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Abstract: The constant growth in road traffic combined with a lack of maintenance
owing to the lack of funds has culminated in the deterioration of Malaysia's road
network. While plastics are beneficial items, the disposal of such waste has become
a problem in worldwide. One of the usable disposals of plastic waste is that it is
transformed into valuable items, such as those that may be found in the production
of bituminous pavements. The aim of this research is to identify the stability of
asphalt bitumen with plastic waste as addictive, based on the previous research and
to compare the experimented result with the conventional pavement details and
mixed pavement details.as well as to identify the optimum proportion of plastic waste
to be applied to the bitumen mixture. To achieve these objectives, the researcher
conducted a research review study, based on the data from up to 54 previous
published research papers either with the same topic or with the related subject.
Based on the review the result shows that adding plastic waste in the bitumen resulted
in an increase in the properties of bitumen and aggregate Reduces the quantity of
bitumen up to 9-10 % by weight. Therefore, the usage of plastic waste may also have
positive environmental and economic advantages, taking into consideration the
possible consequences of the elimination of many million metric tonnes of plastic
waste is the potential money savings to construct a road.

Keywords: Plastic Waste, Road Pavement Condition, Bitumen Mixture, Road
Maintenance

1. Introduction

In Malaysia, the road is one of the critical aspects of the transportation sector. The field of
transportation plays a significant role in coordinating all countries' development program. The growth
in human activity indirectly raises the need for different forms of cars. Around the same period, the
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number of vehicles on the road is also growing, which can be seen by its rapid growth last year. There
have been extensive improvements to the vehicle sector in the last fifty years, but the roads we drive on
have not changed. The roads need to fit vehicles so they would be providing more efficient.
Furthermore, our earth is paved with roads and by the year 2050, the number of roads currently in the
world is increased by 60 percent [1].

Due to the rise in population, urbanization, development and lifestyle, plastic waste production has
grown massively, causing solid waste disposal one of the world's main environmental concerns. These
plastics are uncontrolled because of the significant rapid depletion of waste disposal sites creating big
environmental problems. Plastic, a non-biodegradable substance, will live without decay on earth for
4,500 years [2].The risk of health involves individual, animal, and genital abnormalities of reproductive
conditions. Besides, the dangerous impact of waste also poses a threat to bird and water animal
populations. The problem of plastics waste cannot be resolved before practical steps on the ground are
taken [2].

Concrete manufacturing was responsible for 8 percent of global carbon dioxide emissions. It is
constructed of minerals such as sandstone, concrete, or limestone [1]. It may be seen in road
construction. The field test of plastic wastes processed by sorting machine added improved the road's
stability and solved pollution problems. With increased in urbanization and development, plastic waste
production also has increased. It is dangerous to dispose of plastic because plastic is not biodegradable.
For the problems listed above, the researcher thinks plastic pavement will be a better alternative.
Simultaneously, we can save our environment and cost for maintenance a road will be more economical.
Nowadays, the roads in Malaysia are facing a lot of damage. This is due to several factors such as soil
conditions, weather factors and workers factors. Therefore, this study is designed to study how the
researcher can identify the optimum proportion of plastic that can be add in the asphalt mix to the
modify asphalt mix to find some improvements and differences that can be used to overcome road
damage in Malaysia.

2. Research Methodology process

Peer-reviewed academic papers written with the associated keywords were found using the search
engines “Scopus” and “Google Scholar,” which are known as the most extensive citation and abstract
collection of peer-reviewed literature, scholarly journals, conference proceedings, and books [3]. The
first steps of the analysis. A study was undertaken to allow the formulation of the keywords used in
performing searches. Figure 1 shows the diagrammatic representation of the methodology process. A
comprehensive and systematic search is conducted under the title, abstract and keyword fields in both
datasets utilizing the Boolean search technique and keywords. Boolean operators AND, OR and NOT
are used to find perfect search criteria by merging or limiting terms [3]. The combination of the
following keywords and the Boolean operators will be used for the first stage of the review: 'Bitumen
AND plastic' OR 'pavement’ OR 'construction AND pavement' OR 'bitumen AND asphalt.

A total of 54 papers were returned to the first step of the journal review process. It is important to
make the error of collecting too many articles that may potentially be filtered out rather than collecting
too few, which could result in certain articles being lost. The findings were then filtered by topic field
and restricted to infrastructure, agricultural science, environmental engineering, highway engineering
and technology. The subject areas used for the first stage of filtering were determined based on the
observation that most of the search results initially returned 54 papers were written in the subject areas,
contributing to the withdrawal of 6 articles. The findings were also filtered by a form of text, e.g.,
conference and journal articles, and the year of release (e.g., 1992-2019), which lead to the elimination
of two documents, leaving 46 papers to progress to the next level.
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Full-text articles assessed for research

(n=12)

Figure 1: The procedure of methodology
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The second stage of the systematic analysis phase included screening the search results by
reviewing the titles and keywords of the publications and evaluating their eligibility for inclusion by
determining the titles and keywords' appropriateness. This process contributed to the elimination of 9
papers, leaving 36 to proceed to the next level. In the third stage of the systematic review, the articles'
abstracts and conclusions were read in detail to assess their eligibility for inclusion; this led to removing
10 documents, leaving 26 documents to proceed to the next stage. The fourth stage of the review entailed
reading the full texts of all the selected papers. The introduction section's main aim, the methodology
adopted, the gaps identified, and the papers' main contributions were given to the introduction section.
This led to eliminating 12 articles, leaving only 12 articles in the fifth stage to do a final review and
compare rising among base the research.

3. Results and Discussion

The number of previous published research papers as indicated above are discussed in this part and
the findings of the analysis are presented in three main sections. The first part underlines the stability
of asphalt bitumen with plastic waste as an additive. The second section discusses the effects of the
experiment with traditional pavement details and mixed pavement details and, ultimately, identify the
optimal percentage of waste plastic added to the HMA. The results for all sets of data are also compared.
by making a comparison among data gathered from another sources.

Table 1 shows the results that waste polythene consumption in bituminous concrete mixtures
shows the mixtures' improvement. The waste polythene consumed in the mix will get coated over
aggregates of the mixture and improve the stability up to 2000kg. It decreases porosity, retains moisture,
and increases binding properties. On that table also show the Optimum bitumen content (OBC) and
optimum Plastic content (OPC). Moreover, there are several type of plastic that can be use in pavement
such as High Density Polyethylene (HDPE), Low Density Polyethylene (LDPE),polypropylene (PE),
Polyvinyl choloride (PVC) and Pulverised Tyre waste (PTW).

Moreover, this study aimed to identify efficient ways to recycle plastic waste as an additive
material for flexible pavements. For such materials, the use of recycled plastic waste in asphalt
pavement represents an important outlet. From the entire thesis above, It can be assumed that modified
bitumen with the application of plastic waste of roughly 5-16% by weight of bitumen may significantly
increase Marshall's stability, strength, fatigue life and other valuable properties of the bituminous
concrete mixture.

Table 1: Summary table for Analysis of the asphalt bitumen's stability with plastic waste

No. Materials OBC/OPC Remarks

1 plastic waste OPC=12% The Marshall stability value is improved and a mixture
like carrying OBC=54 containing 12% plastic by weight of bitumen is
bags considered to have maximum stability. The stability

value decreased at 14 per cent of the plastic content. [4]

2 plastic waste OPC for The addition of 8% of the LDPE and HDPE plastic
HDPE/LDPE LDPE/HDPE waste improves the mix's stability value, which
=8% increases the toughness of the mix [5].
No OBC
3 Carry bags, OBC=5% The adjusted bitumen has a good result compared to the
cups, Hard OPC=5-15% normal bitumen performance. Therefore, plastic waste
foams (PS), will be used, eventually promoting road safety and
Soft foams efficiency. The Marshall stability shows a good value
(PE&PP) more than a standard value it’s found to be up to

2034.48 kg [6].
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4 Plastic Bottles  OBC=4.2% The total stability of the adjusted Margalla asphalt
OPC=15% mixture when 15 per cent of PB waste was used is 13.8
per cent greater over standard asphalt mixtures. But
when PB waste was used in reach of 15%, Marshall's
stability saw a slow decrease [7].
5 PVC OBC=5% The stability of bituminous mixtures (10 per cent
HDPE OPC=10% bitumen substituted by plastic) is better than that of
normal bitumen. [8]
6 plastic materials No OBC polymer gives better results as compared to plain
such as carry OPC=9% bitumen. The percentage of Marshall stability for 9% of
bags, cups adding plastic is higher than the normal bitumen. [9]
7 HDPE OBC=4% The stability values will be improved by increasing the
LDPE OPC=6-8% proportion of plastic and the amount of binder will be
minimized. The plastic-coated aggregate samples are
more stable based on stability values than polymer-
coated bitumen and can be used in higher plastic
percentages. [10]
8 HDPE OBC=5.4% The study results indicated that the modified mixture
LDPE OPC=12% has higher stability and VMA percentage compared to
the non-modified mixtures. With polyethylene usage in
asphalt, the pavement's deformation is reduced, fatigue
resistance is improved. [11]
9 Plastic Waste OBC=5.5% The optimal bitumen content of the bituminous
OPC=10% concrete mixtures was 10% greater compared to the
adjusted semi-dense bituminous concrete mixtures with
plastic waste. Marshall Stability of 12.5 per cent of
plastics indicates higher results than the 0 per cent
plastic bituminous concrete mixtures applied. [12]
10  polythene carry No OPC The results indicated that the consumption of
bags No OBC waste polythene in bituminous concrete mixtures shows

improved property of the mixtures thus formed. It is
found that the Marshall Stability value rises with a
polythene volume of up to 4.5 per cent and then
declines. [13]

Table 2 show that the strength of roads with shredded plastic waste is far greater than that of
roads with asphalt with a typical mixture. Although the usual 'highway standard' road lasts from four to
five years, it is reported that plastic-bitumen roads will last up to ten years [22]. Rainwater will not seep
through because of the plastic in the tar. The price of plastic road construction can be marginally higher
than the typical process. Maintenance costs are small compared to the typical method. Its initial cost is
slightly more as compared to the conventional method. Road strength is twice as high as standard roads
resistance to water stagnation, and no potholes are created, less bleeding during summer, plastic waste
can be prevented and does not require any new machinery, it does not increase the price of road
construction; and it helps to minimize the use of bituminous mixture by lowering costs.
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Table 2: Summary table for Analysis of the experimented result with the conventional pavement details
and mixed pavement details

No. Materials OBC/OPC Remarks
1 PTW OBC=5.22%  This study concluded that the addition of PTW and
LDPE OPC= 8% LDPE waste had improved the properties of

penetration, ductility, and the modified bitumen's
softening temperature. As the material's stiffness is
improved, it can take the high load and increase the
pavement ruts' resistance. Therefore, the pavement's
durability is improved using waste material to use
waste efficiently. [14]

2 Waste OBC=5.6% inter-molecular bonding between bitumen and
plastic/polymer OPC=8% waste PP coated aggregate enhanced strength
and thus the quality of bituminous concrete mixes.
Significant improvements were observed in
performance parameters in Marshall stability, ITS,
Rutting, and retained stability of bituminous
concrete mixes. Thus, waste PP modified
bituminous concrete mixes are expected to be
more durable and improved performance. [15]

3 HDPE OPC=8% Mixture modification using 8% shredded HDPE
OPC=8% improves the Marshall Stability of the mixture by
70%, increasing its rutting resistance and load-

carrying capability. HWT test results also confirm

that the modified mixture has a higher resistance

to permanent deformation (rutting). Dry Process

(polymer coating of aggregates) is more useful

than Wet Process (adding polymer in the binder)

for manufacturing modified mixtures. It can

accommodate a higher amount of waste plastic as

a modifier and results more stable mixtures. [16]

4 HDPE OBC=5.2% The use of HDPE in asphalt concrete mixtures
OPC=7% caused an increase in resilient modulus values at
high (25 C) temperatures; and Results indicated
that flexible pavement with high performance,
durability and more economical could be obtained
with 5% HDPE. [17]

5 HDPE OBC=5.4% This investigation shows that the penetration,
and PVC OPC=7-10% ductility, and solubility value of modified asphalt
mixture decreased with polyethylene and PVC
modifiers. On the other hand, the softening point

increases with the rise in the modifier. [18]

Table 3 show the appropriate amount of plastic waste or polyethylene was determined to be (4-
16%) by weight of the optimum bitumen content (4-5.5%) by reviewing previous experimentation.
Adding Polythylene Terephthalat (PET) plastic waste in the bitumen increased the properties of bitumen
and aggregate. It reduces the optimum bitumen content up to 9-10 % by weight and cuts the pavement
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construction cost. Moreover, using plastic waste in the construction of flexible pavement can reduce the
impact on the environment

Table 3: Summary table for Analysis of the optimum proportion of waste plastic added to the bitumen

mix
No. Materials OBC/OPC Remarks
1 PET plastic = OBC=4% PCA-modified BAC improved better PET recycling with a
waste OPC=16.7%  higher OPC of 16.7% compared to 9% OPC with PMB-
modified BAC. At the same time, PMB-modified BAC
increased the Marshall stability at comparable plastic content.
It seems better to use the plastic waste PET in PCA-modified
BAC [19].
2 polythene OBC=5% It is observed that the Marshall stability value increases with
milk packets OPC=4% polyethylene content up to 4% and after that decreases. The
- 0 . . . .
polymer-modified bitumen show improved properties for
pavement constructions. This can also reduce the amount of
plastics waste that otherwise is considered a threat to the
environment's hygiene. [20]
3 PP OBC=4.5% performance of plastic bitumen road conclusively proves that
LDPE OPC=10% it is good for heavy traffic due to better binding, increased
PE form strength, and better surface condition for a prolonged period
of exposure to variation in climatic changes. The quantity of
bitumen needed for a good mix can be reduced to the extent of
0.5% of the total weight, which accounts for 10% reduction in
the use of bitumen. [21]
4 Waste OBC=5.4% By increasing the percentage of waste plastic in the mix the
polymer OPC=12% Marshall stability value is increased and maximum stability

is found for the mix containing 12% plastic by weight of the
bitumen. At 14% plastic content the stability value has
decreased [22].

4. Conclusion

In the research of polythene with asphalt modified behavior, it was noticed that the modified

mixture possesses better Marshall Characteristics, as shown in the data review. The Marshall stability
value is found to be increased and with a polymer amount of up to 4 percent to 16 percent and after that
decrease. This study has demonstrated the value of environmentally road construction in our pursuit of
sustainable growth in the twenty-first century. It shed light on the idea of environmentally sustainable
road construction. It described the reasons responsible for its development, stakeholders' challenges in
its implementation, and green road construction advantages. the usage of plastic waste will have positive
environmental and economic advantages, taking into consideration the possible consequences of the
reduction of many million metric tonnes of plastic waste from the river and the potential financial gains
arising from the long operating life of the highways, the prevention of accidents, the protection of
natural materials and the profits from the trade of such waste.
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