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Abstract – Plastic waste has become a pervasive 
environmental challenge in urban areas worldwide, 
exacerbating pollution and landscape degradation due to 
inadequate disposal practices. The urgency to address this 
issue stems from the sheer volume of plastic waste 
generated annually, with millions of tons ending up in 
landfills, oceans, and natural habitats. As such, finding 
sustainable solutions to mitigate the environmental impact 
of plastic waste has become a pressing priority for 
governments, organizations, and communities globally. One 
innovative approach to tackle the plastic waste problem is 
through its utilization in road construction, particularly in 
bituminous mixes. This study explores the potential of 
incorporating waste plastic into pavements as a means of 
addressing both infrastructure needs and environmental 
concerns. By integrating plastic waste into road surfaces, 
the aim is to enhance pavement performance, durability, 
and resistance to temperature variations and moisture 
infiltration, particularly in regions with hot and humid 
climates like India. 

The utilization of plastic waste in road construction 
presents a promising opportunity to not only improve 
pavement performance but also alleviate the burden of 
plastic waste disposal. Traditional road construction 
materials, such as asphalt, require significant amounts of 
virgin resources like aggregates and bitumen, contributing 
to environmental degradation and resource depletion. By 
substituting a portion of these materials with waste plastic, 
road construction becomes more sustainable and 
environmentally friendly. The concept of using plastic waste 
in road construction is not entirely new. Several countries, 
including India, have already embarked on initiatives to 
incorporate waste plastic into pavement construction 
projects. These projects have demonstrated promising 
results in terms of pavement performance, durability, and 
environmental sustainability. 

One of the key advantages of using plastic waste in road 
construction is its ability to enhance the properties of 
bituminous mixes. Waste plastic, when properly processed 
and mixed with bitumen, can improve the flexibility, 
strength, and durability of pavements. Additionally, plastic-

modified pavements have shown greater resistance to 
temperature-induced cracking and moisture infiltration, 
making them particularly suitable for regions with extreme 
weather conditions. Moreover, the incorporation of waste 
plastic into road construction helps to address the growing 
problem of plastic pollution. By diverting plastic waste from 
landfills and oceans and integrating it into infrastructure 
projects, society can effectively reduce its environmental 
footprint and contribute to a circular economy model. This 
approach aligns with the principles of sustainable 
development, where resources are utilized efficiently, and 
waste is minimized. 

Through a comprehensive review of previous research 
findings, this study aims to shed light on the multifaceted 
implications of plastic waste utilization in road 
construction. By examining the potential benefits of plastic-
modified pavements, the research seeks to contribute to the 
ongoing discourse on sustainable infrastructure 
development and environmental conservation. Furthermore, 
the adoption of plastic waste in road construction can have 
socio-economic benefits for communities, particularly in 
developing countries where plastic waste management 
infrastructure is lacking. By creating demand for recycled 
plastic materials, road construction projects can stimulate 
the growth of local recycling industries, generate 
employment opportunities, and empower marginalized 
communities. 

Key Words:  Plastic Wastes, Bitumen, Aggregates, 
Plastic Roads, Plastic-Bitumen-Aggregate Mix, 
Substituting.  

1. INTRODUCTION 

Plastic, with its versatile properties, has revolutionized 
various industries, offering durability, flexibility, and cost-
effectiveness. From packaging materials to consumer 
goods, plastic has become an integral part of modern life. 
However, the widespread use and disposal of plastic 
products have led to a significant environmental 
challenge: plastic waste pollution. The non-biodegradable 
nature of plastic, coupled with improper disposal 
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practices, has resulted in the accumulation of plastic waste 
in landfills, oceans, and natural habitats worldwide. The 
ubiquity of plastic waste poses grave threats to 
ecosystems, wildlife, and human health. Plastic debris in 
the environment not only detracts from the aesthetic 
appeal of landscapes but also poses hazards to marine life 
through ingestion and entanglement. Moreover, plastic 
pollution has been linked to various environmental issues, 
including soil and water contamination, greenhouse gas 
emissions, and microplastic pollution. 

In urban areas, the accumulation of plastic waste 
exacerbates environmental degradation and poses 
challenges to waste management systems. Despite efforts 
to promote recycling and reduce single-use plastics, the 
sheer volume of plastic waste generated annually 
continues to strain existing infrastructure and resources. 
The need for innovative solutions to address the plastic 
waste crisis has never been more pressing. Recognizing 
the urgency of the situation, researchers and policymakers 
have increasingly turned their attention to finding 
sustainable alternatives for plastic waste management. 
One promising solution is the utilization of plastic waste in 
road construction, particularly in bituminous mixes used 
for pavement surfaces. Bituminous concrete, commonly 
known as asphalt, is a composite material comprising 
asphalt or bitumen and mineral aggregate. It forms the 
foundation of most road surfaces, providing durability, 
stability, and skid resistance. 

By incorporating waste plastic into bituminous mixes, 
researchers aim to not only address the environmental 
challenges posed by plastic waste but also improve 
pavement performance and durability. Plastic-modified 
pavements have shown promising results in resisting 
temperature fluctuations, reducing moisture infiltration, 
and enhancing overall pavement quality. Moreover, the 
utilization of waste plastic in road construction presents 
an opportunity to reduce the consumption of virgin 
materials and promote a circular economy model. One of 
the key advantages of using waste plastic in road 
construction is its ability to enhance the properties of 
bituminous mixes. Plastic, when properly processed and 
mixed with bitumen, can improve the flexibility, strength, 
and durability of pavements. Additionally, plastic-modified 
pavements have shown greater resistance to temperature-
induced cracking and moisture infiltration, making them 
particularly suitable for regions with extreme weather 
conditions. 

The concept of utilizing waste plastic in road construction 
is not entirely new. Several countries, including India, have 
already embarked on initiatives to incorporate waste 
plastic into pavement construction projects. These 
projects have demonstrated promising results in terms of 
pavement performance, durability, and environmental 
sustainability. In India, where the plastic waste problem is 

particularly acute, the government has taken proactive 
measures to promote the use of waste plastic in road 
construction. The "Plastic Roads" initiative, launched in 
2015 by the Indian Ministry of Road Transport and 
Highways, aims to utilize waste plastic in road 
construction to address both infrastructure needs and 
plastic waste management challenges. Under this 
initiative, waste plastic is shredded into small pieces and 
mixed with hot bitumen before being added to asphalt 
mixes. The resulting plastic-modified asphalt is then used 
to pave roads, providing a sustainable solution to both 
plastic waste disposal and road infrastructure 
development. 

The benefits of plastic-modified pavements extend beyond 
environmental conservation. By creating demand for 
recycled plastic materials, road construction projects can 
stimulate the growth of local recycling industries, generate 
employment opportunities, and empower marginalized 
communities. Moreover, plastic-modified pavements have 
the potential to reduce maintenance costs and extend the 
service life of roads, resulting in long-term economic 
savings for governments and taxpayers. Through 
comprehensive analysis and strategic implementation, 
plastic-modified pavements have the potential to 
transform waste management practices, enhance 
infrastructure resilience, and mitigate environmental 
impacts. By diverting plastic waste from landfills and 
oceans and integrating it into infrastructure projects, 
society can effectively reduce its environmental footprint 
and contribute to a circular economy model. 

2. LITERATURE REVIEW  

 Justo (2002) “Asphalt concrete mixes” at the Centre for 
Transportation Engineering, of Bangalore University, used 
processed plastic bags as an additive in asphalt concrete 
mixes. The properties of this modified bitumen were 
compared to that of ordinary bitumen. It was noted that 
penetration and ductility values, of modified bitumen, was 
decreasing with the increase in the proportion of the 
plastic additive. 

1. S. Rajasekaran (2009) “Reuse of waste plastic coated 
aggregate” Marshall’s mix design was carried out by 
changing the modified bitumen content at constant 
optimum rubber content and subsequent tests have 
been performed to determine the different mix design 
characteristics and for conventional bitumen (60/70) 
also. This has resulted in many improved 
characteristics when compared with straight run 
bitumen and that too at reduced optimum modified 
binder content (5.67%).    

2. V.S. Punith (2001), states there is possibility to 
improve the performance of bituminous mixes of road 
pavements. Waste plastics (polythene carry bags, etc.) 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 11 Issue: 04 | Apr 2024              www.irjet.net                                                                        p-ISSN: 2395-0072 

  

© 2024, IRJET       |       Impact Factor value: 8.226       |       ISO 9001:2008 Certified Journal       |     Page 2720 
 

on heating soften at around 130°C. Softened plastics 
have a binding property. Hence, it can be used as a 
binder for road construction.  

3. Dr. R. Vasudevan (2007) investigated that the coating 
of plastics reduces the porosity, absorption of 
moisture and improves soundness. He stated that the 
polymer bitumen blend is a better binder compared to 
plain bitumen. Blend has increased softening point 
and decreased Penetration value with a suitable 
ductility. When it used for road construction it can 
withstand higher temperature and load. The coating of 
plastics reduces the porosity, absorption of moisture 
and improves soundness. The polymer coated 
aggregate bitumen mix forms better material for 
flexible pavement construction as the mix shows 
higher Marshall Stability value and suitable Marshall 
Coefficient. Hence the use of waste plastics for flexible 
pavement is one of the best methods for easy disposal 
of waste plastics. Use of plastic bags in road help in 
many ways like Easy disposal of waste, better road 
and prevention of pollution and so on.   

4. S.Rajasekaran (2013) explains that by coating the 
aggregate with the polymer has many advantages and 
which ultimately helps in improving the flexible 
pavement quality not only it improve the pavement 
quality but also improve the aggregate quality. This 
technology also helps in the disposal of waste plastic 
obtained from the domestic and industrial packing 
materials. The dry process is more valuable as it 
dispose the 80 % of waste polymer in eco-friendly 
way. And use of polymer reduces the equivalent 
bitumen quantity and therefore reducing the 
construction cost of road.   

5. Sabina (2001) studied the comparative performance 
of properties of bituminous mixes containing 
plastic/polymer (PP) (8% and 15% by weight of 
bitumen) with conventional bituminous concrete mix 
(prepared with 60/70 penetration grade bitumen). 
Improvement in properties like Marshall Stability, 
retained stability, indirect tensile strength and rutting 
was observed in Plastic modified bituminous concrete 
mixes.  

6. Wayal and Wagle carried out research on use of waste 
plastic and waste rubber in aggregate and bitumen for 
road materials. In their research they used polymer 
and crumbed rubber as a binder with respect to 
aggregate and bitumen. They tested the material for 
crushing value, impact value, abrasion value, and 
specific gravity, bitumen penetration value, ductility, 
softening point. They found that the use of waste 
plastics and rubber tires in the form of powder for 
flexible pavement material is one of the best methods 
for easy disposal of wastes.  

7. Fransis Hveem (1942) “Optimum quantity of bitumen 
inroads” who was a project engineer of California 
Department of Highways, has developed the 
Hveemstabilometer in 1927. He did not have any 
previous experience on judging, the required mix of its 
colour, hence he decided to measure various mixture 
parameters to find the optimum quantity of bitumen 
[Vallerga and Lovering 1985]. He had used the surface 
area calculation concept, (which was already in use, at 
that time for the cement concrete mix design), to 
estimate the quantity of bitumen actually required.    

8. Anzar Hamid Mir (2015) “Plastic waste in pavement 
construction” studied the visco-elastic nature of 
binders and found that the complex modulus & phase 
angles of the binders, need to be measured, at 
temperatures and loading rates which different 
resemble climatic and loading conditions.    

9. Vatsal Patel (2014) “Utilization of plastic waste in 
road” described that the effect of wax in bitumen can 
be reduced by adding EVA (Ethyl Vinyl Acetate), 
aromatic resin and SBS in the waxy bitumen. The 
addition of 4% EVA or 6% SBS or 8% resin in waxy 
bitumen effectively reduces the Susceptibility to high 
temperatures, bleeding at high temperature and 
brittleness at a low temperature of the mixes.    

10. Kurmadasu Chandramouli et al (2016) “Plastic waste: 
its use in the construction of roads ” reported that 
asphalt concrete using polyethylene modified binders 
were more resistant to permanent deformation at 
elevated temperature and found improvement in 
stripping characteristics of the crumb rubber modified 
mix as compared to unmodified asphalt mix.    

11. Amit P. Gawande (2013)“Economics And Viability Of 
Plastic Road” evaluated flexural fatigue life of asphalt 
concrete modified by 3% crumb rubber as part of 
aggregated and reported that fatigue life and creep 
properties of the polymer modified mixes increased 
significantly as compared to unmodified asphalt 
mixes.      

12. Sasane Neha .B. et al (2015) “Application of waste 
plastic as an effective construction material in flexible 
pavement” polyethylene as one sort of polymers is 
used to investigate the potential prospects to enhance 
asphalt mixture properties. The objectives also 
include determining the best type of polyethylene to 
be used and its proportion. Two types of polyethylene 
were added to coat the aggregate High-Density 
Polyethylene (HDPE) and Low-Density Polyethylene 
(LDPE). The results indicated that grinded HDPE 
polyethylene modifier provides better engineering 
properties. The recommended proportion of the 
modifier is 12% by the weight of bitumen content. It is 
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found to increase the stability, reduce the density and 
slightly increase the air voids and the voids of mineral 
aggregate.    

13. Prof. C.E.G. Justo states that addition of 8.0 % by 
weight of processed plastic for the preparation of 
modified bitumen results in a saving of 0.4 % bitumen 
by weight of the mix or about 9.6 kg bitumen per cubic 
meter (m 3) of BC mix. Modified Bitumen improves 
the stability or strength, life and other desirable 
properties of bituminous concrete mix.  

3. OBJECTIVES  

The objectives of this study are multifaceted, aiming to 
comprehensively assess the impact of incorporating waste 
plastic into bituminous mixes for road pavements: 

1. To compare the performance of bituminous roads with 
and without waste plastic: Through field trials and 
performance evaluations, the study will assess the real-
world performance of plastic-modified pavements in 
comparison to conventional bituminous roads. This 
objective seeks to provide empirical evidence of the 
benefits and drawbacks of waste plastic utilization in road 
construction. 

2. To determine the optimal proportion of waste plastic to 
achieve desired pavement strength and durability: By 
analyzing the results of Marshall Stability tests and field 
trials, the study aims to identify the most effective 
proportion of waste plastic that enhances pavement 
strength, durability, and other desirable properties. This 
objective is crucial for informing future road construction 
practices and maximizing the benefits of waste plastic 
utilization. 

3. To address plastic waste disposal challenges through 
sustainable road construction practices, contributing to 
environmental conservation efforts: This overarching 
objective aims to align road construction activities with 
environmental sustainability goals by repurposing plastic 
waste as a valuable resource. By integrating waste plastic 
into road infrastructure projects, the study seeks to 
mitigate the environmental impact of plastic waste while 
simultaneously improving infrastructure resilience and 
longevity. 

Through the fulfillment of these objectives, the study 
endeavors to contribute valuable insights to the field of 
sustainable infrastructure development and 
environmental conservation. By systematically evaluating 
the feasibility and efficacy of plastic waste utilization in 
road construction, the research aims to inform policy 
decisions, industry practices, and community initiatives 
aimed at addressing the global plastic waste crisis. 

 

4. METHODOLOGY    

The methodology employed in this study encompasses a 
thorough approach to assessing the potential advantages 
of integrating waste plastic into bituminous mixes for road 
pavements. The following steps outline the detailed 
methodology: 

 Segregation - Plastic waste sourced from various 
outlets undergoes meticulous segregation to isolate it 
from other waste materials. This process ensures the 
purity of the plastic waste and streamlines its 
subsequent processing and incorporation into 
bituminous mixes. 

 

Fig 1: Segregation of plastic 

 Cleaning Process - The segregated plastic waste 
undergoes rigorous cleaning and drying procedures to 
remove any contaminants, debris, or moisture. This 
step is crucial to guarantee the quality and suitability of 
the plastic waste for road construction applications. 
Clean and dry plastic waste enhances the adhesion and 
dispersion of plastic particles within the bituminous 
mix, thereby enhancing pavement performance. 

 

Fig 2: Cleaning of plastic 
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 Shredding Process - The cleaned plastic waste is 
shredded or cut into small, uniform pieces to facilitate 
its even distribution and integration into the 
bituminous mix. Proper shredding ensures the 
homogeneous dispersion of plastic particles throughout 
the mix, thereby improving the overall stability, 
durability, and performance of the pavement. 

 

Fig 3: Shredded plastic 

 Collection Process - Plastic waste particles retained on 
a 2.36 mm IS sieve are meticulously collected for 
further processing and incorporation into bituminous 
mixes. Selecting appropriate particle sizes ensures 
optimal compatibility and interlocking between plastic 
particles and other mix components, maximizing 
pavement performance. 

 

Fig 4: Collection of shredded plastic 

Testing of Materials - Various tests are conducted on 
both aggregate and bitumen to comprehensively 
characterize their properties. These tests include: 

 Aggregate Impact Value Test: Evaluates the resistance 
of aggregates to sudden impact or shock. 

 Los Angeles Abrasion Test: Assess the abrasion 
resistance of aggregates. 

 Water Absorption Test: Measures the water 
absorption capacity of aggregates, indicating their 
porousness and susceptibility to moisture damage. 

 Specific Gravity Test: Determines the density of 
aggregates relative to water. 

 Stripping Value Test: Assesses the adhesion between 
aggregate and bitumen, indicating the mix's 
susceptibility to moisture-induced debonding. 

 Penetration Value Test: Measures the hardness or 
consistency of bitumen. 

 Ductility Test: Determines the elongation and 
flexibility of bitumen. 

Flash & Fire Point Test: Determines the flammability and 
combustibility of bitumen. 

Softening Point Test: Measures the temperature at which 
bitumen softens. 

Sample Preparation: Marshall Stability samples are 
prepared using various proportions of plastic waste (e.g., 
5%, 10%, and 15%) and without plastic waste. The 
incorporation of plastic waste into the bituminous mix is 
systematically adjusted to evaluate its impact on 
pavement properties, including stability, durability, and 
resistance to temperature and moisture. 

Marshall Stability Testing: Marshall Stability tests are 
conducted on all prepared samples to evaluate their 
performance under simulated loading conditions. This test 
assesses the pavement's resistance to deformation and 
failure under compressive loads, providing valuable 
insights into the structural integrity and performance of 
plastic-modified pavements compared to conventional 
bituminous mixes. 

By adhering to this comprehensive methodology, the 
study aims to systematically assess the potential benefits 
of incorporating waste plastic into bituminous mixes for 
road pavements. Through rigorous testing and analysis, 
the study seeks to elucidate the effects of plastic 
modification on pavement properties and performance, 
contributing valuable insights to the ongoing discourse on 
sustainable infrastructure development and 
environmental conservation. 
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RESULTS   

Following are the tests performed and the results obtained  

1. TESTS ON AGGREGATE   

Table-1: Results of tests on aggregate 

Test 
Normal 
Aggreg

ates 

5% 
Plastic  
Added 
Aggreg

ates 

8% 
Plastic  
Added 
Aggreg

ates 

10% 
Plastic 
Added 
Aggreg

ates 

12% 
Plastic 
Added 
Aggreg

ates 

15% 
Plastic 
Added 
Aggreg

ates 

Water 
Absorp

tion 
Test (in 

%) 

0.45 0.5 0.46 0.44 0.35 0.35 

Strippi
ng Test 
(in %) 

3% (72 
Hrs) 

6% (96 
Hrs) 

0% (72 
Hrs) 

0% (96 
Hrs) 

0% (72 
Hrs) 

0% (96 
Hrs) 

0% (72 
Hrs) 

1% (96 
Hrs) 

2% (72 
Hrs) 

2% (96 
Hrs) 

3% (72 
Hrs) 

5% (96 
Hrs) 

Absorp
tion 

Test (in 
%) 

25.4 18.1 17.7 16.9 16.5 16.2 

Impact 
Value 
Test 

(in %) 

22.5 17.1 15.4 12.3 10.8 9.5 

Crushin
g 

Value 
Test 

(in %) 

21.5 19.9 18.7 17.4 15.8 12.6  

 
2. TESTS ON BITUMEN   

Table-2: Results of tests on bitumen 

Test 

Norma
l 

Bitum
en 

5% 
Plastic  
Added 
Bitum

en 

8% 
Plastic  
Added 
Bitum

en 

10% 
Plastic  
Added 
Bitum

en 

12% 
Plastic  
Added 
Bitum

en 

15% 
Plastic  
Added 
Bitum

en 

Ductility 
(cm) 

70 42 22 15 5 0.5 

Softening 
Point (oC) 

53 75 89 96 88 84 

Specific  
gravity 

1.01 1.03 1.05 1.01 0.96 0.91 

Penetrati
on test 

(0.1 mm) 
45 32 25 17 12 6  

 

 

7. CONCLUSION 

This study concludes that integrating waste plastic into 
bituminous mixes holds immense promise for enhancing 
pavement performance and mitigating environmental 
concerns related to plastic waste disposal. By determining 
the optimal proportion of waste plastic and embracing 
sustainable road construction practices, the potential for 
creating a more resilient and eco-friendly infrastructure 
becomes evident. Plastic-modified pavements exhibit 
enhanced durability, resistance to temperature variations, 
and protection against moisture, making them particularly 
suitable for regions with extreme climatic conditions, such 
as India. This research contributes significantly to both 
infrastructure development and environmental 
conservation efforts by advocating for the reuse of plastic 
waste in road construction, thereby curbing plastic 
pollution and elevating pavement quality. 

In summary, the utilization of plastic waste in road 
construction offers a compelling avenue for tackling 
environmental challenges while simultaneously enhancing 
infrastructure standards. Through rigorous research, 
innovative methodologies, and strategic deployment, 
plastic-modified pavements can pave the way for a more 
sustainable and resilient transportation network, 
benefiting communities and ecosystems alike. By 
embracing this approach, stakeholders can contribute to a 
circular economy model, where waste materials are 
repurposed to create valuable assets, fostering a greener 
and more prosperous future for generations to come. 
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