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Abstract

Plastic waste has become one of the most pressing environmental challenges worldwide due to
its non-biodegradable nature and increasing generation from urban and rural areas. India alone
produces millions of tons of plastic waste annually, much of which ends up polluting landfills
and water bodies. This study explores an innovative approach for managing plastic waste by
incorporating it into flexible bituminous pavement construction. The plastic waste, primarily
composed of low-density polyethylene (LDPE) and high-density polyethylene (HDPE), was
processed into flakes and integrated with bitumen and aggregates through both dry and wet
mixing methods. Laboratory tests indicate significant improvements in aggregate resistance to
impact and abrasion, as well as enhanced bitumen properties including penetration resistance,
softening point, and ductility. Marshall stability tests on the modified mix demonstrated a
substantial increase in load-bearing capacity and flexibility. The use of plastic waste in road
construction not only addresses environmental concerns related to plastic disposal but also
contributes to improving pavement durability, reducing maintenance costs, and enhancing
performance under harsh climatic conditions. This cost-effective and eco-friendly technique
offers a sustainable alternative for flexible pavement construction, promising benefits for road
infrastructure and environmental protection alike.

Keywords: Plastic waste, flexible pavement, bitumen modification, sustainable roads,
environmental engineering, Marshall stability.

1. Introduction

1.1 Global Plastic Waste Challenge

Plastic production has exponentially increased over the past decades, reaching over 350 million
tonnes per year globally. The convenience and low cost of plastics have led to their widespread
use in packaging, agriculture, consumer goods, and many industrial applications. However, their
durability means that discarded plastics persist in the environment for hundreds of years, causing
severe pollution problems. According to recent studies, only a fraction of plastic waste is
recycled, while the rest accumulates in landfills or is dumped in open environments, threatening
terrestrial and aquatic ecosystems.

India produces an estimated 3.3 million tonnes of plastic waste annually, with urban areas
contributing the largest share. The lack of efficient waste management infrastructure and the
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extensive use of single-use plastics exacerbate the problem. The Central Pollution Control Board
(CPCB) of India reports that about 40% of plastic waste remains uncollected or improperly
disposed of, leading to contamination of soil and water sources.

1.2 Challenges in Conventional Road Infrastructure

Concurrently, India faces challenges in maintaining and upgrading its vast road network.
Traditional flexible pavements constructed with bitumen and aggregates are prone to several
defects such as potholes, rutting, cracking, and water damage, especially in regions with extreme
climatic conditions and heavy traffic loads. These defects increase maintenance costs and reduce
the service life of roads.

The conventional bitumen used in pavements softens under high temperatures and becomes
brittle in cold conditions, limiting its effectiveness. Additionally, water penetration weakens the
pavement base and subgrade, leading to premature failures.

1.3 Plastic Waste as a Sustainable Pavement Modifier

In recent years, researchers and engineers have explored the potential of using waste plastics as
modifiers in bituminous pavements to improve their performance and simultaneously address
environmental concerns. Plastic waste, when properly processed and incorporated, acts as a
binder modifier, improving the adhesion between bitumen and aggregates and increasing
resistance to deformation and water damage.

The use of plastic waste in pavement construction aligns with sustainable development goals by
reducing landfill volumes, minimizing the carbon footprint associated with bitumen production,
and extending road service life. Several Indian states, including Tamil Nadu and Andhra
Pradesh, have initiated pilot projects using plastic-modified bituminous roads with encouraging
results.

1.4 Objectives of the Present Study

This study aims to systematically evaluate the effect of incorporating plastic waste in flexible
pavement construction using laboratory tests on materials and bituminous mixes. Specific
objectives include:

o Characterizing the physical and mechanical properties of aggregates coated with plastic
waste.

« Investigating the influence of plastic on bitumen properties such as penetration, softening
point, and ductility.

o Assessing the performance of plastic-modified bituminous mixes through Marshall
stability and flow tests.

« Discussing the potential environmental and economic benefits of plastic waste utilization
in road construction.
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2. Literature Review

2.1 Overview of Previous Research on Plastic Waste in Pavements

The use of plastic waste as a pavement modifier has gained attention over the last two decades.
Early studies focused on the feasibility of using shredded plastics like polyethylene and
polypropylene as partial replacements or coatings for aggregates. Gawande et al. (2013)
demonstrated that plastic-modified asphalt exhibited improved mechanical properties and
increased stability, contributing to longer-lasting roads.

Vasudevan et al. (2015) pioneered the dry process method in which shredded plastic waste is
heated and coated onto hot aggregates before mixing with bitumen. Their findings showed that
plastic-coated aggregates exhibit lower water absorption and higher abrasion resistance.

Rajasekaran et al. (2016) confirmed enhanced Marshall stability and reduced binder
requirements when polyethylene-coated aggregates were used. Justo et al. (2017) noted that
increasing plastic content reduces penetration values, indicating increased bitumen hardness,
which helps prevent rutting.

S.S. Verma and colleagues (2018) conducted extensive field trials and concluded that plastic
roads require less frequent maintenance and perform well under diverse climatic conditions,
including extreme heat and monsoon rains.

2.2 Plastic Types and Processing Techniques

Different types of plastics exhibit varying effects on pavement performance. Low-density
polyethylene (LDPE) and high-density polyethylene (HDPE) are preferred due to their
thermoplastic nature and ease of shredding and melting. Polyethylene terephthalate (PET) has
also been studied but is less commonly used due to its higher melting point.

Two primary methods for incorporating plastic in pavement construction are the dry process and
the wet process:

o Dry Process: Plastic waste is shredded and melted onto hot aggregates, improving the
coating and reducing water absorption.

e« Wet Process: Plastic waste is melted and blended directly into the hot bitumen,
modifying its viscosity and thermal properties.

Combining these methods optimizes both aggregate coating and binder modification, enhancing
overall pavement properties.

2.3 Mechanical and Durability Improvements
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Studies have consistently shown improvements in mechanical properties, including increased
Marshall stability, decreased penetration (indicating harder bitumen), and increased softening
points. These changes translate to better rutting resistance and durability.

In addition, plastic-modified pavements show lower water absorption, reducing moisture-

induced damage. Aging resistance is also improved, as plastic additives reduce oxidative
hardening of bitumen.

2.4 Field Applications and Environmental Benefits

Several states in India have adopted plastic road technology at the pilot or commercial scale.
Field performance monitoring shows reduced maintenance, improved surface quality, and
enhanced skid resistance.

Environmental assessments reveal that plastic roads reduce plastic waste volumes and carbon
emissions compared to conventional pavements, contributing to circular economy goals.

2.5 Research Gaps and Future Directions
Despite promising results, gaps remain regarding the long-term durability of plastic-modified

pavements in different climatic zones and traffic conditions. Optimizing plastic content and
processing methods for scalability and quality control is essential.

3. Materials and Methodology

3.1 Materials Used

Material Description Source
Blturgfaré‘gO/?O Penetration grade bitumen as per IS 73:2013 Local refinery
Aggregates Crushed stone aggregates, well-graded Local quarry
Plastic Waste LDPE and HDPE bags and bottles, cleaned & Local municipal dump
shredded to 2—4 mm flakes yards

3.2 Preparation of Plastic Waste
Plastic waste was collected from municipal dump yards and segregated manually to remove

contaminants. The plastics were cleaned with water, dried, and shredded into flakes sized
between 2 and 4 mm using a mechanical shredder.

3.3 Mix Design Procedure

Two methods of plastic incorporation were used:
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e Dry Process: 10% plastic by weight of aggregate was shredded and heated with
aggregates at 160°C for 10 minutes, ensuring uniform coating.

o Wet Process: 20% plastic by weight of bitumen was melted and blended with bitumen at
150°C for 30 minutes with continuous stirring.

The total plastic content used was 30%, combining 10% dry process and 20% wet process.

3.4 Laboratory Testing
3.4.1 Aggregate Tests

o Aggregate Impact Value (AlIV): IS 2386 (Part 4) — Measures resistance to impact.

e Los Angeles Abrasion Test: IS 2386 (Part 4) — Assesses toughness and abrasion
resistance.

o Specific Gravity: IS 2386 (Part 3) — Indicates density-related properties.

o Water Absorption: IS 2386 (Part 3) — Indicates porosity and potential for moisture
damage.

3.4.2 Bitumen Tests
e Penetration Test: IS 1203 — Measures hardness of bitumen.
o Ductility Test: IS 1208 — Indicates bitumen flexibility.
o Softening Point Test: IS 1205 — Temperature at which bitumen softens.
o Flash and Fire Point Test: IS 1448 — Safety parameters.
3.4.3 Bituminous Mix Tests

e Marshall Stability and Flow Test: ASTM D6927 — Evaluates load-bearing capacity and
deformation.

3.5 Sample Preparation and Testing Conditions
Samples were prepared by mixing plastic-coated aggregates and modified bitumen according to

the specified plastic content. Compaction was carried out using a Marshall compactor with 75
blows per side. Tests were conducted at standard laboratory temperature (27+2°C).

4. Results and Discussion

4.1 Aggregate Properties
Conventional Plastic-Coated o
Test Aggregate Aggregate Improvement (%o)
Aggregate Impact Value 28.5 19.3 323
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Conventional Plastic-Coated o
Test Aggregate Aggregate Improvement (%)
(%)
Los Angeles Abrasion (%) 254 17.6 30.7
Water Absorption (%) 15 0.9 40.0
Specific Gravity 2.72 2.65 'géir(;?s%?t

Table 1: Comparison of Aggregate Properties
Plastic coating significantly improved aggregate toughness and resistance to abrasion by over
30%, indicating better durability. Water absorption decreased by 40%, implying reduced
moisture susceptibility.

4.2 Bitumen Properties

Test Conventional Bitumen|Plastic Modified Bitumen|Change (%0)
Penetration (mm) 65 50 -23
Softening Point (°C) 48 56 +16.7
Ductility (cm) 100 85 -15
Flash Point (°C) 280 290 +3.6

Table 2: Bitumen Property Variation
Plastic modification hardened the bitumen (lower penetration), raised the softening point

(improved thermal stability), and slightly reduced ductility, balancing flexibility and stiffness for
better rutting resistance.

4.3 Marshall Stability and Flow

Mix Type Stability (kN)|Flow (mm)|Stability Increase (%0)
Conventional Mix 95 3.8 -
Plastic Modified Mix 12.8 35 +34.7

Table 3: Marshall Test Results

Plastic-modified mixes showed 35% higher load-bearing capacity with marginally reduced flow,
indicating enhanced strength without sacrificing flexibility.

4.4 Discussion
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The improvements in aggregate impact value and abrasion resistance due to plastic coating
suggest that plastic forms a tough, resilient layer that binds aggregate particles and protects them
from mechanical wear. Reduced water absorption can minimize stripping and moisture damage
in pavements.

Modification of bitumen by blending with plastic results in a stiffer binder with improved
thermal stability, suitable for hot climates prone to rutting. Slight reduction in ductility is
acceptable since it still maintains flexibility necessary to avoid cracking.

The increased Marshall stability confirms the overall performance enhancement of bituminous
mixes incorporating plastic waste. The modified mix is expected to have longer service life and
lower maintenance costs.

5. Environmental and Economic Benefits

o Waste Reduction: Diverts significant amounts of plastic from landfills and natural
ecosystems, reducing pollution.

o Resource Conservation: Reduces consumption of virgin bitumen, a petroleum product,
lowering fossil fuel dependency.

e Lower Carbon Footprint: Plastic roads require less frequent maintenance and
reconstruction, minimizing greenhouse gas emissions over the pavement lifecycle.

o Cost Effectiveness: Plastic waste is a low-cost additive, reducing material costs; pilot
projects report savings of up to 10-15% compared to conventional roads.

« Social Impact: Provides employment in plastic collection and processing sectors,
encouraging community participation in waste management.

6. Challenges and Limitations

e Quality Control: Variability in plastic waste composition and contamination can affect
consistency of pavement properties.

e Processing Requirements: Proper shredding, cleaning, and mixing protocols are
essential to ensure homogeneity and performance.

e Long-Term Durability: Limited data on performance under extreme weather and heavy
traffic for extended periods.

« Environmental Concerns: Potential micro plastic release during road wear requires
further study.

e Regulatory Framework: Need for standardization in specifications and guidelines for
plastic-modified bituminous pavements.
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7. Conclusions

This study demonstrates that incorporating plastic waste in bituminous pavement construction
enhances mechanical properties of both aggregates and bitumen, resulting in stronger, more
durable flexible pavements. Laboratory tests confirm improved impact resistance, abrasion
resistance, thermal stability, and load-bearing capacity of modified mixes.

Using plastic waste in road construction offers an effective solution to two pressing issues—
plastic pollution and pavement degradation—while promoting sustainable development and
circular economy principles.

Future work should focus on large-scale field trials, long-term monitoring, and environmental
impact assessments to fully validate this promising technology.
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