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Abstract. Plastic disposal is one of the major problems for developing countries like Malaysia,
at the same time Malaysia needs a large network of roads for its smooth economic and social
development. The limited source of bitumen needs a deep thinking to ensure fast road
construction. Therefore, the use of plastic waste in road construction not only can help to
protect environment but also able to help the road construction industry. The aims of this
research are to study the effects of waste plastic on rheological properties of bitumen. Modified
bitumen was prepared by using blending techniques. Bitumen was heated and plastic waste
was slowly added. Rheological properties of bitumen were performance by penetration,
softening point, viscosity and direct shear rheometer test. The results showed that when content
of plastic waste increase, the penetration value, softening point and viscosity of bitumen also
increase. Generally, plastic waste improves the performance of bitumen when it was added into
bitumen. It can be said that the usage helps to improve the performance of the road pavement
which also reduces the rutting effect.

1. Introduction
Plastics is a material that contains one or more organic polymer of large molecular weight, solid in its
finished stated and it also can flow under specific state [1]. It is durable and has very slow process of
degradation [2]. Plastic can be divided into two major categories which are thermoses and
thermoplastics. Thermos is a condition of plastic when it is in solid form. This type of plastic is very
useful in their durability and strength. Nowadays, the use of the plastic bag with several of sizes has
been growing day by day [3]. This development led to an increase in the amount of waste. This
hazardous waste is disposed by land filling or incineration. Waste plastic does not undergo bio-
decomposition. Therefore, whether it is land filled or incinerated, it still pollutes the land and the
atmosphere. However, the discovery of the binding property of plastic in its molten state which can be
used in road laying has helped to well manage this waste plastic [4]. Road pavement that uses plastic
waste as one of it material is called plastic road [5]. Plastic bag is non-biodegradable but most of it is
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recyclable. The recycled products are more environmentally harmful than the first time manufactured
ones because every time plastic is recycled it is subject to high intensity heat. This can make it to
deteriorate and lead to environmental pollution. That is why, it is necessary to determine the effective
way to deal with this non-biodegradable waste [6]. The use of plastic waste in road construction can be
one of the solutions [7]. This type of construction gives benefit to environment because it uses plastics
that would otherwise be disposed through environmentally harmful means. Other type of methods that
has been used to deal with plastic waste is by incineration [8]. However, often incinerators used are
not recommended standards and guidelines. It is particularly significant to use plastic waste because it
can minimize the landfilling [9]. It was translates that 1.125 tons of plastic wastes are used per km of
single lane road. Based on review of literature, the objective of this research is to investigate the effect
of using different percentages of plastic waste on rheological properties of bitumen. The main
problems of asphalt pavement material is rutting and also cracking which is resulted from its main
property of being high temperature susceptibility.

2. Material and Methods

2.1. Materials
In this study, bitumen 60/70 penetration grade was used. The properties of bitumen based on
laboratory test are 65 dmm (penetration), 51 °C (softening point), 1.03 (relative density), and 600 cp
(viscosity at 135°C).

2.2. Sample preparations
Modified bitumen was prepared by using blending techniques. 500 g of bitumen was heated in oven
until it turns to fluid condition and plastic waste that was shredded to size of 2 mm was slowly added,
while the speed of mixer was maintained at 1200-1500 rpm and the temperature was kept between 170
°C and 175 °C. The concentrations of plastic waste used were 1.5, 3.0, 4.5 and 6.0 % by weight of the
bitumen. Mixing was continued for 1 hour to produce homogenous mixtures. Rheological tests such as
penetration, softening point, viscosity and also direct shear test were then conducted on the prepared
sample.

2.3. Bitumen test
The tests to determine rheological properties such as penetration, softening point, viscosity, and direct
shear test are performed in the following study. Binders are characterized by using a number of
standard physical tests such as penetration test [10] (temperature, load and time at 25 ºC, 100 g and 5
sec, respectively), softening point test [11], viscosity test using Brookfield viscometer [12]
(temperature ranging from 135 to 165 ºC, spindle No. 27, and a rotating speed of about 20 rpm). The
short-term aging test of the binder is conducted using RTFOT [13] at 163 ºC for 85min; the long-term
aging is performed using PAV [14] at 100 ºC for 20hrs with 2.1 Mpa. The aged samples are evaluated
by measuring their rheological properties. Furthermore, the bitumen rheological properties are
evaluated using dynamic shear rheometer (DSR) (tests conducted by using a temperature sweep
starting from 22 ºC to 84 ºC and the frequency of 1.59 Hz with 1mm gap [15].

3. Results and Discussions

3.1. Penetration
Fig. 1illustrates the effect of plastic waste concentration on penetration. The penetration depth
decreased as the amount of plastic waste increases up to 6%. This shows that plastic waste content has
a significant effect on the penetration value. The results also found that when the content of plastic
waste is increased from 1.5% to 6 %, the penetration value decreases gradually from 55.3 to 24.1. It
means that plastic waste has a great effect on reducing the penetration value by increasing the stiffness
of plastic waste in binder. Make the binder less susceptible and will result to resist the deformation
like rutting [16].
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Figure 1. Penetration Values

3.2. Softening Point
Fig. 2 shows that the increases of softening point as the percentage of plastic waste increase. It can be
seen that when plastic waste content is 1.5% by weight of bitumen, the softening point is 53 ºC and
when plastic waste is added up to 6%, the softening point reaches up to 56 ºC. It can be said that when
the softening point is increasing there will be the reduction of susceptibility at high temperature. This
phenomenon shows that the resistance of the binder to the effect of heat is increased and was reduce
its tendency to soften in the hot weather [17]. With the addition of plastic waste, the modified binder
will be less susceptible to the changes of temperature. Therefore by using plastic waste in bituminous
mix, the rate of rutting will decrease due to the increase in softening point.

Figure 2.Softening Point Values

3.3. Penetration Index (PI)
The penetration index (PI) represents the quantitative measure of the response of bitumen to variation
in temperature. Tables 1 summarized the value of PI for virgin and modified bitumen at different
percentage of plastic waste. It can be seen that the penetration index values are inconsistent at all
addition percentages. The PI value for original binder is -0.02 and decrease to -0.23 when it was
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modified with 1.5% of plastic waste. However, PI values were increase from -0.39 to -0.10 for 3% and
4.5% respectively. Then it decrease again from -0.10 to -1.31 at 4.5% and 6% respectively. The results
show that the resistance of modified bitumen to resists the low temperature cracking and permanent
deformation is inconsistent. Yaacob et al. [1] reported that the penetration index of particular bitumen
can be used to predict its behavior in an application. Therefore, bitumen with high penetration
numbers that can be called as soft are used for cold climates while asphalt binders with low
penetration numbers that known as hard are used for warm climates [18].

Table 1. PI at different percent plastic waste

Plastic waste (%) PI

0 -0.02

1.5 -0.23

3.0 -0.39

4.5 -0.10

6.0 -1.31

3.4. Viscosity
The viscosity of bitumen at high temperature is assumed as an important factor to have great road
pavement work. This is because viscosity represents the ability of bitumen to be pumped through an
asphalt plant and coating aggregates in asphalt concrete mix. The characteristics of viscosity in the
asphalt binder were examined at two temperatures which are 135 ºC and 165 ºC. Fig. 3 illustrated the
modified binder with plastic waste additive at 135 ºC has greater viscosity compared to virgin bitumen.
It is showed that as the percentage of plastic waste increase, the viscosity increased which means the
binder is getting more viscous. Based on figure, it can be seen that the viscosity of original bitumen
60-70 is 500 cP at 135 ºC which is less viscous compared to the addition of 6% plastic waste which
has viscosity of 1600 cP at the same temperature. However, at temperature 165 ºC the original and
modified binder maintained constant 200 cP.

Figure 3. Viscosity value

3.5. Direct Shear Rheometer
Fig. 4 shows the G*/sin (δ) trend for original and modified bitumen at temperature ranging from 46ºC
to 94ºC and at the constant frequency of 1.59 Hz. The results indicated that higher the percentage of
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plastic waste will result in higher the G*/sin (δ). It also shown that at 6% of plastic waste, the G*/sin
(δ) still met the condition even the temperature reached up to 94ºC. It can be said that the use of plastic
waste as modifier will improve the performance of binder against permanent deformation (rutting) at
high temperature. However, G*/sin (δ) at 6% plastic is lower than 4%. Indicate that a 4% of plastic
waste is the optimum percentage.

Figure 4.G*/sin (δ) trend

3.6. Penetration-Viscosity Number (PVN)
The PVN must be based on penetration at 25 °C and viscosity at 135 °C which are standard
specifications for paving the asphalt. Base on Table 2, the increases of plastic waste was increasing the
PVN values. The PVN value is increases from -0.36 to 0.13 which have the percentage of 0% and 6%
respectively. This increases of PVN values shows the significantly of the plastic waste addition in the
bitumen to improve the temperature susceptibility of bitumen. It is indicated that the addition of plastic
waste in bitumen can enhance the rutting resistance of the bitumen at high temperatures.

Table 2. PVN at different percent plastic waste

Plastic waste (%) PVN values

0 -0.36

1.5 -0.29

3.0 -0.25

4.5 -0.05

6.0 0.13

4. Conclusions
a) Additive of plastic waste at different content gives effect on the temperature susceptibility of the

bitumen. As the content of plastic waste increase from 1.5% to 6%, the penetration number
decreases gradually and softening point of modified bitumen increase.

b) The addition of plastic waste content increases the viscosity of the bitumen at high temperature
i.e. 135 °C. High viscosity means less chances of rutting.
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c) Plastic waste improves the performance of bitumen when it was added into bitumen. The higher
plastic waste percentage give the higher G*/sin δ which is rutting factor. Thus, the modified
bitumen able to reduce the rutting effect.

d) The usage of 6% of plastic waste is found to be the optimum percentage for modification of
bitumen. This percentage could make the pavement able to resist the heavy vehicles and hot climate.
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