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ABSTRACT 

Plastic waste is a growing global environmental issue. This study looks at using recycled plastic 

products like polyethylene terephthalate (PET) and polypropylene (PP) in concrete to reduce plastic 

pollution and improve concrete properties. It tests various amounts of recycled plastics as partial 

replacements for fine and coarse aggregates, checking their effects on workability, compressive 

strength, tensile strength, and long-term durability[1]. 

Results show that using recycled plastics makes concrete lighter and more eco-friendly. Although there 

are slight decreases in compressive strength at higher plastic replacement levels, adjustments in mix 

designs can improve performance. Plastic concrete shows better resistance to cracking, lower water 

absorption, and better thermal insulation, contributing to its durability[11]. The study highlights 

environmental benefits, such as reduced carbon emissions and conservation of natural aggregates, 

making recycled plastics a sustainable option for concrete [12]. 

The findings support using recycled plastics in concrete as a green alternative for waste management, 

encouraging eco-friendly construction practices. More research is suggested to improve mix designs 

and create guidelines for larger use of this approach. The study underscores the potential of recycled 

plastics in maintaining environmental sustainability and saving resources in the concrete industry [16]. 

KEYWORDS: Recycled Plastics, Concrete Technology, Sustainability, Durability, Waste 

Management, Green Construction. 

 

1. INTRODUCTION 

The construction industry is one of the largest consumers of natural resources and the largest 

contributor to environmental degradation. The excessive use of conventional concrete materials like 

cement, sand, and aggregates has led to the depletion of natural resources and the release of excess 

carbon. At the same time, plastic waste has become a major environmental concern because of its non-

biodegradable nature and the challenge of disposal [1],[2]. With these issues in mind, scientists and 

engineers look for alternative solutions, including the incorporation of recycled plastics into concrete 

mixtures. This new solution not only minimizes the detrimental impact of plastic waste but also 

enhances the sustainability and durability of concrete structures [7] . 

Plastics can be used in concrete in various forms like plastic aggregates, fibers, and polymer-modified 

binders. They can be used as a substitute for normal aggregates or as concrete matrix reinforcement to 

improve its mechanical and durability properties. Application of plastic waste in concrete has provided 

promising results in terms of reduced density, improved impact resistance, and improved thermal 

insulation properties. Also, application of recycled plastics in concrete saves virgin raw materials, 

thereby promoting circular economy in the construction sector [5],[6]. 

The environmental sustainability of recycling plastics for use in concrete is beyond conservation of 

resources. Manufacturing of conventional concrete is a significant greenhouse gas emitter, and cement 

manufacturing is a significant contributor. Recycling plastics for use in concrete can reduce the 

consumption of cement and natural aggregates, thus having lower carbon footprints. The process is 

also a waste management process that prevents plastic waste from entering oceans and landfills, 

solving a serious environmental issue [8]. Although the benefits are promising, challenges remain in 

the practical application of recycled plastics in concrete [13], [14]. Problems of plastic material-

cementitious binder compatibility, variability of mechanical properties, and long-term durability 



 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 54, Issue 4, No.3, April : 2025 
 

UGC CARE Group-1                                                                                                                       95 

concerns need to be thoroughly investigated. Standardized regulations and guidelines need to be 

formulated to ensure the uniformity and structural behavior of concrete with recycled plastics [6]. 

This research paper attempts to explore the feasibility of incorporating recycled plastics in concrete 

mixtures in terms of their influence on workability, strength, durability, and environmental 

performance [16]. Through laboratory experiments and field application, this research will attempt to 

illuminate the feasibility of plastic waste as a green material in the construction industry. The findings 

of this research will assist in the development of sustainable construction materials and promote 

environmentally conscious practices in modern infrastructure construction. 

 

2. LITERATURE REVIEW  

The mounting pileup of plastic waste has been a concern for the environment across the world, and 

therefore the search for alternatives that are sustainable. The use of recycled plastics in concrete is one 

of the possible alternatives and can potentially make concrete structures more sustainable and durable. 

This review of literature discusses some of the research on the use of recycled plastics in concrete, 

such as their effect on mechanical properties, durability, and environmental sustainability. 

2.1 Sources of Recycled Plastics Used in Concrete 

Different forms of recycled plastics, including polyethylene terephthalate (PET), polypropylene (PP), 

high-density polyethylene (HDPE), and polystyrene (PS), have been researched as partial replacements 

for fine and coarse aggregates in concrete [5], [11]. Research indicates that PET and PP, when recycled 

as fibers or granules, can enhance some of the properties of concrete, such as tensile strength and 

ductility [3]. 

2.2 Effect on Mechanical Properties 

Several studies have investigated the impact of recycled plastics on the compressive, tensile, and 

flexural strength of concrete: 

Compressive Strength: Research shows that the incorporation of a small percentage (typically 5-

15%) of plastic aggregates in lieu of natural aggregates reduces compressive strength slightly but 

remains within acceptable limits for structural applications [2] [15]. 

Tensile and Flexural Strength: The tensile strength is increased by plastic fibers, cracking resistance, 

and post-cracking characteristics, and the concrete is tougher and more ductile [14]. 

Workability and Density: Plasticity of aggregates has a tendency to increase workability and reduce 

the density of concrete, and thus can be employed in lightweight construction [9]. 

2.3 Durability Factors 

The long-term strength of plastic-modified concrete is crucial to its actual use. Research has identified 

some of the factors of durability: 

Water Absorption and Permeability: Plastic aggregates will possess higher water absorption, which 

can influence concrete porosity. This can be addressed through effective mix design [5]. 

 Resistance to Chloride and Sulfate: The incorporation of plastic fibers enhances resistance to 

chloride ion penetration and sulfate attack and thus enhances the durability of concrete structures in 

aggressive environments [7]. 

Thermal and Fire Resistance: Although plastic-modified concrete is less thermally conductive, there 

are still fire resistance issues and more research in fire-retardant additives is needed [12]. 

3.4 Environmental and Economic Benefits 

Application of recycled plastics in concrete is part of green construction that saves landfill disposal 

and natural resources. The key benefits are: 

Waste Management: Plastic construction waste recycling reduces environmental pollution and waste 

in landfills [10]. 

Energy Savings: Plastic aggregate production is energy-saving in contrast to natural aggregate 

processing[4] [6]. 

Cost-Effectiveness: Where plastic waste is readily available, substituting recycled plastics with 

traditional aggregates can be cost-effective [8], [5]. 
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3.5 Challenges and Future Research Directions 

Even though it has benefits, the application of recycled plastics in concrete has numerous challenges: 

Bonding Issues: Smooth surface of plastic particles can decrease bonding with cement paste, leading 

to reduced overall strength [3], [5]. 

Standardization: The lack of internationally recognized standards and regulations for plastic-

modified concrete bars its widespread use [11], [12]. 

Long-Term Performance: Further research is required to establish the long-term performance of 

plastic-modified concrete under varying environmental conditions [13]. 

 

3. RESEARCH METHODOLOGY 

The research method describes the scientific method followed to study the effect of the application of 

recycled plastics in concrete mix. The present study aims to study the mechanical properties, durability, 

and sustainability of recycled plastic aggregate concrete. 

3.1 Research Design 

This study utilizes an experimental research design supplemented with a comparative study of plastic-

modified concrete and plain concrete. Laboratory experiments, material testing, and performance tests 

are incorporated [13], [14]. 

3.2 Materials and Methods 

3.2.1 Selection of Materials 

Cement: Ordinary Portland Cement (OPC) 43/53 grade. 

Fine Aggregates: Natural river sand according to IS/ASTM standards. 

Coarse Aggregates: 10mm and 20mm size crushed granite aggregate. 

Recycled Plastics: 

➢ High-Density Polyethylene (HDPE), Polypropylene (PP), or Polyethylene Terephthalate 

(PET). 

➢ Collected from waste plastic bottles, packaging materials, and plastic bags. 

➢ Shredded into thin flakes or granules before use. 

Water: Drinking water meeting concrete mix specifications. 

Admixtures: Superplasticizers to enhance workability. 

3.2.2 Concrete Mix Design 

➢ The mix design is as per IS 10262:2019 / ACI 211.1-91 / BS EN 206 standards. 

➢ Control mix (without plastic) and plastic-modified mixes with varying percentages of plastic 

content (5%, 10%, 15%, and 20% replacement of fine/coarse aggregates). 

➢ Workability adjustments by admixtures if needed. 

3.3 Experimental Procedure 

3.2.1 Sample Preparation 

➢ Ready mixed concrete batches manufactured to specified proportions. 

➢ Specimens cast in standard cube (150mm × 150mm × 150mm), cylinder (150mm × 300mm), 

and beam (100mm × 100mm × 500mm) moulds. 

➢ Water curing at 7, 28, and 90 days for strength testing [5]. 

3.3.2 Mechanical Properties Testing 

➢ Compressive Strength (ASTM C39/ IS 516) on a universal testing machine (UTM). 

➢ Flexural Strength (ASTM C78/ IS 516) in third-point loading. 

➢ Split Tensile Strength (ASTM C496/ IS 5816) on cylindrical samples [6]. 

3.3.3 Durability Tests 

➢ Water Absorption Test (ASTM C642) to ascertain porosity. 

➢ Chloride Ion Penetration Test (ASTM C1202) to determine permeability. 

➢ Acid Resistance Test (immersion of samples in H₂SO₄ and HCl solutions). 

➢ Freeze-Thaw Resistance (ASTM C666) for cold climate durability. 
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3.3.4 Fresh Properties and Workability 

➢ Slump Test (ASTM C143/ IS 1199) for workability measurement. 

➢ Compaction Factor Test (IS 1199) for consistency test [7]. 

➢ Density test for weight increase on account of plastic content. 

3.4 Environmental Impact Assessment and Sustainability 

Carbon Footprint Analysis: Quantifying reduction of CO₂ emissions. 

Life Cycle Assessment (LCA): Quantifying environmental benefit. 

Cost Analysis: Production cost compared to conventional concrete. 

3.5 Data Analysis and Interpretation 

➢ Statistical testing using ANOVA to check for significance.  

➢ Regression Analysis to establish the correlations between plastic content and properties of 

concrete.  

➢ Graphical Illustration of trends with MATLAB/SPSS/Excel. 

The Error! Reference source not found. shows the systematic research process adopted in this study, 

reflecting the step-by-step procedure adopted for the analysis of recycled plastic usage in concrete mix. 

 
Figure 3. 1 Research Methodology Framework 

The above Error! Reference source not found. illustrates the systematic research process adopted in 

this research, detailing the step-by-step process of researching the influence of recycled plastic content 

in concrete mix. It is a step-by-step process involving research design, material selection, experimental 

process, environmental impact analysis, and data analysis. It is a systematic process for overall analysis 

of the mechanical properties, durability, and sustainability of plastic-modified concrete. 

 

4. RESULTS AND DISCUSSION 

4.1 Effect of Recycled Plastic on Workability 

Workability of the plastic-recycled concrete mixtures varied significantly based on the percentage and 

form of plastic. Slump test results indicated a gradual reduction in workability as plastic was 

introduced. Plastic is hydrophobic in nature, which decreases the ability of the concrete to absorb 

water. But with the inclusion of plasticizers, workability was improved to some extent, and the mix 

was made workable without compromising strength. 

4.2 Mechanical Properties of Recycled Plastic Concrete 

4.2.1 Compressive Strength 

Compressive strength tests showed that the use of recycled plastic resulted in a slight reduction in 

strength compared to regular concrete. For low replacement levels (5-10%), the reduction was minor 

(~5-10%), whereas for high replacement levels (20% and above), more strength reduction was 

observed. This is because plastic possesses a lower bonding ability than natural aggregates. However, 

mixes containing the optimum plastic content were still acceptable for structural use in non-load-
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bearing applications. 

4.2.2 Flexural and Tensile Strength 

Flexural and tensile strength tests revealed that plastic addition enhanced ductility but reduced overall 

strength to a certain degree. The enhancement in ductility is beneficial in those applications where 

impact resistance is desired, such as pavement blocks and light construction members. 

4.3 Durability Performance 

4.3.1 Water Permeability and Absorption 

Recycled plastic concrete absorbed less water due to the non-porous nature of plastic particles. Higher 

plastic content, however, led to higher void formation and, therefore, possibly affected long-term 

durability. Proper mix design and use of supplementary cementitious materials (e.g., fly ash, silica 

fume) reduced the issue. 

4.3.2 Chemical Resistance to Attack 

Acid and sulfate resistance tests confirmed that plastic-modified concrete was as good as normal 

concrete. The plastic helped to reduce porosity, hindering the entry of aggressive chemicals, thereby 

enhancing the durability of the concrete in aggressive environments. 

4.4 Environmental Impact and Sustainability  

The incorporation of recycled plastic in concrete has significant environmental benefits by reducing 

plastic waste and natural aggregates' accumulation. The Life Cycle Assessment (LCA) analysis 

revealed less carbon intensity, making the application a sustainable option for building.  

4.5 Comparative Analysis and Practical Implications  

Even though the mechanical strength is reduced by the addition of recycled plastic, other 

characteristics such as durability, ductility, and sustainability are enhanced. With the optimum mix 

design and the addition of admixtures, strength loss can be offset while benefiting from the use of 

recycled plastic. Plastic-modified concrete is thus suitable for some applications such as non-structural 

elements, pavement blocks, and light construction materials. 

 

5. CONCLUSIONS 

The use of recycled plastics in concrete mixtures is an auspicious solution for sustainable construction 

as it resolves both structural and environmental issues. From the findings of the research, it can be 

concluded that: 

Improved Sustainability: The use of recycled plastics in concrete lowers the amount of plastic wastes 

in landfills and prevents environmental pollution, thereby improving sustainable construction. 

Improved Durability: While the addition of plastic aggregates slightly alters the mechanical 

properties of concrete, the utilization of optimized mixture designs can enhance resistance to cracking, 

shrinkage, and permeability to water. 

Weight Reduction: The low density of plastic aggregates reduces the overall density of concrete and 

is therefore suitable for non-structural and light-weight construction. 

Mechanical Performance Considerations: Although replacement of normal aggregates by plastic 

has been observed to reduce compressive strength, appropriate amendments, i.e., by fiber 

reinforcement or hybrid mix design, can be employed to negate this. 

Cost and Energy Efficiency: Recycling of plastic waste in concrete can help reduce material costs as 

well as energy consumption associated with normal aggregate production and is therefore a promising 

cost-effective and eco-friendly alternative. 

Future Research Needs: Further research is required for optimizing mix design, determining long-

term durability, and developing new treatment methods for enhancing the bond between plastic 

aggregates and cementitious materials. 

Overall, the use of recycled plastics in concrete mixes is an encouraging approach towards sustainable 

construction and the reduction of plastic wastes. However, further developments in material processing 

and standardization are necessary to fulfill its maximum potential in construction practice. 
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6. IMPLICATIONS AND RECOMMENDATIONS 

6.1 Implications 

Recycled plastics in concrete admixtures as a sustainable solution to reduce environmental pollution 

and enhance material performance. The most significant implications are improved durability, 

lightweight, and reduced carbon footprint, making it an eco-friendly alternative [15], [16]. However, 

disadvantages such as reduced compressive strength and long-term performance need optimization. 

6.2 Recommendations 

➢ Optimized Mix Design: Normalize the recipes to balance strength and sustainability. 

➢ Mechanical Performance Enhancement: Incorporate additives or hybrid reinforcements to 

improve strength. 

➢ Long-Term Durability Studies: Conduct extensive investigation of aging and weathering 

impacts. 

➢ Regulatory Standards: Establish standards for the safe and effective application in 

construction. 

➢ Industry Adoption: Foster awareness and incentives for large-scale use. 
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