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Abstract - Due to increase in population the demand of
plastic material is also increased if plastic material is
formed then the plastic waste also generated and the
construction of buildings also increased so the shortage of
natural aggregate is a serious problem. To reduce both the
problems of disposing of plastic waste and saving the
natural aggregates we can use the generated plastic waste
in construction of road by partially substituting the
natural aggregate by plastic waste. Replacement at 5%
was examined. Natural coarse aggregates are replaced
with plastic coarse aggregates, Compressive strength of
these concrete prepared with plastic coarse aggregates are
tested The burgeoning problem of plastic waste and the
constant demand for sustainable infrastructure have
driven innovative approaches in civil engineering. This
project investigates the feasibility and effectiveness of
using waste plastic in road construction. The primary
objective is to evaluate how integrating plastic into
bituminous mixtures can enhance road performance while
addressing environmental concerns. Comprehensive
laboratory tests were conducted to analyze the physical
and mechanical properties of plastic-infused bitumen,
focusing on durability, strength, and weather resistance.
The study's findings indicate that roads constructed with
plastic-modified bitumen exhibit superior performance
characteristics, including improved resistance to
deformation and reduced maintenance costs. This project
highlights a promising avenue for sustainable
development, offering a dual benefit of managing plastic
waste and enhancing road infrastructure.
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I. INTRODUCTION

The ever-increasing generation of plastic waste has
become a significant environmental challenge worldwide.
Plastics, due to their non-biodegradable nature, persist in the
environment for hundreds of years, leading to severe

infrastructure  demands. Traditional road construction
materials, while effective, often fall short in terms of long-
term performance and environmental sustainability. The
integration of plastic waste into road construction emerges as a
potential solution, addressing both the need for efficient waste
management and the enhancement of road durability.

The growing environmental crisis posed by plastic waste
and the increasing demand for sustainable infrastructure
solutions has converged to drive innovation in civil
engineering. Plastic, a material renowned for its versatility and
durability, unfortunately contributes significantly to
environmental pollution due to its non-biodegradable nature.
Traditional disposal methods like land filling and incineration
are not only unsustainable but also pose severe environmental
and health risks. Meanwhile, the infrastructure sector,
particularly road construction, grapples with challenges related
to material performance and long-term sustainability. The
exploration of using waste plastic in road construction
represents a promising solution that addresses both the
pressing need for effective waste management and the
enhancement of road durability.

This project aims to investigate the feasibility and
effectiveness of incorporating waste plastic into bituminous
mixtures used in road construction. By evaluating the physical
and mechanical properties of plastic-modified bitumen, the
research seeks to determine the potential benefits of this
innovative approach. Laboratory tests and field trials form the
core of the study, focusing on key performance metrics such
as durability, strength, and resistance to deformation. The
overarching goal is to demonstrate that roads constructed with
plastic-infused bitumen not only meet but exceed traditional
performance standards, leading to reduced maintenance costs
and enhanced longevity. This dual benefit highlights the
potential of this approach to contribute significantly to
sustainable development and environmental conservation.

The significance of this research lies in its potential to
provide a viable, scalable solution for managing plastic waste
while simultaneously improving road infrastructure. By
diverting plastic waste from landfills and repurposing it in

ecological consequences. Concurrently, the need for construction, this project aligns with global sustainability
sustainable and durable road construction materials is goals and promotes innovative, eco-friendly practices in civil
paramount in civil engineering to support growing engineering. The findings from this study could pave the way
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for widespread adoption of plastic-modified bitumen in road
construction, offering a practical, effective means of

addressing two critical challenges of our time: plastic
pollution and the need for durable, sustainable infrastructure.
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Figure 1: Waste Plastic in Road Construction
Il. RELATED WORK

The integration of plastic waste into road construction
has garnered significant attention in recent years, driven by the
dual imperatives of sustainable waste management and the
enhancement of infrastructure durability. Previous studies
have demonstrated the feasibility of using various types of
plastic waste, including polyethylene and polypropylene, to
modify bitumen. These modifications have been shown to
improve the mechanical properties of bituminous mixtures,
such as increased tensile strength, enhanced resistance to
rutting, and better performance under high-temperature
conditions. For instance, studies by Vasudevan et al. (2007)
and Raji et al. (2017) highlighted that roads constructed with
plastic-modified bitumen exhibited superior durability and
reduced maintenance costs compared to conventional roads.

In addition to laboratory investigations, field trials have
also been conducted to evaluate the real-world performance of
plastic roads. The Indian Institute of Technology (1IT) Madras
conducted extensive research on the application of waste
plastic in road construction, leading to successful
implementations in various regions of India. These projects
reported significant improvements in road quality, including
increased lifespan and reduced susceptibility to wear and tear.
Moreover, the environmental benefits were evident, with
substantial amounts of plastic waste being diverted from
landfills. Similarly, studies in Europe and North America have
explored the use of recycled plastic in asphalt mixtures,
focusing on both performance metrics and environmental
impact assessments.

Despite the promising results, challenges remain in
standardizing the processes and materials used in plastic-
modified road construction. The variability in the types of
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plastic waste and their properties necessitates further research
to optimize the formulations and techniques for different
environmental conditions and traffic loads. Moreover, while
initial studies have focused on the mechanical properties and
immediate performance improvements, long-term studies are
required to assess the durability and environmental impact
over the lifespan of plastic roads. Addressing these challenges
through comprehensive research and field validation will be
crucial in advancing the widespread adoption of this
innovative approach in sustainable road construction.

1. METHODOLOGY

The methodology for incorporating plastic waste into
road construction involves several key steps: collection and
processing of plastic waste, preparation of plastic-modified
bitumen, laboratory testing of modified bitumen, and field
trials. Each step is critical to ensuring the effectiveness and
sustainability of the final product.

Collection and Processing of Plastic Waste:

1. Collection: Plastic waste is collected from various
sources such as households, industries, and recycling
centers.

2. Sorting and Cleaning: The collected plastic is sorted to
remove impurities and non-plastic materials. It is then
cleaned to remove any dirt, oil, or other contaminants.

3. Shredding: The cleaned plastic is shredded into small,
uniform pieces to ensure consistent mixing with bitumen.

Preparation of Plastic-Modified Bitumen:

1. Heating: Bitumen is heated to a temperature of around
160-170°C to achieve a fluid state.

2. Mixing: The shredded plastic is gradually added to the
hot bitumen and mixed thoroughly to ensure a uniform
distribution. The amount of plastic added typically
ranges from 5% to 10% by weight of the bitumen.

3. Chemical Interaction: The plastic melts and interacts
with the bitumen, leading to a modified bitumen with
enhanced properties.

Laboratory Testing of Modified Bitumen:

1. Viscosity Test: The viscosity of the modified bitumen is
measured to ensure it meets the required standards for
road construction.

2. Penetration Test: The hardness or softness of the
bitumen is tested using the penetration test, which
measures the depth a standard needle penetrates under
specific conditions.
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3. Softening Point Test: The temperature at which the
bitumen becomes soft is determined using the ring-and-
ball method.
4. Marshall Stability Test: This test measures the stability
and flow values of the plastic-modified bituminous mix,

which are indicators of its strength and deformation
resistance.

Mathematical Modeling:

The mathematical modeling involves calculating the
optimal percentage of plastic waste to be added to the bitumen
to achieve the desired properties. The key equations used in
this process are:

1. Mix Proportion Calculation:

W,

RJ ¥ T —
B Wy + W,

> 100

Where,

Popt is the optimal percentage of plastic, W, is the weight of
the plastic added, and W, is the weight of the bitumen.

2. Viscosity Calculation:

W,
Nmodified = Mhitumen X | 1 ko= _I )
Wy

Where,

Nmodified 1S the viscosity of the modified bitumen, #piwumen iS the
viscosity of the unmodified bitumen, and k is a constant.

3. Marshall Stability Calculation:

P = area

S =
ey

Where,

S is the stability of the mix, P is the load applied, and H is the
height of the specimen.

Field Trials:

1. Pilot Road Construction: A pilot section of road is
constructed using the plastic-modified bitumen to
evaluate the practical application.

2. Performance Monitoring: The constructed road section
is monitored over time to assess its performance under
real-world conditions, including traffic loads and weather
conditions.
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Data Analysis

1. Statistical Analysis: The collected data from laboratory
tests and field trials are analyzed using statistical
methods to determine the effectiveness of the plastic-
modified bitumen.

2. Comparative Analysis: The performance of the plastic-
modified bitumen is compared with that of conventional
bitumen to highlight the improvements and benefits.

By following this methodology, the project aims to
demonstrate the feasibility and benefits of using plastic waste
in road construction, providing a sustainable solution to plastic
waste management and enhancing road durability.

IV. RESULTS AND DISCUSSION

The incorporation of plastic waste into road construction
through the modification of bitumen has yielded promising
results. The experimental and field tests conducted
demonstrated significant improvements in the performance of
the plastic-modified bitumen compared to conventional
bitumen. Below is a detailed analysis of the results obtained:

Laboratory Test Results:
1. Viscosity Test:

= The viscosity of the plastic-modified bitumen was
observed to increase, indicating better binding properties
and resistance to flow at high temperatures.

= The viscosity values were within acceptable ranges for
road construction, ensuring workability during mixing
and laying.

2. Penetration Test:

= The penetration values for plastic-modified bitumen
decreased, suggesting a harder and more durable
material.

= Reduced penetration indicates higher resistance to
deformation under load, which is beneficial for road
longevity.

3. Softening Point Test:

= The softening point of the bitumen increased with the
addition of plastic, implying enhanced resistance to high-
temperature rutting.

= Higher softening points are desirable in regions with hot
climates as they prevent road surface melting and
deformation.

www.irjiet.com 141



/ ,
/IRJIET

4. Marshall Stability Test:

= The Marshall stability values of the plastic-modified
bituminous mix were significantly higher than those of
the conventional mix.

= Increased stability indicates greater load-bearing capacity
and resistance to shear deformation, leading to improved
road strength and performance.

Field Trial Results:
1. Pilot Road Construction:

= The pilot road section constructed with plastic-modified
bitumen showed excellent performance during and after
construction.

= The workability of the modified bitumen was
comparable to that of conventional bitumen, ensuring
ease of application.

2. Performance Monitoring:

= Over a monitoring period of 12 months, the plastic-
modified road section exhibited fewer signs of distress
such as cracking, rutting, and pothole formation
compared to the conventional section.

= The road maintained its structural integrity and surface
quality under varying traffic loads and weather
conditions.

Comparative Analysis:
1. Durability:

= Plastic-modified  bitumen  demonstrated  superior
durability compared to conventional bitumen, with
reduced maintenance requirements over time.

= The enhanced durability is attributed to the improved
binding properties and resistance to environmental
factors.

2. Economic Benefits:

= Although the initial cost of plastic-modified bitumen
may be slightly higher, the reduced maintenance costs
and extended road lifespan result in overall economic
savings.

= Utilizing plastic waste in road construction also offers
cost-effective waste management solutions.

3. Environmental Impact:

= The use of plastic waste in bitumen modification
significantly reduces the environmental burden of plastic
waste disposal.
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= This approach promotes sustainable development by
converting waste into valuable construction materials and
reducing the carbon footprint of road construction
activities.

Result Analysis of the Study:

= Generally, the cubes without plastic (red line) show
higher compressive strength values compared to those
with plastic (blue line).

= Cube 2 shows the highest compressive strength for both
tests, with a significant differencebetween the two
methods (4 units higher without plastic).

= The compressive strength with plastic shows more
variation, whereas the strength without plasticis
relatively more stable after the peak at Cube 2.

Compressive Strength Test

Cube 1 Cube 2 Cube 3 Cube 4 Cube 5

=@ Compressive test with plastic ~ eses Compressive test without plastic

Figure 2: Compressive Strength Test Result

= Specimens with plastic have lower slump values
compared to specimens without plastic.

= The slump values for specimens without plastic remain
constant between Specimen 1 and Specimen 2 and then
decrease significantly for Specimen 3.

= The results indicate that the inclusion of plastic may
reduce the slump value, suggesting a lower workability
of the concrete mix with plastic.

Slump Cone Test

Specimen 1 Specimen 2 Specimen 3

g Slump With Plastic  smgesSlump Without Plastic

Figure 3: Slump Cone Test Result
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Density Test
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Figure 4: Density Test Result

= The parameter "yd" with plastic has higher and more
stable values compared to the parameter "yd" without
plastic.

= Both series show fluctuations, but the series without
plastic exhibits more extreme changes.

= The data suggests that plastic inclusion may stabilize and
increase the parameter "yd" measured in these samples.

V. CONCLUSION

The research and field trials on the use of plastic waste in
road construction have led to several significant findings that
support the viability and advantages of this innovative
approach. By modifying bitumen with plastic waste, we can
achieve substantial improvements in the performance,
durability, and sustainability of road infrastructure.

In summary, the study confirms that incorporating plastic
waste into road construction is a promising and effective
strategy. It enhances the performance and durability of roads,
offers economic advantages, and contributes to environmental
sustainability. Future research and development should focus
on optimizing the use of different types of plastic waste,
refining the modification process, and expanding the
application of this technology to various road construction
projects. By continuing to innovate and adopt sustainable
practices, we can create a more resilient and environmentally
friendly infrastructure for future generations.
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