (in the United 
Kingdom) grade materials, while the asphalt mixtures were either dense graded asphalt (DGA) or stone mastic 
asphalt (SMA) of various nominal maximum aggregate size (NMAS) (Table 2). 
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Table 1. MR6 and MR10 research publications. 

Title Focus and Scope Year Reference 
Recycled waste plastic for extending and 

modifying asphalt binders 
Summary of the products and the effect on 

asphalt mixture performance properties 2018 [21] 

Evaluating recycled waste plastic modification 
and extension of bituminous binder for asphalt 

The effect on typical asphalt mixture 
performance properties, as well as 
environmental and safety issues 

2019 [22] 

Recycled waste plastic modification of 
bituminous binder 

The effect on the Performance Grade (PG) 
rating of two penetration grade bituminous 

binders 
2019 [23] 

Objective evaluation of the practical benefits of 
asphalt binders modified with recycled plastic 

The improvement in base and surface mixture 
modulus and fatigue life and the associated 

effect on predicted pavement life 
2019 [24] 

Laboratory evaluation of asphalt containing 
recycled plastic as a bitumen extender and 

modifier 

Effect of common bituminous binder 
properties and surface mixture performance 

properties 
2019 [25] 

Comparing wet mixed and dry mixed binder 
modification with recycled waste plastic 

Comparison of the effect of wet and dry 
production on bituminous binder properties 2020 [26] 

Recycled plastic as an alternative to 
conventional polymers for bituminous binder 

Summary of the effects on various bituminous 
binder properties, including those used in the 

UK, Australia, and the USA 
2021 [27] 

Laboratory comparison of wet-mixing and dry-
mixing of recycled waste plastic for binder and 

asphalt modification 

Comparison of the effect of the production 
process on the binder and mixture properties 

of a common surface mixture 
2021 [28] 

Table 2. Asphalt mixture properties. 

Property Used by Research References 
[21, 24] [21, 22, 24] [25] [26, 28] 

Mixture 
type Dense graded Stone mastic Dense graded Dense graded 

NMAS 
(mm) 20 10 10 10 

Binder 
content 

(%) 
4.8 6.3 4.9 5.2 

Standard EN 13108-1 EN 13108-5 BCC Type 3 EN 13108-1 

The test methods were all standard methods used in the United Kingdom, the United States, and Australia 
for measuring the characteristics and relative performance of binders and mixtures, as summarized in Table 3, 
for bituminous binders, and Table 4, for asphalt mixtures. 

Table 3. Bituminous binder test methods. 

Property Method Description Measured in 
Research 

Penetration EN 1426 Penetration by a standard needle, over 5 s, 
into a binder sample at 25 °C [23, 26, 28] 

Force ductility EN 13703 Percentage of elongation until separation of 
a binder sample at 25 °C [23] 

Elastic 
recovery EN 13398 Percentage recovery of a cut binder sample 

after elongation by 200 mm at 25 °C [26, 2]8 

Softening 
point 

EN 1427 (UK) and 
AG:PT/T131 (A) 

Softening temperature of a binder sample 
according to the Ring and Ball method [23, 25, 26, 28] 

Viscosity 60 AS 2341.2 Propensity of the binder to flow under load at 
60 °C [25] 

Torsional 
recovery AG:PT/T122 Percentage of torsional recovery of a binder 

sample after rotating 180 ° at 25 °C [25] 

(UK) denotes the method used in the UK while (A) denotes the test method used in Australia. 
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Table 4. Asphalt test methods. 

Property Method Description Measured in 
Research 

Stiffness EN 12697-26 (UK) 
AS 2891.13.1 (A) 

Indirect tensile modulus at 20 °C (UK) or 25 °C (A), 
an indicator of sample stiffness [22, 24, 25] 

Stiffness EN 12697-34 (UK) 
AS/NZS 2891.5 (A) 

Marshall Stability of samples prepared by 50 blows 
to each side by a standard Marshall hammer and 

tested at 60 °C 
[25, 26, 28] 

Deformation 
resistance 

EN 12697-22 (UK) 
AG:PT/T231 (A) 

Deformation following 10,000 passes of a Cooper’s 
wheel tracking wheel of samples at a pre-determined 

temperature, generally 40–60 °C 
[21, 22, 25, 26, 28] 

Cracking 
resistance EN 12697-24 

Indirect tensile fatigue life of over a range of initial 
tensile strain magnitudes to develop a relationship 

between initial strain and cycles to failure, an 
indicator of sample fatigue life 

[22, 24, 26, 28] 

Cracking 
resistance AG:PT/T274 Four-point bending at 20 °C and 200 µɛ sinusoidal 

repeated load, an indicator of sample fatigue life [25] 

Cracking 
resistance EN 12697-44 

Semicircular bending of notched samples under 
monotonic loading and tested at 0 °C, an indicator of 

sample fracture toughness 
[21, 22] 

Cracking 
resistance 

EN 12697-34 (UK) 
AS/NZS 2891.5 (A) 

Marshall Flow of samples prepared by 50 blows to 
each side by a standard Marshall hammer and 

tested at 60 °C 
[25, 26, 28] 

Moisture 
damage 

resistance 

EN 12697-12 (UK) 
AG:PT/T232 (A) 

Ratio of indirect tensile strength of conditioned and 
unconditioned samples, where conditioning includes 

saturation and 72 h in 40 °C water 
[21, 22, 25, 26, 28] 

(UK) denotes the method used in the UK, while (A) denotes the test method used in Australia. 

4. Effect on Bituminous Binders 

4.1. Resistance to Flow 

Viscosity at 60 °C measures flow potential, while penetration measures the resistance to flow. Generally, 
penetration and viscosity are inversely related, with viscosity increasing as penetration decreases for the same 
bituminous binder. The penetration of 100–150 penetration grade bitumen sourced and tested in the UK [23] 
reduced by 33% and 30%, with the addition of MR6 and MR10, respectively (Figure 3). Similarly, for 70–100 
penetration bitumen, MR6 [26] and MR10 [28] reduced the penetration by 54% and 36%, respectively (Figure 
4). Accelerated laboratory aging by the rolling thin film over (RTFO) reduced the unmodified binder penetration 
from 100 d.mm to 53 d.mm and the penetration of the MR6 and MR10 modified samples was 45% and 32% of 
the unmodified binder penetration after RTFO (Figure 4). The reduced relative penetration after RTFO aging 
indicates that the addition of recycled plastic may also slow the binder aging process. However, specific studies 
are required to confirm this. Finally, the viscosity of Australian C170 (viscosity grade) bitumen [25] increased by 
113% for MR6 and by 164% for MR10 (Figure 5). 

All these results indicate the addition of recycled plastic to otherwise unmodified bitumen increases the 
resistance to flow of the bituminous binder. This is similar to the effect observed when conventional styrene-
butadiene-styrene (SBS) and ethyl vinyl acetate (EVA) polymers are added to binders at comparable dosages. 

 

Figure 3. Effect of recycled plastic on 100–150 bitumen penetration [23]. 
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Figure 4. Effect of recycled plastic on unaged and aged 70–100 bitumen penetration [26,28]. 

 

Figure 5. Effect of recycled plastic on C170 viscosity [25]. 

4.2. Elasticity and Ductility 

Force ductility measures the degree of elongation before a bituminous binder sample is broken. Both 
torsional recovery and elastic recovery measure the degree to which a sample recovers after deforming, either 
by rotation or by elongation. Unmodified 100–150 penetration bitumen and C320 viscosity grade bitumen have 
negligible elasticity or ductility. However, when recycled plastic is added, the force ductility [25] (Figure 6), elastic 
recovery [26,28] (Figure 7), and torsional recovery [25] (Figure 8) all increased significantly. MR10 had a greater 
effect on the elasticity and ductility of the binder than MR6 did. The introduction of significant ductility and 
elasticity is consistent with the effect of moderate SBS or significant EVA conventional polymer modification of 
bituminous binder [19]. 
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Figure 6. Effect of recycled plastic on 100–150 bitumen force ductility [23]. 

 

Figure 7. Effect of recycled plastic on 70–100 bitumen elastic recovery [26,28]. 

 

Figure 8. Effect of recycled plastic on C170 torsional recovery [25]. 
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4.3. Temperature Susceptibility 

Softening point is a globally recognized index property for indicating the temperature susceptibility of 
polymer modified binders. In general, a bituminous binder with a higher penetration will have a lower softening 
point. When recycled plastic was added to 100–150 penetration grade bitumen in the UK, the softening point 
increased by 22% (MR6) and 14% (MR10) [23]. For Australian C170 bitumen, the softening point increased by 
45% and 32%, for MR6 and MR10, respectively [25]. Finally, the softening point of 70–100 penetration binder 
increased by 40% and 20%, with the addition of MR6 [26] and MR10 [28], respectively. The RTFO aging of the 
binder increased the softening point by 16%, reflecting the oxidative hardening of the bitumen. After RTFO, the 
effect of recycled plastic was reduced, with a 27% and 22% increase associated with MR6 and MR10, 
respectively. This again indicates that recycled plastic may reduce the rate of aging of binders. 

Because the softening point test protocol is almost identical in Australia and the UK, the average effect was 
examined by combining the various data sets (Figure 9). Overall, the addition of MR6 increased the binder 
softening point by 33%, while the addition of MR10 increased the softening point by an average of 23%, and the 
effect of both was significant (p-values 0.01 and 0.02, respectively). 

 

Figure 9. Effect of recycled plastic on binder softening point [23,25,26,28]. 

4.4. Performance Grading 

The PG rating and specification of bituminous binders in the USA were the result of the Superpave project 
conducted in the 1990s [29]. Although there are also low-temperature parameters, the primary parameter of 
interest is the high-temperature limit. The original PG grading was based on the DSR parameter known as 
G*/sin(δ). However, since 2011, the DSR protocol known as the multiple stress creep recovery (MSCR) has 
been used to measure the parameter known as Jnr(3.2), which provides a best-practice basis of high-
temperature PG rating [30]. 

Both a 100–150 and a 50–70 penetration grade bitumen from the UK were modified with MR6 and MR10 
[23]. Both MR6 and MR10 increased the PG of both bitumens significantly (Figure 10). On average, MR6 was 
associated with four grade increases, while MR10 was associated with an average of three grade increases 
(Figure 11). Three to four PG rating increases under the MSCR-based PG system is comparable to the effect of 
conventional SBS and EVA polymers for bituminous binder modification [31]. 
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Figure 10. Effect of recycled plastic on binder multiple stress creep recovery (MSCR PG) rating [23]. 

 

Figure 11. PG increase for recycled plastic modified binders [23]. 

5. Effect on Asphalt Mixtures 

5.1. Stiffness 

The stiffness, or modulus, of asphalt mixtures is used as a relative indicator of the structural contribution of 
the layer to the strength of the pavement. Modulus is the only parameter routinely measured on asphalt mixtures 
that is then directly related to pavement thickness design. The stiffer the asphalt mixture, the stronger the 
pavement will be, or the thinner the pavement can be without compromising its load-carrying ability. Although 
not a direct measure of the stiffness, the Marshall Stability is generally accepted as an indicator of the bituminous 
binder’s contribution to asphalt mixture stiffness when the composition of the asphalt mixture is otherwise kept 
constant. 

A typical UK DGA with NMAS of 20 mm, referred to as DGA 20, was produced with and without recycled 
plastic modified asphalt binder [21]. In the same research, an SMA with a 10 mm NMAS, referred to as SMA 10, 
was produced with and without recycled plastic modified asphalt binder [21]. In both cases, the base asphalt was 



 

10 

the typical UK 40–60 penetration grade. The MR6 increased the DGA 20 modulus by 48%, whereas the SMA 
10 modulus increased by 198% (for MR6) and 254% (for MR10), as shown in Figure 12. 

 

Figure 12. Stiffness modulus increase for UK DGA 20 and SMA 10 [21]. 

In related work [26,28], a comparison of wet-mixing and dry-mixing of recycled plastic in otherwise nominally 
identical 10 mm NMAS DGA in the UK, referred to as DGA 10, significantly increased the Marshall Stability for 
the recycled plastic modified asphalt mixture (Figure 13). The stiffness increase was 80%–83% (for MR6) and 
110%–161% (for MR10) and the effect of the recycled plastic (plastic modified versus unmodified 50–70) and 
recycled plastic type (MR6 versus MR10) was more significant than the effect of the production process (wet-
mixing versus dry-mixing). 

 

Figure 13. Marshall Stability increase for UK DGA 10 [26,28]. W = Wet mixed and D = Dry mixed. 

In similar research on a typical DGA road surface mixture produced to Australian specifications, referred to 
as DGA 10, the effect of recycled plastic modified binder was compared to unmodified viscosity grade (C320) 
bitumen with quadruplicate samples [25]. The recycled plastic increased the asphalt mixture resilient modulus 
by 12% (for MR6) and 8% (for MR10), as shown in Figure 14. The increase in stiffness was significant, with p-
values of 0.01 and <0.01, for MR6 and MR10, respectively. In the same work, the recycled plastic modified 
asphalt binder produced mixtures with a 32% (MR6) and 8% (MR10) higher Marshall Stability, compared to 
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unmodified C320 asphalt (Figure 15). Again, the increase was significant, with p-values < 0.01 and 0.04, for MR6 
and MR10, respectively. 

 

Figure 14. Resilient modulus increase for Australian DGA 10 [25]. 

 

Figure 15. Marshall Stability increase for Australian DGA 10 [25]. 

The results of SMA and DGA mixture testing, for samples produced with unmodified asphalt and asphalt 
binder modified with recycled plastic, generally indicate a consistent and significant increase in the stiffness 
associated with MR6 and MR10 recycled plastic. This is consistent with the effect of conventional polymer 
modification, particularly for the plastomeric polymer EVA [19]. 

5.2. Deformation Resistance 

Deformation resistance is measured in the UK and Australia using the Copper’s wheel tracking machine 
and is a well-established indirect measure of asphalt mixture resistance to rutting, shoving, and shearing. Other 
countries, such as the USA, use different wheel tracking equipment or more fundamental deformation resistance 
tests, such as Flow Number/Time [32]. 

The Copper’s wheel tracking test was performed on otherwise nominally identical asphalt mixtures 
produced with and without recycled plastic modified binders in both the UK and Australia. This included UK DGA 
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0

1000

2000

3000

4000

5000

C320 MR6 MR10

R
es

ili
en

t m
od

ul
us

 (M
Pa

)



 

12 

65% reduction in the final wheel tracking depth, whereas MR10 was associated with a 43% reduction (Figure 
16). The average reduction was statistically significant for both recycled plastic products (p-values < 0.01). This 
significant increase in asphalt mixture deformation resistance is comparable to that associated with conventional 
polymers for asphalt binder modification, such as SBS and EVA [19]. 

 

Figure 16. Effect of recycled plastic on mixture wheel tracking depth [21,25,26,28]. 

5.3. Cracking Resistance 

Cracking resistance is a combination of the resistance to crack initiation (fatigue resistance) as well as 
resistance to subsequent crack propagation (fracture resistance). There are many laboratory tests for asphalt 
mixture resistance to cracking, with fatigue tests usually using a cyclic load of a regular sample, while fracture 
tests usually use monotonic loading of a sample with a pre-made notch or crack initiation point. Although not a 
direct measure of fatigue of fracture resistance, the Marshall Flow test is generally accepted as an indicator of 
the asphalt binder’s relative contribution to the crack resistance of an asphalt mixture when the mixtures are 
otherwise comparable. 

The fracture toughness of a typical UK SMA 10 was measured for otherwise nominally identical mixtures, 
with and without recycled plastic modified asphalt binder [21]. The fracture toughness increased by 22% (for 
MR6) and 16% (for MR10), as shown in Figure 17. In similar work [22], mixture-specific fatigue life relationships 
were developed for the same nominal SMA 10 mixture, produced with and without recycled plastic, as well as 
for a typical UK DGA 20 mixture [24]. Over a practical range of induced strain magnitudes (100–500 µɛ), the 
fatigue life of the SMA 10 increased by an average 11% (for MR6) and 8% (for MR10), as shown in Figure 18. 
These improvements in average fatigue life increased to 52% and 46% for the DGA 20 mixture, for MR6 and 
MR10, respectively (Figure 19). 
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Figure 17. Effect of recycled plastic on SMA 10 fracture toughness [21]. 

 

Figure 18. Effect of recycled plastic on SMA 10 fatigue life [22,24]. 

 

Figure 19. Effect of recycled plastic on DGA 20 fatigue life [22,24]. 
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In similar work, the fatigue life of a typical UK DGA 10 was measured for otherwise nominally identical 
mixtures produced with unmodified 50–70 penetration asphalt, as well as with recycled plastic incorporated by 
dry-mixing and wet-mixing processes [28]. The fatigue life relationships were generally similar (Figure 20) and 
the associated fatigue life models were not significantly different (p-values 0.33 to 0.74). Furthermore, the 
production method (wet-mixing versus dry-mixing) had no significant effect on the fatigue lives measured (p-
value 0.49). The same research also measured Marshall Flow and the results indicated only minor differences 
in the results associated with the unmodified and recycled plastic modified asphalt binders (Figure 21). 

 

Figure 20. Effect of recycled plastic on UK DGA 10 fatigue life [26,28]. 

 
Figure 21. Effect of recycled plastic on UK DGA 10 Marshall Flow [26,28]. 

In Australia, the fatigue life of otherwise nominally identical DGA 10 was measured (in quadruplicate) for 
asphalt mixtures with and without recycled plastic modified asphalt binder [25]. Although the mixtures with 
recycled plastic had a lower average fatigue life (Figure 22), the results were not statistically significant, with p-
values of 0.32 (for MR6) and 0.67 (for MR10). That is, recycled plastic modified asphalt binder did not significantly 
change the fatigue life of the asphalt mixtures. The same research also found no significant difference in the 
Marshall flow values for the unmodified and modified mixtures (Figure 23), with p-values of 0.61 (for MR6) and 
0.39 (for MR10). 
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Figure 22. Effect of recycled plastic on average Australian DGA 10 fatigue life [25]. 

 
Figure 23. Effect of recycled plastic on average Australian DGA 10 Marshall Flow [25]. 

Based on the results of various asphalt mixture types commonly used in Australia and the UK, the addition 
of MR6 and MR10 were either associated with a moderate increase in crack resistance, or no significant change 
in crack resistance, when compared to otherwise identical unmodified mixtures. This is comparable to the effect 
of modification with conventional plastomeric polymers, such as EVA [19]. In contrast, conventional elastomeric 
polymers, such as SBS, are generally associated with significantly greater improvement in cracking resistance 
of asphalt mixtures. 

5.4. Moisture Damage Resistance 

Moisture damage resistance is commonly expressed as the tensile strength ratio (TSR), which is the ratio 
of the indirect tensile strength for conditioned and unconditioned samples, which is also known as the Lottman, 
or modified Lottman test, depending on the conditioning protocol. The TSR was calculated from tensile strength 
measurements for UK SMA 10 and DGA 20 [21], for UK DGA 10, by dry-mixing and wet-mixing [26,28], and for 
Australian DGA 10 [25]. In some cases, the TSR was lower for the recycled plastic modified mixtures, whereas 
in other cases, the TSR was higher for the recycled plastic modified mixtures (Figure 24). Overall, the effect of 
recycled plastic on TSR was not significant, with p-values of 0.72 and 0.52, for MR6 and MR10, respectively. 
That is, the addition of recycled plastic did not significantly change the moisture damage resistance of the various 
asphalt mixtures. 
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Figure 24. Effect of recycled plastic on mixture TSR value [21,25,26,28]. 

6. Summary and Conclusions 

The commercially available recycled plastic products MR6 and MR10 for asphalt binder and asphalt mixture 
modification have been added to various unmodified bitumens and to various asphalt mixture types, and the 
effects measured using a range of tests commonly specified in Australia and the UK, as well as for PG rating 
system commonly used in the USA. Overall, the results were generally positive (Table 5). Recycled plastic 
products increased the resistance to asphalt binder flow and asphalt mixture deformation resistance. Significant 
ductility and elasticity were introduced to the asphalt binders, but the effect on asphalt mixture cracking 
resistance was either moderate or not significant. There was no significant difference in the asphalt mixture 
moisture damage resistance, but the mixture stiffness increased two- to three-fold. The effects of MR6 and MR10 
were generally similar to the effects associated with conventional polymer modification of asphalt binders and 
asphalt mixtures, particularly those effects associated with the plastomeric polymer EVA [19]. 

Table 5. Summary of effects of recycled plastic on binder and mixtures. 

Property Effect 
Binder properties 

Resistance to flow Significant increase in resistance to flow, based on penetration and viscosity 

Elasticity and ductility Incorporation of substantial elasticity and ductility that were negligible in the 
unmodified asphalt 

Performance grading Three (MR6) to four (MR10) grade increases based on the MSCR test 
protocol 

Mixture properties 
Stiffness Two- to three-fold increase across various mixture types, based on various 

measures of mixture modulus 

Deformation resistance Significant 65% (MR6) and 43% (MR10) reduction in wheel tracking rut 
depths for various mixture types 

Crack resistance No significant reduction in fatigue life or fracture prorogation resistance, 
using various test methods 

Moisture damage 
resistance 

No significant difference in resistance to moisture damage across various 
mixture types, based on the Lottman test 
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