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ABSTRACT
Recently, calls for greener and more sustainable construction projects have gained momentum and are spreading
worldwide. With the increase of the amount of wastes worldwide, many attempts are made to incorporate these waste
materials into construction projects, especially flexible pavements. Thus, this study was initiated to investigate the effects
of adding plastic waste particles to hot mix asphalt (HMA) when it comes to performance. Two different Superpave mixes
with 0%, 0.2%, 0.5%, and 1% plastic waste of aggregates weight were investigated. 3D Move Analysis software was
utilized to determine rutting depths and top down and bottom up cracking in a typical asphalt concrete layer with the
different plastic waste contents at various temperatures. Results showed that adding 0.2% plastic waste to HMA would
enhance the performance of these mixes. Also, mixes with 0% (control) and 0.5% plastic waste performed similarly.
However, when adding 1% plastic waste, mixes performed poorly. Based in these results, utilizing 0.5% plastic waste by
weight of aggregates in HMA would make flexible pavement design eco-friendlier and more sustainable, since a big
amount of plastic waste could be incorporated without effecting the performance of hot mix asphalt.
Keywords: flexible pavement, asphalt mixes, plastic waste, rutting, top down cracking, bottom up cracking, mechanistic method.

INTRODUCTION
Eco-friendly and Sustainable projects have
become the main target and concern of any agency. With
the depletion of natural resources and the increase of solid
wastes worldwide, different industries are looking at
alternative materials (i.e., recycled materials) to be utilized
in construction projects [1]. Recently, asphalt pavement
materials costs increased tremendously, which paved the
way to find alternative cheap materials. In addition, more
concerns are directed to reserving natural resources and
reducing environmental impacts, thus more attention is
focused on the use of recycled materials in the pavement
industry [2]. In addition, it can be argued that carbon
footprint on road construction could be reduced by using
recycled materials and the use of recycled waste materials
as modifier additives in hot mix asphalt (HMA) could
have several economic and environmental benefits [3,4].
Disposal of plastic waste has become a major
concern worldwide due to the considerable increase in
volume and growth [1], since it is not a biodegradable
material and considered a major environmental pollutant
[5]. Therefore, it would be beneficial if plastic waste could
be reused in pavement construction. Recent studies were
conducted to evaluate utilization of plastic waste in asphalt
mixes and its effects on the performance on flexible
pavements [6-9]. Results of these studies showed asphalt
mixes containing plastic waste exhibited improvement in
engineering properties (i.e., Marshall stability, resistant to
water, and resistant to crack propagation).
Several studies investigated using plastic waste as
an asphalt binder modifier to enhance its performance.
Hinislioglua and Agar [10] evaluated the use of plastic
waste as an asphalt binder modifier with 4, 6 and 8% by
weight of optimum binder content. Lab test results showed
that mixes with 4% plastic waste yielded the highest
Marshall stability and the smallest flow, and mix was also
highly resistant to permanent deformation (rutting). Al-

Humeidawi [11] evaluated the use of plastic waste to
enhance the engineering properties of asphalt mixes.
Results showed that Plastic Waste Modified Bitumen
(WPMB) mix yielded higher Marshall Stability, higher
retained stability, and higher indirect tensile strength than
a conventional mix with an increase of 10% in Marshall
Stability, 7% in Marshall retained stability and 9% in
indirect tensile strength. Attaelmanan et al. [12] studied
the viability of modifying asphalt binder by adding
different ratios of plastic waste. Results illustrated that the
penetration values and the temperature susceptibility
decreased and the softening point increased with the
increase of plastic waste content. In addition, modified
asphalt mixes performed better than conventional mixes
when it came to stability, tensile strength ratios (TSRs),
and resilient modulus values at high temperatures with
smaller strain values. Modarres and Hamedi [4]
investigated the effects of adding plastic to asphalt mixes
by adding plastic by 2-10% of asphalt binder weight
directly as the method of dry process. They conducted
resilient modulus and fatigue tests on these mixes and
found that stiffness of asphalt mixes increased when
adding lower amount of plastic and fatigue resistance
improved for these mixes.
Other studies evaluated the use of plastic waste as
a partial replacement of aggregates. Mustafa et al. [13]
used waste rubber and plastic to replace aggregates sizes
of 4.75mm, 0.85mm, and 0.075mm aggregates sizes with a
5%, 10%, and 20% of the total aggregates weight in the
mix to improve the Marshall Stability and moisture
susceptibility of asphalt mixes. Hassani et al. [14] used
plastic waste in asphalt concrete mixes as aggregates
replacement of 3mm and concluded that the optimum
value of plastic waste was 6.6% of total volume.
Rajasekaran et al. [15] argued that any source of plastic
wastes could be incorporated in the production of asphalt
mixes. They stated that plastic waste would not produce
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any toxic gases during heating; it had a tendency to form a
film covering aggregates if sprayed over the hot aggregate
at 160˚C. Furthermore, they concluded that Plastics
Coated Aggregates (PCA) was a better raw material for
the construction of flexible pavement. Their results
showed that mixes with PCA had higher Marshall Stability
and 100% increase in load bearing capacity of flexible
pavements. Shiva Prasad et al. [16] investigated the
addition of shredded plastic waste bottles to asphalt mixes
by evaluating various mix properties; Marshall Stability,
flow, bulk density, air voids, and voids filled with binder.
They concluded that adding 8% plastic waste to coat
aggregates led to the highest Marshall stability.
Moghaddam et al. [17] evaluated the effects of adding
crushed plastic bottles on flexible pavements. Results
showed that Marshall Stability and flow values and fatigue
resistance of tested mixes increased with the increase of
waste crushed plastic bottle content. However, adding
higher amounts of plastic resulted in lower specific gravity
and mix stiffness. Angelone et al. [1] investigated the
influence of adding plastic waste in a dry process on
asphalt mixes. Tests included Marshall Stability, Marshall
Quotient, indirect tensile strength, fracture energy,
resilient modulus, permanent deformation and creep
compliance. They argued that the addition of recycled
plastics would improve the physical and mechanical
characteristics of asphalt mixes. Thus, making it a
sustainable solution and a viable alternative that
contributes to the reduction of plastic wastes as well as the
protection of the environment.

Objectives
The main objective of his study was to
analytically evaluate the performance of hot asphalt mix
with added plastic waste using mechanistic approach by:



Investigating the effects of adding plastic waste
bottle particles to hot mix asphalt mix on the
performance of flexible pavement, and
Determine the optimum percent of plastic waste
bottle particles to be added to the hot asphalt mix
without undermining the performance of flexible
pavements.

Experimental program
Materials
Two Superpave mixes were used in the analysis;
two different aggregate structures (Figure 1); Mix 1 and
Mix 2. Details of these mixes are shown in Table 1. PET
bottles were shredded and grinned and added during
mixing. Three different percentages of plastic waste
particles were investigated: 0.2%, 0.5%, and 1% by weight
of aggregate particles. In addition, a control mix with 0%
plastic waste particles was prepared to compare results.
Initially, it was planned to evaluate a mix with 5% plastic
waste particles, as well. However, it was dropped from the
study due to problems with mixing and compacting such
mix.

Table-1. Properties of hot asphalt mixes.
Mix ID

Mix 1

Mix 2

Binder Grade
Maximum Mix Specific Gravity,
Gmm
Binder Content

PG 70-28

PG 64-34

2.449

2.393

4.9%

4.35%

Binder Specific Gravity, Gb
Aggregate Effective Specific
Gravity, Gse

1.021

1.024

2.639

2.568

Lab Tests

100%
90%

Passing

80%
70%
60%
50%
40%
30%
20%
10%
0%
0.01

0.1

1

10

100

Sieve Size, mm
Mix 1

Dynamic Modulus (|E*|) Test
Dynamic Modulus (|E*|) test (AASHTO TP 6203 [18]) was conducted to determine stiffness of mixes at
different temperatures and frequencies; 4.4, 21.1, 37.8 and
54.4 °C and loading frequencies of 0.1, 1, 5, and 10 Hz at
each temperature. Samples were compacted to achieve
175mm high and a total 9% air voids specimens via
Superpave Gyratory Compactor. Then cored and sawed to
obtain samples with 100mm diameter, 150mm high and
7% air voids.

Mix 2

Figure-1. Aggregates gradations for Mix 1 and Mix 2.

Binder Dynamic Shear Modulus (|G*|) Test
Dynamic Shear Rheometer Test (AASHTO
T315-06 [19]) was conducted to determine the Binder
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METHODOLOGY
3D Move Analysis software [20] was utilized in
this analysis. The software was developed by the Asphalt
Research
Consortium
and
is
available
at
http://www.arc.unr.edu/Index.html. A continuum-based
finite-layer method is utilized by the software. Thus, the
software can apply different moving traffic load, traffic
velocity, axle configurations, and tire contact area to a
pavement structure with different material properties. In
addition, 3D Move Analysis Software allows inputting the
frequency sweep test data (|E*| and |G*| test data) of
asphalt mixes in the analysis. It can take into account the
viscoelastic materials properties in the analysis. Thus,
making it ideal to model asphalt concrete (AC) layer’s
reactions to traffic loads and its response as a function of
vehicle velocity [20, 21]. Furthermore, 3D Move Analysis
utilized stresses and strains due to loading to predict
rutting depths and top down and bottom up cracks due to
loading based on NCHRP 1-37A models. Earlier studies
[21-26] demonstrated that 3D Move Analysis software
could capture asphalt mixes performance.
A typical 3-layer flexible pavement structure was
used in the analysis, consisting of 15cm AC layer, 30cm
untreated base, and subgrade. The design load was a
standard dual axle load with 3 million repetitions during
the design period of 20 years. Analysis was conducted by
changing the AC layer materials properties based on the
percentage of plastic. To capture the effects of plastic on
flexible pavement performance, simulations were
conducted at different temperatures: 4.4, 21.1, and 37.8
°C. Analysis temperatures were chosen to match |E*| test
temperatures, however, at 54.4 °C simulations did not
converge and no solution was obtained.
RESULTS AND ANALYSIS
Upon running 3D Move Analysis for the two
asphalt mixes with different percentages of plastic, rutting
depth and top down and bottom up cracking were
determined for each mix. In the following subsections, the
effects adding different percentages of plastic to asphalt
mixes are discussed.
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constant stress of 5000 Pa at temperatures of 21.1 °C.
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Figure-2. Master curves for asphalt mixes.
Rutting of asphalt concrete layer
Rutting depths of asphalt concrete layer were
determined for Mix 1 and Mix 2 with different percentages
of plastic at the three temperatures; 4.4, 21.1, and 37.8 ºC.
Results showed that mixes with 0.2% plastic waste
exhibited the least rutting, while mixes with 0.5% plastic
waste performed similarly to the control mixes. However,
mixes with 1% plastic waste performed poorly with the
highest rutting values for Mix 1 and Mix 2, as shown in
Figure-3. Furthermore, results showed a huge jump in
rutting values (around 10 times) between when 21.1 and
37.8 ºC temperatures were used in the analysis for both
mixes. Finally, it is clearly shown that Mix 1 would
perform better than Mix 2 in rutting, which was expected,
since it had bigger aggregates structure and higher PG
grade (PG 70-28).

Dynamic Modulus (|E*|)
As illustrated in Figure-2, Master curves for the
evaluated mixes were constructed by 3D Move Analysis
software. It is clearly shown that the Master curves for
mixes with 0.2% and 0.5% plastic waste were similar to
control mixes’ Master curves, whereas the Master curves
for mixes with 1.0% plastic waste were shifted downward.
Thus, adding higher percentages of plastic (i.e., 1.0%) to
asphalt mixes decreased the stiffness, which would have a
huge effect on the performance of these mixes.
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a) at 4.4 ºC

plastic waste exhibited the highest values of Bottom-up
and Top-down cracking.
Overall results of the analysis showed that mixes
could be ranked based on the performance and predicted
distresses in the following order; mixes with 0.2% plastic
waste in first place, then Mixes with 0.5% and 0%, finally
Mixes with 1%. Thus, making 0.2% plastic waste the
optimum plastic content. Since it increased the resistance
of HMA to pavement distresses. However, if 0.5% is used
the performance of these mixes is similar to the control
(0%), which means using more plastic waste and less
aggregates, making the design eco-friendlier with without
undermining the performance of these mixes.
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Cracking of asphalt concrete layer
Bottom up and Top down cracks in asphalt
concrete layer were determined, as shown in Figure 4 and
5. Results for Bottom-up and Top-down cracking followed
the same trend, at which mixes with 0.2% plastic waste
had the best performance at different temperatures except
for Mix 1 at 21.1 and 37.8 ºC (Figure 5-b and 5-c), at
which analysis showed that an HMA with 0.2% plastic
waste yielded the highest Top-down cracking.
Furthermore, Bottom-up and Top-down cracking results of
the control mixes and mixes with 0.5% plastic waste was
almost the same. Similar to rutting, mixes with 1.0%

25

AC Bottom UP Cracking (%)

Figure-3. Rutting results of evaluated asphalt mixes at
different temperatures.
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Figure-4. Bottom-up cracking results of evaluated asphalt
mixes at different temperatures.
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In conclusion, using 0.2% plastic waste of
aggregates weight in hot mix asphalt would enhance the
performance of asphalt pavements. However, adding 0.5%
plastic waste would assist in reducing the amount of
plastic waste without hindering the performance of asphalt
pavements. Thus, achieving an eco-friendly and
sustainable flexible pavement designs.
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Figure-5. Top-up cracking results of evaluated asphalt
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