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Abstract: This paper investigates the properties of waste plastic film and carbon nanotubes modified asphalt mixes. The composed asphalt mixes have been evaluated for 
fatigue cracking and rutting. In this research, a total of 30 numbers of samples were prepared with different percentages of waste plastic films and carbon nanotubes from 
0.1 to 0.4% and evaluated for dynamic stability and rutting using the wheel tracking machine. Results show that the addition of carbon nanotubes significantly increases the 
dynamic stability of asphalt and decreases the rutting up to a sufficient level as compared to plastic and conventional bitumen. 
 
Keywords: bitumen; dynamic stability; nanotubes; rutting test; wheel tracking test 

 
 
1 INTRODUCTION 

 
Construction of road and highways is significant for 

the economic development of a country. Pakistan is lying 
in the center of South Asia; for better trading and a balance 
economy road links and networks are essential. A good 
transportation system provides an efficient means to carry 
different necessary products, agricultural and daily life 
necessities. 

Pavement is a multilayer system which distributes the 
vehicular load over a larger area. There are mainly two 
types of pavements, rigid and flexible pavement. The main 
difference between these two pavements is that the upper 
surface of the rigid pavement is made of concrete and the 
upper surface of flexible pavement is made of asphalt. The 
flexible pavement distributes the loading stress to the soil 
(subgrade) in less magnitude on which the soil will not 
shear or distort, i.e., from 150 psi to 3 psi. The asphaltic 
binders behave as visco-elastic material; its behavior 
changes as temperature increases. This behavior is mainly 
dependent upon the temperature and loading as well. At a 
colder temperature, the asphaltic binder behaves as stiffer 
material, so the ambient temperature is the primary 
parameter in design. At very low temperature (less than       
0 °C) the asphaltic binder behaves as stiffer solid and 
deformed by applying to load. When the load is removed, 
it bounces back to its original shape. Asphaltic binder 
shows unique characteristics; when it is very hot 
temperature, it becomes soft, at a temperature above      
1000 °C, it becomes very soft, and behaves like viscous 
fluid on a very hot temperature. High test temperature 
simulates slow loading while low test temperature 
simulates high loading because for low loading it is stiffer 
while for long loading it is softer. At moderate temperature, 
it behaves like both [1]. 

Traffic loading and severe weather conditions are 
critical among the factors, which deteriorate the highways 
with the passage of time [2, 3]. A number of blends have 
been designed and analyzed by different researchers to 
enhance bitumen characteristics [4]. Recent studies 
showed that additives like sulfur [5], polyphosphoric acids 
[6], and fatty acid amides [7] could enhance the bitumen 
properties. Many researchers [8-11] have also employed 
polymers in asphalt mixes. It has been reported that 
Styrene–Butadiene–Styrene copolymer (SBS) and 
Styrene-Butadiene Rubber (SBR) are among the widely 
used polymers to attain the desirable properties of bitumen. 

In addition, researchers [8, 12] have analyzed the 
addition of Ethylene Vinyl Acetate (EVA) and 
PolyEthylene (PE). It has been found that these modifiers 
can modify the basic properties of the bitumen. Moreover, 
the blending can reduce the construction cost [13]. 
Sustainability by managing limited natural resources is the 
primary objective of researchers around the World [14]. A 
variety of waste products has been used in asphalt 
pavement i.e., glass [9], crumbed rubber [15], and crushed 
waste bricks [16]. All these studies reported that recycled 
material could be a cost-effective substitute for the 
aggregates in the asphalt. Natural rubber and reclaimed 
geomembranes with polystyrene and polypropylene have 
also been utilized for desired properties in bitumen [17]. 

The deformation in the pavement is commonly 
determined by the Wheel Tracking machine test which 
gives us the values of dynamic stability and rutting [27]. In 
this research, we used two different materials (plastic waste 
and carbon nanotubes) with different percentages in the 
asphalt mix. Subsequently, their effects in terms of 
dynamic stability and rutting have been evaluated and 
compared. 

 
2 LITERATURE REVIEW 

 
It has been indicated by Tabakovic et al. [18] that for 

self-healing of asphalt pavements the best option is to use 
the nanoparticles. Hui Yao et al. [19] concluded that the 
use of silica increases the rheological properties of asphalt 
binder. Jahromi [20] observed that the addition of 
nanofiber has suitable effects on properties of bitumen 
mixtures by decreasing the flow value and increasing its 
stability and voids volume. As such, it can be expressed 
that the use of carbon nanofiber probably improves 
resistance properties to distress occurring in road pavement 
due to traffic loads. Santagata et al. [21] showed that CNTs 
provide an enhancement of rutting resistance potential and 
resistance to thermal cracking. Moreover, susceptibility to 
oxidative aging is reduced with further advantages that are 
expected in the long-term performance of bituminous 
mixtures. Moreover, CNT can be used to increase the 
rheological properties of asphalt binder after short and 
long-term aging treatments. Putman et al. [22] 
recommended the use of relatively high percentages of 
CNF (> 1) to increase resistance against permanent 
deformation at high temperatures. Khattak et al. [23] 
concluded that the use of carbon nano-fiber modified 
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asphalt may increase the resistance against rutting and 
fatigue. Another study by Hussain et al. [24] suggested that 
in order to achieve the carbon nanofibers/matrix modified 
bitumen adhesion it is necessary to have the full potential 
of nano reinforced composite materials. Liu Xiaoming et 
al. [25] showed in their research that the use of CNT along 
with bitumen enhances the properties of pavement against 
fatigue and rutting. Zhu et al. [26] concluded that Polymer 
modified Bitumen (PMB) can be used as an anti-rutting 
agent in pavements. It has been concluded that the use of 
CNT modified binders in higher percentages improves its 
rheological characteristics. 

 
3 RESEARCH METHODOLOGY 
 

To find out the optimum plastic content to be used in 
Hot Mix Asphalt (HMA), we have conducted a 
comparative analysis of modified bitumen HMA and 
unmodified (conventional) HMA. Recently, Moghadaset 
al. [28] developed an experimental design/methodology for 
the effects of high-density polyethylene on fatigue and 
rutting. 

Wheel tracking apparatus has been used to run a 
simulative test that measures the HMA qualities by rolling 
a small wheel device at a constant temperature of 60 °C 
across a prepared HMA specimen and performance is then 
correlated to the actual HMA layer. It mainly gives the 
dynamic stability and rutting value at two different times, 
first at 45 minutes and second at 60 minutes. The wheel 
pressure is 0.7 MPa. The modulus of the sample is 0.1, and 
the correction factor of the testing machine is 0.1. Rutting 
is generally affected by the temperature and loading 
intensity. Wheel tracking machine allows asphalt to be 
tested for its ability to withstand repeated axial loading at 
varying temperatures [27].  

Dynamic stability is an important property used in the 
mechanistic analysis of pavement response under moving 
loads as well as an input parameter for the design of 
flexible pavements.The dynamic stability and rutting tests 
have been conducted on the specimens using a repeated-
load test setup in the Wheel tracking machine at 600 °C 
temperature. Half a sine-shaped wave load pulse was used 
to simulate the traffic wheel loading for 60 minutes load 
duration. 

The maximum size and aggregate grading used were 
as per specifications of the National Highway Authority 
(NHA), Pakistan. Aggregate grading "Class-B" for 
wearing coarse has been used (Tab. 1).  
 

Table 1 NHA gradation class-B aggregate 

Sieve Size 
Combined grading (Asphalt Wearing 

Course Class-B) 

inches mm 
Gradation "B" 

(Coarse Graded) 
NHA specifications 

Class "B" 
1 25 - - 

3/4  19 100 100 
1/2  12.50 82.5 75-90 
3/8 9.50 70 60-80 
#4 4.75 50 40-60 
#8 2.36 30 20-40 
#50 0.300 10 5-15 

#200 0.075 5.5 3-8 

 
The maximum size of aggregate is related to the typical 

lift thickness used on National Highways in Pakistan. 

Details of the job mix design have been provided in 
Appendix A. 

 
3.1 Specification of the Wheel Tracking Test 

 
The temperature of the test is kept at 60 °C. Before the 

test, the specimen is kept for 6 hrs at 60 °C. The wheel load 
is equal to 700 N. The wheel completes its 42 cycles in one 
minute. 

 
3.2 Conventional Molds 

 
Conventional samples were made by mixing bitumen 

with aggregate after graduation. There is no addition of 
additives and almost 6 molds are prepared according to the 
following data as shown in Tab. 2. The Bitumen Content 
used is Optimum Binder Content and the bitumen used is 
60/70 grade. 

 
Table 2 Mixing details of the conventional mold 

Methodology (Bitumen + Aggregate) 
No. of samples Bitumen / % Aggregate / % 

3 4.8 95.2 

 
3.3 By Using Plastic Waste 

 
First aggregates were mixed with bitumen at the 

temperature of 160 °C in Marshall Mixer and then waste 
plastic film is added in the percentage of 0.1%, 0.2%, and 
0.3% by weight (Tab. 3).The mixing has been conducted 
according to the following data. The Bitumen Content used 
is Optimum Binder Content and the bitumen used is 60/70 
grade. 

 
Table 3 Mixing details of molds by using waste plastic films in different 

percentages 
Methodology (Bitumen + Aggregate) + Waste plastic films 

No. of samples Bitumen / % 
Waste Plastic 

Films / % 
Aggregate / % 

3 4.8 0.1 95.1 
3 4.8 0.2 95 
3 4.8 0.3 94.9 
3 4.8 0.4 94.8 

 
3.4 By Using Carbon Nanotubes 

 
First aggregates were mixed with bitumen at high 

temperature and then carbon nanotubes were added in the 
percentage of 0.1%, 0.2%, and 0.3% by weight as shown 
in Tab. 4. The Bitumen Content used is Optimum Binder 
Content and the bitumen used is 60/70 grade. 

 
Table 4 Mixing details of molds by using carbon nanotubes in different 

percentages 
Methodology (Bitumen + Aggregate) + Carbon Nano Tubes 

No. of samples Bitumen / % 
Carbon Nano 

Tubes / % 
Aggregate / % 

3 4.8 0.1 95.1 
3 4.8 0.2 95 
3 4.8 0.3 94.9 
3 4.8 0.4 94.8 

 
4 RESULTS AND DISCUSSIONS 

 
The prepared samples were tested for dynamic 

stability and rutting in the wheel tracking machine; the 
following data was observed and collected. 
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4.1 Dynamic Stability 
 
Dynamic stability is a property of flexible pavement 

that shows resistance to rutting. The dynamic stability 
observed for conventional, waste plastic films and carbon 
nanotubes were as follows: 
 
4.1.1 Waste Plastic Films 

 
The first bitumen was mixed with aggregates in 

Marshall Mixer at 160 °C. Subsequently, waste plastic 
films were added at percentages of 0.1%, 0.2%, 0.3%, and 
0.4% by weight. 12 samples were prepared, 3 for each 
percentage, and then these samples were tested in a wheel 
tracking machine. The following results of dynamic 
stability were observed as shown in Tab. 5. Dynamic 
stability increases with an increase in the percentage of 
plastic waste but up to 0.2% after that, the increase in the 
percentage of plastic waste decreases the dynamic stability, 
evidence also available from Rokade [29]. The reason 
behind this phenomenon is that the bond between bitumen 
and aggregates is the strongest bond and if we increase the 
percentage of plastic waste the bond becomes weak. 

 
Table 5  Dynamic stability of plastic waste (used in asphalt) 

S. No. 0% 0.10% 0.20% 0.30% 0.40% 
1 1800 3000 7875 5250 4962 
2 1703 2739 7000 4846 4625 
3 1750 2625 7000 5250 4871 

Avg. 1751 2788 7292 5115 4819.33 

 

 
Figure1 Dynamic stability against varying percentages of waste plastic film 

 
Fig. 1 shows that the dynamic stability in the case of 

waste plastic films increases with increase of the 
percentage of waste plastic films but up to 0.2% after that 
the increase of waste plastic films decreases the dynamic 
stability, evidence also available from Rokade [29]. Fig. 1 
shows that dynamic stability in the case of waste plastic 
films is higher than conventional samples. If we use 0.2% 
waste plastic films it will give us higher dynamic stability 
as its beneficial reuse of plastic; the same can be seen in 
the study of Vasudevan et al. [30]. 

 
4.1.2 Dynamic Stability of Carbon Nano Tubes 
  

First bitumen was mixed with aggregates in Marshall 
Mixer at 160 °C. Subsequently, Carbon Nano Tubes are 
added at percentages of 0.1%, 0.2%, 0.3% and 0.4% by 
weight. 12 samples are prepared, 3 for each percentage and 
then these samples are tested in a wheel tracking machine. 
The following results of dynamic stability are observed as 
shown in Tab. 6. Dynamic stability increases with 

increasing the percentage of Carbon nanotubes. Arabani 
and Faramarzi [31] concluded the same, but up to 0.3% 
after that increase in the percentage of Carbon nanotubes 
decreases the dynamic stability. Because the bond between 
bitumen and aggregates is the strongest bond and if we 
increase the percentage of plastic waste the bond becomes 
weak. Agzenai et al. [32] presented that the carbon 
nanotubes may also do self-healing of asphalt. 

 
Table 6 Dynamic stability of carbon nanotubes (used in asphalt) 

S. No. 0% 0.10% 0.20% 0.30% 0.40% 
1 1800 5250 5727 9000 7000 
2 1703 5250 7683 9000 7875 
3 1750 6300 7000 12600 6300 

Avg. 1751 5600 6803 10200 7058 

 

 
Figure 2 Dynamic stability against varying percentages of nano tubes 

 
Fig. 2 shows that the dynamic stability in the case of 

plastic waste increases with an increase of carbon 
nanotubes but up to 0.3% after that increase the percentage 
of carbon nanotubes decreases the dynamic stability [33]. 
Moreover, it shows that dynamic stability in the case of 
Carbon Nano Tubes is higher than conventional samples. 

 
4.1.3 Comparison 
  

The comparison presented shows the values for the 
dynamic stability of conventional (0%), waste plastic films 
and carbon nanotubes added in asphalt at different 
percentages. The following values are the highest values 
observed at different percentages. 

 

 
Figure 3 Dynamic stability of waste plastic film and carbon nanotubes against its 

varying percentage 
 

Fig. 3 shows that the dynamic stability is higher at 
0.3% carbon nanotubes as compared to 0.2% plastic waste 
with the conventional mix but if we compare the dynamic 
stability of plastic with the conventional mix then the 
dynamic stability in the case of waste plastic films is much 
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higher as compared to conventional which shows that 
plastic is a good modifier and can be used in asphalt for 
decreasing the rutting. The use of plastic in asphalt for 
dynamic stability may decrease the cost of the project, and 
the environment as well will be sustainable by getting rid 
of these non-biodegradable materials. 

 
4.2 Rutting 
	   

The deformation occurring due to heavy traffic along 
the wheel of vehicles is called rutting.The rutting values for 
the conventional, plastic waste and carbon nanotubes are 
as follows: 

 
4.2.1 Waste Plastic Films 
  

First bitumen is mixed with aggregates in the Marshall 
mixer at 160 °C. Subsequently, waste plastic films are 
added at percentages of 0% (conventional) 0.1%, 0.2%, 
and 0.3% by weight. 12 samples are prepared, 3 for each 
percentage and then these samples are tested in a wheel 
tracking machine. The following results of rutting values 
are observed, as shown in Tab. 7.  

Rutting decreases with an increase in the percentage of 
waste plastic films but up to 0.2% after that increase in the 
percentage of waste plastic films decreases the rutting. 
Huang et al. [34] presented the same results.  

D1 is the deformation observed at 45 minutes and D2 
is deformation observed at 60 minutes. 
 

 
Figure 4 Rutting values of plastic waste against varying plastic percentage 

 
Fig. 4 shows that the rutting value in the case of plastic 

waste decreases with an increase in the percentage of 
plastic but up to 0.2% after that the increase in the 
percentage of plastic waste increases the rutting value 
increases [35]. Moreover, it shows that rutting value in the 
case of plastic is lower than conventional samples.  
If we use 0.2% plastic waste, it will give us lower values 
of rutting as its beneficial reuse of plastic. 
 

 
Table 7 Rutting values of waste plastic films (used in asphalt) 

S. No. 0% 0.10% 0.20% 0.30% 0.40% 
 D1 D2 D1 D2 D1 D2 D1 D2 D1 D2 

1 3.89 4.24 3.22 3.43 2.42 2.5 3.32 3.44 3.51 3.65 
2 3.51 3.88 3.11 3.34 2.25 2.34 3.28 3.41 3.32 3.33 
3 3.45 3.81 3.12 3.36 2.37 2.46 3.35 3.47 3.5 3.59 

Avg. 3.98 3.38 2.43 3.44 3.52 

 
4.2.2 Rutting Values of Carbon Nano Tubes 
 

First bitumen was mixed with aggregates in Marshal 
mixer at 160 °C. Subsequently, carbon nanotubes are 
added at percentage of 0% ( conventional), 0.1%, 0.2%, 
0.3%, and 0.4% by weight. 15 samples are prepared, 3 for 
each percentage and then these samples are tested in a 
wheel tracking machine.  

The following results of rutting values are observed as 
shown in Tab. 8. Rutting decreases with an increase in the 
percentage of carbon nanotubes but up to 0.3% after that 
increase in the percentage of Carbon nanotubes, the rutting 
decreases [33]. 

D1 is the deformation observed at 45 minutes and D2 
is deformation observed at 60 minutes. 

 
Table 8 Rutting values of carbon nano tubes (used in asphalt) 

S. No. 0% 0.10% 0.20% 0.30% 0.40% 
 D1 D2 D1 D2 D1 D2 D1 D2 D1 D2 
1 3.89 4.24 3.01 3.13 2.13 2.24 2.01 2.08 2.32 2.41 
2 3.51 3.88 3.12 3.24 2.33 2.412 1.45 1.52 2.24 2.32 
3 3.45 3.81 3.15 3.25 2.24 2.33 1.56 1.61 2.25 2.35 

Avg. 3.98 3.21 2.33 1.74 2.36 

 

 
Figure 5 Rutting values of carbon nanotubes 

Fig. 5 shows that the rutting value in the case of carbon 
nanotubes decreases when we increase the percentage of 
carbon nanotubes, but up to 0.3% after that increase the 
percentage of carbon nanotubes increases the rutting value 
increases [31]. Moreover, it shows that the rutting value in 
the case of carbon nanotubes is lower than in conventional 
samples. 

 
4.2.3 Comparison 
 

To find the apt mix, comparison has been conducted 
among the values for rutting of conventional (0%), plastic 
waste and carbon nanotubes added in asphalt at different 
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percentages. The following values are the highest values 
observed at different percentages. 
 

 
Figure 6 Rutting values of plastic waste and carbon nanotubes against its 

varying percentage 
 

Fig. 6 shows that the rutting values are lower at 0.3% 
carbon nanotubes as compared to 0.2% plastic waste and 
conventional but if we compare rutting values of plastic 
with conventional the rutting values in case of plastic waste 
are much lower as compared to the conventional. This 
shows that the plastic is a good modifier and can be used 
in asphalt for decreasing the rutting. In addition, the use of 
plastic in asphalt for rutting purposes may decrease the cost 
of the project. Furthermore, the environment will be 
sustainable by getting rid of these non-biodegradable 
materials. 

 
5 CONCLUSIONS 
 

Based on the research work carried out, we can 
conclude that the dynamic stability is higher for carbon 
nanotubes and plastic modified bitumen as compared to 
conventional bitumen. The same is the case for the asphalt 
mixes. In addition, dynamic stability relatively increases 
with an increase in the percentage of plastic and carbon 
nanotubes, gradually up to 0.2% and 0.3% but on further 
increment in the percentage of plastic and carbon 
nanotubes decrease of dynamic stability occurs. The 
rutting values for carbon nanotubes and plastic are lower 
than the conventional asphalt mix. The rutting values 
increase with the increase of carbon nanotubes and plastic 
percentage but decrease when the percentage is higher than 
0.3%. 
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