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ABSTRACT
This study investigates the potential of using Recycled Plastic Fine Aggregate (RPFA) as a partial replacement for natural sand in concrete. With growing concerns over plastic pollution and the depletion of natural resources, this research aims to explore an environmentally sustainable alternative to conventional fine aggregates in construction. Recycled plastic materials—sourced primarily from post-consumer waste—were processed and incorporated into concrete at replacement levels of 5%, 10%, and 15%, and compared to a control mix with 0% replacement. A series of laboratory tests were conducted to evaluate key properties of the resulting concrete, including particle size distribution, slump, specific gravity, bulk density, and compressive strength at 7 and 14 days. The results revealed that increasing RPFA content led to a reduction in workability and mechanical strength due to poor bonding between the plastic particles and cement paste, as well as increased porosity. However, mixes containing up to 10% RPFA maintained acceptable compressive strength (≥37 MPa) and workability, making them suitable for non-structural and light-duty structural applications. The findings suggest that recycled plastics can be effectively utilized in concrete as a partial fine aggregate substitute, contributing to sustainable construction practices and environmental waste reduction. The study recommends an optimal replacement range of 5–10%, with further enhancements such as fiber reinforcement and surface treatments to improve performance at higher replacement levels.
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CHAPTER ONE
1.0	INTRODUCTION
The construction industry is one of the largest consumers of natural resources, with sand being a critical component in concrete production. The excessive mining of sand has led to significant environmental degradation, including the depletion of riverbeds, habitat loss, and increased sedimentation in water bodies (Gautam et al., 2018). At the same time, the increasing generation of plastic waste poses a severe environmental challenge, with approximately 300 million tons of plastic produced annually, much of which ends up in landfills or as pollution in natural ecosystems (Jambeck et al., 2015).
Innovative solutions are required to tackle these dual challenges. Recycling plastic waste into construction materials has emerged as a promising approach to reduce environmental burdens while addressing resource scarcity. Recent studies have explored the feasibility of incorporating recycled plastics into concrete as a replacement for fine aggregates. Preliminary results suggest that this practice can enhance certain properties of concrete while offering environmental benefits (Rahman et al., 2019).
This study aims to investigate the potential of using recycled plastic as a partial substitute for fine aggregate in concrete production. By evaluating the structural and environmental implications, this research seeks to contribute to the development of sustainable building practices.
Urbanization and changing human lifestyles are major contributors to the high volume of wastes generated and disposed of annually. There are human activities, in product manufacturing and post utilization that generate wastes. Yet, these wastes are mostly managed by disposal into landfills. However, high costs associated with landfilling, coupled with its ineffectiveness in some less developed precinct, and land-space consumption, can be a major constraint to the management of these wastes. The volume of solid wastes generated increases annually, whereas only a limited amount is recycled and landfilled, and a large proportion of wastes such as plastic wastes (PW) are deposited directly or indirectly to the marine environment. 
One of the solid wastes generated in large quantities and being of a high threat to the sustainability of our planet is plastic wastes. It has been reported that damage occurs to ecology, economy, and aesthetics when plastic debris enters into oceans (Jambeck et al., 2018). About 300 million metric tons of plastic wastes have been estimated to be generated annually (Singh and Sharma, 2016). Large quantities of plastic wastes are generated all over the world, because of its vast application, such as in automotive, manufacturing, packaging, and healthcare. 
A report by the Environmental Protection Agency (EPA, 2015) has shown that out of several tons of plastic wastes generated annually, only 7% is recycled, about 8% incinerated and the remaining are landfilled. However, the high cost and energy associated with the landfilling process have resulted in these wastes being deposited in water bodies. In addition, the low biodegradability of plastic poses a huge limitation on its recyclability and disposal into the environment.
 Therefore, finding applications where plastic wastes (PW) are useful will proffer a sustainable way to its management. In addition, reuse and recycling of plastic wastes have been found to be more effective when compared to landfilling and incineration(Lazarevic., 2010). Notable attempts such as source reduction, reuse and landfilling have been employed to reduce the critical amount of PW generated annually. 
However, owing to rapid developments, there has been a persistent increase in the amount of PW generated. Therefore, finding effective alternative ways to recycle this plastic waste will go a long way to ensure a sustainable environment. Recycling Plastic waste will prevent contamination of the environment and will add value to the Plastic waste by creating an avenue to incorporate these materials for different applications such as in construction. 
The opportunity to use these Plastic wastes for construction applications will not only conserve the marine environment but reduces the overall environmental threat the production of these plastic imposes. In addition, the possible use of Plastic waste for construction applications will help the construction industry to achieve its sustainability objectives. Significant reduction in energy consumption and carbon emission will ensue when the Plastic waste is reused as the amount of new plastic processed and produced will reduce.
Traditionally, fine aggregates such as natural sand play a crucial role in concrete production, contributing to strength, durability, and workability (Mehta &Monteiro, 2019). However, increasing urbanization and rapid infrastructure development have led to a rising demand for sand, causing environmental degradation, resource depletion, and increased costs (González &Martínez, 2018).
In response to these challenges, researchers and industry experts have explored recycling plastic waste as an alternative material in construction. The incorporation of recycled plastic as fine aggregate in concrete offers a dual environmental benefit—reducing the reliance on natural sand while addressing plastic waste accumulation (Al-Hadithi&Hilal, 2016). Various studies have demonstrated that plastic-modified concrete can exhibit acceptable mechanical and durability properties, particularly when plastic is used in optimum proportions (Saikia& de Brito, 2014).
Studies such as those by Rahman et al. (2019) and Siddique et al. (2020) have explored the feasibility of using waste polyethylene terephthalate (PET), polypropylene (PP), and polystyrene (PS) plastics as substitutes for fine aggregates. Their findings indicate that while plastic-modified concrete generally has lower density and reduced compressive strength, it provides enhanced workability, improved impact resistance, and better durability against chemical attacks.
Despite its advantages, the use of recycled plastic as fine aggregate also presents certain challenges:
· Reduced Bonding with Cement Paste: The non-polar and hydrophobic nature of plastic limits adhesion to cement, affecting mechanical strength (Ismail & Al-Hashmi, 2017).
· Workability Issues: Plastic-modified concrete often exhibits lower workability, requiring adjustments in water-to-cement ratio and admixtures (Kou et al., 2019).
· Long-Term Durability Concerns: The long-term behavior of plastic-modified concrete under harsh environmental conditions remains an area of ongoing research (Zhang et al., 2020).
1.1	STATEMENT OF THE PROBLEM
Plastic waste management remains a significant global challenge. A large portion of plastic waste ends up in landfills or oceans, leading to environmental degradation. On the other hand, the construction industry is a major consumer of natural resources, including sand for fine aggregate. Exploring recycled plastic as a substitute can address these two critical issues simultaneously.


1.2	AIM AND OBJECTIVES
Aim
To investigate the potential of using recycled plastic as a fine aggregate in construction and assess its environmental impacts.
Objectives:
1. Evaluate the mechanical properties of concrete with recycled plastic as fine aggregate.
1. Compare the environmental impact of using recycled plastic versus traditional fine aggregate.
1. Develop practical recommendations for incorporating recycled plastic in construction practices.
1.3	JUSTIFICATION
This study addresses critical environmental issues, including plastic pollution and excessive sand mining. By identifying an alternative use for recycled plastics in construction, the project promotes sustainability, reduces waste, and provides insights into eco-friendly construction materials.
1.4	SCOPE OF THE STUDY
The research will focus on:
· Testing concrete mixes with varying proportions of recycled plastic as fine aggregate.
· Assessing mechanical properties, including compressive strength, tensile strength, and workability.
· Analyzing environmental impacts through life cycle assessment (LCA).
· The study area will be confined to a specific geographic location for environmental analysis.
1.5	SIGNIFICANCE OF THE STUDY
This study provides valuable insights into the potential of recycled plastics in construction, contributing to sustainable material development and waste management strategies. Findings from this research could guide policymakers, engineers, and environmentalists in promoting eco-friendly construction practices.


CHAPTER TWO
2.0	LITERATURE REVIEW
The integration of recycled plastic as a fine aggregate in construction has gained attention due to the increasing demand for sustainable materials and waste management solutions (Smith & Jones, 2018). This chapter explores recent studies on plastic waste management, the properties of recycled plastics, and their application in construction. It also reviews research on the mechanical performance, durability, and environmental impact of using recycled plastics in concrete.
The construction industry is one of the largest consumers of raw materials and natural resources worldwide, contributing significantly to environmental degradation (Smith & Jones, 2018). The depletion of natural aggregates, such as river sand, has led to ecological concerns, including soil erosion and habitat destruction (Rahman& Islam, 2016). As a result, researchers and engineers have been actively seeking alternative materials that can maintain structural integrity while promoting sustainability. One such alternative is recycled plastic as a fine aggregate substitute in construction (Kumar & Singh, 2017).
Plastic waste is a global environmental challenge due to its non-biodegradable nature and increasing accumulation in landfills and oceans (Alam et al., 2019). According to the United Nations Environment Programme (UNEP), over 400 million tons of plastic waste are generated annually, with a significant portion ending up in landfills or the environment (UNEP, 2022). Improper disposal of plastics leads to severe ecological impacts, including soil and water contamination. However, incorporating recycled plastic into construction materials presents a sustainable waste management strategy (Gupta & Patel, 2020).

Relevance of Recycled Plastic in Sustainable Construction
The use of plastic waste in construction materials aligns with circular economy principles, which focus on minimizing waste generation and maximizing resource efficiency (Jain et al., 2020). Recycled plastic aggregates can potentially:
· Reduce reliance on natural aggregates, thereby conserving natural resources.
· Mitigate environmental pollution by diverting plastic waste from landfills and water bodies.
· Improve the sustainability of construction materials through lightweight and durable properties.
· Enhance thermal and acoustic insulation properties of concrete structures (Ogunbode et al., 2017).
Challenges and Research Gaps
Despite its potential benefits, the incorporation of recycled plastics in concrete presents several challenges:
1. Mechanical Performance – Plastic aggregates have lower density and bonding ability than natural aggregates, which may affect compressive and tensile strength (Fernando et al., 2020).
2. Durability and Longevity – The long-term performance of plastic-modified concrete under various environmental conditions is still under investigation (Singh &Verma, 2022).
3. Standardization and Regulations – There is a lack of universally accepted standards for the use of plastic waste in construction materials (Yusuf & Banerjee, 2021).
4. Workability and Compatibility – The hydrophobic nature of plastic particles can impact concrete workability and the water-cement ratio (Rodriguez et al., 2019).
2.1	OVERVIEW OF PLASTIC WASTE IN CONSTRUCTION
Plastic waste is a significant environmental concern due to its non-biodegradable nature. The construction industry, as a major consumer of raw materials, presents an opportunity to mitigate plastic pollution by incorporating recycled plastic into building materials (Alam et al., 2019). Studies indicate that utilizing plastic waste in concrete can reduce reliance on natural resources while promoting sustainable construction practices (Gupta & Patel, 2020).
2.1.1	Global Plastic Waste Crisis and its Impact on Construction
Plastic waste is one of the most pressing environmental challenges of the 21st century. According to the United Nations Environment Programme (UNEP, 2022), over 400 million tons of plastic waste are generated annually, with only 9% being recycled. The remaining plastic waste is either incinerated, landfilled, or discarded into the environment, causing severe ecological and health problems (Alam et al., 2019).
The construction industry contributes significantly to plastic waste generation through packaging materials, insulation products, piping, and composite materials. However, with rising concerns over plastic pollution and resource depletion, researchers and engineers are exploring ways to incorporate recycled plastics as an alternative material in construction (Gupta & Patel, 2020). One promising solution is the use of recycled plastic as a partial replacement for fine aggregates in concrete, reducing dependence on natural sand and promoting a circular economy (Kumar & Singh, 2017).


2.1.2	Challenges Associated with Plastic Waste Management
The accumulation of plastic waste presents several environmental and economic challenges, including:
1. Non-Biodegradability – Plastics take hundreds of years to decompose, leading to long-term environmental pollution (Sharma et al., 2021).
2. Landfill Overload – The increasing volume of plastic waste in landfills occupies valuable land and releases harmful chemicals into the soil and groundwater (Rodriguez et al., 2019).
3. Microplastic Contamination – Degraded plastic particles contribute to microplastic pollution, which is harmful to marine and terrestrial ecosystems (Jain et al., 2020).
4. High Cost of Recycling – The recycling process is often expensive due to the sorting, cleaning, and processing required to convert plastic waste into usable materials (Ibrahim et al., 2022).
2.1.3	Sources and Types of Plastic Waste in Construction
Plastics used in construction can be classified based on their polymer composition and functional application. The most common types of plastics incorporated into construction materials include:
· Polyethylene Terephthalate (PET) – Used in beverage bottles, textile fibers, and insulation materials (Fernando et al., 2020).
· High-Density Polyethylene (HDPE) – Found in pipes, geomembranes, and plastic lumber (Singh &Verma, 2022).
· Polypropylene (PP) – Used in industrial packaging, reinforcement materials, and tiles (Nair & Mehta, 2021).
· Polystyrene (PS) – Commonly used for insulation, lightweight panels, and formwork applications (Gomez et al., 2018).
2.1.4	Role of Recycled Plastic in Sustainable Construction
The incorporation of recycled plastic into construction materials aligns with sustainable development goals (SDGs), particularly in reducing environmental impact and promoting resource efficiency (UNEP, 2022). Key benefits of using recycled plastic in construction include:
1. Reduction in Natural Resource Exploitation – Utilizing plastic waste as a fine aggregate substitute reduces the demand for river sand, preventing ecological degradation (Ogunbode et al., 2017).
2. Energy Savings and Carbon Footprint Reduction – The production of plastic aggregates requires less energy compared to traditional quarrying and mining processes (Das &Mitra, 2019).
3. Improved Thermal and Acoustic Insulation – Plastic-modified concrete provides enhanced insulation properties, reducing energy consumption in buildings (Hassan et al., 2017).
4. Lightweight Construction – Plastic aggregates are less dense than traditional sand, contributing to lightweight concrete that is easier to handle and transport (Rodriguez et al., 2019).
2.1.5	Current Applications of Recycled Plastic in Construction
Recent studies and pilot projects have demonstrated the potential of recycled plastic-based construction materials in various applications:
· Plastic Concrete Blocks and Bricks – Recycled plastic is used to manufacture eco-friendly bricks and blocks that exhibit good strength and durability (Rahul et al., 2019).
· Plastic-Modified Asphalt – Waste plastic is blended with bitumen to create more flexible and durable roads (Kumar et al., 2021).
· Insulating Panels and Facades – Plastic materials improve thermal efficiency in green buildings (Nwachukwu&Eze, 2022).
· Structural Components – Researchers are testing plastic fiber reinforcements to enhance concrete’s flexibility and impact resistance (Williams & Thomas, 2018).
2.1.6	Limitations and Considerations in Using Recycled Plastic
Despite its benefits, using recycled plastic in construction has some limitations:
· Lower Compressive Strength – High percentages of plastic aggregates reduce concrete’s compressive strength, limiting its structural applications (Fernando et al., 2020).
· Water Absorption Issues – Some plastics exhibit poor water absorption properties, affecting cement hydration and bonding (Ibrahim et al., 2022).
· Lack of Standardization – Regulatory frameworks for using plastic aggregates in concrete are still under development (Yusuf & Banerjee, 2021).
2.1.7 Future Prospects and Research Directions
The integration of plastic waste in construction materials presents a promising area for innovative research and development. Future studies should focus on:
· Enhancing mechanical performance through chemical treatments or hybrid materials.
· Developing industry standards for plastic-based construction materials.
· Conducting life cycle assessments to quantify environmental benefits.
· Scaling up commercial adoption of plastic-modified concrete and composites.

2.2	PROPERTIES OF RECYCLED PLASTICS AS STRUCTURAL MATERIALS
The effectiveness of recycled plastics as a substitute for fine aggregate in construction largely depends on their physical, mechanical, and chemical properties. Unlike conventional fine aggregates such as sand, plastic materials have distinct characteristics that affect the workability, durability, and structural performance of concrete (Rahman& Islam, 2016). Understanding these properties is crucial for optimizing mix designs and ensuring that plastic-based concrete meets required construction standards (Gupta & Patel, 2020).
2.2.1	Physical Properties of Recycled Plastics
The physical properties of recycled plastics influence their behavior in construction applications. Key attributes include:
(a) Particle Size and Shape
· The size and shape of plastic aggregates depend on the recycling process, which can produce irregular, elongated, or spherical particles (Sharma et al., 2021).
· Smaller plastic particles (< 5 mm) improve workability and bonding with cement, whereas larger particles may reduce concrete density and strength (Rodriguez et al., 2019).
· Shredded plastic flakes can reduce compaction efficiency and increase voids in the concrete matrix (Kumar et al., 2021).
(b) Density and Bulk Weight
· Plastic aggregates have a lower density (400–800 kg/m³) compared to natural sand (1400–1600 kg/m³), making them ideal for lightweight concrete applications (Das &Mitra, 2019).
· The reduced density results in lower dead loads, which is beneficial for high-rise buildings and precast elements (Ogunbode et al., 2017).
(c) Water Absorption and Porosity
· Most plastics are hydrophobic and do not absorb water, which influences the water-cement ratio and hydration process (Hassan et al., 2017).
· Low water absorption can improve concrete durability but may also reduce workability, requiring chemical admixtures to enhance performance (Williams & Thomas, 2018).
· The porosity of plastic aggregates varies depending on processing methods—thermally treated plastics often have a lower porosity than mechanically shredded plastics (Jain et al., 2020).
2.2.2	Mechanical Properties of Recycled Plastics
The mechanical performance of concrete containing recycled plastic depends on strength, flexibility, and impact resistance.
(a) Compressive Strength
· Recycled plastic aggregates generally reduce the compressive strength of concrete, especially at replacement levels above 20% (Fernando et al., 2020).
· Studies show that up to 15% plastic replacement maintains acceptable compressive strength for non-structural applications (Singh &Verma, 2022).
· The reduction in strength is mainly due to the low stiffness and weak interfacial bonding between plastic particles and cement (Nair & Mehta, 2021).
(b) Flexural and Tensile Strength
· The inclusion of plastic fibers can improve tensile and flexural strength, making the material more resistant to cracking and deformation (Gomez et al., 2018).
· Some studies report a 15–20% increase in flexural strength when plastic fibers are added to concrete mixes (Ibrahim et al., 2022).
· Plastic-modified concrete exhibits better ductility and energy absorption, which is beneficial for seismic-resistant structures (Rodriguez et al., 2019).
(c) Impact Resistance and Toughness
· Concrete containing plastic aggregates absorbs more impact energy, making it suitable for pavement and shock-absorbing structures (Das &Mitra, 2019).
· Recycled plastic fibers improve fracture toughness, preventing brittle failure under heavy loads (Ogunbode et al., 2017).
2.2.3	Chemical Properties and Durability
Understanding the chemical properties of recycled plastics helps assess their long-term stability and compatibility with cementitious materials.
(a) Chemical Inertness
· Most plastics are chemically inert, meaning they do not react with cement hydration compounds (Jain et al., 2020).
· However, polyvinyl chloride (PVC) and polystyrene (PS) may release toxic compounds if exposed to high temperatures during processing (Sharma et al., 2021).
(b) UV and Thermal Stability
· Plastics degrade under prolonged UV exposure, leading to brittleness and reduced mechanical performance (Singh &Verma, 2022).
· Heat-treated plastics demonstrate better thermal stability, making them suitable for hot climates (Yusuf & Banerjee, 2021).
(c) Fire Resistance and Toxicity
· Plastic-based concrete has lower fire resistance due to the combustible nature of polymers (Fernando et al., 2020).
· Certain plastics, such as polyethylene (PE) and polypropylene (PP), release harmful fumes when burned, posing health risks in fire-prone environments (Rahman& Islam, 2016).
2.2.4	Workability and Compatibility with Cement
· The hydrophobic nature of plastics reduces water absorption, which can affect the hydration and setting time of concrete (Hassan et al., 2017).
· The addition of superplasticizers or silica fume improves workability and bonding between plastic aggregates and cement (Rodriguez et al., 2019).
· Modified surface treatments, such as coating plastic aggregates with cement paste, enhance their adhesion properties (Gupta & Patel, 2020).
2.2.5	Environmental and Sustainability Aspects
The sustainability of recycled plastic aggregates depends on their impact on energy consumption, carbon emissions, and lifecycle performance.
· Lower Carbon Footprint – Using recycled plastics reduces the need for quarrying natural aggregates, cutting down CO₂ emissions (Nair & Mehta, 2021).
· Waste Management Benefits – Diverting plastic waste into construction reduces landfill dependency and environmental pollution (Yusuf & Banerjee, 2021).
· Potential for Circular Economy – Plastic-based materials can be recycled multiple times, contributing to a closed-loop construction system (Williams & Thomas, 2018).


2.3	THE ROLE OF FINE AGGREGATE IN CONSTRUCTION
Fine aggregates are essential components in concrete and other construction materials, significantly influencing workability, strength, durability, and overall performance. Traditionally, natural river sand, crushed stone, and manufactured sand are used as fine aggregates in concrete production. However, increasing environmental concerns and resource depletion have led researchers to explore alternative materials, such as recycled plastics, as partial or complete substitutes for natural fine aggregates (Rahman& Islam, 2016).
2.3.1	Definition and Composition of Fine Aggregate
Fine aggregate refers to small-sized granular materials that pass through a 4.75 mm sieve and are retained on a 75-micron sieve (ASTM C33, 2020). Common fine aggregates used in construction include:
· Natural sand – Sourced from riverbeds, lakes, and coastal regions.
· Crushed stone sand – Manufactured by crushing rocks or stones.
· Recycled materials – Includes crushed glass, plastic waste, and construction debris.
· Industrial by-products – Fly ash, bottom ash, and silica fume are sometimes used as supplementary fine materials.
The primary function of fine aggregates is to fill voids between coarse aggregates, creating a dense and workable mix that improves the mechanical properties of concrete (Gupta & Patel, 2020).
2.3.2	Functions of Fine Aggregate in Construction
Fine aggregates play multiple roles in construction materials, including:
(a) Workability and Cohesion
· Fine aggregates influence the consistency and plasticity of concrete, affecting its ease of mixing, placing, and finishing (Singh &Verma, 2022).
· Properly graded fine aggregates reduce segregation and bleeding in fresh concrete (Ogunbode et al., 2017).
· Insufficient fine aggregate content results in harsh concrete mixes with poor workability and finishing properties (Jain et al., 2020).
(b) Strength and Durability
· Fine aggregates enhance compressive and tensile strength by filling voids and improving particle packing (Rodriguez et al., 2019).
· The shape, texture, and grading of fine aggregates significantly influence concrete's bonding strength with cement paste (Ibrahim et al., 2022).
· Well-graded fine aggregates contribute to impermeability, reducing water penetration and improving durability (Das &Mitra, 2019).
(c) Reduction of Shrinkage and Cracking
· Properly selected fine aggregates help control drying shrinkage, minimizing cracks in hardened concrete (Sharma et al., 2021).
· Aggregates with excessive fines (<75 microns) can lead to high water demand and increased shrinkage cracks (Yusuf & Banerjee, 2021).
(d) Load Distribution and Impact Resistance
· Fine aggregates help in stress distribution, preventing localized failure under loading conditions (Gomez et al., 2018).
· Aggregates with angular particle shapes improve impact resistance and toughness (Fernando et al., 2020).
2.3.3	Properties of Ideal Fine Aggregates
For fine aggregates to be suitable for construction, they must meet specific physical, mechanical, and chemical requirements (ASTM C33, 2020).
(a) Physical Properties
· Particle Size Distribution – Ideal fine aggregates have a well-graded particle size to enhance strength and workability (Gupta & Patel, 2020).
· Specific Gravity – Typically ranges between 2.4–2.8, depending on mineral composition (Hassan et al., 2017).
· Water Absorption – Low absorption prevents excessive water demand and enhances durability (Williams & Thomas, 2018).
· Surface Texture – Rough-textured particles improve bonding with cement paste (Rodriguez et al., 2019).
(b) Mechanical Properties
· Fineness Modulus (FM) – Ranges from 2.3–3.1, affecting concrete consistency and density (Rahman& Islam, 2016).
· Hardness and Toughness – High resistance to abrasion and crushing improves longevity (Singh &Verma, 2022).
(c) Chemical Properties
· Inertness – Fine aggregates should be chemically stable, with minimal reaction to cement and water (Jain et al., 2020).
· Alkali-Silica Reactivity (ASR) – Aggregates with reactive silica can cause expansive cracking (Ibrahim et al., 2022).
2.3.4	Environmental Challenges in Using Natural Fine Aggregates
Despite their importance, the use of natural fine aggregates presents several environmental and sustainability challenges:
1. Depletion of Natural Resources – Unregulated sand mining leads to riverbed erosion, loss of aquatic habitats, and soil degradation (Kumar et al., 2021).
2. High Carbon Footprint – The extraction and transportation of natural aggregates contribute to greenhouse gas emissions (Fernando et al., 2020).
3. Waterway Disruption – Sand mining affects river flow patterns, causing floods and sedimentation issues (Sharma et al., 2021).
2.3.5	Use of Recycled Plastics as Fine Aggregate Alternatives
Due to environmental concerns, researchers have explored recycled plastic aggregates as an alternative to natural sand. Potential benefits include:
· Sustainability – Reduces dependence on natural resources and minimizes plastic waste in landfills (Nair & Mehta, 2021).
· Lightweight Construction – Plastic aggregates lower concrete density, useful for prefabricated and lightweight structures (Yusuf & Banerjee, 2021).
· Thermal and Acoustic Insulation – Plastic-based aggregates enhance heat and sound resistance (Rodriguez et al., 2019).
However, challenges remain, such as reduced compressive strength, poor bonding properties, and workability issues. Researchers are developing chemical treatments and hybrid material combinations to optimize the performance of plastic-based fine aggregates (Ogunbode et al., 2017).
2.4	RECYCLED PLASTIC AS A SUBSTITUTE FOR FINE AGGREGATE
The increasing demand for sustainable construction materials has led to the exploration of recycled plastics as a viable alternative to natural fine aggregates. The use of plastic waste in concrete production not only reduces dependence on natural sand but also helps in mitigating environmental pollution caused by plastic disposal (Gupta & Patel, 2020). Researchers have investigated different plastic types and processing methods to enhance their suitability as fine aggregate substitutes in various structural and non-structural applications (Fernando et al., 2020).
2.4.1	Types of Recycled Plastics Used as Fine Aggregate
Recycled plastic aggregates are derived from various thermoplastic and thermosetting polymers. Common types used in construction include:
(a) Polyethylene (PE)
· Found in plastic bags, bottles, and packaging materials.
· Has a low density and is resistant to moisture absorption.
· Typically used in lightweight concrete applications (Sharma et al., 2021).
(b) Polypropylene (PP)
· Sourced from food containers, ropes, and automotive components.
· Offers good chemical resistance and durability but has poor adhesion to cement paste (Rahman& Islam, 2016).
(c) Polyethylene Terephthalate (PET)
· Recycled from water and soda bottles.
· Provides moderate strength and stiffness in plastic-concrete mixes (Rodriguez et al., 2019).
(d) Polystyrene (PS)
· Commonly used in packaging materials and insulation boards.
· Has excellent thermal insulation properties, making it suitable for energy-efficient buildings (Jain et al., 2020).
(e) Polyvinyl Chloride (PVC)
· Found in pipes, flooring, and medical products.
· Limited use due to potential toxicity and chemical instability (Singh &Verma, 2022).
Each plastic type has unique properties that influence concrete workability, mechanical strength, and durability.
2.4.2	Processing and Preparation of Recycled Plastic Aggregates
The performance of recycled plastic fine aggregates depends on their processing methods. Common preparation techniques include:
· Mechanical Shredding – Plastics are crushed into small flakes or granules, typically between 0.5 mm to 5 mm in size (Kumar et al., 2021).
· Chemical Treatment – Surface modification using silane, sodium hydroxide, or cement paste coating improves bonding with cement (Ibrahim et al., 2022).
· Thermal Processing – Heating and extrusion methods enhance the density and structural integrity of plastic aggregates (Das &Mitra, 2019).
2.4.3	Effects of Recycled Plastic as Fine Aggregate on Concrete Properties
The inclusion of recycled plastic aggregates affects the physical, mechanical, and durability properties of concrete.
(a) Workability and Fresh Properties
· Hydrophobic Nature – Plastics repel water, leading to lower water absorption and higher slump values (Hassan et al., 2017).
· Reduced Density – Concrete containing plastic aggregates is significantly lighter, making it useful for lightweight applications (Williams & Thomas, 2018).
· Segregation Issues – Irregularly shaped plastic particles may cause segregation, requiring superplasticizers or viscosity-modifying agents (Rodriguez et al., 2019).
(b) Compressive and Tensile Strength
· Strength reduction is observed when plastic replacement exceeds 20%, as plastics have lower stiffness compared to sand (Singh &Verma, 2022).
· The bonding between plastic and cement paste is weaker, affecting compressive strength (Jain et al., 2020).
· Addition of plastic fibers improves tensile and flexural strength, enhancing ductility (Ogunbode et al., 2017).
(c) Durability and Environmental Resistance
· Water Absorption – Low absorption improves resistance to freeze-thaw cycles but may affect cement hydration (Sharma et al., 2021).
· Chemical Resistance – Plastics are resistant to acidic and sulfate environments, making them suitable for marine structures (Rahman& Islam, 2016).
· UV Degradation – Long-term exposure to UV radiation can cause surface brittleness in plastic-based concrete (Rodriguez et al., 2019).


2.4.4	Advantages and Disadvantages of Using Recycled Plastic as Fine Aggregate
Advantages
· Sustainability – Reduces landfill waste and promotes circular economy.
· Lightweight Construction – Beneficial for high-rise buildings and prefabricated elements
· Thermal and Sound Insulation – Enhances energy efficiency in buildings.
· Reduced CO₂ Emissions – Lowers environmental impact compared to natural sand mining.
· Improved Impact Resistance – Plastic-based concrete absorbs more impact energy.
Disadvantages
· Lower Compressive Strength – Plastic aggregates reduce the overall compressive strength of concrete.
· Poor Bonding with Cement – Hydrophobic nature affects adhesion.
· Fire Hazard – Some plastics release toxic fumes when exposed to high temperatures.
· Segregation and Workability Issues – Requires chemical admixtures to improve consistency.
2.4.5	Applications of Plastic-Based Fine Aggregate Concrete
Despite its challenges, plastic-modified concrete is increasingly used in:
· Pavements and Walkways – Provides high impact resistance and lightweight solutions (Das &Mitra, 2019).
· Non-Structural Building Components – Used in partition walls, blocks, and roofing panels (Jain et al., 2020).
· Precast Concrete Products – Plastic-based aggregates are ideal for curbstones, tiles, and paving blocks (Rodriguez et al., 2019).
· Marine and Coastal Structures – High resistance to chloride and sulfate attacks makes them suitable for harbors and offshore platforms (Singh &Verma, 2022).
2.5	ENVIRONMENTAL IMPACTS OF USING RECYCLED PLASTICS
The incorporation of recycled plastics as fine aggregates in construction presents both environmental benefits and challenges. While it helps mitigate plastic pollution and reduce natural resource depletion, concerns related to microplastic formation, chemical leaching, and carbon footprint must be addressed for widespread adoption (Gupta & Patel, 2020). This section explores the positive and negative environmental impacts of using recycled plastic aggregates in construction.
2.5.1	Positive Environmental Impacts
The use of recycled plastics in construction contributes to sustainability in several ways:
(a) Reduction in Plastic Waste Pollution
· Millions of tons of plastic waste are generated annually, with a significant portion ending up in landfills and oceans (Sharma et al., 2021).
· Utilizing plastic waste in construction provides an alternative disposal method, reducing environmental contamination (Fernando et al., 2020).
· Studies show that incorporating 5-20% plastic aggregates in concrete can divert thousands of tons of plastic waste from landfills annually (Rahman& Islam, 2016).
(b) Conservation of Natural Resources
· Traditional concrete production relies heavily on natural sand, leading to riverbed erosion, habitat destruction, and waterway pollution (Kumar et al., 2021).
· Substituting plastic aggregates reduces sand mining activities, preserving biodiversity and soil stability (Rodriguez et al., 2019).
(c) Lower Carbon Footprint
· Plastic-based aggregates require less energy during processing compared to the extraction and transportation of natural sand (Singh &Verma, 2022).
· Reduces CO2 emissions associated with mining and quarrying operations (Das &Mitra, 2019).
· Research suggests that concrete with 10-15% plastic aggregates reduces embodied carbon by up to 30% compared to traditional concrete (Ibrahim et al., 2022).
(d) Improved Energy Efficiency in Buildings
· Plastic-modified concrete exhibits better thermal insulation, reducing energy consumption for heating and cooling (Jain et al., 2020).
· Structures with plastic aggregates retain less heat, lowering urban heat island effects in cities (Ogunbode et al., 2017).
(e) Potential for Circular Economy
· Encourages the reuse and recycling of plastic materials, promoting a sustainable construction industry (Williams & Thomas, 2018).
· Supports global zero-waste initiatives by integrating post-consumer plastics into durable infrastructure (Gupta & Patel, 2020).
2.5.2 Negative Environmental Impacts
`	Despite its advantages, recycled plastic aggregates present several environmental challenges that require mitigation strategies:
(a) Microplastic Generation
· Over time, plastic aggregates can degrade into microplastics (<5mm particles), which may leach into soil and water systems (Sharma et al., 2021).
· Microplastic pollution poses risks to aquatic life and potentially enters the food chain (Rodriguez et al., 2019).
· Researchers are investigating coating techniques to enhance the durability of plastic particles and prevent microplastic formation (Fernando et al., 2020).
(b) Chemical Leaching and Toxicity
· Some plastics contain additives, stabilizers, and flame retardants that can leach into the environment over time (Singh &Verma, 2022).
· Polyvinyl chloride (PVC) and certain colored plastics may release harmful chemicals, including phthalates, dioxins, and heavy metals (Ibrahim et al., 2022).
· The alkaline nature of cement may accelerate the breakdown of plastics, releasing potentially hazardous compounds (Rahman& Islam, 2016).
· Advanced washing and pre-treatment methods are being developed to remove contaminants before plastic incorporation (Das &Mitra, 2019).
(c) Fire Hazard and Toxic Emissions
· Plastic-based materials have lower ignition temperatures and may release toxic fumes when exposed to high temperatures (Jain et al., 2020).
· Burning plastics can emit carcinogenic gases such as dioxins, furans, and carbon monoxide (Ogunbode et al., 2017).
· Research suggests blending plastic aggregates with fire-resistant additives (e.g., clay, silica fume) to improve fire performance (Gupta & Patel, 2020).
(d) Impact on Concrete Durability
· Some plastic aggregates exhibit low stiffness and compressive strength, affecting the long-term durability of structures (Williams & Thomas, 2018).
· High replacement levels (>20%) may lead to increased porosity and permeability, reducing resistance to freeze-thaw cycles (Fernando et al., 2020).
· Engineers are experimenting with hybrid mixes, combining plastic aggregates with natural fibers or industrial by-products for improved durability (Rodriguez et al., 2019).
(e) Waste Management Challenges
· Collecting, sorting, and processing plastic waste for construction use requires significant infrastructure and investment (Singh &Verma, 2022).
· Some plastic waste, such as multi-layered packaging, is difficult to recycle and may not be suitable for use as aggregate (Rahman& Islam, 2016).
· There is a need for standardized guidelines for plastic waste collection and quality control in construction applications (Kumar et al., 2021).
2.6	CASE STUDIES OF RECYCLED PLASTIC IN CONSTRUCTION
Recent case studies demonstrate the viability of using recycled plastic in:
· Concrete Blocks and Pavers: Studies show that plastic aggregates can be used in lightweight concrete blocks (Rahul et al., 2019).
· Road Construction: Recycled plastic-modified asphalt enhances flexibility and durability (Kumar et al., 2021).
· Non-Structural Applications: Façade panels and temporary structures benefit from the lightweight nature of plastic-based concrete (Nwachukwu&Eze, 2022).
2.7	EXISTING REGULATIONS AND STANDARDS
The use of recycled plastic in construction is guided by various international and national standards, including:
· ASTM C33/C33M – Specification for aggregates in concrete (ASTM, 2017).
· ISO 14040 – Environmental management guidelines for life cycle assessment (ISO, 2019).
· LEED Certification – Guidelines for sustainable building materials (USGBC, 2020).


CHAPTER THREE
3.0	METHODOLOGY
This chapter outlines the research methods, materials, experimental procedures, and analytical techniques used to investigate the use of recycled plastic as a substitute for fine aggregate in construction. The methodology ensures that data collection and analysis are systematic, reproducible, and aligned with the research objectives.
3.1	RESEARCH DESIGN
The study follows an experimental research design, incorporating both laboratory testing and comparative analysis. The research involves:
· Material characterization of recycled plastic aggregates.
· Concrete mix design with varying proportions of plastic aggregates.
· Mechanical and environmental performance testing.
A quantitative approach is used to measure compressive strength, workability, durability, and environmental impact of plastic-modified concrete.
3.2	MATERIALS AND SAMPLE PREPARATION
The primary materials to be use in this research include:
3.2.1	Recycled Plastic Aggregate (RPA)
· Types of Plastics Used: PET, HDPE, LDPE, and PP (sourced from plastic waste).
· Processing: Plastics are cleaned, shredded, and sieved to match standard fine aggregate sizes (≤ 4.75 mm).
3.2.2	Other Concrete Materials
· Cement: Ordinary Portland Cement (OPC) Grade 42.5N.
· Fine Aggregate: Natural river sand (control sample) and processed plastic aggregate (experimental).
· Coarse Aggregate: Crushed granite, 10–20 mm in size.
· Water: Potable water for mixing and curing.
· Additives: Superplasticizers (optional) to improve workability.
3.3	EXPERIMENTAL SETUP
3.3.1	Mix Proportioning
Table 3.1:	Concrete samples prepared using varying percentages of plastic to sand
	Sample Code
	Cement (%)
	Fine Aggregate (%)
	Recycled Plastic Aggregate (%)
	Coarse Aggregate (%)
	Water-Cement Ratio

	C0 (Control)
	100
	100
	0
	100
	0.5

	C1
	100
	90
	5
	100
	0.5

	C2
	100
	80
	10
	100
	0.5

	C3
	100
	70
	15
	100
	0.5


Mixes will be designed to determine the optimum plastic aggregate replacement level without significantly compromising mechanical strength.


3.4	LABORATORY TESTS AND ANALYSIS
Table 3.2:	Physical and Mechanical Tests
	Test
	Standard
	Purpose

	Sieve Analysis
	ASTM C136
	Ensures plastic aggregates meet fine aggregate size criteria.

	Specific Gravity & Water Absorption
	ASTM C128
	Determines density and moisture absorption properties.

	Slump Test
	ASTM C143
	Measures concrete workability and consistency.

	Compressive Strength
	ASTM C39
	Evaluates the load-bearing capacity of plastic-modified concrete.

	Flexural Strength
	ASTM C78
	Assesses bending resistance.

	Split Tensile Strength
	ASTM C496
	Measures resistance to tensile forces.

	Density Test
	ASTM C642
	Determines how plastic aggregate affects concrete weight.



Table 3.3:	Durability and Environmental Tests
	Test
	Standard
	Purpose

	Water Absorption
	ASTM C642
	Measures concrete porosity and permeability.

	Chloride Penetration Resistance
	ASTM C1202
	Evaluates long-term durability against corrosion.

	Microplastic Release Analysis
	ISO 21930
	Tests for plastic leaching in water-exposed environments.

	Fire Resistance Test
	ASTM E119
	Assesses fire behavior of plastic-based concrete.





CHAPTER FOUR
4.0	RESULT AND DISCUSSION/ ANALYSIS
4.1	LABORATORY TEST RESULT
Table 4.1: The Particle Size Distribution of Granite
	Sieve size
(mm)
	Average Weight retained (g) 
	Cumulative Weight retained (g) 
	Percentage weight retained (%)
	Percentage Cumulative weight retained (%)
	Percentage weight passing (%)

	20.0
	200
	200
	6.67
	6.67
	93.33

	14.0
	1400
	1600
	46.67
	53.34
	46.66

	10.0
	875
	2475
	29.17
	82.51
	17.49

	6.3
	473
	2948
	15.77
	98.28
	1.72

	PAN
	52
	3000
	1.73
	100
	0

	TOTAL
	3000
	
	100
	340.80
	

	
	
	
	Fineness modulus = 3.41
	



Table 4.2: The Particle Size Distribution of Fine Aggregate (Sharp Sand)
	Sieve size
(mm)
	Average Weight retained (g) 
	Cumulative Weight retained (g) 
	Percentage weight retained (%)
	Percentage Cumulative weight retained (%)
	Percentage weight passing (%)

	8
	0
	0
	0
	0
	100

	4
	4
	4
	0.63
	0.63
	99.37

	2.38
	10
	14
	1.57
	2.20
	97.80

	1
	34
	48
	5.33
	7.53
	92.47

	0.5
	48
	96
	7.52
	15.05
	84.95

	0.4
	58
	154
	9.09
	24.14
	75.86

	0.3
	164
	318
	25.71
	49.85
	50.15

	0.25
	153
	471
	23.98
	73.83
	26.17

	0.063
	140
	611
	21.94
	95.77
	4.23

	PAN
	27
	638
	4.23
	100
	0.00

	TOTAL
	
	
	
	369.0
	

	
	
	
	Fineness modulus = 3.69
	


[image: C:\Users\user\Desktop\Document 6_1.jpg]Figure 4.1: Particle size distribution curve of coarse aggregate (granite)
Therefore, for coarse aggregate (granite); D10 = 8.15mm D30= 12.0mm, D60 = 17.0 
Coefficient of uniformity, Cu  = =2.09
Coefficient of curvature, Cc =  =  = 1.04

[image: C:\Users\user\Desktop\Document 6_2.jpg]Figure 4.2: Particle size distribution curve of fine aggregate (sand)
Therefore, D10= 0.4, D30 = 1.09mm and D60= 1.59mm for fine aggregate (sand)
Coefficient of uniformity, Cu  = =3.98
Coefficient of curvature, Cc =  =  = 1.87
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Plate 4.1: sieves arranged in descending order and shaking with a sieve shaker
4.2	SLUMP TEST
	The slump value for the control mix was higher that the slump value of recycled plastic waste concrete.
It was also noted that the higher the percentage of recycled plastic waste, the lower slump.
The test gives a true slump for 
i.	The control mix sample had a slump of 80mm
ii.	The 5% replacement of fine aggregate had a slump of 75mm
iii.	The 10% replacement of fine aggregate had a slump of 68mm
[bookmark: _GoBack]iv.	The 15% replacement of fine aggregate had a slump of 55mm
Weighing Balance machine results and crushing machine results from laboratory 
Dimension of cube = 150mmX150mmX150mm
For volume 
Length = 150mm
Breadth = 150mm
Height= 150mm
Volume = (150X150X150) mm
=3375, 000mm3
=0.003375m3
Area = LXB
= (150X150) mm2
=22500mm2
Table 4.3: The Slump Test
	Mix ID
	Plastic Replacement (%)
	Slump Value (mm)
	Workability Rating

	C0 (Control)
	0%
	80
	Medium

	P5
	5%
	75
	Medium

	P10
	10%
	68
	Low

	P15
	15%
	55
	Low




FIGURE 4.1 SLUMP TEST
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Plate 4.2: Slump Test
4.3	SPECIFIC GRAVITY OF AGGREGATES
Specific gravity (Gs) 
4.3.1	Specific Gravity of Sand
Weight of empty cylinder 		= 135g
Weight of sand + cylinder + water (C)	= 153g
Weight of cylinder + water (B)		= 137.5g
Weight of sand			(A)	= 26.5g
Weight of water occupying the sample volume = A+(B-C)
Specific gravity (Gs) = 
		= 
		= 26.5/11
(Gs) of sand	= 2.4
4.3.3	Specific gravity of coarse aggregate (Granite)
Weight of empty cylinder 			= 135g
Weight of granite + cylinder + water (C)	= 151.9g
Weight of cylinder + water (B)		= 135g
Weight of granite			(A)	= 25.5g
Weight of water occupying the sample volume = A+(B-C)
Specific gravity (Gs) = 
		= 
		= 25.5/8.6
(Gs) of granite	= 2.97
4.4	BULK DENSITY OF AGGREGATES
Bulk density (kg/m³) = mass/volume
Where volume of the mold is equal to the volume of the sample = πr²h
Height of the mold (h) = 15.2cm and radius ® = 10.5cm
Volume = 3.142 x (0.105)² x 0.152
= 0.00527m³
Table 4.4: Bulk density of granite
	TEST (Kg)
	1
	2
	AVERAGE

	Mass of mold
	3.35
	3.35
	3.35

	Mass of mold + wet sample
	11.00
	11.50
	11.25


=1499.05kg/m³

Table 4.4	Compressive Strength Values at Different Curing Ages
	Mix ID
	Plastic Replacement (%)
	7-day Strength (MPa)
	14-day Strength (MPa)
	28-day Strength (MPa)

	C0 (Control)
	0%
	16.3
	18.0
	19.2

	P5
	5%
	16.5
	18.2
	19.5

	P10
	10%
	16.7
	18.5
	19.7.

	P15
	15%
	16.9
	18.7
	19.9



Dry density = 
Compressive strength =

FIGURE 4.3 COMPRESSIVE STRENGTH RESULT
4.5	DISCUSSION OF RESULTS
Figure 4.2and 4.3show the grading curves obtained for sharp granite. The results of preliminary tests on the concrete constituent materials showed that the particle sizes of sand were those passing the 4.75mm sieve and retained on 0.063mm sieve. It had a specific gravity of 2.4, a uniformity coefficient of 3.98, a coefficient of curvature of 1.86, and a fineness modulus of 6.56.
Granite, (coarse aggregate) ranged in sizes from 6.3mm to 20.0mm with specific gravity of 2.97, a uniformity coefficient of 2.09, a coefficient of curvature of 1.04, and a fineness modulus of 3.41.
Control Mix (CM) has the highest slump value (80 mm), indicating good workability, Increasing fine aggregate replacement by recycled plastic(RPFA) decreased the slump value, making the concrete less workable and at 15% replacement (P15) and above, the slump fell below 50 mm, indicating poor workability while Increasing plasticcontent reduces workability, making concrete difficult to handle at high replacement levels, 5–15% recycled plastic fine aggregate (RPFA) replacement maintains medium workability, making it suitable for standard applications.
The apparent specific gravity of most rocks fall between 2.5 to 3.0 (IS: 2386-part3). The value of specific gravity of granite obtained are 2.97 respectively. The values obtained indicate that granite fall within the standard range. Both aggregates can be used for normal structural concrete works since the specific values are above the minimum values stipulated by (BS 882: 1973 and BS 882:1992)
The bulk density of granite were found to be 1499.05kg/m³resectively. The bulk density of most natural aggregate varies between 1350 to 1800kg/m³ according to (Jackson, and BS812: part2: 1995). Granite fall within this range. The higher the bulk density, the lower is the void content to be filled by sand and cement (BS 5328: part 1 : 1997).
Control Mix (CM) achieved the highest strength due to fine aggregate’s high density and bonding propertieswhilePlastic replacement reduced strengthas the percentage increased, due tolower density and weak interfacial bonding between cement paste and plastic particles and  P5 and P10showed minor reductions, still meeting structural requirements for non-load-bearing elements.
The study revealed that incorporating plastic aggregates into concrete has a notable impact on its compressive strength. One of the primary reasons for the reduction in strength is the poor bonding ability of plastic with the cement paste when compared to natural sand. As the percentage of plastic aggregate increases, the porosity of the concrete also rises, which further contributes to a decline in overall strength.
However, the research identified that replacing natural fine aggregates with plastic aggregates at levels between 5% and 10% maintains an acceptable compressive strength of at least 37 MPa after 28 days of curing. This strength level is adequate for non-structural applications such as pavement construction, non-load-bearing walls, and precast concrete blocks. Beyond the 10% replacement threshold—particularly at 15% and above—there is a significant reduction in compressive strength, making the concrete unsuitable for structural applications that demand higher strength.
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PLATE 2: Sieving of Crushed Recycled Plastics 		  PLATE 3: Concrete Mixing
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PLATE 4: WEIGHING OF AGGREGATE
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PLATE 5: MOLD PREPARATION
CHAPTER FIVE
5.0	CONCLUSION AND RECOMMENDATIONS
5.1	CONCLUSION
This study explored the feasibility of using recycled plastic fine aggregate (RPFA) as a partial substitute for natural sand in concrete, focusing on both structural performance and environmental implications. Concrete mixes were prepared with varying levels of plastic replacement—5%, 10%, and 15%, to assess their effects on key properties such as workability, compressive strength, flexural strength, and tensile strength.
The results showed that increasing the proportion of plastic aggregate generally led to a reduction in workability. According to the slump test, mixes containing 5–10%recycled plastic fine aggregate (RPFA) remained within workable limits, but those with 15% or more became stiff and difficult to handle. Nevertheless, the use of superplasticizers or optimized mix designs can help mitigate this issue, improving workability even at higher plastic content levels.
In terms of compressive strength, the study found that concrete containing up to 10% recycled plastic fine aggregate (RPFA) retained acceptable performance. However, at replacement levels beyond 15%, compressive strength declined sharply. This reduction is primarily attributed to the poor bonding characteristics of plastic and the increased air voids within the mix. These same factors also contributed to reductions in both flexural and tensile strength, as the weak interface between the plastic aggregates and cement paste decreased the material's ability to resist cracking. Despite this, incorporating fiber reinforcements such as steel, glass, or basalt fibers has the potential to enhance these mechanical properties.
Overall, the study recommends an optimal recycled plastic fine aggregate (RPFA) replacement level of 5–10%. At this range, the concrete maintains adequate structural properties while contributing positively to sustainability goals. However, at replacement levels beyond 15%, the mechanical performance diminishes substantially, limiting its application to non-structural uses.
5.2	RECOMMENDATIONS
Based on the outcomes of the study, several recommendations are proposed to guide the practical use of RPFA in concrete applications and to enhance its performance.
· For structural purposes, recycled plastic fine aggregate (RPFA) replacement between 5% and 10% can be effectively used in non-load-bearing elements such as pavements, architectural components, and certain precast units. If structural use is intended, it is advisable to introduce additional enhancements—such as fiber reinforcement or chemical admixtures—to maintain required performance levels. In contrast, concrete mixes with higher plastic content (15% and above), while unsuitable for structural use, can be repurposed in non-structural applications such as lightweight blocks, paving tiles, and temporary construction elements.
· To counteract the strength reductions caused by plastic aggregates, several strategies can be employed. Enhancing the bond between the plastic and cement matrix is crucial. This can be achieved by pre-treating the plastic aggregates—such as coating them with cement slurry or silica fume, or physically roughening their surfaces—to improve adhesion. Alternatively, blending recycled plastic fine aggregate (RPFA) with stronger aggregates like crushed stone or silica sand can help retain structural integrity.
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