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Abstract: Ras Al Khaimah, UAE is well known in the region for its industrial sectors.
As a result, its road network is enduring heavy traffic loads. When accompanied by
hot temperatures during the summer these roads fail prematurely due to permanent deformation (rutting). To avoid this problem, asphalt binder with high stiffness
should be used, which is expensive and not eco-friendly. The objective of this study
was to evaluate the addition of different percentages of plastic waste powder obtained by grinding waste bottle plastics on different asphalt binders’ properties. Test
results showed that adding plastic waste to asphalt binder increased its viscosity and
G*/sin δ values. Furthermore, it was observed that when adding waste plastic, the
tested binder grades would meet Superpave Asphalt Binder Specifications for higher
binder grades. Thus, adding plastic waste to asphalt binder could be considered as
a cheaper and environmental friendly solution, when compared to the use of higher
binder grades to reduce rutting in asphalt pavements in Ras Al Khaimah roads.
Subjects: Polymers & Plastics; Waste & Recycling; Pavement Engineering
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1. Introduction
Asphalt pavements are deteriorating rapidly and pavements life is becoming shorter than what asphalt pavements were designed for. In Ras Al Khaimah, UAE it can be clearly noticed that asphalt
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The group key research activities are evaluating
the performance of asphalt binders and mixes,
rock mechanics, traffic safety and awareness,
and lately the utilization of plastic waste in
construction materials (e.g. asphalt and concrete
mixes) as a mean of sustainability and the
reduction of unwanted waste. By evaluating
the effects of plastic waste on the engineering
properties of construction materials and
their performance, the right amount can be
determined.

In Ras Al Khaimah, UAE asphalt pavements are
failing prematurely than what they were designed
for, especially when it comes to permanent
deformation along the wheel path. It may be
due to heavy traffic loads accompanied with hot
temperatures during the summer. To avoid this
problem, asphalt binder with high stiffness should
be used, which is expensive and not eco-friendly.
This study aimed to evaluate the addition of
different percentages of plastic waste powder
obtained by grinding waste bottle plastics as an
asphalt binder performance enhancer, through
increasing the asphalt binder stiffness. Test results
showed that adding plastic waste to asphalt
binder increased its stiffness and resistance to
permanent deformation. Thus, no need for using
higher grade asphalt binders and above that it will
be an environmental friendly solution, since plastic
waste is utilized instead of harmful chemicals to
enhance the performance of asphalt binders.
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pavements are not performing as expected, especially with permanent deformation (rutting). The
causes are expected to be due to high temperatures in the summer combined with heavy traffic
loads.
Recently, asphalt pavement materials costs increased tremendously, which paved the way to
finding alternative cheaper 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 asphalt pavement industry (Abu Abdo, 2016). Furthermore, it can be argued
that carbon footprint on road construction could be reduced by using recycled materials. The use of
recycled waste materials as modifier additives in hot mix asphalt (HMA) could have several economic and environmental benefits (Modarres & Hamedi, 2014; Molenaar, 2012).
Recent studies were conducted to evaluate utilization of recycled materials in HMA and their effects on the performance of flexible pavements (Bdour, Khalayleh, & Al-Omari, 2015; Chavan, 2013;
Gawande, Zamare, Renge, Tayde, & Bharsakale, 2012; Hainin et al., 2012; Hong et al., 2013; Karacasu,
Okur, & Er, 2015; Maharaj, Ramjattan-Harry, & Mohamed, 2015; Mashaan, Ali, Karim, & Abdelaziz,
2014; Mashaan, Ali, Koting, & Karim, 2013; Pourtahmasb & Karim, 2014; Sangita & Verinder, 2011;
Swami & Jirge, 2012), among these recycled materials plastic waste (Abu Abdo & Khater, 2018;
Chavan, 2013; Gawande et al., 2012; Sangita & Verinder, 2011; Swami & Jirge, 2012). Results of these
studies showed asphalt mixes containing plastic waste exhibited improvement in their engineering
properties (i.e. Marshall stability, flow, resistant to water, and resistant to crack propagation).
Vancouver, Canada constructed the first asphalt pavement with recycled plastic in an effort to
become the “greenest” city in the world by 2020, it consisted of about 1% plastic waste of the mix
by weight (Ridden, 2012). In India, 3,500 tons of plastic waste were utilized to build more than
1,200 km of roads using a compound called polymerized bitumen. Based on their findings, the use of
plastic in these roads proved to enhance their resistance to monsoons and everyday wear and tear
when compared to traditional pavements and it extended the life of asphalt pavements by two more
years (Khulla, 2009).
Hınıslıoglu and Agar (2004) examined the use of plastic waste as an asphalt binder modifier with
4, 6 and 8% by weight of asphalt binder content. Test results showed that mixes with 4% plastic
waste were highly resistant to permanent deformation (rutting) and yielded the highest Marshall
stabilities and the smallest flows. Al-Humeidawi (2014) evaluated the use of plastic waste to enhance the engineering properties of asphalt mixes. Results showed that Waste Plastic Modified
Bitumen (WPMB) mix resulted in higher Marshall stability, higher retained stability, and higher indirect tensile strength than a traditional mix with an increase of 10% in Marshall stability, 7% in
Marshall retained stability and 9% in indirect tensile strength. Attaelmanan, Feng, and Al-Haididy
(2011) studied the practicality of modifying asphalt binder by the addition of different percentages
of plastic waste. Results illustrated that with the increase of plastic waste content, penetration values and temperature susceptibility decreased and softening point increased. In addition, stability,
tensile strength ratios (TSRs), and resilient modulus values at high temperatures for the tested modified asphalt mixes were higher with smaller strain values. Abu Abdo (2017) suggested that HMA with
0.2% plastic waste would enhance the performance of these mixes and mixes with 0 and 0.5%
plastic waste performed similarly. Thus, by utilizing 0.5% plastic waste by weight of aggregates in
HMA, flexible pavement design would become eco-friendlier and more sustainable, since a big
amount of plastic waste could be used without effecting the performance of HMA.

2. Scope
In Ras Al Khaimah, UAE newly constructed asphalt pavements are deteriorating faster than anticipated, especially when it comes to rutting. One of the typical solutions is to use higher binder grade,
which may be infeasible, especially with today’s budget cuts and economic constraints. In this study,
the effect of adding different percentages of plastic waste powder to asphalt binder grades on its
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stiffness was investigated to determine the optimum percentage of plastic waste in asphalt mixes
for future projects in Ras Al Khaimah.

3. Experimental program
3.1. Materials
Three asphalt binders were evaluated in this study; low binder grade AC60-70 and Two Superpave
asphalt binders: PG64-22 and PG76-22. Plastic waste was obtained by collecting waste mineral water plastic bottles. Plastic bottles were then cut, shredded, then grinded to obtain plastic waste powder with a particle size passing 150 μm and retained on 75 μm sieves. Then the plastic waste powder
was added to the tested asphalt binders at 0.2, 0.5, 1.0, and 5.0% by weight when samples were
prepared for testing. In addition, a control sample with 0% plastic waste was prepared (control sample) for comparison.

3.2. Lab tests
3.2.1. Rotational viscosity test
The Rotational Viscosity Test (ASTM D4402/D4402M-15 (ASTM, 2015)) was conducted as an indicator
of stiffness of the asphalt binder with different percentage of plastic waste. Tests were conducted at
different temperatures; 85, 95, 105, 115, 125, and 135°C. The results of these tests were used as an
indicator of asphalt binder stiffness, since Lee, Chiub, Kana, and Chena (2004) showed that rotational viscosity had a strong correlation with the stiffness of the asphalt binder.

3.2.2. Binder dynamic shear modulus (|G*|) test
The Binder Dynamic Shear Modulus (|G*|) and Phase Angle (δ) was determined using the Dynamic
Shear Rheometer (AASHTO T315-12 (AASHTO, 2012)). All asphalt binders with different plastic waste
percentages were tested at 46, 52, 58, 64, 70, 76, 82°C to match Superpave high end binder grades.
Tests were conducted on neat and aged asphalt binders. The aging process was conducted via the
Rolling Thin-Film Oven (RTFO) procedure (AASHTO T 240-13 (AASHTO, 2013)) to simulate the shortterm aging of asphalt binders.

4. Results and discussion
Praticò, Casciano, and Tramontana (2011) conducted a cost life-cycle cost on asphalt binder quality.
They concluded that asphalt binder viscosity had a big effect on the expected pavement life and
need to be taken into consideration. Therefore, asphalt binder samples with different plastic waste
percentages were evaluated and their rotational viscosity was determined at different temperatures. Viscosity results were plotted in a log-log scale vs. temperature (Figure 1), which is a common
practice in the industry and by binder suppliers to assist in determining mixing and compaction
temperatures. Furthermore, it is an indicator of temperature susceptibility of the binders. Results
showed that with the increase of plastic waste, asphalt binder viscosity increased, especially at lower temperature range (85–115°C). As an example, PG 64-22, which is typically used in Ras Al Khaimah,
showed an increase of viscosity at 85°C of 15, 29, 30, and 42% for added plastic waste of 0.2, 0.5, 1.0,
and 5.0%, respectively. However, PG 76-22 with 1.0%, and 5.0% plastic waste yielded a higher viscosities than 3 Pa.s at 135°C, which is not acceptable by Superpave Binder specifications.
Superpave Asphalt Binder specifications states that an asphalt binder should yield minimum G*/
sin δ of 1.00 kPa (neat asphalt binder) and 2.20 kPa (RTFO aged asphalt binder) when tested at upper
grade temperature (e.g. 64°C for PG 64-22 and 76°C for PG 76-22) to resist rutting (Mamlouk &
Zaniewski, 2011). Table 1 lists G*/sin δ values for tested neat asphalt binder samples with different
plastic waste contents, the green cell indicated that the sample passed Superpave rutting requirement for neat asphalt binders. It was observed that AC 60-70 with no plastic waste was equivalent
to PG 58. However, when tested at 64°C, AC 60-70 did not meet the specified Superpave requirement
of minimum 1.00 kPa. However, AC 60-70 with added 0.2 and 0.5% of plastic waste met the requirement. Thus, it became equivalent to PG 64 and equivalent to PG 70 when 1.0 and 5.0% of plastic
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Figure 1. Rotational viscosity
results of tested asphalt
binders with different plastic
waste contents.

waste were added. Similarly, PG 64-22 and PG 76-22 with different plastic waste contents showed
an increase of G*/sin δ on higher testing temperatures than specified.
To ensure that asphalt binders samples met all Superpave Asphalt Binder specifications for rutting
resistance, passing neat asphalt binder samples were aged using RTFO and retested at the same
temperatures. Results showed that all tested asphalt binder samples yielded minimum G*/sin δ of
2.20 kPa (e.g. PG 64-22 with 0.2 and 0.5% at 70°C and PG 76-22 with 0.2 at 82°C), as illustrated in
Table 2. Thus, an improvement in rutting resistance would be expected, as indicated by the increase
of G*/sin δ on higher testing temperatures.
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Table 1. G*/sin δ (kPa) results for neat binder samples
Plastic waste content

Test temperature (°C)
46

52

58

64

70

76

82

9.27

3.42

1.43

0.65

–

–

–

AC 60-70
0%
0.2%

19.57

8.15

3.68

1.71

0.84

–

–

0.5%

30.01

11.21

4.62

1.98

0.92

–

–

1.0%

33.01

12.63

5.28

2.39

1.17

0.60

–

5.0%

33.50

12.14

5.03

2.28

1.16

0.59

–

PG 64-22
0%

12.26

5.71

2.84

1.55

0.79

–

–

0.2%

17.53

7.87

3.61

1.79

1.12

0.71

–

0.5%

29.35

12.47

5.56

2.67

1.43

0.76

–

1.0%

39.44

17.97

8.61

3.99

1.92

1.06

0.59

5.0%

55.30

24.40

11.35

5.30

2.49

1.37

0.78

23.41

11.22

6.00

3.45

2.02

1.24

0.74

PG 76-22
0%
0.2%

36.10

16.39

8.66

4.93

2.93

1.91

1.20

0.5%

38.93

19.32

10.35

5.91

3.45

2.09

1.35

1.0%

42.58

22.11

12.15

6.93

4.10

2.55

1.58

5.0%

82.73

49.71

34.36

21.93

12.47

7.73

4.00

Table 2. G*/sin δ results for aged (RTFO) asphalt binder samples
Binder grade
AC 60-70

PG 64-22

PG 76-22

Plastic waste
content

Test temperature
(°C)

G*/sin δ (kPa)

Equivalent binder
grade

0%

58

2.35

PG 58

0.2%

64

2.23

PG 64

0.5%

64

2.58

PG 64

0%

64

3.18

PG 64

0.2%

70

2.30

PG 70

0.5%

70

2.93

PG 70

1.0%

76

2.18

PG 76

5.0%

76

2.81

PG 76

0%

76

2.74

PG 76

0.2%

82

2.66

PG 82

5. Summary and conclusions
Based on the results of this study, the following observations were made:
• PG76-22 was designed to better resist rutting than PG64-22 and AC 60-70 at the same temperatures and tests results showed that PG76-22 have the highest viscosity then PG64-22 then AC
60-70 at different temperatures. Thus, viscosity could be used as an indicator of better performance asphalt binder.
• Adding plastic waste to asphalt binder increased its viscosity for all tested asphalt binders. Thus,
it is expected that adding plastic waste to asphalt binder would increase it stiffness, which
would enhance its rutting resistance at operational temperature.
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• Adding plastic waste to asphalt binder met Superpave Asphalt Binder Specification at 135°C for
all tested asphalt binders, except for PG 76–22 with 1.0%, and 5.0% plastic waste, which yielded
higher viscosities than 3 Pa.s at 135°C.
• Results showed that adding 0.2 and 0.5% plastic waste would meet Superpave Asphalt Binder
Specification of G*/sin δ for neat and RTFO aged for higher binder grades than tested. For example, PG 64-22 with 0.2 and 0.5% plastic waste would be equivalent to a PG 70. While adding 1.0
and 5.0% plastic waste to PG 64-22 would meet Superpave Asphalt Binder specifications of G*/
sin δ similar to PG 76.
In conclusion, adding plastic waste to asphalt binders could be considered as an eco-friendly solution to problem of having too much waste plastic and an economical solution to enhance the rutting
resistance of asphalt binders without the need of using more expensive modified and higher binder
grades. With the addition of up to 5.0% plastic waste, asphalt binder resistance to rutting would be
equivalent to a higher asphalt binder grade (two grades), which would have a huge impact on costs
and the environment on the short and long run.
Acknowledgment
The authors would like to extend their gratitude to the
School of Graduate Studies and Research at the American
University of Ras Al Khaimah, UAE for the provided support
[Seed Grant Project ENGR/001/17] and to Ms Anna Ortiz for
her support and valuable assistance.
Funding
This work was supported by School of Graduate Studies
and Research at the American University of Ras Al
Khaimah, UAE [Seed Grant Project ENGR/001/17].
Author details
Ahmad M. Abu Abdo1
E-mail: ahmed.abuabdo@aurak.ac.ae
ORCID ID: http://orcid.org/0000-0001-7644-9849
Mohammed E. Khater1
E-mail: mohammed.khater@aurak.ac.ae
ORCID ID: http://orcid.org/0000-0003-0077-1297
1
Department of Civil and Infrastructure Engineering,
American University of Ras Al Khaimah, Ras Al Khaimah,
United Arab Emirates.
Citation information
Cite this article as: Enhancing rutting resistance of asphalt
binder by adding plastic waste, Ahmad M. Abu Abdo
& Mohammed E. Khater, Cogent Engineering (2018), 5:
1452472.
References
AASHTO. (2012). Standard method of test for determining the
rheological properties of asphalt binder using a dynamic
shear rheometer (DSR). American Association of state and
highway transportation officials, AASHTO T 315-12.
AASHTO. (2013). Standard method of test for effect of heat
and air on a moving film of asphalt (rolling thin-film oven
test). American Association of State and Highway
Transportation Officials, AASHTO T 240-13.
Abu Abdo, A. (2017). Investigation the effects of adding plastic
waste on asphalt mixes performance. ARPN Journal of
Engineering and Applied Sciences, 12(15), 4351–4356.
Abu Abdo, A. M. (2016). Utilizing reclaimed asphalt pavement
(RAP) materials in new pavements—A review.
International Journal of Thermal & Environmental
Engineering, 12(1), 61–66.
Abu Abdo, A., & Khater, M. E. (2018). Enhancing the
performance of asphalt binders by adding plastic waste.
In Proceedings of the international conference on civil and
infrastructure engineering, ICCIE – 2018, 13–15 March
2018. Ras Al Khaimah.

Al-Humeidawi, B. H. (2014). Utilization of plastic waste and
recycle concrete aggregate in production of hot mix
asphalt. Al-Qadisiya Journal for Engineering Sciences, 7(4),
322–330.
ASTM. (2015). Standard test method for viscosity
determination of asphalt at elevated temperatures using
a rotational viscometer. American Society for Testing and
Materials, ASTM D4402/D4402M–15.
Attaelmanan, M., Feng, C. P., & Al-Haididy, A. I. (2011).
Laboratory evaluation of HMA with high density
polyethylene as a modifier. Construction and Building
Materials, 25(5), 2764–2770. https://doi.org/10.1016/j.
conbuildmat.2010.12.037
Bdour, A. N., Khalayleh, Y., & Al-Omari, A. A. (2015). Assessing
mechanical properties of hot mix asphalt with wire wool
fibers. Advances in Civil Engineering, 2015, 1–6, Article ID
795903.
Chavan, M. A. J. (2013). Use of plastic waste in flexible
pavements. International Journal of Application or
Innovation in Engineering and Management, 2(4),
540–552.
Gawande, A., Zamare, G., Renge, V. C., Tayde, S., & Bharsakale,
G. (2012). An overview on plastic waste utilization in
asphalting of roads. Journal of Engineering Research and
Studies, 3(2), 1–5.
Hainin, M. R., Yusoff, N. I. M., Sabri, M. F. M., Abdul Aziz, M. A.,
Hameed, M. A. S., & Reshi, W. F. (2012). Steel slag as an
aggregate replacement in Malaysian hot mix asphalt.
ISRN Civil Engineering, Article ID, 459016, 1–5.
Hınıslıoglu, S., & Agar, E. (2004). Use of waste high density
polyethylene as bitumen modifier in asphalt concrete
mix. Materials Letters, 58, 267–271. https://doi.
org/10.1016/S0167-577X(03)00458-0
Hong, W., Li, Q., Guan, G., Di, Y., Sun, J., Jiao, T., & Xing, G.
(2013). Research on the microstructure and property of
an anion rubber modified asphalt. 2013, Journal of
Nanomaterials, 1–6, Article ID 316401.
Karacasu, M., Okur, V., & Er, A. (2015). A study on the
rheological properties of recycled rubber-modified
asphalt mixtures. The Scientific World Journal, 2015, 1–9,
Article ID 258586.
Khulla, M. (2009). Plastic roads offer greener way to travel in
India. New York Times. Retrieved November 13, 2009,
from http://www.nytimes.com/2009/11/14/business/
global/14plastic.html?_r=1
Lee, M. G., Chiub, C. T., Kana, Y. C., & Chena, K. C. (2004).
Comparison of results of SHRP and conventional binder
tests on paving asphalts. International Journal of Applied
Science and Engineering Research, 2(3), 245–256.

Page 6 of 7

Abu Abdo & Khater, Cogent Engineering (2018), 5: 1452472
https://doi.org/10.1080/23311916.2018.1452472

Maharaj, R., Ramjattan-Harry, V., & Mohamed, N. (2015).
Rutting and fatigue cracking resistance of waste cooking
oil modified trinidad asphaltic materials. The Scientific
World Journal, 385013, 1–7, Article ID 385013.
Mamlouk, M. S., & Zaniewski, J. P. (2011). Materials for civil and
construction engineers. New Jersey, NJ: Pearson Prentice
Hall.
Mashaan, N. S., Ali, A. H., Karim, M. R., & Abdelaziz, M. (2014). A
review on using crumb rubber in reinforcement of asphalt
pavement. The Scientific World Journal, 2014, 1–21, Article
ID 214612.
Mashaan, N. S., Ali, A. H., Koting, S., & Karim, M. R. (2013). Dynamic
properties and fatigue life of stone mastic asphalt mixtures
reinforced with waste tyre rubber. Advances in Materials
Science and Engineering, 2013, 1–9, Article ID 319259.
Modarres, A., & Hamedi, H. (2014). Effect of plastic waste
bottles on the stiffness and fatigue properties of modified
asphalt mixes. Materials and Design, 61, 8–15.
Molenaar, A. (2012). Durability, a prerequisite for sustainable
pavements. In 5th Eurasphalt & Eurobitume Congress.
Istanbul.

Pourtahmasb, M. S., & Karim, M. R. (2014). Utilization of
recycled concrete aggregates in stone mastic asphalt
mixtures. Advances in Materials Science and Engineering,
2014, 1–9, Article ID 902307.
Praticò, F. G., Casciano, A., & Tramontana, D. (2011). Pavement
life-cycle cost and asphalt binder quality: A theoretical
and experimental investigation. Journal of Construction
Engineering and Management, 137(2), 99–107. https://doi.
org/10.1061/(ASCE)CO.1943-7862.0000264
Ridden, P. (2012). The streets of vancouver are paved with ...
recycled plastic. New Atlas. Retrieved November 30, 2012,
from http://www.gizmag.com/
vancouver-recycled-plastic-warm-mix-asphalt/25254/
Sangita, G. R., & Verinder, K. (2011). A novel approach to
improve road quality by utilizing plastic waste in road
construction. Journal of Environmental Research and
Development, 5(4), 1036–1042.
Swami, V., & Jirge, A. (2012). Use of plastic waste in
construction of bituminous road. International Journal of
Engineering Science and Technology, 4(5), 2351–2355.

© 2018 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.
You are free to:
Share — copy and redistribute the material in any medium or format
Adapt — remix, transform, and build upon the material for any purpose, even commercially.
The licensor cannot revoke these freedoms as long as you follow the license terms.
Under the following terms:
Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made.
You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.
No additional restrictions
You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.

Cogent Engineering (ISSN: 2331-1916) is published by Cogent OA, part of Taylor & Francis Group.
Publishing with Cogent OA ensures:
•

Immediate, universal access to your article on publication

•

High visibility and discoverability via the Cogent OA website as well as Taylor & Francis Online

•

Download and citation statistics for your article

•

Rapid online publication

•

Input from, and dialog with, expert editors and editorial boards

•

Retention of full copyright of your article

•

Guaranteed legacy preservation of your article

•

Discounts and waivers for authors in developing regions

Submit your manuscript to a Cogent OA journal at www.CogentOA.com

Page 7 of 7

