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Abstract: Currently, the use of recycled waste plastic in road construction is not just considered ecofriendly
but also considered advantageous for improving road performance over time. This research explores using
recycled plastic bags, made of low-density polyethylene (LDPE), in asphalt mixtures to improve road
performance and manage waste. The study aims to assess the effects of incorporating different amounts of
shredded waste plastic into asphalt mixes and determine the optimal percentage. The aggregate used was
obtained from Sargodha quarry Pakistan and asphalt used was 60/70 grade obtained from national refinery
limited Pakistan. Using the Marshall mix design, the optimum bitumen content (OBC) was found to be 4.5% of
the asphalt mix weight. Thirty samples were tested with waste plastic proportions of 6%, 8%, 10%, 12%, and
14% of OBC weight, along with a standard mix. Tests on stability, bulk density, flow, and air voids showed
that a 10% plastic content significantly enhances asphalt performance, increasing stability by around 25%. The
study recommends using 10% plastic by OBC weight in asphalt mixes for better performance and suggests
further research on optimal incorporation techniques of waste materials in asphalt mixtures.

Keywords: recycled plastic; sustainability; plastic bags; asphalt mixtures; plastic waste
management; road construction materials

1. Introduction

Asphalt pavement is popular for its easy construction and repair, affordability in maintenance,
and long-lasting durability. Yet, its production and application pose notable environmental concerns,
notably air pollution and resource depletion. In response, researchers and engineers are actively
seeking methods to mitigate these impacts without compromising pavement quality. One promising
strategy involves incorporating plastic materials into asphalt mixtures [1-4]. This innovation offers
multiple benefits, including decreased reliance on raw materials and a reduction in waste generation.
By utilizing plastic waste in this manner, not only are environmental pressures alleviated, but the
mechanical characteristics of the pavement can also be improved, potentially resulting in roads that
endure longer and require fewer repairs. This approach not only addresses environmental challenges
but also contributes to sustainable infrastructure development [5-8].

The plastic can be of two types LDPE and HDPE. HDPE can include pet bottles, PVC pipes etc.
[9-16]. However, LDPE include plastic from shopping bags etc. [17-26].

This project aims to evaluate the application of waste plastic in asphalt mixtures for road
construction. The samples will be utilized to formulate asphalt mixtures with varying proportions of
plastic content. The performance attributes of various asphalt mixtures, such as stability, flow, %Air
voids, Bulk density, %VMA and %VFA. The findings from these tests will be compared against those
of conventional asphalt mixtures to ascertain the effectiveness of incorporating plastic. Furthermore,
the project will entail an extensive literature review on the use of plastic in asphalt mixtures and the
factors influencing its performance. Through this research, valuable insights into the feasibility and
advantages of using plastic in pavement construction will be obtained, facilitating informed decision
making in road infrastructure development [27-39]

This study holds substantial importance as incorporating waste plastic into asphalt mixtures
aligns well with the United Nations Sustainable Development Goals (SDGs) focused on Industry,
Innovation, and Infrastructure (SDG 9) as well as Sustainable Cities and Communities (SDG 11). This
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practice allows industries to innovate by creating sustainable infrastructure solutions that improve
the durability and lifespan of roads. Using waste plastics in road construction materials decreases the
environmental impact of plastic waste and contributes to more robust urban infrastructure. Enhanced
road performance and extended lifespan mean fewer repairs and replacements, fostering more
sustainable urban growth. Furthermore, this approach supports the development of eco-friendly
cities by reducing landfill waste and the carbon footprint of traditional asphalt production. These
innovations enable communities to develop more sustainable, efficient, and environmentally friendly
urban areas.[40]

2. Materials and Methods

2.1 Selection of Materials

The aggregate used was obtained from Sargodha quarry Pakistan and gradation used for
preparing mixes was NHA class B. Gradation for NHA class B is shown in Table 1.

The bitumen used in asphalt mixes was of 60/70 grade obtained from national refinery limited
Pakistan. Properties like solubility, specific gravity, flash and fire point, softening point and
penetration test is shown in Table 2.

Table 1. NHA Class B Gradation.

Sieve Size Sieve Size

(mm) (inch) (% Passing) (% Retained) Weight Retained
19 3/4 100 0 0
12.5 1/2 82 18 450
9 3/8 70 12 300
4.75 No. 4 50 20 500
2.36 No. 8 30 20 500
0.3 No. 50 10 20 500
0.075 No. 200 5 5 125
Pan Pan 0 5 125
Table 2. Bitumen Properties.
E;’:ztrat"’“ at f,zf;i“"(‘:g féaSh Point,  pire Point, °C Solubility, % Z‘;:i‘li;c
62.3 48 270 290 99.2 1.03

The plastic used in mixtures was in shredded form obtained from C&W (Construction and
Works department Pakistan). (Figure 1)
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Figure 1. Plastic Used in asphalt mixtures.

2.2. Methodology

The methodology involves two steps. First is to prepare asphalt mixtures without plastic and
find out optimum bitumen content (OBC). Second is to prepare asphalt mixtures containing plastic
by weight of OBC. The plastic added to the asphalt mixture was by using dry method in which plastic
was directly added to hot aggregate.

After preparing samples Marshall stability test was performed on both samples containing
plastic or not and compare both values to find out the comparison of increase and decrease of
stability, flow, %Air void, Bulk density, %VMA and %VFA values. The methodology adopted is
shown below. (Figure 2) The examinations followed the guidelines outlined in ASTM D6927-15a
which specifies the standard test method for determining Marshall stability and flow of bituminous

mixtures.
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Figure 2. Methodology adopeted.

3. Results
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For convenience, this phase is divided into two parts:

1. Determining optimum bitumen Content
2. Determining optimum plastic Content

3.2. Determining Optimum Bitumen Content

15 samples were prepared of 3.5, 4, 4.5, 5, 5.5% with 3 samples per percentage. After preparation
of samples according to ASTM standards Marshall stability test was performed to find out stability
and flow value of each percentage. Also tests for unit wt. %air voids were also performed and %VMA
and %VFA was also calculated.

In Figure 3 stability results for different bitumen contents are represented. Stability of asphalt
mix increases as the bitumen content increase till it reaches the peak at bitumen content 4.5% then it
started to decline gradually at higher bitumen content. The stability of an asphalt mix increases with
bitumen content up to a peak at approximately 4.5%, as the extra bitumen improves cohesion and
decreases air voids, resulting in enhanced load distribution and structural integrity. However,
beyond this optimal point, an excess of bitumen starts to function more as a lubricant than a binder,
reducing the internal friction and stability of the mix. Consequently, the mix becomes overly flexible
and prone to deformation under load, leading to a gradual decline in stability.
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Figure 3. Graph between stability and %Asphalt.

In Figure 4 Flow results for different bitumen contents are represented. Flow of asphalt mix
increases as the bitumen content increase till it reaches the peak at the max bitumen content 5 %. The
flow of an asphalt mix rises with increasing bitumen content because the extra bitumen acts as a
lubricant, allowing aggregate particles to move and adjust more readily under load. This trend
persists until the bitumen content reaches around 5%. At this peak, the mix becomes excessively
lubricated, leading to a loss of aggregate structure stability and increased deformation. Beyond this
optimal point, too much bitumen can reduce the stiffness of the mix and degrade overall
performance.
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Figure 4. Graph between Flow and %Aspahlt.

In Figure 5 Unit Weight results for different bitumen contents are represented. Bulk density of
asphalt mix increases as the bitumen content increase till it reaches the peak at bitumen content 4.5
% then it started to decline gradually at higher bitumen content.

160
158
156
154
152

150
148
146
144
142
140
3.5 4 4.5 5 5.5

%Asphalt Content

Unit Weight

Figure 5. Graph between Unit Weight and %Asphalt.

Figure 6 shows the %Air Voids results for varying bitumen contents. The highest air voids
content is observed at the lowest bitumen percentage (3.5%). As the bitumen content increases, Va%
gradually decreases because more voids in the asphalt mix are being filled with bitumen.
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Figure 6. Graph between %Air Voids and %Asphalt.

In Figure 7, the VMA% results for various bitumen contents are shown. The maximum voids in
mineral aggregates are observed at the lowest bitumen percentage (4%). As the bitumen content
increases, the VMA% gradually decreases because the additional bitumen fills a larger proportion of
the voids in the asphalt mix.
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Figure 7. Graph between %VMA and %Asphalt.

Figure 8 illustrates the %VFA results for various bitumen contents. The minimum VFA content
is found at the lowest bitumen percentage (3.5%). As the bitumen content increases, the %VFA
gradually rises due to the higher proportion of voids filled with bitumen in the asphalt mix.
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Figure 8. Graph between %VFA and %Asphalt.

3.2. Determining Optimum Plastic Content

15 samples were prepared of 6, 8, 10, 12, 14% with 3 samples per percentage. After preparation
of samples according to ASTM standards Marshall stability test was performed to find out stability
and flow value of each percentage. Also tests for unit wt. %air voids were also performed and % VMA
and %VFA was also calculated.

Figure 9 represents the results of Plastic + mix specimens in the form of graphs. By comparison,
it can be seen that marshal stability value increases with the increase of Plastic %. However, the
maximum value of stability is obtained in specimen using 10% Plastic in it than after that it started
decreasing. Similar effect was also seen in previous research. [17] In certain cases, increasing the
percentage of waste plastic content enhanced the stability and strength of the asphalt mixture.
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Figure 9. Effect of addition of plastic on stability.

Initially, the inclusion of plastic in asphalt mix boosts stability by enhancing the adhesion
between bitumen and aggregates coated with plastic. This stronger adhesion reinforces the asphalt
mix, increasing its stability. However, once a specific threshold of plastic content is surpassed,
stability may decline. This decrease can be attributed to excessive plastic content causing
overcrowding in the mix, which interferes with proper interaction between aggregates and bitumen,
thus reducing overall effectiveness. Moreover, beyond this threshold, plastic may struggle to bond
effectively with bitumen or introduce adverse effects like heightened stiffness or decreased flexibility,
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further compromising stability. Consequently, while plastic can initially improve stability,
surpassing the optimal limit may lead to diminishing returns and even reduced stability.

Figure 10 represents the results of Plastic + mix specimens in the form of graphs. By comparison,
we can see that flow value increases with the increase of Plastic % but after 12% flow value decreases.
Similar effect was also seen in previous research. Having waste plastic in the mix can improve the
workability of asphalt, facilitating its placement and compaction. This, in turn, can lead to superior
compaction and densification of the pavement, ultimately enhancing its performance and longevity.
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Figure 10. Effect of addition of plastic on flow.

Figure 11 shows the effect of addition of plastic on unit weight. The unit weight decreases with
increase in plastic content. The decrease can be explained as a low-density nature of plastic.
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Figure 11. Effect of addition of plastic on unit weight.

Figure 12 shows the effect of addition of plastic on % Air voids. Due to increase in plastic content
the value of air voids increases but all values are within the acceptable range.
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Figure 12. Effect of addition of plastic on %Air Voids.

Figure 13 shows the effect of addition of plastic on %VMA. The value of %VMA increases with
increase in plastic content till it achieve maximum value at 14%.
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Figure 13. Effect of addition of plastic on % VMA.

Figure 14 shows the effect of addition of plastic on %VFA. Its value increases with increase in

plastic content.
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Figure 14. Effect of addition of plastic on %VFA.

4. Conclusion

Based on the experimental findings regarding waste plastic modified asphalt mixtures in
comparison to conventional asphalt mixtures, the following conclusions can be inferred:

1. Recycled plastic trash is a useful addition to asphalt mixtures, improving their performance and
contributing to the sustainable management of plastic waste.

2. Because it results in the best stability and 4% air spaces, 10% by weight of the ideal bitumen
content is the ideal amount of plastic to be employed as a modifier in asphalt mixtures.

3. When compared to conventional asphalt mixes, asphalt mixtures with 10% plastic by weight of
the ideal bitumen content exhibit a roughly 30% increase in stability.

4. Because waste plastic has a low density by nature, adding waste plastic to asphalt mixtures
causes the bulk density to decrease as the percentage of plastic increases.

5. As the plastic component rises, plastic-modified asphalt mixtures show higher flow values,
which also causes the modified mix to become stiffer.

Additional research is recommended to investigate the integration of other waste plastic
materials, such as High Density Polyethylene (HDPE) and Polyethylene Terephthalate (PET),
commonly found in soft drink bottles, into asphalt mixes.
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