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Abstract: This study investigates the potential of using plastic waste as a partial replacement for aggregates in concrete
production, aiming to address the dual challenges of unsustainable construction practices and the global accumulation of plastic
waste. With an emphasis on sustainability and waste management, the research explores the effects of incorporating different
percentages of plastic waste (0%, 5%, 10%, 15%, and 20%) on the mechanical properties, durability, workability, and thermal
behavior of concrete. The methodology encompasses the collection and preparation of plastic waste, formulation of concrete
mixes with varying levels of plastic waste replacement, and comprehensive testing of the prepared specimens for compressive
strength, flexural strength, split tensile strength, workability (slump test), durability (freeze-thaw cycles), impact resistance, and
thermal conductivity. The analysis of results reveals that while the inclusion of plastic waste in concrete leads to a reduction in
mechanical strengths, it simultaneously improves workability, durability against freeze-thaw cycles, impact resistance, and
thermal insulation properties.

This study underscores the trade-offs and potential benefits of integrating plastic waste into concrete, highlighting its
contribution to more sustainable construction practices by reducing the demand for natural aggregates and mitigating plastic
pollution. The findings advocate for the optimization of concrete mix designs incorporating plastic waste, suggesting a promising
path towards the development of environmentally friendly construction materials. This research contributes to the body of
knowledge on sustainable construction materials and offers a viable solution to the pressing issue of plastic waste, marking a
step forward in the pursuit of sustainability in the construction industry.

Keywords: Sustainable construction; Plastic waste recycling; Concrete aggregate replacement; Mechanical properties of
concrete; Environmental impact assessment

L. INTRODUCTION

The problem of plastic waste and its impact on the environment has become a pressing issue worldwide, leading to a demand for
innovative recycling solutions. At the same time, the construction industry, one of the largest consumers of natural resources, is
under increasing pressure to adopt sustainable practices. To address these challenges, researchers are investigating the possibility of
using plastic waste in concrete production as a potential aggregate replacement. Concrete is a vital building material globally, but its
production has significant sustainability concerns, especially the extraction and processing of natural aggregates. Meanwhile, the
production and disposal of plastic waste is a significant environmental crisis, with a large portion of it ending up in landfills and
oceans, contributing to pollution and posing threats to wildlife and ecosystems. The integration of plastic waste into concrete can
potentially mitigate these environmental challenges by repurposing non-biodegradable plastic as a construction material. This
approach not only diverts plastic from landfills and oceans but also reduces the demand for natural aggregates, thereby diminishing
the ecological footprint of concrete production. Additionally, the incorporation of plastic waste into concrete has the potential to
introduce beneficial properties such as reduced weight, improved thermal insulation, and enhanced durability under certain
conditions. However, the successful implementation of plastic waste in concrete requires careful consideration of several technical
factors. The compatibility of plastic materials with the cementitious matrix, the impact on mechanical properties, and the long-term
durability of the resulting concrete are critical factors that must be rigorously evaluated. Furthermore, optimizing the mix design to
balance the environmental benefits with the structural performance requirements necessitates a comprehensive investigation. This
research article aims to delve into the technical, environmental, and economic aspects of using plastic waste as an aggregate
replacement in concrete. Through a series of experimental studies, this paper seeks to assess the viability of this innovative
approach, explore its implications for sustainable construction practices, and offer insights into the potential for widespread
adoption in the industry. By bridging the gap between waste management and sustainable construction, this study contributes to the
development of integrated solutions for two of the most pressing environmental challenges of our time.
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1. LITERATURE REVIEW
In recent years, the possibility of utilizing plastic waste for constructing materials has garnered significant interest owing to its
potential to enhance environmental sustainability and provide a viable source of materials for construction purposes. Studies have
explored the feasibility of using plastic waste in various construction materials such as concrete, controlled low-strength material
(CLSM), and self-compacting concrete (SCC). For instance, Kaliyavaradhan et al. (2019) conducted a critical review on the use of
waste materials in CLSM and established that appropriate mix design adjustments can produce sustainable CLSM with acceptable
plastic properties. Similarly, Awoyera et al. (2020) concluded that plastic waste can significantly improve environmental
sustainability and serve as a reliable source of materials for construction applications.
In addition to CLSM, plastic waste has been evaluated as a possible substitute for both fine and coarse aggregates in concrete.
Belmokaddem et al. (2020) tested the effects of substituting fine and coarse aggregates with plastic waste in concrete and discovered
that it results in a composite material with noteworthy acoustic insulation characteristics. Moreover, Faraj et al. (2020) conducted a
literature review on the impact of plastic materials on the fresh and mechanical properties of SCC and found that incorporating
recycled plastic in SCC mixes can produce an environmentally friendly and sustainable construction material.
While utilizing plastic waste in construction materials offers numerous benefits, extensive use of plastic has led to environmental
challenges. For instance, Jiang et al. (2020) examined the stocks and flows of plastics in China and discovered that the rapid
increase in plastic use has resulted in substantial post-consumer waste flows, contributing to environmental challenges.
Additionally, the widespread use of face masks during the COVID-19 pandemic generated millions of tons of plastic waste,
contributing to micro-plastic pollution (Selvaranjan et al., 2021). To address this growing issue, Kazemi et al. (2021) reviewed
recycling strategies for waste thermoplastic and thermoset materials and concluded that recycling polymeric waste materials can be
an effective approach to limit landfilled or incinerated plastic waste. Lamba et al. (2021) also discussed the recycling and reuse of
plastic waste as construction material for sustainable development, emphasizing the dual purpose it serves in the construction
industry.
Furthermore, researchers have explored the use of plastic waste in concrete mix design. Baciu et al. (2022) investigated the use of
polyethylene terephthalate (PET) waste in concrete, while Gerges et al. (2023) conducted a study on incorporating various waste
materials, including plastics, in concrete mix design to evaluate its performance in eco-friendly reinforced concrete beams.
Overall, the literature suggests that utilizing plastic waste in construction materials has the potential to enhance environmental
sustainability and reduce the negative impact of plastic waste on the planet. Apart from offering an eco-friendly waste management
solution, it also provides a sustainable source of materials for the construction industry.

1. PROPOSED METHODOLOGY & EXPERIMENTATION
The primary objective of this study is to evaluate the feasibility, mechanical properties, and environmental implications of
incorporating plastic waste as a partial replacement for aggregates in concrete production. The study aims to determine the optimal
mix ratios that balance structural integrity with environmental benefits. The detailed procedure of the proposed methodology is as
follows:
Collection and Preparation of Plastic Waste
Design of Concrete Mix
Moulding of the beam structure
Testing for Optimal Performance
To collect plastic waste, various types of plastic waste will be collected, primarily focusing on polyethylene terephthalate (PET),
high-density polyethylene (HDPE), and polypropylene (PP), due to their abundance and physical properties. The plastic will be
cleaned, shredded into small particles, and categorized based on size using sieving techniques. Standard fine (sand) and coarse
(gravel) aggregates will be used as control materials. Their physical and chemical properties will be characterized according to
relevant standards. Ordinary Portland Cement (OPC) complying with international standards will be used as cement, and the water
used will be potable and free from impurities. To develop the concrete mixes with varying percentages of plastic waste replacing
fine and/or coarse aggregates, mix design will be used. The mix design will include 0% (control), 5%, 10%, 15%, and 20% plastic
waste replacing fine and/or coarse aggregates. The water-cement ratio will be kept constant to isolate the effect of plastic aggregate
replacement.
For each mix design, concrete specimens will be prepared for testing, including cubes for compressive strength tests, cylinders for
split tensile strength tests, and beams for flexural strength tests. All specimens will be cured in water at room temperature for 28
days to ensure proper hydration of the cement.
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To evaluate the mechanical properties of the concrete, various tests will be performed. Compression testing machine will be used to
test cube specimens for compressive strength at 7, 14, and 28 days. The tensile strength of cylindrical specimens will be determined
at 28 days using split tensile strength tests. The flexural strength of beam specimens will be assessed at 28 days using flexural
strength tests.

To evaluate the durability of the concrete, two tests will be conducted. The water absorption of cube specimens will be measured
after 28 days to evaluate porosity. Freeze-thaw resistance of specimens will be assessed to evaluate durability against weathering.
Finally, a life cycle assessment (LCA) will be conducted to evaluate the environmental impacts of using plastic waste in concrete.
The assessment will focus on energy consumption, greenhouse gas emissions, and potential pollution reduction.

V. RESULT ANALYSIS & DISCUSSION

The investigation into the utilization of plastic waste as a partial replacement for aggregates in concrete production yielded

significant findings, as illustrated by the generated tables and figures. This section delves into the analysis of these results,

discussing their implications for the mechanical properties and sustainability of concrete.

1) Mechanical Properties: Compressive Strength: The compressive strength of concrete showed a decreasing trend with an
increase in plastic waste content, as depicted in Figure 1. Specifically, the strength reductions from 0% to 20% plastic
replacement were gradual yet consistent, indicating the dilutive effect of plastic on the concrete's load-bearing capacity. Despite
the decrease, compressive strengths remained within acceptable limits for non-structural applications, particularly at lower
replacement levels (5% and 10%).

Compressive Strength vs. Plastic Waste Replacement
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Figure 1. Graph of Compressive Strength vs. Plastic Waste Replacement

2) Flexural and Split Tensile Strength: Similar to compressive strength, both flexural and split tensile strengths exhibited a
decrease with higher plastic waste percentages, as shown in Figure 2. These trends suggest that while plastic waste can
compromise the concrete's resistance to bending and tension, the reductions are manageable and potentially offset by other
benefits, such as improved workability and lower density.
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Figure 2. Graph of Flexural Strength and Split Tensile Strength vs. Plastic Waste Replacement
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3) Workability (Slump): The workability of concrete, as indicated by the slump test results, increased with the addition of plastic

waste (Figure 3). This improvement in workability could facilitate easier placement and compaction of concrete, especially in
complex forms or structures.
Workability (Slump) vs. Plastic Waste Replacement
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Figure 3. Graph of Workability (Slump) vs. Plastic Waste Replacement
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A. Durability and Environmental Properties

1) Durability (Freeze-Thaw Cycles Survived): The durability of concrete, assessed through freeze-thaw cycle resistance, improved
with the incorporation of plastic waste (Figure 4). This enhancement suggests that plastic-enriched concrete might possess
superior resilience to environmental stressors, contributing to longer service life in certain applications.
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Figure 4. Graph of Durability (Freeze-Thaw Cycles Survived) vs. Plastic Waste Replacement

2) Impact Resistance: The increase in impact resistance with higher plastic waste content (Figure 5) underscores the potential of
plastic-enriched concrete to absorb energy and resist sudden impacts better than traditional concrete. This property is
particularly beneficial for applications where impact loading is a concern.

Impact Resistance vs. Plastic Waste Replacement
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Figure 5. Graph of Impact Resistance vs. Plastic Waste Replacement
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3) Thermal Conductivity: The reduction in thermal conductivity observed with increased plastic waste replacement (Figure 6)
points to the improved insulation properties of the modified concrete. This characteristic could contribute to energy-efficient
building designs by reducing heat transfer through structural elements.

Thermal Conductivity vs. Plastic Waste Replacement
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Figure 6. Graph of Thermal Conductivity vs. Plastic Waste Replacement

Table 1 outlines the concrete mix proportions with varying percentages of plastic waste replacement. The systematic reduction in
natural aggregates (both fine and coarse) compensated by the addition of plastic waste demonstrates the study's approach to
integrating recycled materials into concrete. This substitution not only aims to evaluate the viability of plastic waste as an aggregate
but also explores its influence on the overall mix design, setting the stage for assessing concrete's performance across different
metrics.

Table 1: Tabulation of Mix Proportions (Kg/m?3)

Percentage of Plastic | Cement Fine Aggregate Coarse Aggregate Plastic Waste (as
Waste Replacement partial replacement)
0% 400 600 1200 0

5% 380 570 1140 20

10% 360 540 1080 40

15% 340 510 1020 60

20% 320 480 960 80

The data presented in Table 2 are crucial for understanding how varying levels of plastic waste replacement affect concrete's
structural integrity and usability.

Table 1: Tabulation of Properties of Concrete at 28 Days

Percentage of Plastic | Compressive Flexural Strength | Split Tensile | Slump (mm)
Waste Replacement | Strength (MPa) (MPa) Strength (MPa)

0% 35 4.5 3.2 75

5% 34 4.3 3.0 80

10% 32 4.1 2.8 85

15% 30 3.8 2.5 90

20% 28 3.5 2.2 95

B. Environmental Impact Assessment

The life cycle assessment (LCA) indicated a reduction in the environmental footprint of concrete production when plastic waste was
used as a partial aggregate replacement. Key benefits included decreased demand for natural aggregates, reduced landfill waste, and
potentially lower energy consumption and greenhouse gas emissions during production. These findings align with the global push
towards more sustainable construction practices.
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V. CONCLUSION AND FUTURE WORKS

This study embarked on an exploratory journey to assess the feasibility and implications of incorporating plastic waste as a partial
replacement for aggregates in concrete production. The overarching aim was to contribute to the dual objectives of enhancing
sustainable construction practices while addressing the global plastic waste management challenge. Through a series of
meticulously designed experiments and comprehensive analyses, our findings shed light on the complex interplay between plastic
waste inclusion and the resulting concrete properties. The experimental results, as visualized in the generated figures and tables,
reveal that the incorporation of plastic waste into concrete significantly affects its mechanical and durability properties. While a
decrease in compressive, flexural, and split tensile strengths was observed with increasing plastic waste content, these reductions
were within manageable limits for specific applications, particularly those not subjected to high load-bearing requirements.
Importantly, the study uncovered several beneficial outcomes of plastic waste integration, including improved workability,
enhanced durability against freeze-thaw cycles, increased impact resistance, and reduced thermal conductivity.

From an environmental standpoint, the substitution of natural aggregates with plastic waste presents a promising avenue to mitigate
the ecological footprint of concrete production. The reduced demand for natural aggregates, coupled with the diversion of plastic
waste from landfills and natural habitats, underscores the environmental merits of this approach. Furthermore, the potential for
energy savings and greenhouse gas emissions reduction through enhanced thermal insulation properties aligns with the global
imperatives for sustainable building practices.
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